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Abstract

Fungi associated with spoilage of smoked catfish (Clarias gariepinus) were evaluated using standard microbiological
methods. A total of twenty five (25) samples were collected from Afule, Ariaria, Umugasi, Cemetery and Ahiaohuru
markets in Aba metropolis and were analysed. Fungal loads ranged between 2.2 x 103+ 0.02 SFU/gand 4.5 x 10*+ 0.14
SFU/g. Four (4) fungal species were isolated to include two molds; (Aspergilus niger, Mucor species) and two yeasts;
(Candida species, Rhodotorula species). The most prevalent isolates were Aspergilus niger (80 %)and Mucor species
(73.33 %), while the least prevalent was Rhodotorula species (6.67 %). Identified qualities of these fungi were their
degradative ability which was observed during pathogenesis study as they render the catfish unfit for consumption with
high virulence in causing major mycotic infections. Therefore, there is need for education and awareness campaign
among handlers and sellers on proper hygiene practices to avert the imminent health hazards looming the economy
from the shabby handling and processing techniques.
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1. Introduction

Fish and fisheries products are the most important nutritious food all over the world which represents about 15-20 %
of all animal protein on a global basis [1]. In Nigeria, fish has an edge over meat because it is cheaper and relatively more
abundant and constitutes about 40 % of the animal protein intake [1; 2]. Fish is a cheap source of animal protein with
little or no religious rejection, which gives it an advantage over pork or beef. Fish is a rich source of lysine suitable for
supplementing high carbohydrate diet. It is also a valuable source of vitamins A, B and E, iodine and oils containing
polyunsaturated fatty acids [1; 2]. In Nigeria, the short supplies of animal protein with the increasing human population
have raised the cost of animal protein to a level almost beyond the reach of the low income group [3].

In Nigeria, fish can be eaten as fresh, preserved or processed. [4] reported that the percentage composition of the
different processing and retailing methods of fish for consumption in the artisanal sector are as follows live fish 7 %,
fresh fish 27 %, smoke dried 45 %, sun dried 11 %, and salted and sun dried 10 %. 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 [5]. This has resulted in a very short shelf life and
low market value of the fishes as well as inability to withstand handling and transportation by retailers [6].
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Therefore, there is need to preserve fishes after capture to prevent loss due to spoilage and to provide an excellent fresh
flavour (just caught flavor). Technically, smoking is the process through which volatiles from thermal combustion of
wood penetrate meat and fish flesh [7]. Smoking is the method of fish preservation effected by a combination of drying
and deposition of naturally produced chemicals resulting from the thermal breakdown of wood [8]. Preserving food and
other perishable products like fish and meat generally involves processes that impede growth of microorganisms either
by the addition of growth inhibiting ingredients or adjusting storage conditions by freezing or drying [9]. Common salt
is used to destroy the non-halophilic, spore forming bacteria and also osmophilic fungi. In spite of curing with salt, the
qualities of dry fishes are being frequently contaminated with bacteria, fungi and insects [10]. Processing methods affect
microorganisms in fishes, resulting in different types of micro-flora and different risks from spoilage organisms and
pathogens [11].

In dried fish, the micro-flora is prevented from growing by the storage method used and the product may have long
shelf life in the preserved state. However, the microbial load of fish rarely indicates the quality of the fish, but gives an
indication of the risk of spoilage induced since each of the organisms has different ways of affecting the health conditions
of consumers of such contaminated fish [12]. Therefore, this study was designed to enumerate the species of
microorganisms associated with spoilage of smoked catfish (Clarias gariepinus) vended in Aba, Abia state.

2. Material and methods

2.1. Sample collection

A total of 25 samples of smoked catfish were bought at randomly from five different markets in Aba city. At each site, 5
samples of smoked catfish were bought from each seller. Replicate samples of smoked fish showing symptoms of
spoilage were randomly selected from different market places in Aba, Abia State and such markets include: Afule
market, Ariaria market, Umungasi market, Cemetery market and Ahiaohuru market. The smoked catfish samples were
collected and kept separately in sterile ziploc bags and brought to the Microbiology Laboratory of Rhema University,

Nigeria for analysis.

2.2. Microbiological analysis of samples

Ten fold serial dilutions of samples were done. Spread plate and streaking techniques [13] were used to enumerate and
isolate fungi in the samples. One (1) gramme of each catfish sample was aseptically mashed, blended and homogenized
in nine (9) milliliter of sterile distilled water to form 10-1 dilution. Serial dilutions of the homogenates were made to 10-
z and 103 and each dilution was plated in replicates using fortified sabouraud dextrose agar (SDA) for fungal
enumeration and isolation. The purified fungal isolates were identified on the basis of macroscopic and microscopic
characteristics by slide culture technique, and lactophenol staining. The schemes of [14] were used for the identification.
The plates were incubated at 25+2 °C for 120 hours for mean fungal counts.

2.3. Data analysis

Data obtained from this research work were analysed using ANOVA. Descriptive statistics in form of means and
standard deviation and Duncan post hoc were also used to assess the data. The analyses were done using SPSS 21.

3. Results

The mean fungal count (MFC) of smoked catfish samples sold in Aba market is shown in Table 1. The highest mean
fungal count was recorded in sample 3 from Cemetery market (4.5 x 10*+0.14 SFU/g); while lowest mean fungal count
was recorded in sample 4 from Ariaria market (2.2 x 103 +0.02 SFU/g). Samples from Cemetery market recorded the
highest mean fungal counts while that from Ariaria market recorded the lowest mean fungal counts. Counts obtained
within samples of same market when compared were statistically significant (p<0.05).
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Table 1. Mean fungal count (MFC) of smoked catfish samples sold in Aba metropolis

SAMPLE AFM (SFU/g) ARM (SFU/g) UMM (SFU/g) CEM(SFU/g) AHM(SFU/g)
Sample1 4.2 x10% £0.02>  2.1x10*#0.10>  3.5x 103+0.05¢ 3.9 x 103 + 0.05¢ 2.7 x 10% +0.082
Sample2 2.7 x 104+0.023b 1.4 x 10*+0.09>c 3.0 x 10*+0.032 3.5 x 103 + 0.08¢ 1.3 x 10% +0.02be
Sample3 3.2x103+0.03« 2.4 x 104 +0.04a 2.7 x104£0.016 4.5 x 10% + 0.14a 2.3 x 10% +0.082b
Sample4 3.4 x10%3+0.02c  2.2x103#0.02¢c 2.1 x10%+0.04> 5.5 x 103 + 0.03¢ 3.3 x 103£0.03¢
Sample5 3.4x10%+0.12a 2.7 x 103 £0.08¢ 2.0 x 104£0.095%  3.5x 104+ 0.050 2.7 x 104 £0.04a

Values are given as mean + SD. Within column, values followed by the same alphabets are not significantly different but those followed by different
alphabets are significantly different. Legend: AFM - Afule market, ARM - Ariaria market, UMM - Umugasi market, CEM - Cemetery market and AHM -
Ahiaohuru market, SPU - Spore Forming Unit.

The macroscopic and microscopic identification of fungi associated with spoilage of smoked catfish indicated a total of
four (4) fungal isolates were identified. These include Aspergillus niger, Mucor species, Candida species and Rhodotorula
species. The percentage prevalence of isolated fungi associated with smoked catfish samples is shown in Figures 1 to 5.
In Figures 1, 2 and 4 of Afule, Ariaria and Cemetry markets, the most prevalent fungi (%) was Aspergillus niger (60;
46.67; 80), while the least prevalent (%) was Rhodotorula species (20; 13.33; 6.67) respectively. In Figure 3, the most
prevalent fungi (%) in smoked catfish sold at Umugasi market was Mucor species (73.33), while the least prevalent
(%)was Rhodotorula species (6.67). In Figure 5, the most prevalent fungal species in smoked catfish sold at Cemetery
market were Aspergillus niger and Candida species (66.67) while the least prevalent was Rhodotorula species (13.33).

Figure 1. Percentage prevalence of isolated fungi from Afule market
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Figure 2. Percentage prevalence of isolated fungi from Ariaria market

Figure 3. Percentage prevalence of isolated fungi from Umugasi market
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Figure 4. Percentage prevalence of isolated fungi from Cemetery market

Figure 5. Percentage prevalence of isolated fungi from Ahiaohuru market

4., Discussion

The mean fungal counts of smoked catfish sold in Aba revealed that samples from Cemetery market recorded the highest
mean fungal counts while that from Ariaria market had the lowest mean counts. A total of four fungal isolates were
identified which include Aspergillus niger, Mucor species, Candida species, and Rhodotorula species. Aspergillus niger,
Mucor and Candida species were the predominant mycoflora in market samples. Most of the organisms found in these
smoked fish are those commonly found in soil and water environments.

Aspergillus niger is most commonly found in mesophilic environments such as decaying vegetation or soil and
plants [15]. Generally, fungi grow and survive at optimal conditions especially in humid environments. Hence,
they require a water activity value between 0.80-0.93 [16]. A close observation at Table 1 for fungal counts and
figures 1-5 for fungal prevalence showed that Cemetery market had the highest fungal count and prevalence for
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Aspergillus niger when compared with other markets. This is followed by Afule and Ariaria markets respectively.
Conversely, Umungasi market had Mucor species as the most prevalent, while Ahiaohuru market had both Aspergillus
and Candida species as the most prevalent. The obtained result was due to the ability of the fungi to grow in wide
temperature 6-47 °C and pH ranges 1.4-9.8 [17]. [18] reported Aspergillus niger as one of the commonest
microorganisms associated with smoked fish when he developed biochemical applications in fisheries processing.

Mucor thrives in soil, plants, manure, decaying fruits, vegetables and as a common contaminant of stored and processed
foods in the kitchen. Mucor species can grow at high temperatures (thermo-tolerant), may cause infections in man.
However, most Mucor species are unable to infect humans and warm blooded animals due to their inability to grow in
warm environments close to 37 °C [14]. Figure 3 showed that Mucor species had the highest percentage prevalence in
Umungasi market. This could be attributed to the storage conditions of the fish by fish handlers and cold or moist
environment due to frequent rainfall in Aba. [3] reported that fungal species encountered in the fresh fish include:
Penicillium species, Aspergillus flavus, Aspergillus niger, Fusarium species, Mucor species, and Rhizopus stolonifer could
either come from the surrounding environment, fishing equipment, habitat or handlers.

Rhodotorula species are ubiquitous saprophytic yeasts that can be recovered from many environmental sources
including air, soil, seawater, plants, dairy products, and the household environment e.g., shower curtains, bathtub grout
[19]. The presence of Rhodotorula species could be attributed to the surrounding environment as was reported by [20].
Although, Rhodotorula species recorded the lowest prevalence in all the markets, its presence in smoked catfish could
be due to its ubiquitous nature.

Candida is a yeast and the most common cause of opportunistic mycoses worldwide [21]. It is also a frequent colonizer
of human skin and mucous membranes. Candida is a member of normal flora of skin, mouth, vagina, and stool. Most
often, itis found in the environment, particularly on leaves, flowers, water, and soil [21]. Candida species was the second
predominant fungal isolate after Aspergillus niger in all the markets as shown in Figures 1-5. The presence of Candida
species in smoked catfish may be due to contamination from fish handlers or indiscriminate storage of fish on swampy
or water-logged soil.

The growth of fungus on dried fish products could cause spoilage, discolouration, rotting, alters the flavour and textural
quality of dry fish which leads to loss of nutrients quality and huge economic loss [10]. The processed fish are easily
contaminated with microorganisms, through improper handling and processing; and unhygienic post-processing
handling [8; 22]. Smoked fish become contaminated and spoiled by different microorganisms from their processing
through storage to marketing [8]. Results obtained from this study revealed that Aspergillus niger, Mucor species,
Candida species and Rhodotorula species were associated with smoked catfish, and this assertion is in agreement with
the findings reported by 3; 11; 18; 20; 23; 24; and 25. Similar microorganisms were also reported by [26] in smoked
fish (Clarias species.) sold in Benin metropolis.

5. Conclusion

Findings from this study showed that the smoked catfish sold in Aba metropolis are improperly smoked leading to the
deterioration of the fish. The high occurrence of the fungal isolates recorded in smoked catfish sold in Aba metropolis
is an indication of improper adherence to hygienic conditions before and after smoking. Therefore, there is need to
educate fish handlers, vendors and retailers about the adoption of good hygienic practices and standards. Fish should
be smoked properly to reduce both the risk of contamination and water values as it controls growth of fungi on
substrates. It is also recommended that smoked catfish and fish products bought from markets should be cooked
properly before eating.
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