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ABSTRACT
A total of eight (8) samples comprising two varieties of smoke-dried fish were collected from Otuocha and Ogbakuba markets in Anambra State, and analyzed for the presence of mycotoxin-producing fungal contaminants. Mycological examination of the samples revealed the occurrence of five fungal species: Aspergillus niger, Rhizopus oryzae, Candida albicans, Aspergillus flavus, and Acremonium butyri. Among the isolates, A. flavus and A. niger are notable for their potential to produce mycotoxins, while the other fungi are recognized as opportunistic pathogens capable of causing infections in humans under favorable conditions. The presence of these fungi indicates possible contamination arising from inadequate processing, handling, or storage practices. The findings of this study highlight the potential public health risks associated with the consumption of improperly preserved smoke-dried fish. Therefore, strict adherence to good hygienic practices during processing, storage, and marketing is recommended to minimize fungal contamination and ensure consumer safety.
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Introduction
Fish is a highly nutritious food with a high protein content and serves as a major source of animal protein for millions of people worldwide. However, because of its rich nutrient composition and high moisture content, fish provides a favorable medium for the growth of microorganisms when poorly processed, handled, or stored (Oparaku and Mgbenka, 2012). Microorganisms are ubiquitous in the environment and play significant roles in food deterioration and public health concerns (Awari et al., 2023). Studies have shown that microbial contamination of food products can occur at different stages of processing, handling, storage, and marketing, thereby affecting their safety and quality (Agu et al., 2014; Anaukwu et al., 2015; Ezenwelu et al., 2024).
In dried fish, microbial growth is largely controlled by preservation methods such as salting, smoking, and drying, which reduce water activity and extend shelf life. Nevertheless, the microbial load of fish remains an important indicator of potential spoilage and public health risks because different microorganisms affect consumers in different ways (Gram et al., 2000). Increases in ambient temperature create favorable conditions for microbial proliferation, leading to deterioration in fish quality and reduced storage life (Abolagba et al., 2011). Preservation of fish and other perishable foods generally involves processes that inhibit microbial growth either by the addition of growth-inhibiting substances or by altering storage conditions through drying, salting, or freezing (Akise et al., 2013). Similar preservation strategies have been employed in the processing of various food products to minimize microbial contamination and enhance shelf stability (Mbachu et al., 2014; Awah et al., 2016).
Fish is an extremely perishable commodity, and spoilage begins immediately after death through a series of complex enzymatic, microbial, and chemical changes (Junaid et al., 2010). Deterioration of fish has been attributed to the activities of bacteria, fungi, and other microorganisms that utilize fish tissues as nutrient sources (Abba, 2012). Studies on aquatic environments have demonstrated that diverse microbial populations are naturally associated with fish and fish habitats (Agu et al., 2023). Consequently, poor handling and inadequate storage conditions often result in increased microbial contamination and rapid spoilage of fish and fish products (Hashem, 2011).
The nutritional importance of fish cannot be overemphasized. Fish contributes significantly to human nutrition by supplying high-quality proteins, vitamins, minerals such as calcium and phosphorus, and essential omega-3 fatty acids that help reduce the risk of cardiovascular diseases (Kumolu-Johnson and Ndimele, 2011; Cao and Li, 2013). Despite these benefits, the highly perishable nature of fish limits its storage life and availability. In Nigeria and many other developing countries, fish preservation methods such as smoking and drying are commonly employed to reduce spoilage, improve flavor, and prolong shelf life (Job et al., 2016).
Smoking and drying reduce the moisture content and water activity of fish, thereby limiting the growth of many spoilage microorganisms (Daramola et al., 2007). Dried fish is regarded as an inexpensive but rich source of protein and forms an important component of diets in many parts of the world (Rafli et al., 2018). However, despite the reduced water activity, dried fish can still be colonized by halophilic and xerophilic microorganisms, particularly fungi capable of growing under low-moisture conditions. Agu et al. (2017) reported the occurrence of halotolerant microorganisms in saline environments, highlighting the adaptability of such organisms to conditions similar to those encountered in salted and dried fish products. These fungal contaminants are of particular concern because many species are capable of producing mycotoxins that pose serious health risks to consumers.
Fungal contamination represents a major challenge in fish preservation and marketing, especially in tropical regions where environmental conditions favor fungal growth. Several studies have reported the involvement of fungi in the spoilage of food products, leading to significant post-harvest losses and deterioration of product quality (Frank and Kingsley, 2014; Agu et al., 2015; Agu et al., 2016a; Agu et al., 2016b). Fungal spoilage not only reduces the nutritional and organoleptic qualities of food but may also result in the accumulation of toxic metabolites that threaten consumer health (Wu, 2014). Similar fungal-associated deterioration has been documented in cassava, cocoyam, sweet potato, and other agricultural products, emphasizing the economic and public health significance of fungal contamination in food systems (Agu et al., 2014; Agu et al., 2015; Agu et al., 2016).
Fish is a low-acid food and is therefore susceptible to colonization by foodborne pathogens if not properly processed and preserved. Previous studies have reported the occurrence of pathogenic microorganisms in smoked fish and other ready-to-eat food products marketed in Nigeria (Agu et al., 2013; Agu et al., 2014; Anaukwu et al., 2015). Such contamination may occur during processing, transportation, storage, or marketing and can lead to foodborne illnesses among consumers. Consequently, continuous monitoring of the microbiological quality of smoked and dried fish products is necessary to ensure food safety and protect public health.
Given the importance of fish as a dietary protein source and the risks associated with fungal contamination and spoilage, there is a need to evaluate the mycological quality of commonly consumed smoked fish products. Therefore, the aim of this study is to carry out a mycological analysis of smoke-dried Electric Catfish, Malapterurus electricus, and smoke-dried Moon Fish, Citharinus citharus, in order to determine the fungal species associated with these products and assess their potential implications for food quality and consumer health.
Materials and Methods
Collection of Samples   
A total of 8 samples of smoke dried fishes were collected from two different shops of open markets located at Otuocha and Ogbakuba in Awka and Okuzuo province, Anambra. These smoke dried fishes belonged to two varieties namely, Malapteruridae Electricus (Electric Catfish) and Citharinus citharus (Moon Fish). From each smoke dried fish showing symptoms of spoilage and/or mold growth a sum of 8g of sample was collected in sterile polythene bag and transported to the laboratory. The  smoked  dried  fish  were  collected  in  sterile polythene  bags  and  transported  to  the  laboratory  for processing  and  investigations. The samples were first examined  macroscopically  for  external  fungal  growth. Each  species  of  fish  were  identified  by  means  of  labels placed  on  fish.
Protocol for smoke drying fish  in Awka  metropolis
 Fresh  fish  was  washed  clean  and  placed  in  containers  or  coolers  and covered  with  ice  blocks.  The  fish  was  dipped  into  brine  (a  mixture  of  ¼ cup  of  salt  to  1  quarter  of  cold  water)  for  20s.  The  fish  were  placed  in  a smoke  house  hanger  or  racks  wiped  with  vegetable  oil  and  allowed  to dry  for  about  1hour.  A  shiny-like  layer  formed  on  the  fish  surface seals the  surface  and  prevent  loss  of  natural  juices  during  smoking. During smoking  in  the  smoke  house,  all  combustible  materials  around  and under  the  smoking  area  were  cleared.  The  fish  were  laid  on  the  wire gauze  in  the  oven  and  fired  from  below  and  were  smoked  for  about  4-5 days.  when  smoking  was  completed,  the  fish  were  removed  and allowed  to  cool.  Later they were stored in  containers  where  they  are protected from dust and insects.
Media Preparation
The medium used for rise enumeration and isolation of fungi in the sample was Sabouraud Dextrose Agar (SDA). (The media was prepared according to manufacturer’s and direction). About 13g of the medium was dissolved in 200ml of distilled water, 250g of streptomycin was  added (to inhibit fungi growth).The media was autoclave at 1210C for 15minutes. It was allowed to cool and about 20ml of it was poured into each sterilized petri dish. The sample labeled as follows;
Electric Cat Fish from Otuocha Awka Market - A

Moon Fish from Ogbakuba Akuzu Market - B

Serial Dilutions

Eight (8) fold of serial dilution was carried out one 1ml of fish sample dispensed into 9ml of sterilized (Distilled) water and was mixed thoroughly from each sample. All  of  the inoculated  plates  for  each  sample  was  incubated  at  room  temperature 37°C  for 2 to 3 days and observed for the growth of fungal colonies. Using a colony counter the enumeration of yeasts and molds was determined in units of cfu/g. 
 Identification of Fungi Macroscopy 
The growth rate, color, texture, colonial morphology and diffusible pigments of each sample were examined macroscopically.
 Macroscopy 
The growth rate, color, texture, colonial morphology and diffusible pigments of each sample were examined macroscopically. Microscopy the microscopic morphological features of most fungi are stable and exhibit minimal variation. The definitive identification was based on the morphology of the spores and hyphae.
 Results 
 A total  of 8  different  species  of smoke-dried fish comprising 4 each of Electric  Catfish and Moon fish. Electric catfish (Malapteruridae Electricus) and (Citharinus citharus ) Moon Fish were purchased at Otuocha and Ogbakuba in Awka and Akuzu metropolis respectively; for the detection of the possible  presence  of  contaminating mycology  agents based on cultural and microscopy. The fungi were identified as Aspergillus Flavus, Aspergillus Niger, Candida albicans, Rhizopus Oryzae and Acremontum Butyric were found to be associated with smoke dried fish sold at Otuocha and Ogbakuba in Awka and Akuzu metropolis. Aspergillus species were the more prevalent than any other species in this study. The sample A, were the most infested of all the fungi appeared in the samples with high frequency occurrence.








Table 2: Occurrence of fungi smoked dried fish sold in Otucha and Ogbakuba Markets
Fungi Isolates                                          OTM                                             OGM

Aspergillus niger                                     6(16.67)                                       4(20.00)
  
Rhizopus oryzae                                      0(0.00)                                          1(5.00)
Acremonium butyric                               1(2.78)                                          0(0.00)
Aspergillus flavus                                   11(30.56)                                     7(35.00)
Candida albican                                       0(0.00)                                        2(10.00)             
KEY:  OTM= Otuocha market and OGM= Ogbakuba market 	
Table 3 showed the presence of aflatoxin associated with smoked dried fish sample collected. The result revealed that only Aspergillus flavus produced aflatoxin. The highest presence of aflatoxin was detected in smoke dried fish sample from Otuocha market shown the least. The Aflatoxin occurrence in smoke dried fish was found to be higher (42.86%) than that reported by (Job et al., 2016), who detected 33.33%  aflatoxins presence in smoke dried fish from major market in Awka metropolis. This could be attributed to seasonal variations and hygienic practices by processors and retailers in the two different locations. 






Table 3: Occurrence of Aflatoxins
Fungi Isolates                       OTM                           OGM

Aspergillus niger                    _                                   _

Rhizopus oryzae                     _                                  _

Acremonium butyric              _                                  _

Aspergillus flavus                 1(9.09)                       3(42.86)

Candida albican                       _                                  _

KEY: = Absence of aflatoxin, OTM = Otuocha Market and OGM = Ogbakuba Market









Table 4. Cultural and microscopic of fungi isolated from smoke dried fishes
Cutural characteristic              Microscopic examination                     Probable fungi isolates
Powdery black colonies with white      Non septate hyphae, larger spores            Aspergillus niger                                      Pheriphery                                            head with conidia in chains
Slow growing, compact and         The conidia are one celled.                         Acremontum butyric
Moist colonies. At first                 pigmenteg, globose to cylinder  
Powdery, and floccose with          and mostly aggregated.
Age. White, and pinkish in
Colour.	
	
White dot colonies with most           Spherical to sub spherical budding              Candidia albicans
Smooth surface and white to              blastoconidia.
Cream colour.
   
Fast growing colonies with          Smooth walled, non-septate                            Rhizopus oryzae
white cotton becoming grey.        which sporangia are globose.
Colonies are granular, flat,           They have radiating conidia                            Aspergillus flavus
Often with radial grooves.            Heads while the conidiophpres 
Yellow at first but quickly.           appear rough. 



Discussion
We were able to isolate fungal agents from our test samples. This is not surprising because according to (Akande and Tobor ), freshly caught fish, covered with damp sacks mixed with wet grass or water weeds to reduce the temperature make fish prone to contamination with microorganisms such as bacteria and fungi. This indicates that spoilage of fish starts from the aquatic ecosystem. Handling of fish could also engender microbial contamination especially in artisanal fishery due to unhygienic methods of reducing temperature. During the smoke-drying period, smoking kilns used in artisanal fishery and the overloading of the fish in the trays leads to improper processing which in turn encourages fungal attack. During storage of smoked-dried fish product, good storage practices are not observed by most wholesalers such as improper ventilated and easy access of pest into the storage environment. The environment where fish are displayed in the market are usually unhygienic and this could constitute another avenue for microbial contamination. Very often, retailers display the smoked dried fish samples in open trays beside refuse heaps, this encourages fungal attack through air droplets. It is important to state that majority of the fungal agents isolated were of medical significance. The occurrence of Aspergillus Niger, Candida Albicans and Rhizopus Oryzae  could lead to mycotoxin elaboration and when consumed, they induce gastrointestinal and metabolic disturbances. The source of fungal contaminations can also be a result of consumption of fungal contaminated feed present in the pond. Moreover, the decomposition of these feed also add to increase in fish contamination. There might be certain other conditions in the pond which favour the possibility of fungal contamination; particularly, poor pond management, injured fish or fish having other forms of diseases. Fungal organisms pose wide contamination threat in fish farming mainly due to mismanagement of ponds. Fungi isolated in this study are in consonance with findings by other authors however, reported that Aspergillus Niger, Aspergillus Flavus, and Rhizopus Oryzae are normal mycoflora present in most fish. Not withstanding, many fungal genera have virulence factor which cause toxin elaboration under favourable predisposing environment. Ecology is also an important factor which influences the diversity of fungus genera on fish and their eggs. According to (Pailwal et al., 2007), diversity of water molds depends upon the interaction of physicochemical factors. The fungi isolated from our smoked-dried fish were somewhat specific in that while Aspergillus Niger,  Aspergillus Flavus  and Candida Aibicans were observed in all the eight fishes species, Aspergillus Niger and Aspergillus Flavus  occurred in electric catfish while moon fish harbours most of different species of fungal isolates. Conversely, Electric Cat fish harbor least fungal agents. This fungal specificity may be due to the differences in the biochemical composition of these fish species and to which different moulds and yeast react differently. 
Conclusion
In view of the heavy fungal contaminants isolated from smoked dried fish in this study, fishermen and marketers should adapt better method of preservation and better smoking methods should be provided for them at subsidized rates. More so, stored fish product should be well kept. It is important that mycological examination of fish be carried out, especially by environmental/public health workers and regulatory bodies like Nigerian National Food and Drug Administration and Control (NAFDAC) at regular intervals and the health implications of fungal agents and their mycological be emphasized to fish handlers and consumers. On a general note, health education/enlightenment will be of great significance to fishermen, fish handlers, sellers and buyers that good processing and availability of storage facilities are crucial to minimize general microbial contamination.
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