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ABSTRACT: The effect of different preservative methods gas dried, wood smoked and frozen on different fish species (Merluccius
merluccius, Scomber scombrus and Trachurus trachurus obtained from different markets within Benin metropolis were investigated. Thirty
Six fish samples were analyzed using standard culture-based and spectroscopic methods. The wood-smoked method for Merluccius
merluccius revealed the highest microbial load of 6.32x10'£0.42 cfu/g and 2.05x10'£0.14 cfu/g for bacterial and fungal densities
respectively. Frozen and gas-dried methods had the lowest microbial load of 2.2x10°£1.56 cfu/g and 2.70x10° £0.17 cfu/g of bacterial
densities and 4.3x10° £0.02 cfu/g and3.3x10° £0.01cfu/g of fungal densities respectively. The microbial isolates include Bacillus spp.,
Staphylococcus aureus, Pseudomonas aeruginosa, Micrococcus spp., Corynebacteria spp., Escherichia coli, Streptococcus spp., and
Proteus spp., The proximate analyses revealed as follows - proteins (12.31 - 23.04%), lipid (7.63 - 37.55%); ash (9.49 - 14.28%), fiber
(0.63 - 2.31%) and carbohydrate contents (29.0 - 63.47%). The macro and micro elements constituents revealed that the fish contain
significant amount of nitrogen (0.07+0.01-3.69+0.05 mg/100g DWB); phosphorus (0.08+0.03-0.28+0.01mg/100g DWB); potassium
(0.09%0.04-0.50+0.01 mg/100g DWB); calcium (0.07+0.01-1.06+0.02 mg/100g DWB); and magnesium (0.05%0.01 - 0.09+0.01 mg/100g
DWB). The presence of potential pathogenic microbes from the study revealed that the fish as well as method of processing are of immense
public health concerns.

Keywords: Public health; Contamination; Bony Fish; Microorganism,

Introduction

Fish is a major source of protein and it’s method of harvesting, handling, processing and distribution provide livelihood for millions of
people as well as source of foreign exchange to many countries (1). The micro-flora of these products are often complex however, spoilage
is mostly caused by microbial activities. These microbes are responsible for spoilage of most fresh and slightly preserved seafood (2). The
function of smoking of fish is primarily to provide the desirable colour, aroma and flavour to the fish and fish-products. Undesirable effects
are as a result of contamination with toxic components of smoke and some destruction of essential amino acids of food proteins, which are
attributed to certain classes of components of smoke especially liquid smoke. However, the preservative properties are not nearly as
important as strict hygienic requirements such as modern packaging and continuous refrigeration (3). Improper smoking and drying of fishes
may lead to insect infestation, fungal attack, fragmentation and degradation of the product (3, 4). The microbial flora associated with freshly
harvested fish is principally a function of the environment in which the fish are caught and not of the fish species, although the endemic
microbial populations of fish can vary significantly (5). According to Akande and Tobor (6), in artisanal fishery, freshly caught fish are
covered with damp sacks and at times, they are mixed with wet grass or water weeds to reduce the temperature. Fish treated this way are
prone to contamination with micro-organisms. This indicates that spoilage of fish starts right from the source and method of harvesting (7).

During processing like smoke-drying, smoking kilns used in artisanal fishery and the overloading of the fishes on the trays leads to improper
processing which in turn encourages microbial attack. Most outbreaks of food poisoning associated with fish and fish-products derived from
the consumption of raw or insufficiently heat treated fish are attributed to contamination with bacteria from water environment such as
Vibrio spp., and Clostridium botulinum or terrestrial sources including Clostridium perfringens, Salmonella spp., Shigella spp.,
Staphylococcus spp., and Vibrio cholera. The moisture content of the dried products varies between an estimated 40 % in the higher ranges
and 10-20 % in lower. The quality of the product after processing is determined by degree of drying, appearance, damage and signs of insect
attack. These thus, influence the price of the fish and fish-products (8, 9). This study evaluates the effect of three preservative methods on
the microbiological and nutritional qualities on different fish sold in urban markets in Benin City.

Materials and Methods

Sample Collection

Thirty six (36) smoked, gas dried and frozen Merluccius merluccius "merluza”, Scomber scombrus "scumbia" and Trachurus trachurus
"sese" fishes were randomly selected and purchased between June and November, 2012 from three major markets (Oba, New Benin, and
Uselu) in Benin City, Edo State. Samples were transported in clean sterile polythene bags to the laboratory for analysis.

Microbiological Analysis

The fish samples were removed from sterile polythene bags, weighed and measured as whole. With the aid of a sterile forceps, the skin of
each sample was removed and 1g was weighed from each. One gram of the weighed sample was added to 10 ml peptone water to make a
stock solution. Ten-fold serial dilutions of the homogenates; 0.1ml of 10™, 10% and 107 dilutions was used for pour plate methods to
enumerate the microbial population using MacConkey agar and Nutrient agar. The incubated plates were used in observing the cultural and
morphological characteristics of representative colonies. Colonies were selected at random and sub cultured to obtain pure isolates on fresh
plates containing nutrient agar and incubated at 37 °C for 24 hours. The pure isolates were stored at 4 °C and used for Gram reactions and
biochemical characterization. Potato Dextrose Agar (PDA) was used to isolate fungi following the same protocol for bacterial isolation. The
morphology of isolated fungal isolates was determined using light microscopy techniques. Wet mount of the fungus was prepared and
viewed under x10 and x 40 magnification.
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Proximate and mineral analysis

The proximate analysis of carbohydrate, lipid, ash, fibre and protein of the three fish samples was determined using Association of Official

Analytical Chemists (AOAC) methods. All the proximate values were reported in percentage. Mineral elements including nitrogen,
phosphorus, potassium, calcium and magnesium were determined using the multiple nutrient extraction method (10).

Statistical Analysis

Statistical significance of values obtained was determined using the one-way analysis of variance (ANOVA) and Duncan multiple range

significant difference at P < 0.05 and P < 0.01.

Results

Table 1 reveals the bacterial density obtained from the samples. The highest bacteria population 6.35x107+1.33 cfu/g recorded in smoked
fish (Trachurus trachurus) from New Benin market. The bacterial count 3.77x107+0.55 cfu/g recorded in frozen Merluccius merluccius

from Uselu market.

Table 1: Total population density of bacterial from the three fish samples

Fish samples Sampling Preservative methods
location
Trachurus trachurus "sese" Frozen (cfu/g) Gas Dried (cfu/g) Smoked (cfu/g)
Uselu 3.77x 10"+ 0.55 2.85x10" +0.74 5.20x 10+ 0.82
New Benin 2.11x10" + 1.30 1.45x10" + 1.06 6.35x 10"+ 1.33
Oba Market 2.04x10” +0.81 2.40% 10"+ 0.45 5.45x107 +0.37
X2 72.64 45.75 12.91
P-value P<0.01 P<0.01 P<0.01
Scomber scombrus Uselu 1.08x10" + 0.98 2.75x107 + 1.25 5.10x107 +0.31
"scumbia" New Benin 2.69x 10"+ 1.04 4.05x107 + 1.70 5.55x107 +1.22

Oba Market
2

1.77x10" + 1.08

2.90x107 +1.17

4.10x107 + 1.26

X 70.66 30.29 22.41

P-value P<0.01 P<0.01 P<0.01
Merluccius merluccius Uselu 2.2x 10°+ 1.56 4.80x10" + 0.31 6.32x10" £ 0.42
"merluza"” New Benin 8.6x10° + 0.62 5.00x107 + 0.06 3.52x107 + 0.69

Oba Market 7.1x10° +0.83 2.70x107 + 0.17 5.50x10” + 1.35

X2 37.55 77.92 81.05

P-value P<0.01 P<0.01 P<0.01

Values are means of the count of three independent experiments.

Table 2 shows the total fungi population. The fungal density of 3.3x10°+0.01 cfu/g was obtained in gas dried fish (Merluccius merluccius)

from Oba market while the count 2.00x10°+0.13 cfulg was recurred in gas dried fish (Trachurus trachurus) from Uselu market.

Table 2: Total population density of fungi from the three fish samples

Fish samples Sampling location Preservative methods
Trachurus trachurus "sese" Frozen (cfu/g) Gas Dried (cfu/g) Smoked (cfu/g)
Uselu 5.5x10°+ 0.14 2.0 x10° +0.13 1.60x 107+ 0.15
New Benin 2.3x10°+ 0.12 1.60 x10 + 0.20 6.5x 10°+0.19
Oba Market 2.2x10°+0.11 1.45x10'+0.11 1.59x10” +0.11
X2 21.14 109.08 46.52
P-value P<0.01 P<0.01 P<0.01
Scomber scombrus “scumbia” Uselu 3.8x10°+ 0.02 8.0x 10°+ 0.05 1.20x 107+ 0.09
New Benin 3.3x10° + 0.20 1.25x10" + 0.08 1.85x10 +0.01
Oba Market 1.9x10° + 0.15 4.8x10° + 0.05 1.90x107 +0.10
X2 6.47 35.49 18.49
P-value P<0.05 P<0.01 P<0.01
Merluccius merluccius Uselu 5.4x10° + 0.06 4.9x10° +0.10 2.6x10° +0.23
"merluza” New Benin 4.3% 10%+ 0.02 5.0x10° +0.21 4.1x10° +0.04
Oba Market 5.2x10° + 0.01 3.3x10° +0.01 2.05x 10"+ 0.14
X2 1.38 4.14 217.51
P-value P>0.05 P>0.05 P<0.01

Values are means of the counts of three independent experiments

Eighteen microbial isolates were identified from the different fish samples. This includes 8 bacteria and 10 fungi isolates. The bacterial
isolates are Bacillus spp, Staphylococcus aureus, Pseudomonas aeruginosa, Micrococcus spp.,Corynebacteria Spp., Eschericha coli,
Streptococcus spp., and Proteus spp. While the fungal isolates includes Aspergillus niger, Aspergillus flavus, Trachoderma spp.,
Cladosporium spp., Rhizopus spp., Penicilum italicum, Penicilum onalica, Rhodoturola, Yeast and Geotrium Spp.

154



Regina R. Sanni, et. al.

Table 3 shows the proximate composition of carbohydrate (29.0 - 63.47%); protein (12.31 - 23.04%); ash (9.49 - 14.28%); fibre (0.63 -
2.31%); and lipid (7.63 - 37.55%); contents of the fish samples
Table 3: Proximate analysis of the different fish samples

Parameter (%) Fish samples P-value
Trachurus trachurus "sese” (% Scomber scombrus “scumbia” Merluccius merluccius "merluza”
Dry weight) (% Dry weight) (% Dry weight)
Carbohydrate 29.08 +0.12° 63.47 + 0.66" 49.07 + 1.43° P<0.01
Lipid 37.55+1.11* 7.63+0.19° 21.77 +1.258 P<0.01
Ash 9.49 +0.49° 14.28 + 0.14* 10.25 + 0.43° P<0.01
Fibre 0.63 +0.06° 2.31+£0.10% 0.70 £0.26° P<0.01
Protein 23.04 +0.30* 12.31 + 0.44° 18.21 + 0.22° P<0.01

Values in the same row followed by different letters are highly significantly different P < 0.01

The mineral element composition for the following micro and macro elements: nitrogen (0.07+0.01 - 3.69+0.05 mg/100g DWB);
phosphorus (0.08+0.03 - 0.28+0.01 mg/100g DWB); potassium (0.09+0.04 - 0.50+0.01 mg/100g DWB); calcium (0.07+0.01 - 1.06+0.02
mg/100g DWB); and magnesium (0.05+0.01 - 0.09+0.01 mg/100g DWB) are presented in Table 1.

Table 4: Mineral content composition of the different fish samples
Fish samples Parameter (%) Preservative methods P-value
(mg/100g DWB)

Trachurus trachurus Frozen Gas Dried Smoked

"sese" N 0.41 + 0.56° 1.14 +0.01% 2.91 +0.04" P<0.01
P 0.17 +£0.07® 0.10 +0.02° 0.22 +0.02* P<0.05
K 0.15+0.02° 0.10 +0.03° 0.50 +0.01* P<0.01
Ca 0.10 +0.03® 0.09 +0.02° 0.63 +0.02* P<0.01
Mg 0.05 +0.01* 0.04 +0.01° 0.06 +0.01* P<0.05

Scomber scombrus N 0.50 +0.72° 0.82 +0.66° 3.69 +0.05" P<0.01

"scumbia" P 0.11+0.06® 0.08 +0.03° 0.28 +0.01* P<0.01
K 0.11 +0.05° 0.09 +0.04° 0.47 +£0.01* P<0.01
Ca 0.10+0.00® 0.10 +£0.01® 1.05 +0.02"* P<0.01
Mg 0.04 +0.03* 0.04 +0.02* 0.08 +0.01° P>0.05

Merluccius merluccius N 0.07 £ 0.018 0.39 +0.57° 1.97 +0.07% P<0.01

"merluza” P 0.12 +0.01° 0.12 +0.01° 0.30 +0.03* P<0.01
K 0.15+0.02° 0.14 +0.02° 0.43 +£0.01* P<0.01
Ca 0.07 +£0.01® 0.07 +£0.01% 1.06 +0.02* P<0.01
Mg 0.05 +0.01° 0.05 +0.01° 0.09 +0.01* P<0.01

Values in the same row followed by different letters are significantly different P < 0.05 and P <0.01
Legend: N-nitrogen, P- phosphorus, K- potassium, Ca- calcium, Mg- magnesium, DWB - dry weight basis

Discussion

The environments in which fishes are displayed in the market are not always hygienic and this plays significant roles in the microbial
contamination of the stored fishes (11). The retailers often display smoke and dried fish in open trays in unhygienic condition this
encourages microbial attack and subsequent production of toxins (12). It is assume that with fire heat, most microorganisms could fail to
flourish as stated by Oyewole et al. (13), who reported that heat from fire dries fish; reducing the moisture content to a level that prevents
growth of microorganisms. Asita and Campell (14), also reported that heat and dry air associated with smoking reduces the water activity of
food, thereby depriving organisms of a prerequisite for growth. These reports however do not agree with this study as pathogenic food
bacteria and molds were present in smoked fish samples, which passed through heat and its moisture content reduced. The level of growth of
microorganisms on smoked fish depends on the amount of water which has been expelled from the fish (13).

The variations in microbial counts of fish samples from different markets and preservative methods in which some have higher microbial
counts may be likely due to a lack of proper preservation on the side of the fish processors or/and improper hygienic and handling
procedures. This is in agreement with the findings of Abolagba and lyeru (15), who reported that lack of proper smoking and proper
hygienic handling of smoked fish products, would result in a very high microbial load.

Studies by Nketsia-Tabiri and Sefa-Dedeh (16), showed the presence of Staphylococcus spp., Enterobacter sakazaki, Klebsiella spp.,
Pneumoniae ozaenae, Bacillus spp., Aspergillus spp., and Penicillium spp., in smoked sardines. Both Aspergillus spp., and Penicillium spp.,
have been reported to grow rapidly at chill temperature, and may subsequently develop in the stored final product (17). Omojowo and
lhuahi (18), reported that smoked fish samples from four local markets in Kainji Lake area of Nigeria were dominated by coagulase-positive
Staphylococcus and Escherichia coli. This is in agreement with the results obtained from this study. The results indicated that smoked fish
from the markets had the highest microbial load (bacteria and fungi) (Tables 1 and 2) when compared with gas dried fish. The occurrence of
microorganisms such as Staphylococcus aureus, yeast Saccharomyces spp., and moulds Penicillium spp., and Aspergillus niger in the
smoked-dried fish samples were in accordance with Martin (19) the author stated that these organisms were the commonest microorganisms
associated with smoked fish and these microorganisms were also reported by Abolagba and Ighinevbo (20) in smoked fish (Clarias spp.,)
sold in Benin metropolis.

The pathogens isolated in this present study are similar to the microorganisms reported by Abolagba and Uwagbai (21) who reported the
presence of Proteus, Micrococcus, Staphylococcus aureus, Bacillus, among other organisms. The occurrence of Proteus sp may also be due
to contamination of soil and water. Proteus sp. is an opportunistic human pathogen and has simple nutritional requirements. They are
important causative agents in community-acquired and nosocomial urinary tract infections (22). The occurrence of Bacillus sp. is
suggestive as a result of prevalence of their spores in the environment most especially in the soil (23). Bacillus sp causes a toxin-
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medicated disease rather than infection such as diarrhea and emetic illness characterized by nausea and vomiting (23). The infectious dose
has been estimated to be 10°/g (23). The occurrence of Aspergillus spp., Rhizopus spp., and Penicillium spp., could be due to the fact that
during storage, the fish sample reabsorbed moisture from the environment which then supported the growth of the fungi in addition to the
contamination during processing, handling and display on the market stalls (24)

The presence of Staphylococcus in smoked fish samples is in confirmation with Okonta and Ekelemu who reported Staphylococcus as one of
the predominant microorganisms affecting smoked fish and causing their spoilage. Fafioye et al. (25) studied the fungal infestation of five
traditionally smoked dried freshwater fish in Ago-lwoye, Nigeria and isolated and identified eleven different fungal species of which
Aspergillus flavus was the most frequently encountered fungi on the fish species, which also is in agreement with this study as Aspergillus
Sflavus and Aspergillus niger were identified as the most occurring organism. The smoking of fish is supposed to be effective in reducing the
microbial load in the fish but this study has shown that fish smoking from these three markets does not help to improve the microbiological
quality of smoked fish. Considering the public health implications of the poor microbiological state of the smoked fish, particular attention
should be make available for safety through proper processing, storage and handling procedures. All the pathogens isolated are of public
health implication and hence unsafe to human health if consumed (26).

The fish provides dietary supplements and may promote bowel regularity and enhance frequent waste elimination including bile acid.
Adequate intake of dietary fibre can lower the serum cholesterol level, risk of coronary heart disease, hypertension, constipation, diabetes,
colon and breast cancer (27). The relatively high level of ash, lipid, protein, and carbohydrate is suggestive of its considerable nutritive
value.

The macro and micro elements of fish contained very important nutrients relevant to the well being of humans (Table 4). Potassium is
necessary for the function of all living cells and is thus present in all animal tissues (27). Calcium, potassium, magnesium, nitrogen observed
in the fish are required for repairs of worn out cell, strong bones and teeth in human, building of red blood cells and for body mechanisms
(28).

Conclusion

The high microbial load obtained for the smoked fish purchased from the markets could be attributed to the poor fish handling and improper
smoking processes adopted by fish handlers. The presence of Escherichia coli, Staphylococcus aureus, fecal streptococci and moulds at high
population density revealed that the fish samples are of great public health concerns.
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