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Storage fungi and mycotoxins associated with stored smoked Catfish (Clarias
gariepinus)
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ABSTRACT: Studies were carried out to determine the occurrence of storage fungi and their respective mycotoxin
in stored smoked dried fishes. A total of 45 fishes were bought fresh, smoked and stored under three different storage
conditions (an air tight container, a bamboo basket and an iron basket). Using the pour plate method, isolation and
identification of storage fungi were carried out weekly for four consecutive weeks from each storage container. Mycotoxin
detection and quantification were also carried out on each stored smoked fish samples using Agra-Quant kit. The
proximate analysis of the stored fish samples prior to storage, and after storage from each storage container was also
analysed. Results revealed five fungal isolates associated with the stored samples namely: Aspergillus flavus, A. fumigatus,
A. niger, A. wentii and Penicillium species. Four species of Aspergillus and one Penicillium species were isolated and
identified from two of three storage condition used (bamboo basket and iron basket) from third week of storage. It was
deduced from the mycotoxins analysis results that Aflatoxin B1 and Ochratoxin were present in the stored smoked samples
of the two above mentioned storage containers. Results from the proximate compositions revealed a decrease in the ash
content, crude fiber and crude protein as the storage period increases. Fat and moisture content of the stored fish samples
were observed to increases weekly throughout the storage period in bamboo basket and an iron basket. In conclusion, it
can be deduced that storage container play a vital role in the preservation/shelf -life of smoked dried fish.
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Fish is an extremely perishable food. Spoilage
proceeds as a series of complex enzymatic, microbial
and chemical changes that begin as soon as the fish
dies (Junaid et al., 2010). Fish processing and
preservation is carried out mainly to slow down or
prevent the enzymatic, microbial and chemical
deterioration of fresh fish. In Nigeria, fish is eaten
fresh, preserved or processed. The percentage
composition of the different methods of fish disposed
for consumption in the artisanal sector according to
Tobor, (1984), are as follows live fish 7%, fresh fish
27%, smoke dried 45%, sun dried 20% salted and sun
dried 10%. A number of processing techniques are in
operation in Nigeria. These include chilling, freezing,
salting, canning, drying and smoking. However, fish
smoking is the most practiced preservation method in
Nigeria. Smoke drying methods used in Nigeria
requires low capital, investment and it is conducted in
fishermen camps and fish processing centers in
traditional smoking kilns of clay, cement blocks,
drums or iron sheets (Eyo, 1992).

Sample source: Fish samples African Cat fish,
(Clarias gariepinus) used for the project were
purchased from Lagos state fish farm Estate Ikorodu,
Lagos state. A total of 45 fresh fishes with an average
weight of 400 g were bought.

From the processing units to market centers, smoked
dried fish are often contaminated with microorganisms
such as bacteria, yeasts and moulds (Okafor and

Sample preparation: The collected fish samples were
washed cleaned smoked for 48 h under monitored
ambient conditions. The dried fish samples were

Nzeako 1985, D’Andrea, 2012). Nigeria’s high
temperature, lack of processing and storage facilities
can be responsible for the susceptibility of fish to
damage and spoilage. Numerous pathogenic agents
isolated from different types of fish are able to grow
and produce their toxic secondary metabolites, which
are retained in fish flesh even after salting and storage
periods. These toxic substances caused serious
systemic dysfunctions and public health hazards
(Swaminathan and Sparling, 1998).
This study therefore aims at investigating storage
fungi and mycotoxins associated with stored smoked
Catfish (Clarias gariepinus).

MATERIALS AND METHODS
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divided into three groups. A set fifteen fish samples
were placed in a tightly covered storage bowl (label
A), another set in a covered bamboo basket (label B),
while the third set of fish samples were an iron basket
(label C). These three storage container are stored at
room temperature in the aquaculture unit of the
Department of Marine Science, University of Lagos.
Lagos.
Medium preparation: Twenty grammes of
commercially produced Potato dextrose agar (PDA)
was dissolved in five hundred millilitres (500ml) of
distilled water and they were allowed to homogenize
in a water bath. The medium were later sterilized by
autoclaving in an autoclave at 1210 C for 15 minutes.
Chloramphenicol was added to the medium (the
antibiotic is to inhibit the growth of any bacterial
species that could contaminate the isolate), before
pouring the melted medium into a sterile Petri plates
(15-cm diameter Petri plates at a depth of 4.0 mm), and
cool at room temperature to solidify.
Isolation and identification of storage fungi: A little
portion of the stored sample feed was collected from
each of the storage container at the interval of seven
days for six consecutive weeks. Using the direct
inoculation method by Watanabe (2002), each of these
collected feed was inoculated on the prepared PDA
medium plate and incubated at 260 C. Developed
colonies of fungi were sub-cultured to obtain pure
cultures. The fungi cultures were examined both
macroscopically and microscopically for colony,
mycelia and spore characteristics. The characteristics
were compared with those in a standard mycology text
(Vashishta and Sinha, 2005).
Proximate Composition of the Stored Feed: Proximate
composition of the stored fish samples randomly
picked from each storage container prior to and after
storage period was carried out. This was analysed
according to the method of A.O.A.C. (2005). This
includes determination of ash content, crude fibre,
crude protein, crude fat, nitrogen free extract and
moisture content.
Mycotoxin detection and quantification: Assay
Principles: The Agra Quant Aflatoxin is a direct
competitive enzyme linked immunosorbent assay
ELISA in a microwell format which allows the user to
obtain exact concentrations in part per billion (ppb).
Free aflatoxin in the samples and controls are allowed
to compete with enzyme-labelled aflatoxin B1
(conjugate) for the antibody binding sites. After a
wash step, substrate is added, which reacts with the
bound conjugate to produce blue colour. More blue
colour means less aflatoxin B1. The test is read in a
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microwell reader to yield optical densities of the
controls from the standard curve, and the sample
optical densities are plotted against the curve to
calculate the exact concentration of aflatoxin B1.
Statistical Analysis: Descriptive statistics for all
parameters were calculated in triplicate for smoked
dried fish samples and six weeks old stored feed
sample in the three storage containers. All these were
reported as means ± standard deviation.

RESULTS AND DISCUSSION
In the first two weeks of storage, no mould (fluffy
patches) was sighted in the three storage containers. At
the end of the third week of storage; blue green fluffy
patches (mould/fungi) were noted on fish samples in
container labelled B and C. In the subsequent weeks
of storage (fourth and fifth), more fluffy patches of
different colouration were noted on fish samples in the
storage container labelled and C. Storage container A
showed no mould/fungi growth throughout the storage
period. Five fungi species were isolated and identified.
These are Aspergillus flavus, A. fumigatus, A. niger, A.
wentii and Penicillium species.
By extrapolation from the standard curve,
concentration value of aflatoxin B1 in stored fish
samples in storage container labelled A, B and C after
storage period was given using the formula y = mx +
c. Where y is the mean peak area, x is the slope and c
is the intercept. Therefore, x = y – c / m. Fish samples
in storage container C had the highest concentration of
aflatoxin B1 with 1.5 ug/ml, this is followed by fish
samples in storage container B with 1.0 ug/ml. The
storage container A samples showed zero ug/ml for the
presence of aflatoxin B1. For ochratoxin,
extrapolation standard curve using same above
formula (y = mx + c) reviewed that its concentration
is zero ug/ml in stored fish samples in storage
container A while its 0.4 ug/ml and 0.8 ug/ml were
recorded in stored fish samples in container B and C
respectively.
From the proximate analysis, it was showed that at the
end of the storage period, there was decrease in the
protein, ash and the crude fibre content of the stored
fishes. Though, there is little or no significant different
in the decreases observed in fishes stored in container
A, while ash content percentage decreased from 17.24
to 13.65 and 13.00 in storage container labelled B and
C respectively. The protein content percentage also
decreased from 50.38 to 45.02 and 44.27 in storage
container labelled B and C respectively. Reduction
was also noted in the percentage of the crude fibre
content of the stored fishes. It reduced from 7.85 to
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4.00 and 3.00 in the storage container labelled B and
C respectively (Table 1). In contrast to the decreases
noted in the protein, ash and the crude fibre contents
of the stored fishes, there was increase in the moisture
and crude fat content of the fishes. The moisture
content percentage increased from 8.20 to 17.84 and
Proximate
component
Crude fibres
Ash content
Crude protein
Crude fat content
Moisture content
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18.50 in the storage container B and C respectively.
The same trend was observed in the crude fat content
of the stored fishes. Prior to storage, the crude fat was
24.36 percent. This was increased to 27.76 and 29.00
percent in the fish samples stored in the container
labelled B and C (Table 1).

Table 1: Proximate analysis
Freshly
Fish samples in Fish samples in
prepared
fish container labelled container labelled
samples (%)
A (%)
B (%)
7.85
7.65
4.00
17.24
17.28
13.65
50.38
50.35
45.02
24.36
24.42
27.76
8.20
8.40
17.85

The results from this study reveals that there was no of
fungal growth was observed in container A which was
air tight throughout the storage period. This may be
due to the fact that storage container A prevents
external environmental factors from interfering with
the stored fish samples. This is in agreement with the
requirements for suitable packaging for dried fish
which include inertness, leak proof, impermeability to
oxygen and moisture, low transparency and resistance
to abrasion and puncture (Gopal and Shankar, 2011).
Also, in agreement with Samuel and Odunigba,
(2016), where it was reported that no fungal growth
was observed in stored sample feed in a tightly
covered storage bowl.
According to Pitt and Hocking, (2009), Adebayo-Tayo
et al., (2008), Essien et al. (2005), and Fafioye et al.,
(2008) in support of the findings on the isolated
storage fungi associated with stored smoked fishes,
Aspergillus species are recognized as dominant fungi
species. The decrease observed in proximate analysis
result on crude fibre, protein and ash content according
to Jallow (2010), is related to different storage
methods employed in the study. The increase recorded
in the moisture content of stored fishes in containers B
and C is in supported of the findings of Daramola et al
(2007), in which it was reported that increase in
moisture is due to relative humidity differences in the
storage containers used in this study.
Detection of Aflatoxin and Ochratoxin A in the stored
fish samples as a result of presence of species of
Aspegillus and penicillium as those stored fish samples
in storage container A without any trace of fungi
species show no Aflatoxin and Ochratoxin A. Urbano
et al. (2001) and FAO (2008), reported that the level
of aflatoxin in human body must not be more than
20ppb/6µg/kg while the Scientific Committee on Food
of the European Union proposed that the maximum

Fish samples in
container
labelled C (%)
3.00
13.00
44.27
29.00
18.50

daily intake of Ochratoxin should not exceed 5 μg/kg
(WHO 2006).
From this study, it can be deduced that of the three
storage containers used, storage container A which
was air tight is the best storage container for smoked
fish products which is in agreement with Gopal and
Shankar (2011), that requirements for suitable
storage/package of smoked fish include inertness, leak
proof, impermeability to oxygen and moisture, low
transparency and resistance to abrasion and puncture.
Conclusion: It was gathered from the results in this
present study that, to prevent mycotoxin
contamination in stored smoked fish products, proper
storage and package devices should be employed. This
is becomes necessary as the consumption of
mycotoxins which is undegradeable can lead to serious
health hazard to humans who is the final consumer of
the stored smoked fish products. There should be more
awareness on the danger associated with the
consumption mycotoxins contaminated fish products
to the general public.
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