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ABSTRACT

flatoxins are secondary metabolites naturally produced by Aspergillus

flavus and Aspergillus parasiticus. These microorganisms usually

contaminate grains, nuts and spices both in storage and in the field, and

nuts and grains form part of the major animal feed ingredients, including

fish feed. Ingestion of aflatoxins has adverse effects on the health of both
humans and animals. Inhibiting the growth of these toxigenic Aspergillus spp. will
also inhibit the production of aflatoxins. In this study, the effect of coculturing
Aspergillus spp. with Pleurotus ostreatus and Saccharomyces cerevisiae on aflatoxin
detoxification in fish feed was investigated. The data obtained revealed that
coculturing the Aspergillus spp. with the beneficial microorganisms, either singly or
together, reduced the aflatoxin content of compounded fish feed (using analysis of
variance [ANOVA] at p < .05). There was a low aflatoxin content of 4.96 pg/mg in
fish feed contaminated with A. parasiticus and cocultured with S. cerevisiae and P.
ostreatus, in comparison with a high aflatoxin content of 13.56 pg/mg in fish feed
contaminated with only A. parasiticus. Also, fish feed contaminated with A. flavus
and cocultured with S. cerevisiae and P. ostreatus showed a low aflatoxin content of
11.5 pug/mg compared with 19.97 ug/mg in feed contaminated with A. flavus only.
Aflatoxin reduction can be attributed to the production of aflatoxin-degrading
enzymes by S. cerevisiae and P. ostreatus, and the adsorption of aflatoxins to the
cell wall of S. cerevisiae. The findings suggest that coculturing Aspergillus spp. with
the beneficial microorganisms is a technique that may improve aflatoxin
detoxification, and its application would be beneficial in the food and feed
industries. This can be achieved by producing S. cerevisiae in large quantities from
local palm wine and sourcing large quantities of P. ostreatus from local farmers. The
industrial application of this technique will consequently have a positive effect on
the income of local farmers and on the production of safe foods and feed.
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INTRODUCTION

Aflatoxins are naturally occurring secondary metabolites usually produced by two
fungi, Aspergillus flavus and Aspergillus parasiticus. These fungal strains are found
naturally all over the world. The four most significant aflatoxins are B, B2, Gi and Ge.
A. flavus strains show great variation in their ability to produce aflatoxins (Kumar et
al. 2017). Contamination of feeds with aflatoxins is a global challenge (Mwihia et al.
2018). Toxigenic strains of A. flavus are able to produce aflatoxins B1 and B2, and
most strains of A. parasiticus can produce all four toxins. These fungal strains
usually infect crops on the field and during storage. Most human exposures to
aflatoxins occur from nuts, grains and their derived products (WHO, 2018). Billions
of people worldwide, mainly in developing countries, are exposed to chronic levels
of aflatoxins through contaminated food, either directly or indirectly from the
consumption of products from animals fed with contaminated feed.

Adverse effects in fish fed with aflatoxin-contaminated feed include liver damage,
stunting, immunosuppression, decreased growth performance, increased
susceptibility to disease and high mortality leading to increased economic losses.
The study in Nyeri County revealed that feed samples were contaminated with
aflatoxins and could be responsible for poor growth performance, poor appetite,
tumours and mortalities observed in fish (Mwihia et al. 2018). The study by Magouz
et al. (2018) also shows that Nile tilapia had poor growth when fed with aflatoxin B1-
contaminated feed at 150 ppb. Consequently, the risk of adverse effects of
mycotoxins on human beings is increased (Tsafack Takadong et al. 2020).
Concentrations of about 20-120 pg/kg body weight per day over a period of 1-3
weeks are acutely toxic (Pickova et al. 2021). Mafe and Blisselberg (2024) stated that
the limit of aflatoxin for human consumption is between 30 and 40 pg/kg;
therefore, their presence in food and feed is of immense concern.

The production of aflatoxins by toxigenic fungi is supported by the availability of
nutrients in substrates, oxygen, high temperature, and high relative humidity in the
field or in storage (lbitoye et al. 2020). The concentration of aflatoxins and their
production in feed have been reduced by several methods, which include the use
of a non-toxigenic A. flavus strain (NRRL21882) against the toxigenic A. flavus strain
in the field, the use of heat, gamma radiation, nixtamalisation, sodium bisulphite
and calcium hydroxide. The disadvantages of these treatments are depreciation of
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nutrients, changes in the taste, colour and texture of foods, a higher cost of food
production and chemical-induced food intoxication. Also, non-toxigenic A. flavus
may have the ability to produce other mycotoxins apart from aflatoxins (Pickova et
al. 2021).

Biological methods, such as the use of microorganisms and enzymes, have
overcome these challenges. Some of the microorganisms employed are lactic acid
bacteria, certain yeasts of the genera Candida, Debaryomyces, Saccharomyces and
Trichosporon, as well as mushrooms of the genus Pleurotus (Ibitoye et al. 2020;
Pickova et al. 2021). Volatile compounds, such as esters and alcohol, produced by
Saccharomyces cerevisiae inhibited the growth and aflatoxin production of A. flavus
(Natarajan et al. 2022). Lactic acid bacteria (LAB) in the study by Mgller COdA et al.
(2022) inhibited the growth of A. parasiticus and reduced aflatoxin content by 50%
in binding studies. Pleurotus spp. are known as cheap sources of ligninolytic
enzymes, such as laccase and manganese peroxidase, which are able to degrade
aromatic compounds, including aflatoxin, through the destruction of the lactone
ring to produce less toxic or non-toxic compounds (Brana et al. 2020; Guan et al.
2021). Pleurotus ostreatus has been reported to degrade aflatoxin (Brana et al. 2017;
Wang et al. 2022). Among the yeasts able to degrade aflatoxin, Saccharomyces
cerevisiae has been widely useful owing to certain attributes it possesses as a
biocontrol agent in foods. It is known as a safe organism used in food
fermentations, the production of alcoholic beverages and biofuel. It is easily
cultivated on simple nutrients and does not produce allergenic spores, toxins or
antibiotics. The ability of S. cerevisiae to control A. flavus is associated with mannan
in its cell wall, which binds strongly to various mycotoxins, and with its ability to
produce chitinase enzyme (Marwa et al. 2019).

Co-culturing fungi in research is often used to enhance the beneficial effects of the
microorganisms, such as increased enzyme production and aflatoxin degradation.
For example, the co-culture of Trichoderma spp. and Pleurotus ostreatus yielded
sufficient laccase enzyme to detoxify aflatoxins. Also, co-culturing Trametes
versicolor with Aspergillus niger produced more laccase enzymes than culturing the
single microorganism (Wang et al. 2022). In view of this research development, this
study applied the co-cultivation of the known aflatoxin-degrading fungi S. cerevisiae
and P. ostreatus in the detoxification of aflatoxin in compounded fish feed for
general purposes. Each fungus was used singly in detoxifying aflatoxin in fish feed,
and the effect was compared to fish feed containing both fungi using thin layer
chromatography (TLC) to detect the aflatoxin levels. This study is geared towards
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determining the synergistic effect of S. cerevisiae and P. ostreatus as a novel
approach in degrading aflatoxin and in its application in fish feed production.

MATERIAL AND METHODS

Collection of Major Fish Feed Ingredients, Mushroom and Palm Wine
Major fish feed ingredients were purchased from four different fish feed mills well

known within the Akure metropolis, in polythene bags. These ingredients included
maize, soya cake and groundnut cake. The samples were brought to the laboratory
for microbiological analysis.

Pleurotus ostreatus spawn was obtained from a culture collection centre, Forestry
Research Institute of Nigeria (FRIN), Oyo State, Ibadan, Nigeria, in a sterile bottle
and was taken to the laboratory for culturing.

Fresh palm wine was obtained from four retail outlets within Akure metropolis,
Ondo State, Nigeria, in sterile containers and was immediately transported to the
laboratory for microbiological analysis. The containers were cleansed with 100%
ethanol to render them sterile and then closed. Fresh palm wine was transferred
into the sterile bottles and immediately sealed.

Isolation and Identification of Yeast, Toxigenic Fungi and Pleurotus
ostreatus
The yeasts were isolated from palm wine using the pour plate method. Three serial

dilutions were carried out by diluting 1 ml of palm wine in 9 ml of sterile distilled
water. One millilitre of the first and second dilutions was plated, as these dilutions
contained a higher population of the target organism, and cultured for 3 days on
yeast extract agar (YEA) (HIMEDIA, India) with chloramphenicol to inhibit bacterial
growth at ambient temperature. The colonies were enumerated in cfu/ml. Pure
isolates were obtained from the mixed culture by sub-culturing thrice using the
streak method on YEA. The vyeast isolates were tentatively identified by
morphological and biochemical characteristics (Ukponobong et al. 2018; Olaniyi et
al. 2019).

Aspergillus flavus and Aspergillus parasiticus were isolated from the fish feed
ingredients using the pour plate method on sterilised potato dextrose agar (PDA)
(HIMEDIA, India) with chloramphenicol to inhibit bacterial growth at ambient
temperature (25°C-27°C) for 3 days. One millilitre of the first and second dilutions
was plated and cultured for 3 days. The colonies were counted in sfu/ml. Pure
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fungal isolates were obtained by repeated streaking and identified by cultural and
morphological characteristics (Pitt & Hocking, 1997).

Pleurotus ostreatus spawn was cultured on PDA with chloramphenicol at ambient
temperature for 4 days and identified by morphological characteristics of the
mycelium, by observing its colour and growth pattern (Khan et al. 2011).

Identification of Yeast, Toxigenic Fungi and Pleurotus ostreatus using
Molecular Methods

The isolates were identified by extracting their genomic DNA using the Quick-DNA™
Fungal Kit (Zymo Research, Catalogue No. D6005). The ITS target region was
amplified with the primers ITS-1 5TCCGTAGGTGAACCTGCGG3' and ITS-4
5'TCCTCCGCTTATTGATATGC3'. The polymerase chain reaction products were run
on an agarose gel. The extracted fragments were sequenced in the forward and
reverse directions and purified. The purified fragments were analysed on the ABI
3500xl Genetic Analyzer (Applied Biosystems, Thermo Fisher Scientific) for each
reaction for each isolate. DNASTAR was used to analyse the .ab1 files generated by
the ABI 3500XL Genetic Analyzer, and results were obtained by a BLAST search
(NCBI) (Altschul et al. 1997).

Quantification of Aflatoxins from A. Flavus and A. Parasiticus Biomass
The toxigenic strains of A. flavus and A. parasiticus were sub-cultured on PDA with

chloramphenicol (250 mg/200 ml) added to the medium to inhibit bacterial growth,
and incubated at ambient temperature for 3 days. Aflatoxins in the fungal biomass
were quantified using thin layer chromatography (TLC) in accordance with
Leszczynska et al. (2001).

Fifty grammes of fish feed were weighed and transferred into a 250-ml conical flask;
10-15 ml of distilled water and about 200 ml of chloroform were added, and the
mouth was plugged with cotton. The flask was mechanically shaken for 1 hour. The
sample was filtered and the filtrate was concentrated.

Approximately 30 g of silica gel G (with CaSO, as binder) was mixed with 60-65 ml
of distilled water in a beaker for about 1 minute. It was then transferred to the
applicator and spread uniformly on the plate. The plates were air-dried for 5-10
minutes in dust-free conditions. The gel was activated before use in an oven at
110°C for about 5 minutes. The gel was divided into lanes using a lead pencil.
Different known volumes (5 and 10 ul) of the sample extract were spotted in various
lanes with a microsyringe on an imaginary line 2.5 cm apart. Similarly, a standard
aflatoxin (B1, B2) mixture was spotted in the concentration range of 0.0025 ug in
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parallel lanes. The plates were developed in a solvent system of toluene:ethyl
acetate:formic acid (6:3:1) in a chromatographic tank for about 50 minutes.

The disintegrated sample was extracted with 10 ml of a methanol-water mixture
(7:3) to separate aflatoxin. Then, the remainder was homogenised for 10 minutes at
room temperature, and the resultant deposit was centrifuged. An aliquot (100 pl) of
the supernatant was diluted with 600 ul of phosphate buffer (pH 7.2). The samples
were incubated for 30 minutes at room temperature in the dark. Then, 50 pl of
tetramethylbenzidine and 50 pl of urea peroxide were added and incubated again
for 30 minutes in darkness. The reaction was terminated by adding 100 ul of the
stop reagent. The absorbance of the solution was measured at a wavelength of 450
nm using a UV/Visible spectrophotometer. The content of aflatoxins was calculated
using a prepared standard curve (Leszczynska et al. 2001).

Screening of Pleurotus ostreatus and S. Cerevisiae for Aflatoxin-Degrading
Enzymes
Laccase activity was determined using a UV-vis spectrophotometer with guaiacol

as the substrate. The reaction mixture consisted of 3 ml of 100 mM guaiacol
dissolved in 10% acetone in sodium acetate buffer and 1 ml of crude laccase
(obtained from a 20-day culture filtrate of P. ostreatus and a 3-day culture filtrate of
S. cerevisiae, respectively). The mixture was incubated for 15 minutes, and the
absorbance was measured at 470 nm. One unit of laccase activity was determined
as the amount of enzyme catalysing the substrate to produce 1 ml of coloured
product per minute per ml (Senthivelan et al. 2019).

Manganese peroxidase activity was detected spectrophotometrically. The reaction
mixture was prepared by adding 0.1 ml of 0.25 M sodium lactate, 0.05 ml of 2 mM
MnSQ,, 0.2 ml of 0.5% bovine serum albumin, 0.1 ml of 0.1% phenol red, 0.5 ml of
crude enzyme and 0.05 ml of 2 mM H,O, in 0.2 M sodium phosphate buffer (pH
8.0). The mixture was kept at ambient temperature for 5 minutes and the reaction
was stopped with 0.04 ml of 2 N NaOH. The absorbance was measured at 610 nm.
One activity unit was defined as the amount of enzyme necessary to oxidise 1 ymol
of substrate per minute (Patricia Lopes et al. 2009).

Chitinase activity was measured using colloidal chitin as the substrate. One millilitre
of a 3-day yeast broth (enzyme solution) was allowed to react with 1 ml of 0.5%
colloidal chitin in 0.1 M citrate buffer (pH 7.0). The mixture was incubated at 37°C in
a shaking water bath for 30 minutes. The reaction was stopped by adding 2 ml of
DNS reagent after incubation. Then, the mixture was heated in a boiling water bath
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for 5 minutes and allowed to cool. The cooled solution was centrifuged at 10,000
rpm at room temperature for 5 minutes. The absorbance of the supernatant was
measured at 540 nm against the control. The supernatant was used for the analysis
of reducing sugar using the dinitrosalicylic acid (DNS) method. One unit of chitinase
activity was determined as the amount of enzyme that liberates 1 umol of reducing
sugar per minute per ml (Gonfa et al. 2023).

Antifungal Activity of Pleurotus ostreatus and S. Cerevisiae against the
Toxigenic Fungi

The antifungal activity of P. ostreatus and S. cerevisiae against toxigenic A. flavus
and A. parasiticus was carried out according to Marwa et al. (2019). Yeast extract
agar plates were inoculated with 0.5 ml of 2-day-old spore suspensions of A. flavus
and A. parasiticus (108 sfu/ml, respectively), and 20 ul of a 24-hour cell suspension
of S. cerevisiae (106 cells/ml) and a 17-day cell suspension of Pleurotus ostreatus
(0.38 mycelium turbidity at 640 nm) were spotted in the centre of each plate (6-mm
hole diameter). The inoculated plates were incubated for 8 days, and the zone of
inhibition of the toxigenic fungi was recorded every 24 hours using the agar well
diffusion method.

Formulation of Fish Feed using the Major Fish Feed Ingredients

Fish feed was formulated using the Pearson square method to obtain 40% crude
protein. The fish feed formulation included the major ingredients: soya cake,
groundnut cake, maize, fish meal, limestone, salt, bonemeal, binder, vegetable oil,
vitamin premix, mineral premix and wheat offal (Arsenos et al. 2023).

Detoxification of Artificially Contaminated Formulated Fish Feed Using P.
ostreatus and S. Cerevisiae
Four hundred grammes (400 g) of the formulated fish feed was divided into eight

portions and sterilised in a laboratory oven at 110°C for 2 hours. The sterilised
samples were allowed to cool and were then inoculated with or without fungal
spore suspension. Before inoculation, 15 ml of sterile distilled water was added to
moisten the samples to enhance infectivity, followed by inoculation with the
toxigenic fungus and incubation for 4 days at ambient temperature. After this, the
samples were inoculated again with S. cerevisiae (Y) for another 4 days or with P.
ostreatus (M) for another 4 days, according to Ibitoye et al. (2020) with slight
modification. The first portion contained the formulated fish feed inoculated with
0.4 ml spore suspension of A. parasiticus (MF) (control), while the second portion
contained fish feed inoculated with 0.4 ml spore suspension of MF plus 0.4 ml of Y
cell suspension (MFY). The third portion contained fish feed inoculated with 0.4 ml
spore suspension of MF plus 0.4 ml mycelium suspension of M (MFM); the fourth
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portion contained fish feed inoculated with 0.4 ml spore suspension of MF plus 0.4
ml of Y plus 0.4 ml mycelium suspension of M (MFMY). The fifth portion contained
the formulated fish feed inoculated with 0.4 ml spore suspension of A. flavus (SP)
(control), while the sixth portion contained fish feed inoculated with 0.4 ml spore
suspension of SP plus 0.4 ml of Y cell suspension (SPY). The seventh portion
contained fish feed inoculated with 0.4 ml spore suspension of SP plus 0.4 ml
mycelium suspension of M (SPM); the eighth portion contained fish feed inoculated
with 0.4 ml spore suspension of SP plus 0.4 ml of Y plus 0.4 ml mycelium
suspension of M (SPMY). After detoxification, each portion was oven-dried at 70°C
for 1 hour. This step was performed to terminate the in vitro antifungal reactions in
the formulated fish feed. The aflatoxin content in each sample was thereafter
quantified (Ibitoye et al. 2020).

Statistical Analysis
Analysis of variance (ANOVA) at p < .05 was used to analyse the data using IBM

SPSS Statistics version 23. Significant differences in the aflatoxin content of the
formulated fish feeds were compared using post hoc tests and Duncan'’s test for the
separation of means.

RESULTS

Total Yeast and Fungal Counts
The total yeast counts from palm wine are presented in Table 1 and the total fungal

counts are presented in Table 2. The palm wine sample from Ibule Local
Government Area had the highest yeast count of 13.1 x 10° cfu/ml, while the palm
wine sample from Oba-lle had the lowest yeast count of 7.9 x 10° cfu/ml. The fungal
counts from the major fish feed ingredients revealed that feed mill A had the
highest fungal count in soya cake (9.1 x 10® sfu/ml), while feed mill D had the lowest
fungal count (1 x 102 sfu/ml). Feed mill A had the highest fungal counts in maize (6.4
x 10® sfu/ml), while feed mill B had the lowest fungal count (0.95 x 10? sfu/ml); in
groundnut cake, feed mill A had the highest fungal counts (8.1 x 10° sfu/ml) while
feed mill B had the lowest count (0.55 x 10? sfu/ml).

Table 1: Total Yeast Counts from Palm Wine Obtained from Four Different Outlets

Dilution factor  Ipinsa llara lbule Oba- lle (cfu/ml)
(cfu/ml) (cfu/ml) (cfu/ml)

Dilution 1 15.6 x10? 26.4x10> 25.6x10> 15.6 x10?

Dilution 2 17.2x10°  18.8x10°  23.6x10°  14.4 x10°

Mean value 10.2x10°  10.7x10°  13.1x10° 7.9 x10°
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Table 2: Total Fungal Counts from Major Fish Feed Ingredients Obtained from Four

Feed Mills
Major fish  Dilution Feed mill A FeedmillB  Feed mill C Feed mill
feed factor (sfu/ml) (sfu/ml) (sfu/ml) D(sfu/ml)
ingredient
Soya cake Dilution 1 19.4 x10? 1.6 x10? No growth No growth
Dilution 2 16.2 x10° 9 x10° 7%x10? 1x10?
Mean value 9.1x10° 5.3 x10? 7 x10? 1% 102
Maize Dilution 1 7.4x10? 0.9 x10? 7.4 x10? 4.8 x10?
Dilution 2 12.0 x10° 1x10? No growth 4 x103
Mean value 6.4 x10° 0.95 x10? 7.4x10? 2.2x10°
Groundnut Dilution 1 20 x10? 0.1 x10? 6.9 x10? No growth
cake
Dilution 2 14.2 x10° 1x10? 5 x10° 1 x10?
Mean value 8.1 x10° 0.55%10? 2.8 x10° 1x10?

Morphological and Biochemical Characteristics of Isolated Yeasts
Tables 3 and 4 show the morphological and biochemical characteristics of the

isolated yeasts. The yeasts were suspected to be Candida spp. and Saccharomyces
spp. based on morphological and biochemical tests.

Table 3: Colonial and Microscopic Characteristics of Isolated Yeasts

Isolate Microscopic Shape Colour  Elevation Margin Opacity  Surface
code structure
P Short chain Circular ~ cream Not Regular  opaque Rough,dry
raised
1B Short chain Circular ~ Cream Not Regular  Opaque  Smooth,glossy
raised
IL Short chain Circular ~ Cream Not Regular ~ Opaque  Smooth,
raised glossy
OB Short chain circular Cream Not regular Opaque  Smooth,
raised glossy
Key: IP - Ipinsa, IB - Ibule, IL - llara, OB - Oba-Ile
Table 4: Biochemical Test Results of the Isolated Yeasts
Isolate lacto glucose arabinose  xylose  sucrose raffinose  galactose  Maltose  Suspected
code se organism
IP + + + + + + Saccharomyces
spp.
1B + + + + + + + Candida spp.
IL + + + + + + + Candida spp.
OB + + + + + + + Candida spp.

Key: IP- Ipinsa, IB- Ibule, IL- llara, OB- Oba-lle
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Morphological Characteristics of Isolated Fungi and Pleurotus ostreatus
Table 5 reveals the morphological features of the isolated fungi. The fungal isolates

were suspected to be Aspergillus parasiticus and Aspergillus flavus using cultural
and microscopic characteristics. The P. ostreatus mycelium was white, cotton-like,
tufted and fluffy, according to Khan et al. (2011).

Table 5: Cultural and Microscopic Characteristics of Toxigenic Fungi

Isolate code  Colour Conidiophore structure Conidia structure ~ Suspected organism
SP1 Bright yellow green  Non septate, unbranched  Globose Aspergillus flavus
MF Dark yellow green Non septate,unbranched Globose Aspergillus parasiticus

Molecular Identity of the Yeast, Toxigenic Fungi and Pleurotus ostreatus
The suspected organisms were given codes and molecular identification was

carried out. The yeast that had antifungal activity against the toxigenic fungi was
identified using molecular techniques. The BLAST prediction of GenBank for all the
isolates gave percentage identities between the fungi tested and those detected in
GenBank, as shown in Table 6. The ITS rDNA sequence analysis identified the
isolates as Aspergillus flavus, Aspergillus parasiticus, Pleurotus ostreatus and
Saccharomyces cerevisiae.

Table 6: Molecular Identity of the Yeast, Toxigenic Fungi and Pleurotus ostreatus

Isolates Accessions number % identity
Pleurotus ostreatus MN173381.1 99.71%
Aspergillus flavus MT645322.1 99.83%
Saccharomyces cerevisiae PQ346019 99.47%
Aspergillus parasiticus PQ511233 99.61%

Aflatoxins Contents in Toxigenic A. Flavus and A. Parasiticus
The isolated A. flavus and A. parasiticus biomass produced aflatoxins that were

quantified as 1.5630 pg/mg and 0.4141 ug/mg, respectively (Table 7).

Table 7: Aflatoxins Contents in Toxigenic A. flavus and A. parasiticus Biomass

Toxigenic fungi Aflatoxin content
{(ug/mg)

A.flavus 1.5630

A.parasiticus 0.4
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Aflatoxin-Degrading Enzyme Activity in P. ostreatus and S. Cerevisiae
The cultured P. ostreatus and isolated S. cerevisiae were screened for the

production of aflatoxin-degrading enzymes. Table 8 shows that P. ostreatus
produced laccase and manganese peroxidase enzymes, while S. cerevisiae
produced laccase and chitinase enzymes.

Table 8: Aflatoxin-Degrading Enzyme Activity in P. ostreatus and S. cerevisiae

Fungi Laccase Manganese peroxidase (mg/ml/min)  Chitinase
(mg/ml/min) (mg/ml/min)

P. ostreatus  1.9318 1.6790

S. cerevisiae  4.7689 1.4394

Antifungal Activity of P. ostreatus and S. Cerevisiae against Toxigenic A.
Flavus and A. Parasiticus
Table 9 shows the antifungal growth inhibitory potency of P. ostreatus and S.

cerevisiae against toxigenic A. flavus and A. parasiticus. The zone of inhibition was
best on the second day for both P. ostreatus and S. cerevisiae. The highest zone of
inhibition was recorded for S. cerevisiae against A. parasiticus on the second day,
while the lowest zone of inhibition was recorded for P. ostreatus against A.
parasiticus on the first day. The zone of inhibition remained constant from 72 hours
until the eighth day.

Table 9: Antifungal Potentials of P. ostreatus and S. cerevisiae Against Toxigenic A.
flavus and A. parasiticus

Daily zone of P. ostreatus P. ostreatus S. cerevisiae S. cerevisiae
inhibition against A. against against A. against

(mm) flavus A.parasiticus flavus A.parasiticus
24 hours 17 1 13 12

48 hours 24 20 31 34

72 hours 16 17 27 31

The zone of inhibition of S. cerevisiae against the toxigenic fungi was wider in
comparison to that of P. ostreatus, suggesting greater effectiveness of S. cerevisiae
against toxigenic fungi (Bayston, 2017).

Aflatoxin Content of Contaminated and Treated Fish Feed Samples
Figure 1 shows the quantities of aflatoxins in A. parasiticus-contaminated and

treated compounded fish feed samples. The A. parasiticus-contaminated feed had

376



3ustain@

the highest aflatoxin content (13.56 ug/mg), followed by the contaminated feed
treated with P. ostreatus (11.38 ug/mg), then the contaminated feed treated with S.
cerevisiae (10.53 pg/mg), and finally the contaminated feed treated with the co-
culture of P. ostreatus and S. cerevisiae had the lowest aflatoxin content (4.96
Hg/mg).

MF-Feed+ A.parasiticus
MFY-Feed + A.parasiticus + S.cerevisiae
MFM-Feed+A. parasiticus +P. ostreatus

1 MFMY - Feed +A.parasiticus +P.ostreatus + S.cerevisiae
5 13.5575
e - 11.3785
Ko 12 10.5315 )
2 10
=
= 8
g 5 4.963
& 4
o
£ 2
X
b 0
R
“é MF MFY MFMY MFM
Treatment groups

Figure 1: Aflatoxin Quantities in A. parasiticus-Contaminated and Treated
Compounded Fish Feed.

Figure 2 shows that the A. flavus-contaminated fish feed had the highest aflatoxin
content (19.97 pg/mg), followed by the contaminated feed treated with P. ostreatus
(18.04 pg/mg). However, the contaminated feed treated with the co-culture of P.
ostreatus and S. cerevisiae had a lower aflatoxin content (11.5 pg/mg) compared
with the contaminated feed, and the A. flavus-contaminated feed treated with S.
cerevisiae had the lowest aflatoxin content (9.68 pg/mg).
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Figure 2: Aflatoxin Quantities in A. flavus-Contaminated and Treated Compounded
Fish Feed.

DISCUSSION

Food, typically meat, can be spoiled by Clostridium species which results in gas and
foul odour (Kyrylenko et al., 2023). The poor sanitary habits of meat handlers may
be as a result of low level of education. Gashe et al. (2020) is in alignment with the
study where he reported that the meat handlers' limited understanding of food
handling and processing procedures is due to their low level of education Food
handlers can be trained in fundamental principles and personal hygiene to ensure
food safety (Bersia et al., 2020). Just 18% (2) of the food workers in this sample
developed skin problems.

Varying fungal counts were obtained from the major fish feed ingredients from the
four different feed mills, and toxigenic fungi, Aspergillus flavus and Aspergillus
parasiticus, were found among the fungal species. This is in agreement with the
findings of Guan et al. (2021), who stated that cereals—one of the major ingredients
of feeds—are the target of toxigenic fungi, which contaminate feed and produce
aflatoxins. Also, Shabeer et al. (2022) reported that A. flavus is a common
contaminant of feed. This is similar to the result of this study, where A. flavus was
isolated from the fish feed ingredients used in fish feed formulation.

Different yeast counts were obtained from palm wine from four different local
government areas, with lbule LG having the highest yeast count (13.1 x 103,
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followed by llara LG (10.7 x 10?), Ipinsa LG (10.2 x 10%) and Oba-lle LG (7.9 x 10%). The
suspected yeasts were Candida spp. and Saccharomyces spp. They were identified
using colonial and microscopic methods to detect their colours, elevations and
shapes, respectively. Biochemical tests were used to determine the sugars they
could ferment. These findings support Djeni et al. (2022), who reported that fresh
palm wine contains different microorganisms, such as yeasts and bacteria, and that
it is dominated by S. cerevisiae, as the yeasts isolated in this study were obtained
from freshly tapped palm wine. Olaniyi et al. (2019) also reported that varying yeast
counts might be due to different sources, times of collection, environmental
conditions and storage containers. This is in agreement with the results obtained in
this study, as lbule LG palm wine—with the highest yeast count—was sourced from
raffia palm trees, compared with other local government areas where palm wine
was tapped from oil palm trees. They also reported that palm wine is rich in sugars
that can be fermented by various yeasts.

The 72-hour study of the antifungal activity of P. ostreatus against A. flavus and A.
parasiticus produced optimal zones of inhibition (24 mm and 20 mm, respectively)
at 48 hours. This suggests that the toxigenic fungi resuscitated after 48 hours, as
there was no continuous application of the broth containing the antifungal
compounds. This is in agreement with Hussain et al. (2020), who observed A. flavus
inhibition using Pleurotus spp. extract, although the extracts in that study were
obtained using 95% methanol. The best zones of inhibition produced in the study of
the antifungal activity of S. cerevisiae against A. flavus and A. parasiticus were 31
mm and 34 mm, respectively, at 48 hours. This is in agreement with Yang et al.
(2023), who reported that S. cerevisiae inhibited the growth of A. flavus due to the
production of volatile compounds—including 3-methyl-1-butanol—that have growth
inhibitory activities. Marwa et al. (2019) also stated that S. cerevisiae inhibited the
growth of A. flavus, which can be associated with competition for nutrients and the
synthesis of hydrolytic enzymes. According to Freimoser et al. (2019), one of the
underlying biocontrol mechanisms of S. cerevisiae is the secretion of hydrolytic
enzymes, such as chitinase.

The co-cultivation of a beneficial microorganism with a toxin-producing
microorganism reduced toxin production due to enhanced production of aflatoxin-
degrading enzymes. These enzymes were able to destroy the lactone rings of
aflatoxin (Wang et al. 2022). In this study, the co-cultivation of S. cerevisiae and P.
ostreatus—used singly and together with toxigenic A. flavus and A. parasiticus,
respectively—resulted in a significant reduction of aflatoxins in compounded fish
feed. There were reductions in aflatoxin contents to 4.96, 10.53 and 11.38 ug/mg in
379



fish feed contaminated with A. parasiticus cocultured with both S. cerevisiae and P.
ostreatus, with S. cerevisiae only, and with P. ostreatus only, respectively, compared
to the high aflatoxin content of 13.56 pg/mg in fish feed contaminated with A.
parasiticus only. Also, there were reductions in aflatoxin contents to 9.68, 11.5 and
18.03 pg/mg in fish feed contaminated with A. flavus cocultured with S. cerevisiae
only, with both S. cerevisiae and P. ostreatus, and with P. ostreatus only,
respectively, compared to the high aflatoxin content of 19.97 ug/mg in fish feed
contaminated with A. flavus only. Similar results were obtained in the co-culturing
of A. flavus and A. parasiticus with Salmonella, in which there was a reduction in the
quantities of aflatoxins B1, B2, G1 and G2 produced by these fungi (Von Hertwig et
al. 2020). Ibitoye et al. (2020) reported a similar finding, where co-culturing A.
flavus with lactic acid bacteria in millet resulted in a low aflatoxin content of 6.9
ug/kg compared to millet contaminated with A. flavus only (15.25 ug/kg). Also, co-
culturing a non-toxigenic strain of A. flavus reduced the aflatoxin content in maize
grown for feed production in the field. The success of co-culturing can be linked to
competition that excludes and inhibits the growth of the toxin-producing or
pathogenic microorganism (Sarocco et al. 2019). This is in agreement with the
antifungal activity results of P. ostreatus and S. cerevisiae in this study, where the
growth of toxigenic A. flavus and A. parasiticus was inhibited using the agar well
diffusion method. Clustering of genes or mutations may also contribute to the
effectiveness of co-culturing (Sarocco et al. 2019). The pathway that produces
aflatoxins is also disrupted; according to Caceres et al. (2018), the combined
cultivation of A. flavus with Streptomyces roseolus reduced aflatoxin production.
This finding suggests that the pathway of aflatoxin production was disrupted in this
study, as aflatoxin contents were reduced in fish feed contaminated with
Aspergillus spp. cocultured with either S. cerevisiae, P. ostreatus or a combination
of both. Co-cultivation suppresses the growth and aflatoxin production by A. flavus
by inhibiting the expression of aflatoxin-promoting regulators and increasing the
expression of aflatoxin-inhibiting regulators (Yang et al. 2020). The data from this
study revealed that reducing aflatoxin content in fish feed using monocultures of S.
cerevisiae with either toxigenic A. flavus or A. parasiticus was more effective than
using monocultures of P. ostreatus with either fungus. This can be attributed to the
ability of Saccharomyces spp. to strongly adsorb aflatoxins to their cell wall via van
der Waals forces, forming a complementary structure that does not easily
dissociate. This characteristic makes Saccharomyces spp. useful in food
detoxification (Guan et al. 2021). However, certain physicochemical conditions,
such as pH and temperature, determine effective toxin adsorption by
microorganisms (Kowalczyk et al. 2021); therefore, further research is needed to
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optimise conditions that improve the adsorbing ability of S. cerevisiae and the co-
culturing technique to further reduce aflatoxins. According to Guan et al. (2021), it
is advantageous to use probiotics in the detoxification process as they exert a dual
effect, including the adsorption of aflatoxins and their conversion to less toxic
compounds. In this study, the co-culturing of S. cerevisiae and P. ostreatus with A.
parasiticus greatly reduced the aflatoxin content in compounded fish feed from
13.55 yg/mg in the contaminated feed to 4.96 ug/mg, which was the most effective
reduction observed among the co-culturing treatments. This might be due to S.
cerevisiae being a probiotic and P. ostreatus being an edible fungus that produces
aflatoxin-degrading enzymes. The simple method of mixing the cell suspensions of
S. cerevisiae and P. ostreatus with fish feed might be applied as a pretreatment to
reduce aflatoxin content before the feed is administered to fish.

CONCLUSION

Findings from this study establish the ability of P. ostreatus and S. cerevisiae to
inhibit the growth of toxigenic A. flavus and A. parasiticus. These microorganisms,
which are regarded as probiotics, will serve as safe, cheap and eco-friendly agents
for inhibiting aflatoxin production in fish feed, thereby producing safe and
nutritious feed devoid of chemical residues. Further research is required to gain a
better understanding of the mechanisms behind co-culturing, which will determine
the proper dosage of the microorganisms and the optimal conditions for improved
aflatoxin reduction.
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