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Plain English Summary 
Milk is considered a complete food for humans from birth because it contains almost all the nutrients 
required for body growth, in addition to its good sensory properties.  However, milk's neutral pH, high 
water activity, and high nutrient content, which includes proteins, lipids, vitamins, minerals, and 
essential amino acids, make it a perfect place for a variety of microbes to grow and contribute to some 
food-borne illnesses. Though it is believed that milk in healthy udder cells is sterile, microbial 
contaminants (e.g. bacteria, fungi, etc.) from a variety of sources, such as the teat apex, milking 
equipment, air, water, feed, grass, soil, and other environments, eventually colonise the milk.  

Abstract 
Objectives: This study examines toxigenic fungi associated with the udder of lactating cows.  
Methods: The teats of forty-three (n = 43) lactating cows in Olupoona, Southwest Nigeria, were swabbed using 
labelled sterile cotton-tipped swabs. The swabs were transported to the laboratory, individually streaked on Potato 
Dextrose Agar (PDA) and incubated at 25 °C for 72 hours. Distinct fungal isolates were sub-cultured on fresh PDA 
and subjected to molecular identification and phylogenetic analysis. The occurrence of each fungal morphotype 
was computed. Potentially toxigenic isolates were analysed for Aflatoxin B1 (AFTB1) production, using a High-
Performance Liquid Chromatography protocol. Student’s T-test was used to evaluate for a significant difference in 
AFTB1 production between toxigenic isolates.  
Results: Culturable fungi were detected in 11 (25.6%) out of the 43 samples. A total of 5 distinct fungal isolates 
were obtained and identified as Penicillium oxalicum, Penicillium citrinum, Fusarium brachygibbosum, Mucor 
irregularis and Curvularia lunata. Penicillium citrinum was the most occurring isolate (11.6%) while Mucor irregularis 
and Curvularia lunata were the least occurring (2.3% each). AFTB1 was detected in the extract of Penicillium 
citrinum and Fusarium brachygibbosum. The amount of AFTB1 detected in the extract of F. brachygibbosum (0.22 
± 0.04 ppm) was significantly higher than that detected in the extract of P. citrinum (0.08 ± 0.04 ppm).  
Conclusion: This study raises potential public health concerns and emphasises the need to take proper hygiene 
measures during the milking process. 
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Due to poor hygienic procedures throughout the milking process and technique, toxic fungi are common 
and have been discovered in raw cow milk that has been taken from the udder. The study of fungal 
contamination of raw milk from cows is an important research focus as it reveals the possibility of 
contamination of fresh milk even from the source, including human activity, surfaces, air, unsanitary 
circumstances, and the area around the milking process. 
It is also of great importance as it determines the health of consumers, resulting in serious illnesses. In 
this study, toxic fungi linked to breastfeeding cows' udders are investigated. 
 
Background 
Milk is widely recognised as a complete food, rich 
in proteins, lipids, vitamins, minerals, and 
essential amino acids that support growth and 
health from birth (1). However, its neutral pH, 
high moisture, and nutrient density also make it 
an excellent medium for microbial growth, posing 
challenges to food hygienists who must ensure 
milk safety without compromising its nutritional 
value (2). While milk is initially sterile in the udder, 
it can easily become contaminated by 
microorganisms from the teat surface, milking 
equipment, water, feed, soil, and farm 
environments (3, 4). Poor hygiene during milking 
further increases the risk of microbial 
contamination (5, 6). 
Among contaminants of concern, fungi are 
particularly important because they produce 
mycotoxins, secondary metabolites with severe 
health implications (7). Mycotoxins such as those 
produced by Aspergillus, Penicillium, and 
Fusarium species can contaminate feed and 
subsequently appear in milk, where they persist 
even after processing (8, 9, 10, 11, 12, 13, 14, 
15). Their toxic effects, including 
immunosuppression, carcinogenicity, 
genotoxicity, teratogenicity, and neurotoxicity, 
make them a major public health concern 
worldwide (16). 
Aflatoxins are among the most dangerous 
mycotoxins, with Aflatoxin B1 (AFB1) being the 
most potent. Classified as hepatotoxic, 
mutagenic, and carcinogenic, even trace dietary 
exposure to AFB1 can result in chronic health 
problems in both humans and animals (17). In 
dairy cattle, ingestion of contaminated feed leads 
to the biotransformation of AFB1 into Aflatoxin 
M1 (AFM1), which is secreted in milk (9, 10, 11, 
12, 18, 19). Aflatoxin M1 resists heat treatments 
such as pasteurisation and sterilisation, thereby 
reaching consumers and increasing food safety 
risks (13, 14, 15). Moreover, AFB1 and its 
metabolites impair animal health by damaging 
the liver, suppressing immunity, reducing 
reproductive efficiency, and lowering 
productivity, factors that also contribute to 
significant economic losses (20).  
Of particular concern is the possibility that calves 
may be directly exposed during suckling when 
the udder or teat surface is contaminated with 
toxigenic fungi (21). This highlights the udder not 
only as a route of fungal colonisation but also as 

a potential source of aflatoxin contamination. 
Despite the recognised risks of aflatoxin in milk 
(21, 22, 23, 24), there is a paucity of information 
on the presence of toxigenic fungi directly in the 
udders of lactating cows. This study, therefore, 
seeks to isolate and identify fungi present in the 
udders of lactating cows in Southwestern Nigeria 
and to determine their potential to produce AFB1. 
By addressing this knowledge gap, the research 
will provide insights into improving udder health, 
ensuring safer milk production, and reducing 
both public health risks and economic losses 
associated with aflatoxin contamination. 
 
Materials and Methods 
Collection of samples, transport and storage 
Sampling was carried out by swabbing the teats 
of lactating cows (n =43) in the Olupoona area, 
using sterile cotton-tipped swabs previously 
moistened with 0.1% peptone diluent (25). A 
swab was used to rub the teats of each cow and 
labelled immediately. The samples were 
thereafter transported to the laboratory under 
cold conditions (4°C) and maintained at the same 
temperature in a refrigerator until processing (no 
longer than 24h after collection) (26). 
 
Media preparation and culturing  
Potato dextrose agar (PDA) was prepared by first 
dissolving 39 g of PDA powder in 1000 ml of 
distilled water and then subsequently performing 
sterilisation by autoclaving at 15lbs (121 °C for 15 
minutes). The sterilised agar was poured into 
sterile petri plates and allowed to solidify under 
sterile conditions. For culturing, the cotton tip of 
each swab was streaked on an individual PDA 
plate and then incubated at 25 °C for 72 hrs (27). 
Distinct fungal colonies on the plates were sub-
cultured on new PDA plates to obtain pure 
cultures. 
 
Molecular identification and phylogenetic 
analysis of fungal isolates: DNA extraction  
About 100 mg of fungal mycelia was macerated 
in a sterile mortar by adding 1 ml of DNA 
Extraction Buffer (DEB) containing proteinase K 
(0.05 mg mL-1), and the extract was transferred 
into a 1.5 ml Eppendorf tube. 50 µl of 20% 
Sodium Dodecyl Sulphate (SDS) was 
subsequently added and incubated in a water 
bath at 65 °C for 30 min. The tubes were then 
allowed to cool to room temperature. 100 µl of 
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7.5M potassium acetate was added hereafter 
and mixed briefly. This mixture was centrifuged 
at 13,000 rpm for 10 min. The supernatant was 
transferred into a new sterile Eppendorf tube, and 
two-thirds of cold Isopropanol was added. The 
tube was capped and then inverted 3-5 times 
gently before incubation at -20 °C for 1 hr. 
Afterwards, the mixture was centrifuged at 
13,000 rpm for 10 min, and then the supernatant 
was discarded. 500 µl of cold 70% ethanol was 
added to the remaining sample/mixture in the 
tube, and centrifugation was carried out for 5 min 
at 13,000 rpm. The supernatant obtained was 
carefully discarded while retaining the DNA pellet 
intact, and then the DNA pellet was dried at 37 
°C for 30 min and re-suspended in 50 µl of sterile 
distilled water. DNA quantity and quality (which 
ranged from 423.4 to 1141.3 ng/µl concentration 
and 260/280nm value of between 1.6 and 2.1) 
were assessed on a Nanodrop 
spectrophotometer. In addition, further Agarose 
gel electrophoresis was carried out to further 
confirm DNA quality. An equal volume of stock 
DNA was mixed with 4 µl of loading dye and run 
on 1% agarose gel at 100 V for 50 min to 
determine the integrity and quality of the DNA, as 
evidenced by the presence of 600 to 700 bp size 
bands.  
Polymerase chain reaction (PCR) amplification. 
Amplification was carried out using a PCR 
system thermal cycler (Applied Biosystem Inc., 
USA). The PCR reaction mixture consisted of 10 
µl of 5x GoTaq colorless reaction; 3 µl of 25 Mm 
MgCl2; 1 µl of 10 mM of dNTPs mix; 1 µl of 10 
pmol each of forward primer ITS 1 (5’-
CTTGGTCATTTAGAGGAAGTAA-3’) and 
reverse primer ITS2 (5’-
GCTGCGTTCTTCATCGATGC-3’); 0.24 µl of 0.3 
units of Taq DNA polymerase (Promega, USA) 
made up to 42 µl with sterile distilled water and 8 
μl working DNA template (28). The thermal 
cycling conditions were set to an initial 
denaturation step at 94°C for 5 min, followed by 
35 cycles of 94°C for 30 s, 55°C for 30 s, and 
72°C for 90 s, and a final extension at 72°C for 
10 min. 
Purification of amplified PCR products. This was 
done following the method of Niu et al. (29) with 
slight modifications. The amplified DNA 
fragments of target sequences in PCR were 
ethanol-purified to remove the PCR reagents. 
Briefly, 7.6 µl of Na acetate 3M and 125 µl of 95% 
ethanol were added to each of about 50 µl PCR 
amplified products in a new sterile 1.5 µl tube 
Eppendorf, mixed by simple inversion and stored 
at -20 °C for 30 min. The tubes were centrifuged 
for 10 min at 13000 g, followed by the removal of 
the supernatant. The pellets were washed by 
adding 500 µl of 70% ethanol, and the mixture 
was then centrifuged for 15 min at 7500 g and 

4°C. The pellet was re-washed with 70% ethanol 
and centrifuged again. Tubes containing the 
pellets were inverted on paper tissue until air 
dried, and then further incubated at 37°C for 25 
min. Subsequently, they were re-suspended with 
25 µl of sterile distilled water and kept at -20°C. 
The presence or absence of the expected band 
size of the amplified target ITS gene sequence 
was checked when the purified fragment was run 
on a 2% agarose electrophoresis gel at a voltage 
of 100V for 1 hr and then viewed under UV light. 
Sanger sequencing and analysis. The purified 
PCR products were subjected to Sanger 
sequencing using the following reaction mixture: 
Amplified PCR Product of 10 µl, ExoSAP Mix of 
2.5 µl. The mixture was vortexed well and 
incubated at 37 °C for 30 min. Subsequently, the 
reaction was stopped by heating the mixture at 
95 °C for 5 min. Fragments were sequenced 
using the Nimagen, Brilliant Dye™ Terminator 
Cycle Sequencing Kit V3.1, BRD3-100/1000 
according to manufacturer’s instructions: 
https://www.nimagen.com/products/Sequencing/
Capillary-Electrophoresis/BrilliantDye-
Terminator-Cycle-Sequencing-Kit. The labelled 
products are then cleaned with the ZR-96 DNA 
Sequencing Clean-up Kit (Catalogue No. 
D4053): 
http://www.zymoresearch.com/downloads/dl/file/
id/52/d4052i.pdf. The cleaned products were 
injected on the Applied Biosystems ABI 3500XL 
Genetic Analyser with a 50 cm array, using 
POP7: 
https://www.thermofisher.com/order/catalog/pro
duct/4406016. Sequence chromatogram 
analysis was performed using BioEdit analysis 
software. 
Molecular phylogenetic analysis. Contig 
sequences generated were aligned in Mega 11 
software with available sequences of Fusarium 
brachygibbosum, Curvularia lunata, Penicillium 
citrinum, P. oxalicum and Mucor irregularis in the 
GenBank database using the MUSCLE algorithm 
(30). The ITS1-5.8S-ITS2 of rRNA gene 
sequences obtained were trimmed to 450 bp. 
Maximum-likelihood (MLK) tree constructed 
using the Kimura 2 parameter model (31) 
selected using the Akaike information criterion 
(AIC), with 1000 bootstrap pseudo-replications.  
 
Evaluation of toxin production by fungal isolates 
Three of the fungal isolates (namely BUOLC8, 
BUSLC9 and BUSLC6) projected to belong to 
toxigenic genera, based on their morphological 
characteristics, were screened for AFTB1 

production.  
 
Fungal culture in liquid medium 
Using a sterile inoculating loop, the pure culture 
of each isolate (i.e., isolate BUOLC8, BUSLC9 
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and BUSLC6) growing on a PDA plate was 
inoculated into 150 ml Yeast Extract Sucrose 
(YES) media containing 2% yeast extract and 
20% sucrose and 75 µg/ml Ampicillin in triplicate. 
Yeast Extract Sucrose medium is known to 
facilitate the production of aflatoxins (32). The 
inoculation was carried out under aseptic 
conditions and was achieved by picking a loop 
full of an isolate in a region with conidia, inserting 
it into the YES medium, and then gently agitating. 
Each of the flasks containing inoculated YES 
medium was capped/covered with a sterile cotton 
plug and incubated at 25 °C for a duration of 7 
days (33). 
 
Aflatoxin B1 extraction from fungal biomass 
Extraction was carried out according to the 
method of Huq et al. (34). Briefly, 100 ml of 
distilled water was added to 50 g biomass (of 
each isolate). 25 ml of acetone was then added 
to produce an acetone-to-water ratio of 1:4. The 
mixture was shaken on a mechanical shaker for 
30 min and then filtered through Whatman No. 1 
filter paper on a conical flask. 10 ml of methanol 
and 1 ml of lead acetate were added to 10 ml of 
the filtrate samples of each isolate in 250 ml 
measuring cylinders, and the mixture was then 
made up to 150 ml with distilled water. 
 
Extract purification and HPLC analysis of 
Aflatoxin B1 
This was carried out according to the procedure 
of Hossain et al. (35) with slight modification. 
Briefly, nine SPE Cartridges were conditioned by 
passing 15 ml of methanol followed by 15 ml of 
water under vacuum after adding 1 g methanol-
washed celite. Afterwards, the different 150 ml 
filtrate sample solutions prepared in the step 
above were each passed through separate 
cartridges under vacuum at the rate of 10 ml/min. 

Each cartridge was washed with 10 ml of water 
and allowed to dry by allowing air to pass through 
for about 5 min. Exactly 4 ml of chloroform was 
added to each cartridge at the rate of 0.5 ml/min 
to elute Aflatoxin B1 present. The eluents were 
allowed to dry in air and then reconstituted with 1 
ml of methanol and water (1:1) for HPLC 
analysis. 
For HPLC analysis for the detection and 
quantification of AFTB1, an Agilent HPLC system 
equipped with series 1100 solvent delivery 
pumps and oven, 1200 series Fluorescence 
detector, manual injector and cobra cell for post-
derivatisation, and Agilent ChemStation 
software. A C18, 250 mm (L) x 4.6 mm (ID) 
column was used for the isocratic separation of 
Aflatoxin B1, and the mobile phase consisted of 
630 ml water, 220 ml methanol, 150 ml 
acetonitrile, and 120 µl of conc. HNO3 and 100 
mg of KBr. The injection volume and flow rate 
were set to 20 µl and 1 ml/min, respectively, while 
the total run time was 15 min. Also, the column 
oven temperature was set to 30 °C, while the 
excitation wavelength and emission wavelength 
were set to 365 nm and 464 nm, respectively. 
The concentration of Aflatoxin B1 in each sample 
was determined using a suitable five-point 
calibration curve (consisting of 0.01, 0.05, 0.10, 
0.20, 0.30 and 0.40 ppb levels). The linear 
regression was 0.92. Concentrations of the 
Aflatoxin B1 standard used for the calibration 
were prepared in a 1:1 solution of methanol and 
distilled water. 
 
Results 
The diversity of fungi isolated from the udder of 
lactating cows in Oluponna was: Curvularia 
lunata; Penicillium oxalicum, Penicillium citrinum, 
Fusarium brachygibbosum and Mucor irregularis 
(Figure 1; A-E). 

 

 
Figure 1: Fungal isolates from the udder of lactating cows 

(A) Fusarium brachygibbosum;(B) Curvularia lunata; (C) Penicillium citrinum; (D) Penicillium oxalicum; 
(E) Mucor irregularis 

 
The percentage occurrence of fungal isolates 
from the udder of lactating cows is presented in 
Figure 2. Out of 43 lactating cows sampled, 11 
(26%) of them were positive for fungal growth, 
while the remaining 32 (74%) were negative. The 

most prominent species was Penicillium citrinum 
(n = 5), followed by Fusarium brachygibbosum (n 
= 3), while Curvularia lunata (n = 1), Penicillium 
oxalicum (n = 1) and Mucor irregularis (n = 1) 
were the least frequent isolates. 
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Figure 2: Occurrence of fungi in the udder of sampled lactating cows 

(A): Prevalence in samples; (B): Frequency of the isolated fungi 
Fb- Fusarium brachygibbosum, Cl -Curvularia lunata, Pc- Penicillium citrinum, Po-Penicillium 

oxalicum, Mi- Mucor irregularis 
 
In Figure 3, the results of the phylogenetic 
relationship showed that the sequences of the 
isolates show high similarity to others. For 
example, Penicillium oxalicum BUSLC6 

(OP801677), Penicillium citrinum BUSLC9 
(OP801680) and Mucor irregularis BUOLC5 
(OP801678) clustered with the ones from the 
Genebank database having 100% similarity. 

        

 
Figure 3: ITS phylogeny showing the relationship between isolated fungi and other related 

fungal species as indicated by maximum likelihood analysis 
 
Fusarium brachygibbosum produced the highest 
concentrations of AFB1, while lower 
concentrations were found in Penicillium 

citrinum, but none was found in Penicillium 
oxalicum (Table 1). 

 
Table 1. Aflatoxin B1 was determined in the solvent extract of selected fungal samples. 

 Fusarium brachygibbosum Penicillium citrinum Penicillium oxalicum 

Aflatoxin B1 (ppm) 0.22 ± 0.04a 0.08 ± 0.04 BDLb 
aSignificantly higher at p ≤ 0.05; bBDL implies below the detection limit of 0.01ppm 

 
Discussion 
This study revealed a diversity of culturable fungi 
associated with the udders of lactating cows in 
Oluponna, Southwestern Nigeria, including 
Fusarium brachygibbosum, Curvularia lunata, 
Penicillium citrinum, Penicillium oxalicum, and 
Mucor irregularis. Although milk within the udder 
is generally assumed to be sterile, our findings 
corroborate earlier reports that opportunistic 
fungi from soil, feed, water, and farm 
environments can colonise teat surfaces and 
subsequently gain access to milk (4, 36). The 
presence of such fungi in the udder highlights the 
vulnerability of milk to fungal contamination and 
the consequent risk of mycotoxin production, as 
emphasised in the introduction. 
Fusarium species are widely recognised as 
important mycotoxigenic fungi with significant 
impacts on food safety, livestock health, and 

agricultural productivity. Fusarium 
brachygibbosum, isolated in this study, has been 
previously reported as a soil-borne plant 
pathogen (37) and a contaminant of diverse 
environments, including marine sediments (38) 
and date palm fruits (39). While its primary toxins 
include beauvericin, diacetoxyscirpenol, 
neosolaniol, and trichothecenes (40, 41). We 
demonstrate here that it is also capable of 
producing appreciable levels of AFB1, a potent 
hepatocarcinogen. This expands current 
understanding of its toxigenic potential and 
underscores the risk of dietary exposure to 
aflatoxins through contaminated milk. 
Similarly, Curvularia lunata, though less 
prevalent in our samples, poses potential risks 
due to its ability to produce bioactive metabolites 
such as cytochalasin B, racidinin, and related 
toxins known to impair neural and renal function 
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in animals (42, 43, 44, 45). Although rarely 
studied in the context of milk contamination, its 
presence in cow udders may reflect 
environmental exposure from contaminated 
forage or soil, suggesting another underexplored 
route of entry for mycotoxins into the dairy chain. 
The Penicillium species isolated (P. citrinum and 
P. oxalicum) are of particular concern because of 
their established roles in food spoilage and 
mycotoxin production. Penicillium citrinum is 
known for producing citrinin, a nephrotoxic 
compound (46), and has been implicated in 
opportunistic infections such as pneumonia in 
immunocompromised individuals (47, 48, 49). 
Interestingly, while Penicillium citrinum in this 
study produced low levels of AFB1, Penicillium 
oxalicum did not produce detectable amounts, 
aligning with previous reports that aflatoxin 
biosynthesis is strain- and species-dependent 
(50). These findings highlight the importance of 
molecular and metabolic profiling in determining 
the true toxigenic potential of fungi isolated from 
milk sources. 
Although Mucor irregularis was detected in only 
one sample, its identification is noteworthy. 
Mucor spp. are commonly associated with the 
spoilage of dairy products and can occasionally 
cause mucormycosis in humans (51, 52). While 
their aflatoxin-producing capacity is less 
established compared to Aspergillus spp., their 
presence indicates potential quality and safety 
concerns in milk, particularly under poor hygienic 
conditions. 
Importantly, the detection of AFB1 at 
concentrations ranging from 0.08 to 0.22 µg/kg in 
isolates from this study, while within Codex 
Alimentarius tolerable limits for milk (0.5–15 
µg/kg depending on commodity) (53), remains a 
public health concern. AFB1 is classified as a 
Group 1 carcinogen by the International Agency 
for Research on Cancer (54), and studies have 
shown that even chronic exposure to trace 
amounts can induce hepatotoxic, 
immunosuppressive, and mutagenic effects (55, 
56, 57, 58). Moreover, in dairy cattle, ingested 
AFB1 is metabolised into AFM1, which persists 
in milk despite pasteurisation or sterilisation (59). 
Thus, while the levels detected here are below 
regulatory thresholds, the cumulative effect of 
dietary exposure, especially in populations with 
high milk consumption, cannot be overlooked. 
 
Conclusion 
The isolation of aflatoxin-producing fungi directly 
from the udder of lactating cows provides novel 
evidence that the udder environment itself can 
serve as a reservoir for potential milk 
contamination, in addition to the well-known 
dietary routes. This finding bridges a key 
knowledge gap highlighted in our justification: 

while most previous research has focused on 
fungal contamination of feed and processed milk, 
the role of the cow udder as a direct source of 
toxigenic fungi has received little attention. 
Given the health risks associated with aflatoxin 
B1 and its metabolite AFM1, our study 
underscores the need for improved hygienic 
practices in dairy farms, regular monitoring of 
fungal contaminants, and targeted interventions 
to reduce fungal colonisation of cow udders. In 
addition, molecular surveillance and toxin 
profiling of fungal isolates should be integrated 
into dairy quality assurance programs. 
Ultimately, addressing both environmental and 
udder-associated fungal contamination is 
essential to safeguard milk safety, protect public 
health, and minimise economic losses in the 
dairy sector. 
 
List of abbreviations 
AF: Aflatoxins 
AFTB1: Aflatoxin B1 
PDA: Potato dextrose agar  
YES: Yeast Extract Sucrose  
 
Declarations 
Ethical approval and consent to participate 
Ethical approval was obtained from the Ethical 
Committee of Bowen University (BUTH/REC-
27581), and consent to participate is not 
applicable as no human subjects were involved 
in this work. No animal experimentation. The 
researchers took concrete actions to ensure that 
their methodologies adhered to acceptable 
standards. Verbal consent was secured from 
farm owners, and sampling procedures were 
conducted with minimal disturbance to the 
lactating cows. The study was performed in 
accordance with the University’s guidelines for 
research involving animals and potential 
biohazards. 
 
Consent for publication 
Not applicable 
 
Availability of data and materials 
All data generated or analysed in this study are 
included in this published article 
 
Competing interests 
The author(s) declare that there are no conflicts 
of interest 
 
Funding 
This work received no specific grant from any 
funding agency 
 
Authors' contributions 



Oyeku et. al., Babcock Univ. Med. J.2026 9(3):163-172 

169 
 

All the authors contributed equally to the work 
(the conceptualisation of the work, the practical 
work and the writing of the manuscript). 
All authors reviewed the manuscript and 
approved the submitted final version. 
 
Acknowledgement 
Not Applicable 
 
References 
1. Cimmino F, Catapano A, Petrella L, Villano I, 

Tudisco R, Cavaliere G. Role of milk 
micronutrients in human health. Frontiers in 
Bioscience-Landmark. 2023 Feb 28;28(2):41.  
https://doi.org/10.31083/j.fbl2802041  

2. Quigley L, O'Sullivan O, Stanton C, Beresford 
TP, Ross RP, Fitzgerald GF, Cotter PD. The 
complex microbiota of raw milk. FEMS 
Microbiology Reviews. 2013 Sep 1;37(5):664-
98. https://doi.org/10.1111/1574-6976.12030  

3. Van Engelen E, Dijkstra T, Meertens NM, Van 
Werven T. Bacterial flora associated with 
udder cleft dermatitis in Dutch dairy cows. 
Journal of Dairy Science. 2021 Jan 
1;104(1):728-35. 
https://doi.org/10.3168/jds.2020-18414  

4. Vacheyrou M, Normand AC, Guyot P, 
Cassagne C, Piarroux R, Bouton Y. Cultivable 
microbial communities in raw cow milk and 
potential transfers from stables of sixteen 
French farms. International Journal of Food 
Microbiology. 2011 Apr 29;146(3):253-62. 
https://doi.org/10.1016/j.ijfoodmicro.2011.02.
033  

5. Garnier L, Valence F, Pawtowski A, 
Auhustsinava-Galerne L, Frotté N, Baroncelli 
R, Deniel F, Coton E, Mounier J. Diversity of 
spoilage fungi associated with various French 
dairy products. International Journal of Food 
Microbiology. 2017 Jan 16;241:191-7. 
https://doi.org/10.1016/j.ijfoodmicro.2016.10.
026  

6. Buehler AJ, Martin NH, Boor KJ, Wiedmann 
M. Evaluation of biopreservatives in Greek 
yogurt to inhibit yeast and mold spoilage and 
development of a yogurt spoilage predictive 
model. Journal of Dairy Science. 2018 Dec 
1;101(12):10759-74. 
https://doi.org/10.3168/jds.2018-15082  

7. Kana JR, Gnonlonfin BG, Harvey J, Wainaina 
J, Wanjuki I, Skilton RA, Teguia A. 
Assessment of aflatoxin contamination of 
maize, peanut meal and poultry feed mixtures 
from different agroecological zones in 
Cameroon. Toxins. 2013 Apr 29;5(5):884-94. 
https://doi.org/10.3390/toxins5050884  

8. Kumar A, Pathak H, Bhadauria S, Sudan J. 
Aflatoxin contamination in food crops: causes, 
detection, and management: a review. Food 
Production, Processing and Nutrition. 2021 

Jul 15;3(1):17. 
https://doi.org/10.1186/s43014-021-00064-y  

9. Mollayusefian I, Ranaei V, Pilevar Z, Cabral-
Pinto MM, Rostami A, Nematolahi A, Khedher 
KM, Thai VN, Fakhri Y, Khaneghah AM. The 
concentration of aflatoxin M1 in raw and 
pasteurized milk: A worldwide systematic 
review and meta-analysis. Trends in Food 
Science & Technology. 2021 Sep 1;115:22-
30. https://doi.org/10.1016/j.tifs.2021.06.033  

10. Scaglioni PT, Becker-Algeri T, Drunkler D, 
Badiale-Furlong E. Aflatoxin B1 and M1 in 
milk. Analytica Chimica Acta. 2014 Jun 
4;829:68-74. 
https://doi.org/10.1016/j.aca.2014.04.036  

11. Milićević DR, Spirić D, Radičević T, Velebit B, 
Stefanović S, Milojević L, Janković S. A 
review of the current situation of aflatoxin M1 
in cow’s milk in Serbia: risk assessment and 
regulatory aspects. Food Additives & 
Contaminants: Part A. 2017 Sep 
2;34(9):1617-31. 
https://doi.org/10.1080/19440049.2017.1363
414  

12. Zhou J, Xu JJ, Cong JM, Cai ZX, Zhang JS, 
Wang JL, Ren YP. Optimization for quick, 
easy, cheap, effective, rugged and safe 
extraction of mycotoxins and veterinary drugs 
by response surface methodology for 
application to egg and milk. Journal of 
Chromatography A. 2018 Jan 12;1532:20-9. 
https://doi.org/10.1016/j.chroma.2017.11.050  

13. Ellis WO, Smith JP, Simpson BK, Oldham JH, 
Scott PM. Aflatoxins in food: occurrence, 
biosynthesis, effects on organisms, detection, 
and methods of control. Critical Reviews in 
Food Science & Nutrition. 1991 Jan 
1;30(4):403-39. 
https://doi.org/10.1080/10408399109527551  

14. Hassan ZU, Al-Thani R, Atia FA, Almeer S, 
Balmas V, Migheli Q, Jaoua S. Evidence of 
low levels of aflatoxin M1 in milk and dairy 
products marketed in Qatar. Food Control. 
2018 Oct 1;92:25-9. 
https://doi.org/10.1016/j.foodcont.2018.04.03
8  

15. Sulzberger SA, Melnichenko S, Cardoso FC. 
Effects of clay after an aflatoxin challenge on 
aflatoxin clearance, milk production, and 
metabolism of Holstein cows. Journal of Dairy 
Science. 2017 Mar 1;100(3):1856-69. 
https://doi.org/10.3168/jds.2016-11612  

16. Rahimirad A, Maalekinejad H, Ostadi A, 
Yeganeh S, Fahimi S. Aflatoxin M1 
concentration in various dairy products: 
evidence for biologically reduced amount of 
AFM1 in Yoghurt. Iranian Journal of Public 
Health. 2014 Aug;43(8):1139. 

17. Kensler TW, Roebuck BD, Wogan GN, 
Groopman JD. Aflatoxin: a 50-year odyssey of 

https://doi.org/10.31083/j.fbl2802041
https://doi.org/10.1111/1574-6976.12030
https://doi.org/10.3168/jds.2020-18414
https://doi.org/10.1016/j.ijfoodmicro.2011.02.033
https://doi.org/10.1016/j.ijfoodmicro.2011.02.033
https://doi.org/10.1016/j.ijfoodmicro.2016.10.026
https://doi.org/10.1016/j.ijfoodmicro.2016.10.026
https://doi.org/10.3168/jds.2018-15082
https://doi.org/10.3390/toxins5050884
https://doi.org/10.1186/s43014-021-00064-y
https://doi.org/10.1016/j.tifs.2021.06.033
https://doi.org/10.1016/j.aca.2014.04.036
https://doi.org/10.1080/19440049.2017.1363414
https://doi.org/10.1080/19440049.2017.1363414
https://doi.org/10.1016/j.chroma.2017.11.050
https://doi.org/10.1080/10408399109527551
https://doi.org/10.1016/j.foodcont.2018.04.038
https://doi.org/10.1016/j.foodcont.2018.04.038
https://doi.org/10.3168/jds.2016-11612


Oyeku et. al., Babcock Univ. Med. J.2026 9(3):163-172 

170 
 

mechanistic and translational toxicology. 
Toxicological Sciences. 2011 Mar 
1;120(suppl_1):S28-48. 
https://doi.org/10.1093/toxsci/kfq283  

18. Alameri MM, Kong AS, Aljaafari MN, Ali HA, 
Eid K, Sallagi MA, Cheng WH, Abushelaibi A, 
Lim SH, Loh JY, Lai KS. Aflatoxin 
contamination: An overview on health issues, 
detection and management strategies. 
Toxins. 2023 Mar 28;15(4):246. 
https://doi.org/10.3390/toxins15040246  

19. Zentai A, Jóźwiak Á, Süth M, Farkas Z. Carry-
over of aflatoxin B1 from feed to cow milk—A 
review. Toxins. 2023 Mar 4;15(3):195. 
https://doi.org/10.3390/toxins15030195      

20. de Luna-López MC, Valdivia-Flores AG, 
Rangel-Muñoz EJ, Hernández-Valdivia E, 
Quezada-Tristán T, Jaramillo-Juárez F, Ortiz-
Martínez R. Time-dependent changes in 
performance, biochemistry, and histology in 
dairy calves with acute aflatoxicosis. 
Veterinary Sciences. 2025 Mar 14;12(3):273. 
https://doi.org/10.3390/vetsci12030273  

21. Jiang Y, Ogunade IM, Vyas D, Adesogan AT. 
Aflatoxin in dairy cows: toxicity, occurrence in 
feedstuffs and milk and dietary mitigation 
strategies. Toxins. 2021 Apr 17;13(4):283. 
https://doi.org/10.3390/toxins13040283  

22. Fan S, Li Q, Sun L, Du Y, Xia J, Zhang Y. 
Simultaneous determination of aflatoxin B1 
and M1 in milk, fresh milk and milk powder by 
LC-MS/MS utilising online turbulent flow 
chromatography. Food Additives & 
Contaminants: Part A. 2015 Jul 3;32(7):1175-
84. 
https://doi.org/10.1080/19440049.2015.1048
311  

23. de Freitas CH, Gonçalves CL, da Silva 
Nascente P. Aflatoxins B1 and M1: Risks 
related to milk produced in Brazil. Annals of 
Microbiology. 2018 Dec;68(12):793-802. 
https://doi.org/10.1007/s13213-018-1395-2  

24. Jiang K, Huang Q, Fan K, Wu L, Nie D, Guo 
W, Wu Y, Han Z. Reduced graphene oxide 
and gold nanoparticle composite-based solid-
phase extraction coupled with ultra-high-
performance liquid chromatography-tandem 
mass spectrometry for the determination of 9 
mycotoxins in milk. Food Chemistry. 2018 Oct 
30;264:218-25. 
https://doi.org/10.1016/j.foodchem.2018.05.0
41  

25. Williamson JH, Di Menna ME. Fungi isolated 
from bovine udders, and their possible 
sources. New Zealand Veterinary Journal. 
2007 Aug 1;55(4):188-90. 
https://doi.org/10.1080/00480169.2007.3676
6  

26. Tesfaye B, Matios L, Getachew T, Tafesse K, 
Abebe O, Letebrihan Y, Mekdes T, Tilaye D. 

Study on bovine mastitis with isolation of 
bacterial and fungal causal agents and 
assessing antimicrobial resistance patterns of 
isolated Staphylococcus species in and 
around Sebeta town, Ethiopia. African Journal 
of Microbiology Research. 2019 Jan 
7;13(1):23-32. 
https://doi.org/10.5897/AJMR2018.8909  

27. Procop GW, Cockerill III FR, Vetter EA, 
Harmsen WS, Hughes JG, Roberts GD. 
Performance of five agar media for recovery 
of fungi from isolator blood cultures. Journal 
of Clinical Microbiology. 2000 Oct 
1;38(10):3827-9. 
https://doi.org/10.1128/JCM.38.10.3827-
3829.2000  

28. White TJ, Bruns T, Lee SJ, Taylor J. 
Amplification and direct sequencing of fungal 
ribosomal RNA genes for phylogenetics. PCR 
Protocols: A Guide to Methods and 
Applications. 1990 Jan 1;18(1):315-22. 
https://doi.org/10.1016/B978-0-12-372180-
8.50042-1  

29. Niu C, Kebede H, Auld DL, Woodward JE, 
Burow G, Wright RJ. A safe inexpensive 
method to isolate high quality plant and fungal 
DNA in an open laboratory environment. 
African Journal of Biotechnology. 2008;7(16). 

30. Edgar RC. MUSCLE: multiple sequence 
alignment with high accuracy and high 
throughput. Nucleic Acids Research. 2004 
Mar 1;32(5):1792-7. 
https://doi.org/10.1093/nar/gkh340  

31. Kimura M. A simple method for estimating 
evolutionary rates of base substitutions 
through comparative studies of nucleotide 
sequences. Journal of Molecular Evolution. 
1980 Jun;16(2):111-20. 
https://doi.org/10.1007/BF01731581  

32. Degola F, Dall’Asta C, Restivo FM. 
Development of a simple and high‐throughput 
method for detecting aflatoxins production in 
culture media. Letters in Applied 
Microbiology. 2012 Jul 1;55(1):82-9. 
https://doi.org/10.1111/j.1472-
765X.2012.03264.x  

33. Gell RM, Carbone I. HPLC quantitation of 
aflatoxin B1 from fungal mycelium culture. 
Journal of Microbiological Methods. 2019 Mar 
1;158:14-7. 
https://doi.org/10.1016/j.mimet.2019.01.008  

34. Huq MS, Amin MR, Dawlatana M, Shahida S, 
Rahim M, Khan S. Investigation on the 
occurrence of aflatoxin/mycotoxin in food 
grains and feedstuffs of Bangladesh: part-1: 
Aflatoxin in Rice. 1999: 136-143. 

35. Hossain MN, Talukder A, Afroze F, Rahim 
MM, Begum S, Haque MZ, Ahmed MM. 
Identification of aflatoxigenic fungi and 
detection of their aflatoxin in red chilli 

https://doi.org/10.1093/toxsci/kfq283
https://doi.org/10.3390/toxins15040246
https://doi.org/10.3390/toxins15030195
https://doi.org/10.3390/vetsci12030273
https://doi.org/10.3390/toxins13040283
https://doi.org/10.1080/19440049.2015.1048311
https://doi.org/10.1080/19440049.2015.1048311
https://doi.org/10.1007/s13213-018-1395-2
https://doi.org/10.1016/j.foodchem.2018.05.041
https://doi.org/10.1016/j.foodchem.2018.05.041
https://doi.org/10.1080/00480169.2007.36766
https://doi.org/10.1080/00480169.2007.36766
https://doi.org/10.5897/AJMR2018.8909
https://doi.org/10.1128/JCM.38.10.3827-3829.2000
https://doi.org/10.1128/JCM.38.10.3827-3829.2000
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1007/BF01731581
https://doi.org/10.1111/j.1472-765X.2012.03264.x
https://doi.org/10.1111/j.1472-765X.2012.03264.x
https://doi.org/10.1016/j.mimet.2019.01.008


Oyeku et. al., Babcock Univ. Med. J.2026 9(3):163-172 

171 
 

(Capsicum annuum) samples using direct 
cultural method and HPLC. Advances in 
Microbiology. 2018;8(1):42-53. 
https://doi.org/10.4236/aim.2018.81004  

36. Tiwari S, Lathwal SS, Devi I, Tomar DS. Effect 
of post-milking teat dipping on milk quality and 
udder health of crossbred cows. Journal of 
Dairy Research. 2024 Aug;91(3):315-8. 
https://doi.org/10.1017/S0022029924000591  

37. EFSA Panel on Plant Health (PLH), Bragard 
C, Di Serio F, Gonthier P, Jaques Miret JA, 
Justesen AF, MacLeod A, Magnusson CS, 
Milonas P, Navas‐Cortes JA, Parnell S. Pest 
categorisation of Fusarium brachygibbosum. 
EFSA Journal. 2021 Nov;19(11):e06887. 
https://doi.org/10.2903/j.efsa.2021.6887  

38. Al-Sadi AM, Al-Jabri AH, Al-Mazroui SS, Al-
Mahmooli IH. Characterization and 
pathogenicity of fungi and oomycetes 
associated with root diseases of date palms in 
Oman. Crop Protection. 2012 Jul 1;37:1-6. 
https://doi.org/10.1016/j.cropro.2012.02.011  

39. Bovio E, Gnavi G, Prigione V, Spina F, 
Denaro R, Yakimov M, Calogero R, Crisafi F, 
Varese GC. The culturable mycobiota of a 
Mediterranean marine site after an oil spill: 
isolation, identification and potential 
application in bioremediation. Science of the 
Total Environment. 2017 Jan 15;576:310-8. 
https://doi.org/10.1016/j.scitotenv.2016.10.06
4  

40. Tan DC, Flematti GR, Ghisalberti EL, 
Sivasithamparam K, Chakraborty S, Obanor 
F, Barbetti MJ. Mycotoxins produced by 
Fusarium species associated with annual 
legume pastures and ‘sheep feed refusal 
disorders’ in Western Australia. Mycotoxin 
Research. 2011 May;27(2):123-35. 
https://doi.org/10.1007/s12550-010-0085-0  

41. Rabaaoui A, Dall’Asta C, Righetti L, Susca A, 
Logrieco AF, Namsi A, Gdoura R, Werbrouck 
SP, Moretti A, Masiello M. Phylogeny and 
mycotoxin profile of pathogenic Fusarium 
species isolated from sudden decline 
syndrome and leaf wilt symptoms on date 
palms (Phoenix dactylifera) in Tunisia. 
Toxins. 2021 Jun 30;13(7):463. 
https://doi.org/10.3390/toxins13070463  

42. Wells JM, Cole RJ, Cutler HC, Spalding DH. 
Curvularia lunata, a new source of 
cytochalasin B. Applied and Environmental 
Microbiology. 1981 Apr;41(4):967-71. 
https://doi.org/10.1128/aem.41.4.967-
971.1981  

43. Rout N, Nanda BK, Gangopadhyaya S. 
Experimental pheohyphomycosis and 
mycotoxicosis by Curvularia lunata in albino 
rats. Indian Journal of Pathology & 
Microbiology. 1989 Jan 1;32(1):1-6. 

44. Srivastava AK, Kapkoti DS, Gupta M, Rout 
PK, Bhakuni RS, Samad A. Enhanced 
production of phytotoxic polyketides isolated 
from Curvularia lunata by applying chemical 
stresses. Industrial Crops and Products. 2021 
Feb 1;160:113156. 
https://doi.org/10.1016/j.indcrop.2020.11315
6  

45. Mehta T, Meena M, Nagda A. Bioactive 
compounds of Curvularia species as a source 
of various biological activities and 
biotechnological applications. Frontiers in 
Microbiology. 2022 Dec 8;13:1069095. 
https://doi.org/10.3389/fmicb.2022.1069095  

46. Zargar S, Wani TA. Food toxicity of mycotoxin 
citrinin and molecular mechanisms of its 
potential toxicity effects through the 
implicated targets predicted by computer-
aided multidimensional data analysis. Life. 
2023 Mar 26;13(4):880. 
https://doi.org/10.3390/life13040880  

47. Mok T, Koehler AP, Yu MY, Ellis DH, Johnson 
PJ, Wickham NW. Fatal Penicillium citrinum 
pneumonia with pericarditis in a patient with 
acute leukemia. Journal of Clinical 
Microbiology. 1997 Oct;35(10):2654-6. 
https://doi.org/10.1128/jcm.35.10.2654-
2656.1997  

48. Hesse SE, Luethy PM, Beigel JH, Zelazny 
AM. Penicillium citrinum: opportunistic 
pathogen or idle bystander? A case analysis 
with demonstration of galactomannan cross-
reactivity. Medical Mycology Case eports. 
2017 Sep 1;17:8-10. 
https://doi.org/10.1016/j.mmcr.2017.05.003  

49. Shi X, Ye J, Liu P, Gao W, Feng Z, Zheng C, 
Huang Y, Guo Y, Zhang L. Case report: Rare 
pulmonary fungal infection caused by 
Penicillium digitatum: the first clinical report in 
China. Frontiers in Medicine. 2024 Jul 
17;11:1424586. 
https://doi.org/10.3389/fmed.2024.1424586  

50. Frisvad JC, Hubka V, Ezekiel CN, Hong SB, 
Novßkovß A, Chen AJ, Arzanlou M, Larsen 
TO, Sklenßř F, Mahakarnchanakul W, 
Samson RA. Taxonomy of Aspergillus section 
Flavi and their production of aflatoxins, 
ochratoxins and other mycotoxins. Studies in 
Mycology. 2019 Jun 1;93(1):1-63. 
https://doi.org/10.1016/j.simyco.2018.06.001  

51. Shi C, Knøchel S. Sensitivity of molds from 
spoiled dairy products towards bioprotective 
lactic acid bacteria cultures. Frontiers in 
Microbiology. 2021 Feb 10;12:631730. 
https://doi.org/10.3389/fmicb.2021.631730  

52. Dam P, Cardoso MH, Mandal S, Franco OL, 
Sağıroğlu P, Polat OA, Kokoglu K, Mondal R, 
Mandal AK, Ocsoy I. Surge of mucormycosis 
during the COVID-19 pandemic. Travel 
Medicine and Infectious Disease. 2023 Mar 

https://doi.org/10.4236/aim.2018.81004
https://doi.org/10.1017/S0022029924000591
https://doi.org/10.2903/j.efsa.2021.6887
https://doi.org/10.1016/j.cropro.2012.02.011
https://doi.org/10.1016/j.scitotenv.2016.10.064
https://doi.org/10.1016/j.scitotenv.2016.10.064
https://doi.org/10.1007/s12550-010-0085-0
https://doi.org/10.3390/toxins13070463
https://doi.org/10.1128/aem.41.4.967-971.1981
https://doi.org/10.1128/aem.41.4.967-971.1981
https://doi.org/10.1016/j.indcrop.2020.113156
https://doi.org/10.1016/j.indcrop.2020.113156
https://doi.org/10.3389/fmicb.2022.1069095
https://doi.org/10.3390/life13040880
https://doi.org/10.1128/jcm.35.10.2654-2656.1997
https://doi.org/10.1128/jcm.35.10.2654-2656.1997
https://doi.org/10.1016/j.mmcr.2017.05.003
https://doi.org/10.3389/fmed.2024.1424586
https://doi.org/10.1016/j.simyco.2018.06.001
https://doi.org/10.3389/fmicb.2021.631730


Oyeku et. al., Babcock Univ. Med. J.2026 9(3):163-172 

172 
 

1;52:102557. 
https://doi.org/10.1016/j.tmaid.2023.102557  

53. Wu Y. General standard for contaminants and 
toxins in food and feed. Codex Stan. 
2014:193-95. 
https://doi.org/10.13140/RG.2.1.4910.2560  

54. International Agency for Research on Cancer. 
Monographs on the evaluation of 
carcinogenic risks to humans. A review of 
human carcinogens. Part B: biological agents. 
World Health Organisation; 2012. (Accessed 
26th June, 2025). 

55. McCullough AK, Lloyd RS. Mechanisms 
underlying aflatoxin-associated 
mutagenesis–implications in carcinogenesis. 
DNA Repair. 2019 May 1;77:76-86. 
https://doi.org/10.1016/j.dnarep.2019.03.004  

56. Xu Q, Shi W, Lv P, Meng W, Mao G, Gong C, 
Chen Y, Wei Y, He X, Zhao J, Han H. Critical 
role of caveolin-1 in aflatoxin B1-induced 
hepatotoxicity via the regulation of oxidation 
and autophagy. Cell Death & Disease. 2020 
Jan 2;11(1):6. 
https://doi.org/10.1038/s41419-019-2197-6  

57. Subramaniam S, Sabran MR, Stanslas J, 
Kirby BP. Effect of aflatoxin B1 exposure on 
the progression of depressive-like behavior in 
rats. Frontiers in Nutrition. 2022 Nov 
17;9:1032810. 
https://doi.org/10.3389/fnut.2022.1032810  

58. Su D, Jiang W, Yuan Q, Guo L, Liu Q, Zhang 
M, Kang C, Xiao C, Yang C, Li L, Xu C. 
Chronic exposure to aflatoxin B1 increases 
hippocampal microglial pyroptosis and 
vulnerability to stress in mice. Ecotoxicology 
and Environmental Safety. 2023 Jun 
15;258:114991. 
https://doi.org/10.1016/j.ecoenv.2023.11499
1  

59. Guo W, Fan Z, Fan K, Meng J, Nie D, Tangni 
EK, Li Z, Zhao Z, Han Z. In vivo kinetics and 
biotransformation of aflatoxin B1 in dairy cows 
based on the establishment of a reliable 
UHPLC-MS/MS method. Frontiers in 
Chemistry. 2021 Dec 24;9:809480. 
https://doi.org/10.3389/fchem.2021.809480  

https://doi.org/10.1016/j.tmaid.2023.102557
https://doi.org/10.13140/RG.2.1.4910.2560
https://doi.org/10.1016/j.dnarep.2019.03.004
https://doi.org/10.1038/s41419-019-2197-6
https://doi.org/10.3389/fnut.2022.1032810
https://doi.org/10.1016/j.ecoenv.2023.114991
https://doi.org/10.1016/j.ecoenv.2023.114991
https://doi.org/10.3389/fchem.2021.809480

