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MYCOLOGICAL ASSESSMENT AND BIOCHEMICAL CHARACTERIZATION OF COMMERCIAL BROILER FEED SOLD IN OSUN STATE, NIGERIA


ABSTRACT
Poultry feed is prone to fungal contamination especially Aspergillus and Mucor, that lowers nutritional value, threatens animal health, and endangers food safety. With poultry farming rapidly expanding in Nigeria, routine monitoring of feed contamination is vital for economic and public health protection. This study was conducted to identify the predominant moulds present in selected commercial poultry feeds—Broiler feed—sold in Osogbo, the State capital of Osun State, Nigeria. Fifty-four feed samples were obtained, each from a separate bag, and mixed based on feed type and location to give 18 bulk samples from broiler starter and finishers (BS) (BF) of commercial poultry feeds, which included Chickun feed (CF), Top feed (TF) and Vital (VF) feeds. The samples were processed through serial dilution and cultured on Potato Dextrose Agar using the pour plate technique. Emerging fungal colonies were enumerated and purified, after which morphological and microscopic characteristics were used for identification. The overall fungal counts observed in this study varied between 5.5 × 10³ and 8.5 × 10³ colony-forming units per gram (cfu/g). These values exceeded the accepted European standard for finished poultry feed, which is ≤ 1 × 10³ cfu/g. The common moulds isolated from these feeds were Aspergillus flavus, Aspergillus niger, Aspergillus fumigates and Mucor spp. Generally, the feed sample obtained from Ita olokan had the highest fungal count and Aspergillus niger showed the highest frequency of occurrence when compared to the rest of the fungi isolated in the present study. All feed types had equal diversity in terms of species richness however VF had the widest spread in fungal prevalence. The overall prevalence of fungi isolated from Broiler feeds ranged from 15.0% (Mucor flavus) to 40.0% (Aspergillus niger), giving a percentage range of 25.0%. This study shows the need for regular assessment of moulds in commercial poultry feeds produced and stored at sales points, regular monitoring of the microbial profiles of high-risk feed ingredients, as well as the final feed products, should be prioritized to ensure the delivery of safe and high-quality feed to poultry.
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INTRODUCTION
Poultry are economically important birds that contribute substantially to human nutrition, serving as a primary source of meat, eggs, by-products (feathers, waste products), source of income and employment to people compared to other domestic animals (Onajobi et al., 2023). Food for domestic fowl, such as chickens, ducks, geese, and other birds, is known as poultry feed (Ogbebor et al., 2021). Healthy poultry require sufficient amounts of carbohydrates, lipids, and proteins, along with essential vitamins and minerals. These nutrients are vital in supporting proper growth, development, and overall productivity in domestic animals (Mgbeahuruike et al., 2023). Poultry are provided with different categories of feed formulated to meet their nutritional needs at various growth stages. These include starter, grower, layer, and finisher diets (Ubiebi, 2017). The presence of microfungi in poultry feeds affects their nutritional quality, appearance and organoleptic properties (Mgbeahuruike et al., 2023). The nutrients in the feeds and their raw materials are utilized by these organisms in the process of metabolism which leads to the loss of nutrients in the feeds which in turn have negative effects on animal health and productivity (Alabi et al., 2018). The presence of toxigenic fungi often leads to mycotoxin production, and consumption of contaminated feed has been reported to cause feed refusal in poultry. Such exposure negatively impacts growth efficiency, induces reproductive disorders, increases disease susceptibility, reduces vaccine effectiveness, and can result in pathological liver damage (Alabi et al., 2018). The growth of undesirable moulds and bacteria in feed leads to spoilage, lowering its nutritional value and making it less palatable to poultry. Such contaminated feed can also be a source of Salmonella and other pathogens that poses significant risks to poultry health (Ogbebor et al., 2021). Poultry feeds are prone to microbial contamination from multiple sources with Aspergillus and Penicillium species among the most frequently isolated fungal contaminants (Mehrolia et al., 2015). Contamination can occur at various stages, including crop cultivation, harvesting, processing, storage, and feed distribution (Ubiebi, 2017). Potential sources include air, equipment, raw materials, handling practices, and farm workers. Feed contamination has been associated with the transmission of several poultry diseases of viral, bacterial, and fungal origin, such as avian influenza, Newcastle disease, salmonellosis, aspergillosis, and candidiasis. In addition, ingestion of mycotoxins has been linked to immunosuppression in humans (Danbappa et al., 2018). Among feed components, maize and its by-products are particularly vulnerable to colonization by aflatoxigenic fungi, making them a common source of aflatoxin contamination.
Some fungal species, such as Aspergillus, are capable of invading animal tissues and produce mycotoxins (Akinmusire et al., 2022). Aflatoxins are mould-derived secondary metabolites that can cause disease and death in both humans and animals (Granadas-Chinchilla, 2017). Contamination of forages and cereals by mycotoxigenic fungi typically occurs either in the field or during processing, transportation, and storage, especially when environmental factors such as temperature and relative humidity favour fungal growth (Mgbeahuruike et al., 2020). Fungal invasion can compromise the nutritional value of the crop as well as reducing crop yield (Onojabi et al., 2023. Fungal growth leads to direct losses in both the volume and quality of feed ingredients, and consequently in the compounded feeds produced from them. This process often leaves behind toxic mycotoxins that contaminate raw materials as well as finished feeds. Like other microorganisms, moulds absorb and use the most readily available nutrients in their substrates, with spoilage potentially causing nutrient losses ranging from 5% to 100% (Raja et al., 2017). Such contamination is widespread, especially in the tropics undergoing rapid growth in poultry production and processing. Poultry are highly susceptible to mycotoxicoses caused by aflatoxins, trichothecenes, ochratoxin and some fusariotoxins. Most cases of mycotoxicosis in poultry result from prolonged ingestion of low concentrations of contaminants, leading to chronic symptoms such as poor growth, reduced feed efficiency, and suboptimal productivity. In contrast, exposure to higher concentrations produces acute clinical manifestations affecting vital organs, the immune system, and other physiological processes, and may ultimately result in mortality. Quality control in the feed industry is typically the responsibility of management and involves documenting and enforcing procedures designed to ensure the safety and quality of feed ingredients and finished products. However, commercial feed manufacturers in developing countries such as Nigeria often fail to fully comply with these standards (Lateef et al., 2014). Fungal, or mycotic, infections are commonly found in various species of poultry, though they occur less frequently than bacterial or viral infections. Fungi are eukaryotic organisms that include both yeasts and molds. Notable fungal diseases affecting poultry include Aspergillosis, Candidiasis, Dactylariosis, Cryptococcosis, Favus, Rhodotorulosis, Torulopsis, Mucormycosis, and Histoplasmosis. Among these, Aspergillosis and Candidiasis are the most significant due to their prevalence and impact on poultry health, while Histoplasmosis and Cryptococcosis carry notable zoonotic potential. Fungi cause disease in poultry primarily through two mechanisms: by directly invading host tissues, leading to physical damage, lesions, and clinical signs of illness; and by producing toxic secondary metabolites known as mycotoxins such as aflatoxins, ochratoxins, ergot alkaloids, and fusarium toxins. These toxins often contaminate grains and feed ingredients during crop growth, harvest, and storage. When consumed, they can lead to toxicosis, weakened immune responses, and a decline in overall productivity (Singh et al., 2012).
This study gives details the need for strict regulation of poultry feeds having identified different moulds from these feeds. This is particularly timely and of public health importance, as the increasing demand for poultry products has intensified concerns about feed safety and its implications for human health. Strengthening quality control measures is therefore crucial to prevent economic losses, and reduce the risk of zoonotic transmission through contaminated food chains.
Materials and Method	
Study Area
The samples were collected from Osogbo, the State capital of Osun State which lies within latitudes 7°46’ N and 7’465’N and longitudes 4°34’ E, with a landmass of 47sqkm. According to the 2006 Population and Housing Commission Census, Osogbo has a population of 156,694. The city is bordered by Ikirun, Ilesa, Ede, Egbedore, and Iragbiji, and being the central location makes it easily accessible from all parts of the state. Osogbo is situated approximately 48 km from Ife, 32 km from Ilesa, 46 km from Iwo, and 48 km from Ikire. It serves as both a commercial and industrial hub and is renowned for the annual Osun-Osogbo Festival, which draws tourists from across the globe (Onojabi et al., 2023).  
 Sample Collection and preparation
Fifty-four samples derived from fifty-four bags of feeds were collected and mixed based on feed type and location to give 18 bulk samples from broiler starter and finishers (BS)(BF) of commercial poultry feeds which included Chickun feed (CF), Top feed (TF) and Vital (VF) feeds. The samples were collected at random across the selected brands using the method described by Okoli (2003). These brands were sampled at three different sales outlets representing the most popular feed collection points for farmers in Osogbo, Osun state. Each feed brand was sampled by carefully opening three (3) randomly selected standard commercial bag weighing approximately 25 kg of the same feed type and aseptically collecting five grams (5 g) of feed using sterile sample bag. Thereafter, Samples were homogenized to obtain a representative nine (9) bulk sample of Broiler starter and Broiler Finisher each, to give a total of eighteen (18) bulk samples (bulk size of 15 g/ feed) . Bulk samples were then transported to Plant Biology Laboratory, Department of Plant Biology, Federal University of Technology, Minna for further analysis.




Table 1: Distribution of commercial feeds sampled for fungal isolation in Osogbo, Osun State, Nigeria
	Location
	Feed type and Category
(BS/BF)
	Number of bags
(BS/BF)
	Number of samples
(BS/BF)
	Bulk sample
(BS/BF)
	Total bulk sample
(BS/BF)

	Ota efun
	CFBS/CFBF
	3/3
	3
	1/1
	

	
	TFBS/TFBF
	3/3
	3
	1/1
	3/3

	
	VFBS/VFBF
	3/3
	3
	1/1
	

	Ilesha garage
	CFBS/CFBF
	3/3
	3
	1/1
	

	
	TFBS/TFBS
	3/3
	3
	1/1
	3/3

	
	VFBS/VFBS
	3/3
	3
	1/1
	

	Itaolokan
	CFBS/CFBF
	3/3
	3
	1/1
	

	
	TFBS/TFBS
	3/3
	3
	1/1
	3/3

	
	VFBS/VFBF
	3/3
	3
	1/1
	

	Total 
	9/9
	54
	54
	18
	18


Chickun feed Broiler Starter (CFBS), Top feed Broiler Starter (TFBS), Vital feeds Broiler Starter (VFBS), Chickun feed Broiler Finisher (CFBF), Top feed Broiler Finisher (TFBF), Vital feeds Broiler Finisher (VFBF) Broiler Starter/Broiler Finisher (BS/BF)

Media Preparation
Potato dextrose agar for isolation and identification was aseptically prepared according to the manufacturer's instruction. 40 g of the medium was weighed using weighing balance and dispensed into a clean conical flask. 1000 mL of distilled water was measured and dispensed into the conical flask containing the medium. Streptomycin (0.14 w/v) was aseptically weighed and added to potato dextrose agar. It was mixed thoroughly and sterilized using autoclave at about 121 °C for 15 minutes after which it was cooled to 40 – 45 °C.

Isolation of Fungi from Poultry Feed
One gram (1 g) of the feed sample was measured with a sterile spatula using chemical balance. The samples then crushed with a sterile pestle and mortar and dispensed into 9 ml of sterile distilled water to make a stock solution. 1 ml from the above dilution was aseptically taken with a pipette and added into 9ml of sterile water to obtain 10-1 dilution and from this dilution the samples were serially diluted up to the required dilutions of 10-4 according to Pitt and Hocking, (2009). Disposable petri dishes were set out and labelled accordingly while inoculation was carried out using Pour Plate method. From the 10-3 and 10-4 dilutions, an aliquot (1.0ml) of the inoculums was aseptically pipetted and inoculated into sterile petri dishes and Potato Dextrose Agar was poured onto the inocula and gently mixed in both clockwise and counter clockwise directions to ensure even distribution. The plates were then allowed to set and subsequently incubated at 28 ± 2 °C for 3–5 days. After the incubation period, the colonies that developed on the culture plates were enumerated using a Coulter colony counter and calculated using the formula provided below.
Colony forming unit (cfu/g) = number of colonies  volume of diluent  reciprocal of dilution

 Purification and Maintenance of the Fungal Isolates 
The fungal colonies which developed on the plates were randomly picked and purified by subculturing on potatoes dextrose agar (PDA) plates before transferring onto PDA slants. These isolates were stored at 4 °C in the refrigerator as stock cultures for characterization and identification.

Identification and Characterization of Fungal Isolates
Identification of fungal isolates was carried out through examination of their morphological traits, including macroscopic colony characteristics and microscopic structures, according to established mycological methods by Pitt and Hocking, (2009), using cultural characteristics and colony morphology of the isolates. Their morphological and cultural characteristics were then compared with those of established taxa, following methods described by Cheesbrough (2015).
Cultural Characteristics 
During the incubation period, the growth pattern, colony pigmentation and size were documented to assist in organism identification. The characteristics of the isolates were then compared with those of established taxa using the methods described by Domsch and Gams (Cheesbrough, 2015).

Colony Morphology
A drop of lactophenol cotton blue was placed on a clean glass slide, after which a small portion of the fungal colony from the subculture plates was carefully picked with a sterile inoculating needle and transferred onto the slide. The sample was gently emulsified with the needle and covered with a coverslip, taking care to avoid air bubbles. The slide was then examined under both low- and high-power objectives, focusing on features like hyphae, conidia, and sporangiophores (Salisu et al., 2020).

Determination of Frequency of Occurrence of the Fungal Isolates
For each fungal species, the frequency of occurrence was determined by comparing its count with the overall number of isolates recovered from all samples.
  % frequency of occurrence =  

Results and Discussion 
Fungal Load of Commercial Broiler Feed Samples
The total fungal counts observed in this study ranged from 5.5 × 10³ to 8.5 × 10³ cfu/g. These values are in agreement with the findings of Faparusi (2019) and Olayinka and Adetolase (2021), who reported similar counts in poultry feed samples from Ilaro and Ogun State. The fungal load of the sampled feeds exceeded the accepted European standard for finished poultry feed (<10³ cfu/g) (Ghaemmaghami et al., 2018), indicating substantial contamination of feed ingredients used in the region. Contributing factors likely include poor storage conditions, improper handling practices, inadequate hygiene during feed processing, and prolonged exposure to moisture or unsanitary environments. These results highlight the critical importance of maintaining strict hygienic standards during feed production, handling, and storage to reduce fungal contamination and protect poultry health (Ubiebi, 2017).

Table 2: Fungal load of poultry feed samples
	S/NO
	Sample ID
	Fungal load (×103cfu/g)

	1
	Ota efun
	6.5±0.01

	3
	Ilesha garage
	5. 5±0.012

	4
	Itaolokan
	8.5±0.10



 A total of four fungi genera were isolated from the poultry feed sampled (Table 3), identification of isolates was done based on their colonial morphology and microscopic characteristics. The identities of the isolates were cross-matched with those of standard taxa (plate 1 and 2). Isolates include Aspergillus flavus, Aspergillus niger, Aspergillus fumigates and Mucor spp. Danbappa et al. also reported the isolation and identification of similar fungi from poultry feeds. (2018) and Ogbebor et al. (2021).
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Plate 1: Microscopy of fungi isolated from poultry feed samples

[image: ]
Plate 2: Macroscopic view of fungi isolated from poultry feed samples.


Frequency of Occurrence of Fungal Isolate from Poultry Feed
The outcome on the overall frequency of occurrence of fungal isolates across location and specific frequency based on location and feed type indicates no statistically significant association between fungal species, distribution and the different feed types or sampling locations (table 3 and 4). All feed types had equal diversity in terms of species richness, however, Vita Feed had the widest spread in fungal prevalence. The overall prevalence of fungal isolates ranges from 15.0% (Mucor flavus) to 40.0% (Aspergillus niger), giving a percentage range of 25.0%. The feed sample obtained from Ita olokan had the highest fungal count when compared to other samples from other regions. Among the fungi identified, Aspergillus niger had the highest occurrence (n = 32, 40%), followed by Aspergillus flavus (n = 20, 25%), Aspergillus fumigatus (n = 16, 20%), and Mucor flavus (n = 12, 15%). Vital Feed Broiler Finisher (VFBF) from Ita Olokan recorded the highest individual isolate count, particularly of Aspergillus flavus and Aspergillus niger. The pattern of occurrence of fungal isolates across the different locations and feed types was mainly due to variations in handling and storage practices, rather than being caused by specific general environmental conditions or something unique about the feed type. (Lateef et al., 2014)
Aspergillus niger had the highest frequency among the fungi isolated across all sampling locations, with particularly high prevalence in Vita Feed from Ilesha Garage. This finding aligns with the report of Okoli et al. (2006), who documented similar contamination in commercial poultry feeds sold in Imo State, Nigeria, where Vita Feed also exhibited the highest fungal load. Such results may be linked to the general susceptibility of feed to fungal colonization under poor storage conditions and ambient humidity (Mohapatra et al., 2017). Previous studies have consistently reported Aspergillus spp. as the predominant fungi in both poultry feed ingredients and compounded feeds (Ogbebor et al., 2021; Alabi et al., 2018). The high occurrence of A. niger can be attributed to its resilient spore-forming ability and potent enzymatic activity, which promote survival and growth across a wide range of substrates (Cortesão et al., 2020).

Table 3: Frequency of occurrence of fungi isolates of poultry feed samples
	Fungal Isolates 
	Number isolated 
	Frequency of occurrence (%) 

	Aspergillus flavus
	20
	25

	Aspergillus niger
	32
	40

	Aspergillus fumigatus
	16
	20

	Mucor flavus
	12
	15









Table 4: Frequencies of fungal isolates by feed type and location
	Location - Feed Type
	Aspergillus flavus (n=20)
	Aspergillus niger (n=32)
	Aspergillus fumigatus (n=16)
	Mucor flavus (n=12)

	OE- CFBS
	0 (0.00%)
	2 (6.25%)
	0 (0.00%)
	1 (8.33%)

	OE- TFBS
	1 (5.00%)
	1 (3.13%)
	1 (6.25%)
	0 (0.00%)

	OE- VFBS
	0 (0.00%)
	1 (3.13%)
	1 (6.25%)
	0 (0.00%)

	OE- CFBF
	1 (5.00%)
	2 (6.25%)
	2 (12.50%)
	1 (8.33%)

	OE- TFBF
	0 (0.00%)
	1 (3.13%)
	1 (6.25%)
	0 (0.00%)

	OE-VFBF
	2 (10.00%)
	3 (9.38%)
	1 (6.25%)
	2 (16.67%)

	IG– CFBS
	1 (5.00%)
	1 (3.13%)
	0 (0.00%)
	0 (0.00%)

	IG– TFBS
	0 (0.00%)
	0 (0.00%)
	2 (12.50%)
	1 (8.33%)

	IG– VFBS
	0 (0.00%)
	2 (6.25%)
	1 (6.25%)
	0 (0.00%)

	IG– CFBF
	2 (10.00%)
	2 (6.25%)
	0 (0.00%)
	0 (0.00%)

	IG– TFBF
	1 (5.00%)
	1 (3.13%)
	1 (6.25%)
	1 (8.33%)

	IG– VFBF
	1 (5.00%)
	3 (9.38%)
	0 (0.00%)
	1 (8.33%)

	IO– CFBS
	1 (5.00%)
	2 (6.25%)
	1 (6.25%)
	0 (0.00%)

	IO– TFBS
	2 (10.00%)
	1 (3.13%)
	0 (0.00%)
	0 (0.00%)

	IO– VFBS
	2 (10.00%)
	1 (3.13%)
	0 (0.00%)
	1 (8.33%)

	IO– CFBF
	1 (5.00%)
	3 (9.38%)
	3 (18.75%)
	1 (8.33%)

	IO– TFBF
	1 (5.00%)
	2 (6.25%)
	1 (6.25%)
	1 (8.33%)

	IO– VFBF
	3 (15.00%)
	4 (12.50%)
	1 (6.25%)
	2 (16.67%)


Ota Efun(OE), Ita Olokan(IO), Ilesha Garage(IG) Chikun feed Broiler Starter (CFBS), Top feed Broiler Starter (TFBS), Vital feeds Broiler Starter (VFBS), Chikun feed Broiler Finisher (CFBF), Top feed Broiler Finisher (TFBF), Vital feeds Broiler Finisher (VFBF) and number of isolates

Fungal species were detected in all samples, likely due to the ability of moulds to survive in relatively dry environments. This resilience allows them to stay dormant under unfavourable conditions and resume growth when humidity or temperature improves (Olayinka & Adetolase, 2021). Among these, Aspergillus species are particularly important due to their metabolic activities, which are associated with aspergillosis in animals. Beyond their pathogenic role, certain strains produce mycotoxins, notably aflatoxins, that pose severe health risks. These toxins impair immune function, reduce productivity, and, in severe cases, cause mortality. Poultry feed is particularly at risk when storage and handling conditions encourage fungal proliferation, emphasizing the need for routine feed quality checks and strict control measures to minimize mycotoxin exposure (Granados-Chinchilla, 2017).
The detection of aflatoxigenic fungi, particularly Aspergillus flavus, in poultry feed samples from this study raises important public health concerns. The addition of contaminated raw materials into feed can adversely affect animal health, leading to reduced productivity, weakened immune responses, and increased disease susceptibility. These findings further highlight the need for careful screening and proper handling of raw materials used in poultry feed formulation to safeguard both animal welfare and food safety (Mehrolia et al., 2015). Furthermore, contamination by moulds can decrease the nutritional quality of feed and adversely affect animal performance (Obiajuru et al., 2015).
Several factors contribute to unsafe fungal loads, including poor waste management, inadequate access to clean water, and insufficient heat application during early feed preparation. These conditions not only encourage fungal proliferation but also facilitate the spread of harmful microorganisms into finished products. However, applying adequate heat to raw materials, particularly maize, has been shown to reduce fungal contamination and improve the hygienic quality of compounded feeds (Ghaemmaghami, 2016).
A limitation of this study is that fungal identification was based solely on cultural and morphological methods, which, although widely used, may lack precision compared to molecular techniques and can occasionally lead to misclassification. Incorporating PCR or other molecular approaches in future studies would enhance accuracy and improve the generalizability of findings.
Conclusion and Recommendations
The widespread presence of Aspergillus species in all poultry feed samples from the study area is a significant concern. Overall fungal prevalence ranged from 15.0% for Mucor flavus to 40.0% for Aspergillus niger, with an average occurrence of about 25.0%. Improving storage, handling, and processing practices for finished feeds is critical to inhibiting mould growth and reducing the risk of aflatoxin contamination. The occurrence and high prevalence of pathogenic fungi observed suggest that the quality of feed supplied to poultry may pose significant health risks to birds, potentially leading to economic losses. To mitigate these risks, routine incorporation of fungal growth inhibitors into poultry feeds should be considered, alongside strategies to enhance nutritional supplementation, since fungal contamination can markedly reduce feed quality. Furthermore, consistent monitoring of microbial profiles in high-risk raw materials and finished feed products is essential to ensure the provision of safe, nutritionally adequate, and high-quality feed for poultry production. Additionally, personnel involved in feed production, storing and/or selling poultry feeds should receive proper training on biosecurity measures and feed quality control practices to minimize contamination risks and uphold feed safety standards.
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