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ABSTRACT

This study was carried to evaluate the influence of collection time on nutritional compositions and microbial
loads of some frozen marine fish species; Clupea harengus, Scomber scombrus and Trachurus trachurus sold
in Bichi local government area of Kano State, Nigeria. A total of 27 samples comprising of nine of each species
were collected from the sampling station. The first collection was done upon the arrival of the stocks, the
second collection was done four days after while the third collection was done when their stocks were about
to finish. The samples were analyzed for proximate compositions, minerals, fatty acids, and microbial load.
Results indicated that the highest crude protein content, 22.66% was recorded in S. scombrus from second
collection. All the proximate composition parameters were affected by the species and collection time. S.
scombrus had the highest calcium content, 1.40 mg/kg from second collection. All the mineral parameters were
affected by the species except potassium, while collection time only affected potassium and iron. The highest
free fatty acids content, 2.14% was observed in T. trachurus from third collection. S. scombrus recorded the
highest Salmonella spp. count of 3.67 x 108cfu/g from third collection, Salmonella sp and total coliform counts
were affected by the species while collection time affected all the microbial parameters except mold. These
values were within the range for of safe and nutritionally balanced fish products. The study recommended S.
scrombus as the best for human consumption due to its higher protein, least lipid and superior mineral

composition.
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INTRODUCTION

The widely acceptability of fish by a very diverse group of
people irrespective of religious beliefs, socioeconomic
backgrounds and age group makes fish an important source of
animal protein in the world. These attributes plus its
affordability and availability makes fish a valuable and
affordable source of animal protein, particularly in developing
nations (Dauda et al., 2020). Fish as a rich source of protein,
it has different forms of simple proteins with different
essential amino acids, fats and traces of vitamin B Complex
and other non-protein nitrogenous forms (Brasky et al., 2010).
Fish consumption is therefore, linked to the reduction of risks
of various types of diseases and improvement of neurological
development and other health related issues (Hellberg et al.,
2012). Furthermore, fish comprises of proteins and fats
(macronutrient) and vitamins and minerals (micronutrient)
that are required for good nutrition, thereby effectively
contributing to food and nutrition security as an
accompaniment to rice-based diets in Asia and maize and
cassava-based diets in Africa (Glover-Amengor et al., 2012).
Understanding the proximate composition of fish is critical
for consumers as well as managers to ensure that they meet
the requirements of food regulations and commercial
specifications. Also, proximate composition is a good
indicator of physiology which is needed for routine analysis
of fishes (Tsegay et al., 2016). Generally, fish is 70 to 80%
water, 20 to 30% protein, and 2 to 12% fat. Minerals in fish,
such as iron, calcium, zinc, iodine from marine fish,
phosphorus, and selenium, are especially concentrated in the
bones. Fish is thus an excellent source of minerals, especially
when eaten whole, including the bones ( Glover-Amengor et
al., 2012). On the other hand, in different environmental

situations, the composition of the fish may vary due to
variances in water quality, feeding conditions, sex, maturation
status, and catch condition (Palani et al., 2014).

Fish as a protein source, is highly perishable and contains a
high level of free amino acids, which are metabolized by
microbes to produce ammonia, biogenic amines like
putrescine, histamine, cadaverine, organic acids, ketones, and
sulphur compounds (Ezemba et al., 2017; Ekanem and
Udoma, 2021). It requires good preservation methods to
ensure it retains its quality as the major goal of food
technologists and fish merchants is to preserve and market
frozen fish products in a high-quality and safe manner
(Speranza et al., 2021).

Due to the diverse nature of the marine environment, there's a
significant chance of infection of fish caught there by
microbes and this necessitates that immediately fish is caught,
it must be stored in a good manner (such as freezer) before
entering the supply chain in order to extend its shelf life and
makes it accessible over long distances and period of time.
For this reason, freezing is a helpful method for preserving
fish and other seafood products without significantly
sacrificing their quality (Baoguo et al., 2020). Freezing
preserves food for a longer duration of time by inhibiting the
growth and proliferation of bacteria that cause food spoilage
and foodborne illness, as well as inhibiting the food's own
enzyme activity, which would otherwise cause the food to rot.
The majority of germs do not multiply at freezing
temperatures. Furthermore, germs require water to develop,
and freezing converts the available water into solid ice
crystals. Freezing is a common practice in the meat, fish, and
other animal protein-based industries because it preserves
quality for an extended period of time and provides several
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benefits such as minimal changes in product dimensions and
minimal deterioration in colour, flavour, and texture (USDA
Food Safety Information, 2013).

It is generally recognized that fish can harbour human harmful
bacteria, particularly the coliform group (Adedeji et al., 2012;
Ekanem and Udoma, 2021). Microbiological quality is
important to public health since it directly affects fish
deterioration and is a cause of food poisoning. Bacteriological
risks that cause illnesses and poor health are directly tied to
food safety concerns with animal proteins obtained from
marketed food, such as fish, fisheries products, meat, and
meat products. This raises a burning question for all
consumers dealing with a high-risk item in terms of
pathogenic bacteria contamination, which poses a food safety
risk (Ekanem and Udoma, 2021). The majority of frozen fish
marketed in Bichi Metropolitan Area, Kano State, are exposed
to dust and contamination, which fosters the growth of germs
due to their ubiquity, hence increasing pathogen transmission
and prevalence. Furthermore, poor personal hygiene, such as
failing to wash one's hands after handling contaminated
objects, promotes pathogen contamination of frozen fish.
There is uncertainty whether fish stocks were able to maintain
their quality between when they arrived in the cold room and
when they are exhausted, therefore no information on quality
change over the time the fish is sold. It is therefore pertinent
to evaluate the nutritional and mineral composition as well as
the microbiological load of three (3) imported frozen fish
most commonly sold in Bichi Metropolitan Area, Kano State
at different collection times.

MATERIALS AND METHODS

Study area

Bichi town is the Headquarter of Bichi Local Government
Area in Kano State, Nigeria. It is ranked to be second in
population in Kano State with total of about 277,099 people
(NPC, 2006). It has a total area of 612 km? and it lies between
Coordinates: 12°14'03"N 8°14"28"E (Abdullahi et al., 2020).

Sampling Size and Procedure

Three most commonly frozen marine in the study areas were
used. A total of 27 samples comprising nine Atlantic herring
(Clupea harengus), nine Atlantic mackerel (Scomber
scombrus) and nine Atlantic horse mackerel (Trachurus
trachurus) were purchased from the major frozen fish cold-
room in Bichi Local Government Area. The first sample
collection was done upon the arrival of the stocks/products,
the second collection was done four days after the first
collection and the third collection was done when their stocks
were about to finish (7 days from arrival). The fish samples
were collected into a sterile tinfoil paper individually and
immediately transported in an ice cooler/cold flask to retain
the freshness, to Umaru Musa Yar’adua University, Katsina
(UMYU) at the Biochemistry laboratory and Microbiology
laboratory for analysis of proximate compositions and
microbial load respectively.

Nutritional Composition Analyses

Proximate analysis, the moisture content, crude protein, crude
lipid and ash content of fish sample were analyzed using the
method of analyses by Association of Official Analytical
Chemists (AOAC, 2016).

Free Fatty Acids Analysis

A modified method of AOAC Official Method 940.28 Fatty
Acids (Free) in Crude and Refined Oils Titration Method
(AOAC, 2012)
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Mineral Analysis

Mineral contents were determined using atomic absorption
spectrometer (AAS) and flame photometer analysis (Ismaniza
etal., 2012).

Microbiological Analysis

Microbial analysis was determined using
microbiological procedures (Alkuraieef et al,
Arendrup et al., 2021; Cheesbrough, 2005).

standard
2021;

Data Analysis

Data was analyzed using descriptive statistics (mean *
standard deviation). The data was subjected to normality and
homogeneity of variance tests, after which a two-way analysis
of variance (ANOVA) was used to compare the fish species
for each parameter, also to compare the collection times for
each parameter at 95% level of probability (P<0.05).
Whenever a significant difference was observed Turkey’
HSD test was used to separate the different means using IBM
SPSS Version 23.

RESULTS AND DISCUSSION

The results of the proximate composition of the three frozen
marine fish species collected at different times are shown in
Table 1, highest moisture (77.69 + 0.09%) was observed in C.
harengus from third collection. The moisture was
significantly higher in C. harengus (P<0.05) compared to
other species. The difference in moisture due to collection
time was also significant with the highest at 3™ collection
time. The total ash of (2.91 + 0.07%) recorded in T. trachurus
from third collection was the highest. The ash was
significantly higher (P<0.05) in T. trachurus than other
species. It was significantly different among (P<0.05) the
collection times with the highest at 3" collection time. The
highest crude protein, 22.66 + 0.14% was recorded in S.
scombrus from second collection. Crude protein was
significantly higher in S. scombrus compared to other species
(P<0.05). There was a significant difference (P<0.05) in
crude protein due to collection time, with at the second
collection time. The highest crude lipid, 5.94 + 0.04% was
recorded in C. harengus from second collection, it was
significantly higher in C. harengus than other species. It was
significantly (P<0.05) higher at the third collection time. The
highest free fatty acids, 2.14 + 0.03 was observed in T.
trachurus from first collection, while the least, 0.72 + .030
was recorded in C. harengus from third collection. Free fatty
acids was higher significantly in T. trachurus compared to
other species. The difference in free fatty acids due to
collection was significant (P<0.05).

The results of the mineral composition of fish at different
times is shown in Table 2, highest Na (1.98 + 0.67 mg/kg) was
observed in C. harengus from second collection, it was
significantly higher in C. harengus (P<0.05) compared to
other species but the difference in Na due to collection time
was not significant (P>0.05). The Ca of 1.40 + 0.61 mg/kg
recorded in S. scombrus from second collection was the
highest, it was significantly higher (P<0.05) in S. scombrus
than the other species but it was not different significantly
(P>0.05) among the collection times. The highest K, 0.76 +
0.14 mg/kg was recorded in C. harengus from second
collection, it was was not significant different (P>0.05)
among the species but there was a significant difference
(P<0.05) due to collection. The highest Fe, 1.14 + 0.05 mg/kg
was recorded in S. scombrus from first collection, Fe was
significantly higher in S. scombrus than other species
(P<0.05). It was significantly different due to collection. The
highest Mn, 0.36 + 0.05 mg/kg was recorded in T. trachurus
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from first collection, Mn was significantly higher in T.
trachurus than other species (P<0.05) but it was not
significantly difference (P>0.05) due to collection time.

The results of microbial population of the fish species
collected from Bichi station is shown in Table 3, highest
Salmonella (3.67 + 1.53 x 108 cfu/g) was observed in S.
scombrus from third collection, it was significantly different
(P<0.05) from other species. The difference in Salmonella due
to collection time was also significant (P<0.05), with the
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highest at 3" collection. The E. coli was not significantly
different among the species (P>0.05) but it was different
significantly (P<0.05) due to the collection time. The highest
total coliform count, 5.00 + 1.00 x 108 cfu/g was recorded in
C. harengus from first collection, it was significantly higher
in C. harengus than other species (P<0.05) and there was a
significant difference (P<0.05) due to collection. The mold
was not different significantly among the species (P>0.05)
and among the collection time.

Table 1: Proximate and Free Fatty Acids Compositions of the Three Frozen Marine Fish Species Collected at Different

Times from Bichi Station

Bichi Station Sample Collection

Two-way ANOVA

Parameters . Species Collection  Species * Collection
(%) Collection C. harengus S. scombrus T. trachurus (Pvalue) (P value) (P value)
Moisture 1 75.56 + 0.0482 71.10+0.01° 71.18+0.02°  0.000 0.000 0.000
2nd 73.51 +0.04° 70.83+0.11 68.94 + 0.04
3rd 77.69 £ 0.094 73.35+0.21 69.29 + 0.04
Crude Protein 1 14.85 + 0.02¢¢ 20.19+0.05° 18.229+0.06°  0.000 0.000 0.000
2nd 15.71 +0.04 22.66+0.14  21.92+0.05
31 15.27+ 0.058 19.14 +0.10 19.87 £0.11
Crude Lipid 1 4.84 +0.04%% 4.44+0.11° 5.22 +0.02* 0.000 0.000 0.000
2nd 5.94 + 0.048 3.92+0.09 4.38+0.03
31 3.32+0.07¢ 3.86£0.12 4.48 £0.03
Total ash 1 2.25+0.028> 2.32£0.04° 2.81+0.04° 0.000 0.000 0.000
2nd 2.25+0.03¢ 1.90 + 0.08 2.45+0.03
31 2.48 +0.194 2.71+0.13 2.91+0.07
Carbohydrate 1 2.51+0.11~0 1.94+0.12° 2.50 +£0.03* 0.000 0.002 0.000
2nd 252 +0.138 0.69+0.14 2.31+£0.02
31 1.49 +0.438 1.09 +0.48 3.45+0.23
Free fatty acid 1 0.90 £ 0.078¢ 117+0.12° 2.14+0.03* 0.000 0.000 0.000
2nd 1.15+0.03* 1.43+0.09 2.04+0.02
31 0.72 +.030¢ 1.19+0.03 1.92 +0.04

*Values are presented as the means + standard deviation

*Different small letters as superscripts across the rows indicate significant differences (P <0.05) among the fish species.
*Different capital letters as superscripts within the column for each parameters indicate significant differences (P <0.05) among

the stations

Key: 1%t — First Collection; 2" — Second Collection; 3" — Third Collection

Table 2: Minerals Compositions of Three Frozen Marine Fish Species Collected at Different Time From Bichi Station

Bichi Station Sample Collection

Two-way ANOVA

Parameters . Species Collection  Species * Collection
(mg/kg) Collection  C .harengus S.scombrus  T. trachurus (Pvalue) (P valug) (P value)
Sodium (Na) 1 145+051%  0.36+0.02° 0.46 +0.03" 0.000 0.406 0.882
2nd 1.98 +0.674 0.45+0.09 0.59 +£0.09
31 1.65 +0.89~ 0.35+0.03 0.46 +0.03
Calcium (Ca) 1 0.11+0.01A*  1.38+059%° 0.13+0.03* 0.000 0.529 0.639
2nd 0.12+0.01* 1.40 £ 0.61 0.14 +0.04
3rd 0.12+0.02* 0.96 + 0.39 0.13+0.03
Potassium (K) 1 0.60 +0.23B42 047 +£0.02* 0.48+0.117 0.248 0.013 0.985
2nd 0.76 + 0.144 0.63+0.17 0.72 +£0.06
3rd 0.55 +0.258 0.46 £0.04 0.48+0.11
Iron (Fe) 1t 0.65+0.04*"  1.14+0.05 0.81+0.03" 0.000 0.000 0.000
2nd 0.56 + 0.06° 1.07 £ 0.04 0.34+0.03
3rd 0.82 +0.06° 0.25+0.04 0.74+0.03
Manganese (Mn) 1t 0.28+0.02**  0.16+0.03° 0.36 +0.05* 0.000 0.256 0.000
2nd 0.25+0.03* 0.23+0.03 0.35+0.03
3rd 0.16 + 0.04* 0.26 £0.04 0.33+0.03

*Values are presented as the means * standard deviation

*Different small letters as superscripts across the rows indicate significant differences (P <0.05) among the fish species.
*Different capital letters as superscripts within the column for each parameters indicate significant differences (P <0.05) among

collection time

Key: 1%t — First Collection; 2" — Second Collection; 3" — Third Collection
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Table 3: Microbial Population of Three Frozen Marine Fish Species Collected at Different Time From Bichi Station

Bichi Station Sample Collection

Two-way ANOVA

Parameters . Species Collection  Species * Collection
(x10°cfulg) Collection  C. harengus S.scombrus  T. trachurus (Pvalue) (Pvalue) (P valug)
Salmonella spp 1% 0.67+£058%8»  133+0.58° 1.33+058* 0.010 0.044 0.037

2nd 0.33+0.588 1.00+1.00 1.33+0.58

3rd 1.00 + 0.00% 3.67+1.53 1.00 +1.00
E. coli 1% 2.33+1.53% 3.67+153" 1.67+153* 0.387 0.039 0.083

2nd 2.00 + 1.008 0.33+0.58 1.67 +0.53

3rd 1.33 +0.58° 2.00+1.00 0.67+0.58
Total coliform 1% 5.00 + 1.0042 400+1.73° 1.00+1.00° 0.002 0.022 0.138

2nd 3.00 £ 1.00"8 2.00+1.73 1.00+1.73

3 3.00 + 1.008 0.33+0.58 1.33+1.15
Mold 1% 6.33 +2.08%4 3.66£2.08° 4.67+3.79* 0.298 0.577 0.308

2nd 4.00 +1.00% 467+058  3.00+1.00

31 433 +153* 6.33+2.31 3.00 +2.00

*Values are presented as the means + standard deviation

*Different small letters as superscripts across the rows indicate significant differences (P <0.05) among the fish species.
*Different capital letters as superscripts within the column for each parameters indicate significant differences (P <0.05) among

the stations

Key: 1%t — First Collection; 2" — Second Collection; 3"— Third Collection

Discussion

Fish has been a food source for human worldwide from time
immemorial, especially as an inexpensive source of animal
protein. Therefore, the proximate compositions of the fish
species help to provide important nutritional profile
(Nurnadia et al., 2011). Several researchers have reported
proximate composition of different fish species and
documented differences due to species (Abubakar, 2016;
Babalola et al., 2011; Bello et al., 2019; Elaigwu, 2019;
Mohammad et al., 2019; Palani et al., 2014). In this study all
the proximate composition parameters were affected by both
the species and collection time. For instance, highest amount
of moisture was reported in C. harengus which was
significantly higher than that of S. scombrus and T. trachurus.
This is similar to study of Bello et al., (2019) who studied on
C. harengus, T. trachurus, S. scombrus and M. undulates. T.
trachurus had reported higher, lipid, total ash and estimated
carbohydrate. This observation may be due to difference in
species of fish experimented. This is in line with observation
of Elaigwu, (2019) who reported differences in proximate
composition of fresh water fish species (Schilbe mystus,
Bagrus bayad, Oreochromis niloticus, Clarias anguillaris
and Petrocephalus bane bane). The result also is line with the
study of Babalola et al., (2011) who reported differences in
proximate composition of marine and fresh water fish species
(S. scombrus, T. trachurus, S. aurita, M. furnieri and C.
gariepinus). In contradictory to this study Omolara and
Omotayo, (2009) reported differences in proximate
compositions of marine water fish species with T. trachurus
having higher moisture values over S. aurita. They also
reported S. scombrus to have higher protein content over T.
trachurus and C. harengus (Omolara and Omotayo, 2009).
The differences due to collection times in the station might be
due to handling and the differences in storing between the
source and the cold room. Aubourg et al. (2012) earler noted
that the duration of freezing storage and different methods of
handling might affect proximate composition values. The
biochemical composition of fishes could greatly affect the
postharvest processes and storage. Understanding this may
assist in determining the suitability of different species to
specific processing and storage methods (Malik et al., 2021).
Protein is the major nutrients in fish, but composition varies
depending on age, sex, environment and seasonal migration
of which their percentage level helps to define the nutritional

status of a particular organism (Aberoumand and Pourshafi,
2010; Ahmed et al., 2022). Generally, the proximate
compositions of these fish species studied are the
recommended and safety level for consumption.

Minerals play important role in maintaining body functions
because they maintain acid base balance, and help blood
formation (hemoglobin formation). They also control the
water balance in the body, help bones formation and teeth
structure, and catalyze many metabolic reactions (Njinkoue et
al., 2016). All aquatic animals require minerals for their vital
physiological and biochemical functions and to maintain their
normal life processes (Lall and Kaushik, 2021). Several
researchers have reported mineral compositions of different
fish species and documented differences due to species
(Achionye-Nzeh et al., 2011; Guizani and Moujahed, 2015;
Haizhou et al., 2022; Okpanachi et al., 2018; Stanton et al.,
2020; Tenyang et al., 2014). In this study all the mineral
compositions parameters were affected by the species except
potassium while collection time affected only potassium and
iron. For instance, highest amount of Sodium (Na) was
reported in C. harengus which was significantly higher than
that of S. scombrus and T. trachurus. Furthermore, the highest
amount of Calcium (Ca) was reported in S. scombrus which
was significantly higher than that of T. trachurus and C.
harengus and the highest amount of Manganese (Mn) was
reported in T. trachurus which was significantly higher than
that of S. scombrus and C. harengus. This is similar to the
observation of Stanton et al. (2020) who studied C. harengus,
C. aper and M. poutassou and that of Achionye-Nzeh et al.
(2011) who studied S. scombrus, T. trachurus, K. Pelamis and
G. lineates. C. harengus and T. trachurus had the highest
Sodium (Na) and Manganese (Mn) contents and this
observation may be due to differences in species of fish
studied. The mineral compositions in this study varied
significantly among the species this may be due to the fact
that variations in concentrations of these mineral elements
varies from one species of fish to another and also due to the
chemical forms of the elements and their concentrations in the
local environment (Babalola et al., 2011). Expectedly, all
fishes absorb minerals not only from their diets but also from
the surrounding aquatic environment via their gills and skin
(Nurnadia et al., 2013).

Free fatty acids play important roles as a source of energy for
most body tissues and their functions in energy transport
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within the body are well established (Binienda et al., 2013).
Free fatty acids also play important role in oxidative stress
following cell membrane depolarization (Binienda et al.,
2013; Kimura et al., 2019). Many researchers have reported
free fatty acids composition of different fish species and
documented differences due to species (Abubakar, 2016;
Fawole et al., 2018; Koppers et al., 2010; Mervat, 2008). In
this study free fatty acids composition were affected by the
species and the collection time. For instance, highest amount
of free fatty acids was reported in T. trachurus which was
different significantly higher than that of S. scombrus and C.
harengus. This is similar to observation of Abubakar, (2016)
who studied C. harengus, T. trachurus and S. pilchardus
where T. trachurus reported higher free fatty acids
compositions. This observation may be due to difference in
species of fish studied. This is in line with observation of
Fawole et al. (2018) who also reported differences in free fatty
acids composition of frozen marine fish species (Sardinella
spp. and M. poutassou). Mervat, (2008) also reported
difference in free fatty acids composition of frozen marine
fish species (C. harengus, T. trachurus and S. scombrus). The
differences observed in the free fatty acids composition values
among the collection times may be due to the duration of
freezing storage and methods of handling (Alsuhaibani et al.,
2020; Aubourg et al., 2012; Fawole et al., 2018). However,
the free fatty acid in the samples studied were within the FAO
recommended level of 2.5% for consumption (FAO, 2014),
and is in line with International Fish Oils Standard (IFOS)
who reported a range of 1% to 7% as standard (IFOS, 2011).
The free fatty acids compositions of these fish species studied
are within the acceptable and safety limits, therefore, they are
safe for consumption.

The basic nutrient of protein in fish that is so important in
man’s diet also attracted microorganisms for their growth and
multiplication (Silvia et al., 2020). The association of these
microorganisms in fishes depends on the environment and
their proliferation due to inadequate storage facilities
(Olagbemide and Akharaiyi, 2021). Many researchers have
reported microbial load of different fish species and
documented differences due to species (Adegunwa et al.,
2013; Adeparusi et al., 2019; Ali et al., 2020; Bello et al.,
2019; Daniel et al., 2013; Taiwo et al., 2017). In this study
Salmonella sp and total coliform counts were affected by both
the species and collection time, while E. coli was only
influenced by the collection time. For instance, highest
amount of microbial load was reported in C. harengus which
was significantly higher than that of T. trachurus and S.
scombrus. This is similar to observation of Daniel et al.
(2013) who studied bacteria load on T. trachurus, S.
scombrus, C. gariepinus, E. fimbriata and P. croaker. T.
trachurus had the highest Salmonella spp count, S. scombrus
had the highest E. coli count and C. gariepinus had the highest
total coliform and mold count, this observation may be due to
differences in species of fish experimented and difference in
methods of handling. This is in line with observation of
Adeparusi et al. (2019) who also reported difference in
bacteria loads of marine water fish species (C. harengus, S.
scombrus and M. poutassou). Taiwo et al. (2017) also
reported difference in bacteria loads of marine water fish
species T. trachurus, S. scombrus, L. crocea, G.
chalcogrammus and O. niloticus. The variations in the
bacterial loads for all the three fish species studied from is an
indication that handling and perseveration methods employed
from the source and the station might be different. This is
supported by Olutimehin et al. (2019) who stated that
handling and preservation methods have effects on the level
of microbial loads in fish. The microbial load recorded in this
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study did not exceed the recommended limit of x10° to
107cfu/g of bacteria load (Gilbert et al., 2000; NAFDAC,
2015; Rubaijaniza et al., 2021). This could be due to the fact
that the fishes received good preservation method and
handling by the fish vendors at the cold room in Bichi town
(Olutimehin et al., 2019; Rubaijaniza et al., 2021).
Generally, it has been observed that appropriate methods of
handling of fish during preservation reduces microbial loads
in the final products (Huong, 2014). The significant variation
noted between individual fish species in this study could be
due to the fact that the fish were caught at random and they
have differences in method of preservation, freezing/storage,
handling, variation in sex, age, and environment (Burke,
2011). However, the microbial loads found these fish species
are within the safety and recommended levels which cause no
harm to human when consumed.

CONCLUSION

S. scrombus had the highest crude protein and the least lipid,
it also had highest calcium, potassium and iron. T. trachurus
appeared better in terms of Salmonella sp load, the total
coliform count was similar between the S. scrombus and T.
trachurus. While the proximate and mineral contents tended
to reduce with collection time, the microbial load tended
towards increase with the collection times. However, the
proximate composition of all the examined fishes irrespective
of the collection times showed that they contain all the
required nutrients within the recommended limit and thus
suitable for human consumption, though significant
difference was observed in some of the parameters. The
current investigation also revealed the rate of contamination
by three pathogens in marine fish sold in Bichi for the first
time. These results demonstrated that the pathogenic bacteria
load of the studied marine fish was fairly high though not
beyond the safe limit for consumption. Overall, S. scrombus
tended to be the best in the study area followed by T.
trachurus.
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