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This study aimed to identify and examine the prevalence of Aspergillus species 
in three types of feed collected from specialized dairy farms and local markets 
in Chiro town, Dire Dawa, and Harar cities in eastern Ethiopia. A total of 180 
dairy feed samples were collected and sown, initially on YES agar and then sub-
cultured to AFPA to identify Aspergillus species based on colony color, conidia, 
vesicle, and phialide features. Additionally, the aflatoxigenic potential of the 
colonies was tested using CAM-based UV fluorescence. The study revealed 
that the prevalence of Aspergillus species was 80.6% in dairy feeds with a mean 
count of 3.04 log10cfu/g. Among the identified species, A. flavus was found to 
be highly prevalent (80%) in the feed with a mean of 2.73 log10cfu/g (7.45  ×  103 
cfu/g). Meanwhile, A. parasiticus and A. niger were observed in 73.3% (mean 2.43 
log10cfu/g) and 58.3% (mean 1.68 log10cfu/g) of feeds, respectively. Furthermore, 
the prevalence rates of all Aspergillus species in feeds were not significant 
(p  >  0.05) among the study sites and feed sources. However, the mean count 
of total Aspergillus (3.47  ±  1.34 log10cfu/g), A. flavus (3.20  ±  1.27 log10cfu/g), and 
A. parasiticus (2.82  ±  1.41 log10cfu/g) was significantly higher in feeds from Dire 
Dawa city. Additionally, both the prevalence rates and mean counts of total 
Aspergillus (37.9% and 3.65  ±  1.16 log10cfu/g), A. flavus (38.2% and 3.26  ±  1.12 
log10cfu/g), A. parasiticus (38.6% and 2.98  ±  1.34 log10cfu/g), and A. niger (37.1% 
and 2.11  ±  1.57 log10cfu/g) in total mixed ration were significantly higher (p  <  0.05) 
than in other feed types. Out of the screened Aspergillus colonies, 81.42% were 
found to be aflatoxigenic, with 58.32% belonging to A. flavus and 41.68% to A. 
parasiticus. Therefore, widespread contamination of Aspergillus species in dairy 
feeds across the study sites raises food safety and public health concerns, which 
highlights the urgent need for stringent measures in feed quality control to curb 
its prevalence and the risk of aflatoxin exposure.
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1 Introduction

Dairy sector is vital to millions of people around the world by 
providing a wholesome food and a means of sustenance (FAO, 
2019). However, the quality and safety of dairy cattle feed are 
essential to safeguard the wellbeing of the animals and safety of 
their products for human consumption. Thus, fungal 
contamination and its toxic metabolites adversely affect feed safety 
and quality, threatening the safety of dairy products and public 
health. Aspergillus, Penicillium, and Fusarium are among the 
fungal genera that frequently contaminate dairy feeds and feed 
ingredients globally (Adelusi et al., 2022). A. flavus, A. parasiticus, 
and A. niger are among the genera of Aspergillus species that are 
predominantly contaminate feedstuffs destined to dairy cattle 
(Fusseini et al., 2016; Gherbawy et al., 2020; Nleya et al., 2021). In 
particular, A. flavus and A. parasiticus are a primary producer of 
aflatoxins, such as AFB1, AFB2, AFG1, and AFG2 (Variane et al., 
2018; Bouti et al., 2020), while certain strains of A. niger produces 
Ochratoxin A (El-Hamaky et al., 2016). Thus, Aspergillus fungus 
and the subsequent aflatoxins contamination in animal feeds poses 
serious problems for the dairy industries and public 
health worldwide.

Aspergillus fungus can contaminate a variety of agricultural 
commodities and animal feeds such as maize, wheat, oilseeds, peanuts, 
and others (Bayman and Baker, 2006; Richard, 2007; Adejumo and 
Adejoro, 2014; Chaisri et al., 2017). The contamination of feedstuff 
and their ingredients with Aspergillus fungus and aflatoxins can 
happen during the various stages of cultivation, harvesting, storage 
and transportation under different environmental conditions (Saleemi 
et al., 2017). Thus, the growth and proliferation of Aspergillus fungus 
in food and feed are determined by various climatic conditions such 
as ambient temperatures, relative humidity, precipitation, and others. 
Consequently, the hotter temperatures ranging from 25°C to 35°C and 
relative humidity above 70% foster the growth and proliferation of 
Aspergillus fungi, particularly, A. flavus and A. parasiticus (Awuchi 
et al., 2022). Additionally, Aspergillus fungi can proliferate in the feeds 
and feed ingredients under storage conditions with high air moisture 
and lacking air outlets (Iheanacho et  al., 2014). Therefore, 
understanding the prevalence of Aspergillus species and aflatoxin 
production capacity under different geographical locations and 
climatic factors are vital, to designing of the appropriate 
mitigation strategies.

The prevalence of Aspergillus species in dairy feeds across several 
nations has been reported in numerous research studies (Omeiza 
et al., 2018; Claudious et al., 2019; Rangel-Muñoz et al., 2020; Adelusi 
et al., 2022). For instance, a study in South Africa reported that 63.6% 
of dairy feeds have been contaminated by Aspergillus species with 
colony counts of 4 × 104 cfu/g (Iheanacho et  al., 2014). Similarly, 
Omeiza et al. (2019) found that Aspergillus species were present in 
59.7% of dairy feeds in Fulani dairies in Northern Nigeria, of which 
33.3% belonged to A. flavus and 8.3% to A. parasiticus. Similarly, 
Adelusi et al. (2022) reported that 80.0% of dairy cattle feeds collected 
from the smallholder dairy farmers in South Africa was contaminated 
by Aspergillus species. On the other hand, a contamination A. flavus 
(85.96%) and A. parasiticus (24.16%) in animal feed were reported 
(Rajarajan et al., 2021). Also, in grain feeds collected from Dhaka, 
Bangladesh, a colony count of A. flavus ranging from 2.8 × 102 to 
3.8 × 102 cfu/g was found (Fakruddin et al., 2015).

Moreover, various types of animal feed and feed ingredients are 
frequently targeted by Aspergillus fungus all over the world. 
Accordingly, in the total mixed ration (TMR) of dairy cows from 
the provinces of Limpopo and Free State in South  Africa, 
contamination rates of 48.6% for A. flavus and 40% for A. niger were 
revealed, with an average colony count of 7.1 × 105 cfu/g (Adelusi 
et  al., 2022). Similarly, a study carried out in Aguascalientes, 
Mexico, found a 55.5% prevalence of total Aspergillus in TMR feed 
samples, with the majority of the samples exceeding 1 × 106 cfu/g 
colony counts (Álvarez-Días et al., 2022). Additionally, Rafik et al. 
(2022) found that 56% of maize samples from Dinajpur districts of 
Bangladesh was contaminated by Aspergillus fungus. Whereas, 
100% of A. flavus contamination was reported in grain feed from 
Dhaka, Bangladesh (Fakruddin et al., 2015). Meanwhile, A. niger 
and A. flavus were found to be the most common contaminants in 
wheat bran from the Faisalabad district of Pakistan (Saleemi et al., 
2017). Fungal count of 2.4 × 104 ± 1.3 × 104 log10cfu/g was reported 
in wheat bran, where 69.64% are Aspergillus species (Bouti 
et al., 2022).

Aspergillus fungus contamination in dairy feeds and aflatoxin in 
Ethiopia presents serious challenges for the dairy industry and public 
health (Abera, 2016; Mamo et al., 2020). A number of studies have 
demonstrated that aflatoxins specific to A. flavus and A. parasiticus, 
such as AFB1, AFB2, AFG1, and AFG2, are significantly abundant in 
dairy feeds, despite the fact that research on Aspergillus contamination 
in feeds is highly limited in Ethiopia. Research carried out in Ethiopia 
has demonstrated elevated levels of AFB1 contamination in a variety 
of dairy feeds, including wheat bran, oilseed cake, maize grains, and 
others, with concentrations ranging from 0 to 887.64 μg/kg (Dawit 
et  al., 2016; Mulugeta, 2017; Rehrahie et  al., 2018; Yohannes 
et al., 2018).

Furthermore, this study was carried out in the three major 
urban centers in eastern Ethiopia, which have a high number of 
specialized dairy farming that supplies the city’s rapidly 
increasing milk demand (Alemu, 2019). However, these 
specialized dairy producers mostly use a variety of concentrate 
feeds, such as wheat bran, maize feeds, total mixed rations, and 
brewer’s yeast byproducts to improve milk yield (Tegegn et al., 
2017; Teshome et al., 2019; Zeleke, 2021). Fortunately, most of 
these feeds are highly susceptible to Aspergillus fungus and 
subsequent aflatoxins contamination (Dawit et al., 2016), which 
presents a serious risk to the dairy business and public health 
(Balina et  al., 2018). Considering this reality, it is crucial to 
evaluate the Aspergillus fungi contamination in concentrate feeds 
to determine their prevalence and initiate appropriate 
mitigation strategies.

Additionally, it has been demonstrated that Aspergillus fungus 
growth and aflatoxin production is stimulated by hot ambient 
temperatures, high relative humidity, and precipitation (Awuchi et al., 
2022; Chhaya et al., 2022). For this reason, the evaluation of Aspergillus 
fungi prevalence in dairy feeds under different geographical locations 
is essential to appreciate their significant effects and initiate 
appropriate mitigation strategies. Accordingly, the three main urban 
centers in eastern Ethiopia, which have different agro-climatic 
conditions were targeted for this study (Mohammed and De Waal, 
2009; Brandsma et al., 2012; Ahmedin and Yesihak, 2020). Therefore, 
this study aimed to identify and examine the prevalence of Aspergillus 
species in three different feed types that were collected from dairy 
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farms and local markets in Chiro town, Dire Dawa, and Harar cities 
in eastern Ethiopia.

2 Materials and methods

2.1 Study site selection

Three major Eastern Ethiopian urban centers: Chiro town, Dire 
Dawa, and Harar cities (Figure 1) have been purposively selected for 
this study based on their potential in dairy production and their role 
as the primary milk marketing centers for the surrounding districts 
(Brandsma et al., 2012; Mengistu et al., 2016; Lemma et al., 2018). The 
selected urban centers are located in various agro-ecological zones: 
Dire Dawa city is situated in a lowland agro-ecological zone at an 
elevation of 1,170 m.a.s.l., while Chiro town has a semi-arid climate at 
1,757 m.a.s.l. (Arabali and Amare, 2015; Abibeker et  al., 2023). 
However, most parts of Harar city are located between 1900 and 2,200 
meters above sea level in a midland agroecological zone (Biri 
et al., 2019).

2.2 Feed sample collection

A total of 180 concentrate feeds, including maize feeds (MF), 
total mixed ration (TMR), and wheat bran (WB), were collected for 
this investigation from two main feed sources: specialized dairy farms 
and local markets. The collection of feed samples was conducted 

between September 2021 and January 2022  in three specifically 
selected urban centers in Eastern Ethiopia, namely Chiro town, Dire 
Dawa, and Harar cities. In each of this urban centers, 10 samples of 
each feed type (MF: 10), (TMR: 10), and (WB: 10) were collected 
from the specialized dairy farms. Similarly, 10 samples from each of 
the three feed types (MF: 10), (TMR: 10), and (WB: 10) were gathered 
from local markets in each urban center. Consequently, 
10x3x2x3 = 180 feed samples were collected from dairy cows 
and examined.

According to Daniel and Cross (2013), the sample size was 
calculated using a 5% level of precision and an expected prevalence 
(0.86) of Aspergillus species in feeds (Tahira et al., 2019). In-depth 
discussions with extension agents, livestock experts, and agricultural 
administrators of selected urban centers took place prior to the 
collection of feed samples. This was carried out to determine the 
sampling kebeles—the smallest administrative unit that has a 
comparatively higher number of specialized dairy farms and feed 
retailers and shops in the targeted urban centers. The Livestock 
Development Offices of respective urban centers were consulted to 
obtain the list of specialized dairy farms. Then, based on criteria such 
as milk output, lactating cows, feed utilized by the farms—wheat bran, 
maize feed, and total mixed ration, which are highly susceptible to 
Aspergillus contamination, the sampling dairy farms were identified. 
The dairy farms that were used for feed sample collection were then 
identified by random sampling technique. Subsequently, considering 
their feed retailers and shops that primarily sell feeds susceptible to 
Aspergillus fungus contamination, the local market centers were 
identified. Then, to gather commercial feed samples, the feed retailers 

FIGURE 1

Map of the study areas.
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and shops were identified using a systematic random sampling 
procedure, in collaboration with livestock extension workers. The feed 
samples were bought from the identified feed retailers and shops in 
each urban center.

Thus, an aggregated portion of the sample was created by 
taking a small amount of feed from different places of feed 
containers using the sampling spear. After the samples were well 
mixed, 0.5 kg of feed sample was taken from the aggregated sample 
and packed into a labeled sampling bag. Then, the feed samples 
were transported to Haramaya University’s Plant Pathology 
Laboratory, where the isolation and identification of Aspergillus 
species were performed.

2.3 Preparation of cultures media

Aspergillus species were isolated and identified from feed samples 
using two standard media, such as Yeast Extract Sucrose Agar (YES) 
and Aspergillus Flavus and Parasiticus Agar (AFPA; Variane et al., 
2018). To prepare YES agar, the following ingredients were added: 
yeast extract (4 g/L), sucrose (20 g/L), potassium dihydrogen 
phosphate (1 g/L), magnesium sulfate (0.5 g/L), and agar (15 g/L). 
Meanwhile, 20 g/L of yeast extract, 10 g/L of bacteriological peptone, 
0.5 g/L of ferric ammonium citrate, and 15 g/L of agar were used to 
prepare AFPA agar. Chloramphenicol was added to both culture 
media after they were autoclaved at 121°C and 15 psi for 15 min to 
inhibit bacterial growth.

2.4 Isolation of Aspergillus species

Fungal isolation from the feed sample was conducted using the 
method outlined by Álvarez-Días et  al. (2022) and Alsalabi et  al. 
(2023) with some modifications. Briefly, 1 gram of ground feed 
samples to a particle size of 0.01 mm (Chincan, FW100, China), was 
weighed into a sterile test tube. Distilled water (9 mL) was added into 
15 mL of sterilized falcon test tube and vortexed for 5 min. Serial 
dilutions of 10−1, 10−2, 10–3, and 10−4 were prepared, and 1 mL of the 
suspension was dispensed onto 90 mm petri plates containing YES 
agar medium. The plates were then incubated in the dark at 26°C for 
5–7 days, following the method described by Variane et al. (2018). The 
primary identification of Aspergillus species were carried out using the 
sprouted cultures, following the method described by Klich (2002) 
and Samson et al. (2014). Colony counting was performed using a 
Gallenkamp, United  Kingdom, colony counter. Subsequently, the 
colony count of Aspergillus species in feed samples was determined 
according to Adelusi et al. (2022) and expressed as colony-forming 
units per gram of sample (cfu/g).

 
cfu g

Number of colonies x reciprocal of the dilution factor
/ =

pplating volume mL1( )

Moreover, the contamination frequency (Fr) and relative density 
(RD) of the Aspergillus species colony were calculated as described in 
Vera et al. (2016).

 
Fr

Number of the samples with a species

Total number of sa
%( ) =

mmples
x100%

 
RD

Number of the isolates of a species

Total number of the
%( ) =

  fungi isolated
x100%

2.5 Identification of Aspergillus species

To obtain pure cultures for morphological identification, the 
colonies of each species grown on YES agar were transferred to AFPA 
agar and incubated at 25°C in the dark for 5 days (Variane et al., 2018). 
Subsequently, the identification of Aspergillus species was carried out 
using their macroscopic and microscopic characteristics, as described 
in the keys provided by Klich (2002) and Samson et  al. (2014). 
Macroscopic identification of Aspergillus species was based on colony 
color, while microscopic identification relied on the Lactophenol cotton 
blue slide staining technique, which examined conidia, vesicles, and 
phialides. Slide smears were viewed using a bright field compound 
microscope (Olympus CX2LI) under 10-x and 40-x magnification 
lenses, and photomicrographs of each species were taken.

2.6 Detection of aflatoxigenic Aspergillus 
isolates

From the identified Aspergillus species, the colony cultures of 
A. flavus and A. parasiticus, which can produce aflatoxins, were further 
sub-cultured on Coconut-Agar Medium (CAM). The preparation of 
CAM was based on the technique outlined by Ahmed et al. (2023) for 
testing of aflatoxigenic Aspergillus species using UV-fluorescence 
emission. To prepare CAM, 300 mL of hot distilled water and 100 g of 
coconut powder were mixed and passed through four layers of 
cheesecloth. Sodium hydroxide (Sigma-Adrich, India) was then added 
to adjust the pH to 7.0, and 20.0 g of agar was added to 1,000 mL of 
media as a solidifying agent. The culture media were autoclaved at 
121°C and 15 psi for 15 min and chloramphenicol was added to inhibit 
bacterial growth. After incubating the A. flavus and A. parasiticus 
colony cultures in the dark at 26°C for 5–7 days, they were viewed under 
UV-fluorescence at a wavelength of 365 nm to test their aflatoxin-
producing potential. The colonies producing aflatoxins displayed a blue-
green fluorescence, while colonies that did not produce aflatoxin did not 
show such fluorescence (Abd El-Aziz et al., 2021).

2.7 Statistical analysis

The collected data was checked and entered into Microsoft Excel 
2016 (MS Excel®) and then exported to SAS software (SAS Institute, 
Cary, NC, United States) for analysis. The incidence, RF and RD of 
Aspergillus species were summarized and presented using graphs and 
frequency tables. The logarithmic function log10 (x + 1) was used to 
transform the fungal counts prior to data analysis. The data analyses 
were performed using analysis of variance (ANOVA). Duncan’s test 
was employed to compare the mean colony counts (log10cfu/g) of each 
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Aspergillus species among the study locations, feed sources, and feed 
types (α = 0.05).

3 Results

3.1 Incidence of Aspergillus species in feeds

The assessment of Aspergillus species incidence in the analyzed 
dairy feeds is presented in Figure  2. The overall frequency of 
Aspergillus species contamination in feed samples was analyzed. Out 
of the 180 concentrate feed samples examined, 145 (80.60%) feeds 
were contaminated by Aspergillus species, with an overall mean count 
of 3.04 log10cfu/g (Figure 3). However, 35 (19.4%) feed samples did not 
yield any Aspergillus species isolates. Furthermore, the feed samples 
collected from Dire Dawa city showed a higher incidence of Aspergillus 
species (29.4%) compared to other study locations such as Harar city 
(26.1%) and Chiro town (25%). Additionally, the feed samples 
collected from the specialized dairy farms (42.2%) had a higher 
incidence of Aspergillus species than the feed samples from local 
markets (38.3%). There was also a higher incidence of Aspergillus 
species in TMR (30.6%) compared to other feed types such as MF 
(26.7%) and WB (23.3%).

3.2 Identification, relative frequency and 
density of Aspergillus species

The figures below present the macroscopic and microscopic 
characterization of three different Aspergillus species. The isolates of 
A. flavus exhibited a yellowish-green color when viewed from the 
observe side and a cream to yellow hue when viewed from the reverse 
side (Figures  4A,B). Figures  5A,B depict colony isolates of 
A. parasiticus, which displayed a dark green color when viewed from 
the observe side and a creamy-yellow color from the reverse side. 
A. niger was observed with a creamy to creamy-yellow color from the 
reverse side and a black color from the observe side (Figures 6A,B).

Additionally, photomicrographs of each species were taken and 
examined to further identify the three Aspergillus species. For this 
purpose, slide smears from each pure culture were stained with 
lactophenol cotton blue and observed under a computer-mounted 
compound microscope. Consequently, A. flavus lactophenol-stained 
microscopic slide cultures displayed long hyphae with fertile vesicles 
on all sides (Figure 4C). On the other hand, A. parasiticus showed 
long, roughened hyphae with globose heads radiating from all 
surfaces (Figure 5C), and black A. niger revealed long hyphae with 
globose, blackish-brown fertile heads covering the entire surface 
(Figure 6C).

Moreover, Figure  3 illustrates the relative frequency, relative 
density, and mean count of Aspergillus species in dairy feeds. Among 
the identified species, A. flavus was the most dominant, accounting for 
80% of the occurrence with a mean count of 2.73 log10cfu/g. 
A. parasiticus had a relative frequency of 73.3% with a mean count of 
2.43 log10cfu/g, while A. niger had a frequency of 58.3% with a mean 
count of 1.68 log10cfu/g in dairy feeds. Similarly, in terms of relative 
density, A. flavus (53.8%) was the most abundant species, followed by 
A. parasiticus (27.74%) and A. niger (9.4%). Figure 3 also indicates the 
proportion of samples where the total count of Aspergillus species 
exceeded the good manufacturing practices (GMP) of >1 × 104 cfu/g in 
dairy feeds. Out of the total of 180 feed samples, 37.20% exceeded the 
GMP standard.

3.3 Prevalence of Aspergillus species in 
feeds

The occurrence of three identified Aspergillus species in dairy 
feeds was assessed and presented across the study sites, feed sources, 
and feed types (Table  1). The results showed that there was no 
significant difference (p > 0.05) in the occurrence of total Aspergillus, 
A. flavus, A. parasiticus, and A. niger between the study sites. 
However, there was a numerically higher occurrence of total 
Aspergillus species (36.6%), A. flavus (36.8%), A. parasiticus (37.1%), 
and A. niger (35.2%) in feed samples collected from Dire Dawa city 

FIGURE 2

Incidence of Aspergillus species in feeds across study sites, feed sources, and feed types.
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compared to the other urban centers. In Harar city, the occurrence of 
total Aspergillus (31.7%), A. flavus (31.3%), A. parasiticus (32.6%), 
and A. niger (31.4%) was found, while in Chiro town, the occurrence 
of total Aspergillus (31.7%), A. flavus (31.9%), A. parasiticus (30.3%), 
and A. niger (33.3%) was observed.

Similarly, there was no significant difference (p > 0.05) in the 
occurrence of all Aspergillus species between the feed sources. The 
occurrence of total Aspergillus (52.4%), A. flavus (52.1%), A. parasiticus 
(50.7%), and A. niger (52.4%) was found in feed samples collected 
from dairy farms, and the occurrence of total Aspergillus (47.6%), 
A. flavus (47.9%), A. parasiticus (49.2%), and A. niger (47.6%) was 
observed in feed samples collected from local markets.

However, when analyzing the feed types, a significant difference 
(p < 0.05) was found in the occurrence of Aspergillus species, except 
for A. niger. The highest contamination of total Aspergillus (37.9%), 
A. flavus (38.2%), and A. parasiticus (38.6%) was observed in the 
total mixed ration (TMR), compared to maize feed (MF) and wheat 
bran (WB). The contamination rates of total Aspergillus (33.1%), 
A. flavus (33.3%), and A. parasiticus (32.6%) in MF were not 
significantly different from the contamination of total Aspergillus 
(29.0%), A. flavus (28.5%), and A. parasiticus (28.8%) in 
WB. Although there was no significant difference, a higher 
occurrence of A. niger was found in TMR (37.1%) compared to MF 
(32.4%) and WB (30.5%).

A. flavus A. parasitus A. niger T. Aspergillus
FIGURE 3

Mean isolate, relative frequency, and density of Aspergillus species in dairy feed.

A

C

B A

C

B

FIGURE 4

AFPA cultures of A. flavus (A) front, (B) reverse and (C) hyphae photomicrograph.
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3.4 Mean colony counts of Aspergillus 
species in feeds

In this study, Tables 2, 3 present the log-transformed mean ± standard 
deviation, mean, and range of colony-forming units per gram (cfu/g) of 
Aspergillus species across the study sites, feed sources, and feed types. The 
results show a significantly different log10cfu/g mean of total Aspergillus 
species in feed samples between the study sites (p < 0.05) and feed types 
(p < 0.01). The feed samples collected from Dire Dawa city had a 
significantly higher mean count of 3.47 ± 1.34 log10cfu/g (1.09 × 104 cfu/g) 
for total Aspergillus, with a range of 1 × 103 to 3 × 104 cfu/g compared to 
the feeds from the other urban centers. However, there was no significant 
difference in the mean count of total Aspergillus species between feeds 
collected from Chiro town (2.77 ± 1.58 log10cfu/g, with a range of 
3 × 102–1 × 104 cfu/g) and feed samples from Harar city (2.89 ± 1.64 
log10cfu/g, with a range of 1.2 × 103–2.5 × 104 cfu/g).

Similarly, there was a significantly higher mean count of total 
Aspergillus species in total mixed ration (TMR) of 3.65 ± 1.16 
log10cfu/g (1.18 × 104 cfu/g) with a range of 1 × 103 to 3 × 104 cfu/g 
compared to maize feed (MF) and wheat bran (WB). Additionally, the 
mean count of total Aspergillus species in MF (3.06 ± 1.57 log10cfu/g 
with a range of 1.2 × 102 to 2.5 × 104 cfu/g) was significantly higher 
than the mean count in WB (2.42 ± 1.63 log10cfu/g with a range of 
1 × 103 to 1.4 × 104 cfu/g).

Furthermore, a highly significant (p < 0.01) log10cfu/g mean count 
of Aspergillus species was observed between the study sites, except for 
A. niger. The feed samples from Dire Dawa city had a significantly 
higher mean count of 3.20 ± 1.27 log10cfu/g (6.23 × 103 cfu/g) with a 
range of 3 × 102 to 1.7 × 104 cfu/g for A. flavus, and a mean count of 
2.82 ± 1.41 log10cfu/g (3.91 × 103 cfu/g) with a range of 4 × 102 to 1.2 × 104 
cfu/g for A. parasiticus than the other urban centers. However, a mean 

count of 2.53 ± 1.55 log10cfu/g (3.37 × 103 cfu/g) with a range of 3 × 102 
to 1.2 × 104 cfu/g for A. flavus in feed samples from Harar city was not 
significant compared to a mean count of 2.47 ± 1.44 log10cfu/g (2.44 × 103 
cfu/g) with a range of 3 × 102 to 1 × 104 cfu/g recovered in feed from 
Chiro town. Likewise, a mean count of 2.35 ± 1.54 log10cfu/g (2.46 × 103 
cfu/g), with a range of 3 × 102 to 1 × 104 cfu/g for A. parasiticus in feed 
collected from Harar city was not significant compared to the mean 
count of 2.12 ± 1.55 log10cfu/g (1.84 × 103 cfu/g), with a range of 5 × 102 
to 1 × 104 cfu/g in feed from Chiro town.

As for feed sources, there was no significant difference (p > 0.05) 
in the mean count of all Aspergillus species between feed sources. The 
feed from specialized dairy farms had mean counts of total Aspergillus 
(3.23 ± 1.45 log10cfu/g), A. flavus (2.89 ± 1.39 log10cfu/g), A. parasiticus 
(2.54 ± 1.55 log10cfu/g), and A. niger (1.79 ± 1.48 log10cfu/g). On the 
other hand, the mean counts of total Aspergillus (2.86 ± 1.63 
log10cfu/g), A. flavus (2.58 ± 1.51 log10cfu/g), A. parasiticus (2.33 ± 1.50 
log10cfu/g), and A. niger (1.57 ± 1.44 log10cfu/g) were found in the feed 
samples collected from local markets.

Moreover, the mean count of log10cfu/g of the three Aspergillus 
species in feed samples showed a highly significant difference (p < 0.01) 
between the analyzed feed types (Table 4). Specifically, A. flavus was 
found in TMR with a significantly higher mean count of 3.26 ± 1.12 
log10cfu/g (5.83 × 103 cfu/g), ranging from 3 × 102 to 1.7 × 104 cfu/g 
compared to a mean count of 2.14 ± 1.52 log10cfu/g in WB. However, 
the mean count of A. flavus in MF was 2.80 ± 1.48 log10cfu/g (4.36 × 103 
cfu/g), ranging from 4 × 102 to 1.3 × 103 cfu/g which was not 
significantly different from TMR. A mean count of 2.98 ± 1.34 
log10cfu/g (4.62 × 103 cfu/g) within a range of 3 × 102 to 1.1 × 104 cfu/g 
for A. parasiticus and a mean count of 2.11 ± 1.57 log10cfu/g (1.33 × 103 
cfu/g) with a range of 2 × 102 to 4 × 103 cfu/g for A. niger in TMR were 
found significantly higher compared to the other feed types. However, 
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FIGURE 5

AFPA cultures of A. parasiticus (A) front, (B) reverse and (C) hyphae photomicrograph.
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FIGURE 6

AFPA cultures of A. niger (A) observe, (B) reverse and (C) hyphae photomicrograph.

TABLE 1 Prevalence of Aspergillus species in feeds across study sites, feed sources and types.

Categories aT. Aspergillus 
(n  =  145)

bA. flavus (n  =  144) bA. parasiticus 
(n  =  132)

bA. niger (n  =  105)

Study areas N (%) N (%) N (%) N (%)

Chiro 46 (31.7%) 46 (31.9) 40 (30.3) 35 (33.3)

Dire Dawa 53 (36.6%) 53 (36.8) 49 (37.1) 37 (35.2)

Harar 46 (31.7%) 45 (31.3) 43 (32.6) 33 (31.4)

p-value ns ns ns ns

Feed Source N (%) N (%) N (%) N (%)

Dairy farm 76 (52.4%) 75 (52.1) 67 (50.7) 55 (52.4)

Feed market 69 (47.6%) 69 (47.9) 65 (49.2) 50 (47.6)

P-value ns ns ns ns

Feed types N (%) N (%) N (%) N (%)

Maize feed 48 (33.1%) a 48 (33.3) a 43 (32.6) a 34 (32.4)

Total mixed ration 55 (37.9%) b 55 (38.2) b 51 (38.6) b 39 (37.1)

Wheat bran 42 (29.0%) a 41 (28.5) a 38 (28.8) a 32 (30.5)

P-value * * * ns

Column frequency (%) under the same category that bears different superscript are significantly different from each other; ns = p > 0.05; *p < 0.05; n = total number of positive samples; 
Frequency (%) abased on total number of samples tested; Frequency (%) bbased on total number of positive samples within species.
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a mean count of 2.39 ± 1.55 log10cfu/g (2.50 × 103 cfu/g), with a range 
of 4 × 102 to 1.2 × 104 cfu/g of A. parasiticus in MF was not significant 
compared to a mean count of 1.92 ± 1.50 log10cfu/g (1.09 × 103 cfu/g) 
with a range of 5 × 102–1 × 104 cfu/g in WB. Also, a mean count of 
1.63 ± 1.46 log10cfu/g (5.60 × 102 cfu/g) with a range of 3 × 102–3 × 103 
cfu/g of A. niger in MF was not significant compared to a mean count 
of 1.30 ± 1.25 log10cfu/g (2.16 × 102 cfu/g) with a range of 1 × 102–3 × 103 
cfu/g recovered from WB.

3.5 Frequency of aflatoxigenic Aspergillus 
species

A CAM-based UV-fluorescence test was used to assess the 
aflatoxin-producing potential of A. flavus and A. parasiticus 

colonies across the different study sites, feed sources, and feed 
types (Table  4). Overall, 81.40% of the screened Aspergillus 
colonies were found to be  aflatoxigenic, while 18.60% were 
non-aflatoxigenic. Among these toxigenic total Aspergillus 
colonies, 58.30% were A. flavus, and 41.70% were A. parasiticus. 
Therefore, the potential of aflatoxin-producing total Aspergillus 
colonies was significant (p < 0.05) between the study locations and 
feed types. The frequency of aflatoxigenic total Aspergillus colonies 
in feed samples from Dire Dawa city (32.60%) was significantly 
higher compared to the other study sites. However, there was no 
significant difference in the frequency of aflatoxigenic total 
Aspergillus between Chiro town (22.30%) and Harar city (26.50%). 
Similarly, the frequency of aflatoxigenic total Aspergillus colonies 
recovered in TMR (33.80%) was significantly higher compared to 
MF (25.0%) and WB (22.60%). There was no significant difference 

TABLE 2 Mean comparison of Aspergillus species colony isolates in feed (log10cfu/g).

Categories N T. Aspergillus 
(Mean  ±  SD)

A. flavus 
(Mean  ±  SD)

A. parasiticus 
(Mean  ±  SD)

A. niger 
(Mean  ±  SD)

Study sites

Chiro 60 2.77 ± 1.58a 2.47 ± 1.44a 2.12 ± 1.55a 1.69 ± 1.42

Dire Dawa 60 3.47 ± 1.34b 3.20 ± 1.27b 2.82 ± 1.41b 1.74 ± 1.47

Harar 60 2.89 ± 1.64a 2.53 ± 1.55a 2.35 ± 1.54a 1.61 ± 1.51

P-value * ** ** ns

Feed sources

Dairy farm 90 3.23 ± 1.45 2.89 ± 1.39 2.54 ± 1.55 1.79 ± 1.48

Local market 90 2.86 ± 1.63 2.58 ± 1.51 2.33 ± 1.50 1.57 ± 1.44

P-value ns ns ns ns

Feed types

MF 60 3.06 ± 1.57b 2.80 ± 1.48c 2.39 ± 1.55a 1.63 ± 1.46a

TMR 60 3.65 ± 1.16c 3.26 ± 1.12b 2.98 ± 1.34b 2.11 ± 1.57b

WB 60 2.42 ± 1.63a 2.14 ± 1.52a 1.92 ± 1.50a 1.30 ± 1.25a

P-value ** *** ** **

Column mean values under the same category that bears different superscript letters are significantly different from each other; ns = p > 0.05; **p < 0.01; ***p < 0.001; N, total number of 
samples; SE, standard error; SS, study sites; FS, feed sources; FT, feed types.

TABLE 3 Mean and range of colony counts of Aspergillus species in feed (cfu/g).

Categories N A. flavus A. parasiticus A. niger T. Aspergillus

Study sites Mean Range Mean Range Mean Range Mean Range

Chiro 60 2.44 × 103 0.3–10 × 103 1.84 × 103 0.5–10 × 103 5.98 × 102 0.2–3 × 103 4.88 × 103 1.0–22.5 × 103

Dire Dawa 60 6.23 × 103 0.3–17 × 103 3.91 × 103 0.4–12 × 103 7.65 × 102 0.1–4 × 103 1.09 × 104 1.0–30.0 × 103

Harar 60 3.37 × 103 0.3–12 × 103 2.46 × 103 0.3–10 × 103 7.48 × 102 0.1–3 × 103 6.58 × 103 1.2–250 × 103

Feed sources Mean Range Mean Range Mean Range Mean Range

DF 90 4.63 × 103 0.3–17 × 103 3.28 × 103 0.5–11 × 103 8.17 × 102 0.1–3 × 103 8.74 × 103 1.0–30 × 103

LM 90 3.39 × 103 0.3–13 × 103 2.19 × 103 0.3–12 × 103 5.90 × 102 0.1–4 × 103 6.17 × 103 1.0–25 × 103

Feed types Mean Range Mean Range Mean Range Mean Range

MF 60 4.36 × 103 0.4–13 × 103 2.50 × 103 0.4–12 × 103 5.60 × 102 0.3–3 × 103 7.43 × 103 1.2–25 × 103

TMR 60 5.83 × 103 0.3–17 × 103 4.62 × 103 0.3–11 × 103 1.33 × 103 0.2–4 × 103 1.18 × 104 1.0–30 × 103

WB 60 1.83 × 103 0.3–11 × 103 1.09 × 103 0.5–10 × 103 2.16 × 102 0.1–3 × 103 3.14 × 103 1.0–14 × 103

Overall 4.01 × 103 0.3–17 × 103 2.74 × 103 0.3–12 × 103 7.03 × 102 0.1–4 × 103 7.45 × 103 1.0–30.0 × 103

N, number of samples tested; DF, dairy farms; LM, local markets; WB, wheat bran; MF, maize feed; TMR, total mixed ration.

https://doi.org/10.3389/fsufs.2024.1407497
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Tesfaye et al. 10.3389/fsufs.2024.1407497

Frontiers in Sustainable Food Systems 10 frontiersin.org

in the frequency of aflatoxigenic total Aspergillus colonies 
recovered from MF and WB.

The results revealed significant variation in the aflatoxigenic 
frequency of both species among the study sites (p < 0.01). Specifically, 
the frequency of aflatoxigenic A. flavus (39.8%) and A. parasiticus 
(40.40%) in feed samples collected from Dire Dawa city was 
statistically higher compared to the other study sites. In contrast, the 
aflatoxigenic frequencies of A. flavus (32.0%) and A. parasiticus 
(31.90%) colonies in feeds from Harar city were not significantly 
different from the frequency of A. flavus (28.10%) and A. parasiticus 
(27.70%) colonies in feeds from Chiro town. However, the frequency 
of aflatoxigenic A. flavus and A. parasiticus colonies was not significant 
(p > 0.05) between feed sources.

There was a significant difference (p < 0.01) in aflatoxin-producing 
A. flavus and A. parasiticus colonies between the feed types. Therefore, 
a higher frequency of aflatoxin-producing A. flavus (41.90%) and 
A. parasiticus (40.90%) isolates were found in TMR compared to other 
feed types. Additionally, the isolation frequency of aflatoxigenic 
A. flavus in MF (28.90%) was significantly higher than in WB 
(29.20%). However, the isolation frequency of aflatoxigenic 
A. parasiticus isolates in MF (33.30%) did not differ significantly from 
WB (25.80%).

4 Discussion

Fungal contamination and related mycotoxins in animal feeds 
are a global issue because of their harmful effects on the health of 
humans and animals (Sarma et  al., 2017). Similarly, fungal 
contamination of major crop produce poses a serious threat to food 
safety and security in Ethiopia (Ayelign and De Saeger, 2020; Mamo 
et  al., 2020). This makes assessing the prevalence of Aspergillus 
fungus in dairy cattle feeds crucial. This study focused on the 

prevalence of Aspergillus species in different concentrate feeds 
collected from specialized dairy farms and local markets in three 
eastern Ethiopian urban centers.

The results of this study revealed that three distinct Aspergillus 
species were present in 80.60% (145/180) of the feeds that were 
examined, with variable proportions among study locations, feed 
sources, and feed types. Consistent with this finding, Motbaynor et al. 
(2021) reported a 72.5% incidence of Aspergillus in poultry feeds 
collected from Dire Dawa city in eastern Ethiopia. While research on 
fungal contamination in animal feeds is rather limited in Ethiopia, 
several studies have demonstrated a significant prevalence of 
Aspergillus species in cereal grains produced in various regions of the 
country. For instance, 94% of maize from Dire Dawa, Adama, and 
Ambo cities (Mamo et al., 2020), 70–100% of groundnut from eastern 
parts of Ethiopia (Mohammed et al., 2016), 80% of maize from South 
and Southwestern parts of Ethiopia (Getachew et al., 2018), and 47% 
of wheat grain from SNNP and Oromia regions were contaminated by 
Aspergillus fungi (Getahun et al., 2023).

Similar to the present findings, the incidence of Aspergillus species 
in dairy cattle feeds was reported at 80% (Adelusi et al., 2022) and 85% 
(El-Enbaawy et al., 2016) in South Africa and Giza governorate of 
Egypt, respectively. On the other hand, compared to the current 
findings, a relatively lower incidence of 63.6% (Iheanacho et al., 2014) 
and 33.3% (Omeiza et al., 2018) of Aspergillus species was reported in 
dairy feeds from South  Africa and the Central State of Nigeria, 
respectively. In contrast, a higher incidence of Aspergillus species 
(100%) in dairy feeds from smallholder dairy farmers in Harare, 
Zimbabwe was reported (Claudious et al., 2019).

The isolation and identification of Aspergillus species were 
performed using both macroscopic and microscopic techniques. The 
macroscopic colony color was used to identify Aspergillus species. In 
addition, Aspergillus species were identified using microscopic 
characteristics such as conidiophore, vesicle, phialides, and conidia. 

TABLE 4 Frequency of aflatoxigenic Aspergillus species colonies across feed types, feed sources, and study sites.

Categories aT. toxigenic 
n  =  986 (%)

aAtoxigenic n  =  225 
(%)

bA. flavus n  =  575 
(%)

bA. parasiticus 
n  =  411 (%)

Study sites

Chiro 22.30a 5.80 28.10a 27.70a

Dire Dawa 32.60b 8.00 39.80b 40.40b

Harar 26.50a 4.80 32.00a 31.90a

P-value * * *

Feed source

Dairy feed 40.40 10.20 50.40 48.40

Local market 41.00 8.30 49.60 51.60

P-value ns ns ns

Feed type

Maize feed 25.00a 6.30 28.90a 33.30a

Total mixed ration 33.80b 7.30 41.90b 40.90b

Wheat bran 22.60a 5.00 29.20a 25.80a

P-value * * *

Overall 81.40 18.60 58.30 41.70

Column frequency under the same category that bears different superscript are significantly different from each other (α = 0.05); ns = p > 0.05; *p < 0.05; n = total number of toxigenic colonies; 
Frequency (%) abased on total Aspergillus species colonies screened for aflatoxins; Frequency (%) bbased on total number of aflatoxigenic colonies within species.
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Thus, in our investigation, three distinct Aspergillus species 
contaminating dairy cattle feeds were identified. Consistent with this 
finding, A. flavus, A. parasiticus, and A. niger were isolated and identified 
from animal feeds based on their morphological characteristics, 
including colony colors, conidia, vesicles, conidiophores, and phialides 
(Habib et al., 2015; Saleemi et al., 2017; Rajarajan et al., 2021).

A. flavus, which accounted for 80% of contamination in dairy 
feed, was the most prevalent Aspergillus species, followed by 
A. parasiticus, which had a prevalence rate of 73.3%. In contrast, 
feed samples had a comparatively lower level of A. niger 
contamination at 58.3%. These findings are consistent with earlier 
studies that found a contamination rate of 85.96% for A. flavus 
(Rajarajan et al., 2021) and 58.3% for A. niger (El-Enbaawy et al., 
2016) in dairy feeds. On the other hand, lower contamination rates 
of A. flavus (65.6%), A. parasiticus (11.1%; Khalifa et al., 2022), and 
A. niger (24.16%; Rajarajan et al., 2021) were reported in feeds. 
Likewise, A. flavus was the most abundant species with a relative 
density of 53.8%, followed by A. parasiticus (27.74%) and A. niger 
(9.4%). The relative densities found in this study were in line with 
those found in dairy cow feeds: A. flavus (59.78%), A. parasiticus 
(19.4%), and A. niger (16.54%; Rosa et al., 2008; Makau et al., 2016; 
Rajarajan et al., 2021). However, it was shown that dairy feeds had 
lower relative densities of A. flavus (31.6%) and A. parasiticus 
(11.1%; Rosa et al., 2008; Khalifa et al., 2022).

Tables 1–3 shows the prevalence rate and mean log10cfu/g of the 
three identified Aspergillus species in dairy feeds. In this study, dairy 
feeds collected from Dire Dawa city had a slightly higher prevalence 
of total Aspergillus (36.6%), A. flavus (36.8%), A. parasiticus (37.1%), 
and A. niger (35.2%), however, the differences were not statistically 
significant (p > 0.05). It is difficult to find the prevalence data of 
Aspergillus fungi in animal feeds in Ethiopia. The results of this 
investigation are in line with a study carried out in a neighboring 
country, which found a non-significant (p  > 0.05) Aspergillus 
contamination in maize from Nandi (73%) and Makueni (80%) 
counties of Kenya (Okoth et al., 2012). Similarly, Aspergillus species 
prevalence was shown to be non-significant (p > 0.05) in maize from 
different parts of Bangladesh (Rafik et al., 2022). However, Motbaynor 
et al. (2021) found that poultry feed from Dire Dawa city in Ethiopia 
had a greater prevalence of A. flavus (48.9%) and a lower prevalence 
of A. parasiticus (23.6%). The inconsistencies in the fungal prevalence 
may arise from the feed ingredients or feed processing methods used 
in chicken feeds. In contrast to this finding, a significantly different 
prevalence of A. flavus and A. parasiticus in maize from Nandi and 
Makueni counties was found in Kenya.

Furthermore, the results of this study indicate that the total 
Aspergillus species had an overall mean count of 3.04 log10cfu/g 
(7.45 × 103 cfu/g) with a range of 1 × 103 to 3 × 104 cfu/g. In line with 
this finding, Iheanacho et  al. (2014) reported a 4 × 104 cfu/g of 
Aspergillus species population in compound feeds of dairy cattle from 
South Africa. However, a higher Aspergillus species count ranging 
from 1.4 × 103 to 7.3 × 105 cfu/g was found in the mixed feed of dairy 
cows from Rio de Janeiro state, Brazil (Keller et al., 2016). Similarly, 
Mirabile et al. (2019) reported a 7.91 log10cfu/g of Aspergillus species 
count in cattle feeds from Sicily, Italy, which was higher than the 
current finding. Whereas, a mean of 3.47 ± 1.34 log10cfu/g (1.09 × 104 
cfu/g) of total Aspergillus count in the feeds collected from Dire Dawa 
city was significantly higher than in the feeds from other study sites. 
Consistent with the present study, high mean counts of Aspergillus 

species in maize feed collected from the Eastern region 
(1.09 ± 6.42 cfu/g; range of 0–9.0 cfu/g) compared to the Western 
region (0.82 ± 6.05 cfu/g, range of 0–7.33 cfu/g) of South Africa (Nji 
et al., 2022). On the other hand, a study conducted on poultry feed 
from five agroecological zones in Nigeria, which concurs with our 
findings, found a mean count of 3.56 log10cfu/g of total Aspergillus 
species, with A. flavus being the most prevalent species (Ezekiel 
et al., 2014).

On the other hand, there is a higher mean count of 2.73 log10cfu/g 
for A. flavus compared to the mean count of 2.43 log10cfu/g for 
A. parasiticus and 1.68 log10cfu/g for A. niger in dairy feed. Consistent 
with this, a higher mean count of A. flavus (2.12 log10cfu/g) compared 
to A. parasiticus (0.32 log10cfu/g) and A. niger (0.74 log10cfu/g) was 
found in dairy (Omeiza et al., 2019). Similarly, feed from the Iranian 
province of Basrah was found to contain a higher mean count of 
A. flavus (8 × 103 cfu/g) compared to A. parasiticus (0.3 × 103 cfu/g) 
and A. niger (6.6 × 103 cfu/g; Alkhursan et al., 2021). Moreover, the 
feed samples collected from Dire Dawa city had a higher mean count 
of 3.20 ± 1.27 log10cfu/g (6.23 × 103 cfu/g) with a range of 3 × 102 to 
1.70 × 104 cfu/g for A. flavus and 2.82 ± 1.41 log10cfu/g (3.91 × 103 
cfu/g) with a range of 4 × 102 to 1.2 × 104 cfu/g for A. parasiticus 
compared to the feed samples collected from the other urban centers. 
According to Udom et al. (2012), dairy feed from the Jos south area of 
Plateau state in Nigeria had a mean count of 3.4 log10cfu/g of A. flavus, 
which is consistent with our study. Similarly, commercial feeds from 
Nigeria had an average A. flavus population of 3.27 log10cfu/g (Ezekiel 
et al., 2014). However, Ghiasian and Maghsood (2011) found that 
dairy feeds from Hamadan, Iran had lower mean levels of A. flavus 
(7.25 × 102 cfu/g) and A. parasiticus (7.5 × 102 cfu/g). On the other 
hand, corn grain from North Sumatera in Indonesia showed a 
comparatively higher mean count of A. flavus (4.8 log10cfu/g; Nurtjahja 
et al., 2022).

The environmental factors, such as ambient temperatures and 
relative humidity, that promote fungal growth in animal feeds 
(Awuchi et  al., 2022; Sissinto et  al., 2023), may have been the 
underlying factors for the mean differences of Aspergillus fungi in 
feeds across the study sites. Consistent with this, Ráduly et  al. 
(2020) reported that A. flavus (25–30°C), A. parasiticus (15–33°C) 
and A. niger (24–37°C) grow within a range of temperatures, 
whereas Shehu and Bello (2011) revealed that the growth of 
Aspergillus species increased linearly as relative humidity increased 
from 50.5 to 85.0 and 100%. Moreover, Mannaa and Kim (2018) 
revealed linear relationships, and a unit increase in temperature 
resulted in greater effects than that of relative humidity on fungal 
populations. In line with this, Dire Dawa city being located in a 
lowland agro-ecology and having higher ambient temperatures 
ranging from 19 to 32.8°C (Arabali and Amare, 2015) and (Dire 
Dawa Wikipedia, n.d.), may have contributed to a significantly 
higher mean count of total Aspergillus, A. flavus, and A. parasiticus 
than the other urban centers.

Furthermore, significantly different (p > 0.05) prevalence and 
mean count of total Aspergillus, A. flavus, and A. parasiticus were 
found between feed types (Tables 1–3). As a result, total mixed ration 
(TMR) had a significantly higher level of Aspergillus contamination 
(37.9%), A. flavus (38.2%), and A. parasiticus (38.6%) than maize feed 
(MF) and wheat bran (WB). This finding is consistent with a report by 
Omeiza et al. (2019), which found 33.3% A. flavus contamination in 
feeds for dairy cattle in South Africa. However, Davari et al. (2015) 
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reported lower A. parasiticus (8.3%) contamination in TMR, 
compared to this study. Furthermore, the prevalence of total 
Aspergillus species, A. flavus, and A. parasiticus found in WB feed 
samples was not statistically significant when compared to their 
prevalence in MF. In line with our finding, the prevalence of A. flavus 
(20.0%) in WB (Ghaemmaghami et  al., 2018) but higher in MF 
(52.5%; Ismael et  al., 2019) was observed. On the other hand, a 
relatively lower prevalence of A. parasiticus in WB (16.67%) and MF 
(7.5%) was reported compared to the present finding (Saleemi et al., 
2017; Ismael et al., 2019).

Moreover, a significantly higher mean count of 3.26 ± 1.12 
log10cfu/g (5.83 × 103 cfu/g) of A. flavus was observed in TMR 
compared to WB feed samples. While a significantly higher mean 
count of 2.98 ± 1.34 log10cfu/g (4.62 × 103 cfu/g) of A. parasiticus and 
2.11 ± 1.57 log10cfu/g (1.33 × 103 cfu/g) of A. niger in TMR was found 
compared to MF and WB feed samples. In contrast, a lower mean 
count of 2.12 log10cfu/g for A. flavus, 0.74 log10cfu/g for A. niger, and 
0.32 log10cfu/g for A. parasiticus was reported in concentrate mix for 
dairy feeds collected from the Fulani province in South  Africa 
(Omeiza et  al., 2019). Similarly, in the present study, significantly 
higher mean counts of 2.80 ± 1.48 log10cfu/g (4.36 × 103 cfu/g) for 
A. flavus in MF were observed compared to WB. In contrast, 
commercial wheat grains obtained from the Brazilian states of Parana 
and São Paulo showed a lower mean count of 28.8 ± 7.32 cfu/g of 
A. flavus (Faria et al., 2017). However, the mean counts of A. parasiticus 
and A. niger were not significantly different between MF and WB feed 
samples. Contrary to the present finding, lower counts of A. flavus 
ranging from 2.8 × 102 to 3.8 × 102 cfu/g and A. parasiticus ranging 
from 0.8 × 101 to 1.2 × 102 cfu/g were reported in maize feeds 
(Fakruddin et al., 2015). Likewise, maize feed collected from Amman, 
Jordan, contains a lower count of A. flavus ranging from 0.7 × 101–
1.05 × 102 cfu/g, and A. parasiticus ranging from 0.8 × 101–1.20 × 102 
cfu/g (Al-Hmoud et al., 2012).

In addition to the impact of environmental factors, the type of 
substrate, nutrient composition, and moisture content may all play 
a critical role in the significant differences in fungal populations 
among various feed types. In line with this, Kos et al. (2023), noted 
that the degree of colonization of fungus in a given food or 
feedstuff depends on numerous factors, including the type of 
substrate, the availability of nutrients, humidity, and others. 
Moreover, Daou et al. (2021) noted that fungi may grow quickly on 
a substrate high in carbohydrates and rich in carbon and nitrogen. 
Accordingly, this may hold true specifically to our study since TMR 
(13%) has a greater level of crude fiber than MF (2.2%) and WB 
(8.2%; Kim et al., 2018).

Moreover, 37.20% of the samples greater than the GMP 
standard (1 × 104 cfu/g) in Aspergillus species isolates were found 
in this study. In agreement with the current finding, 37.5% of dairy 
cattle feed and 37.14% of beef cattle feed beyond the GMP fungal 
count were reported in the Markazi province of Iran (Rezaei et al., 
2015). However, a higher sample proportion (48.4%) beyond 
1 × 106 cfu/g fungal count was reported in dairy feeds from 
different provinces of Egypt (Khalifa et  al., 2022). Moreover, 
Omeiza et al. (2019) reported that none of the mean counts of total 
Aspergillus species in dairy cattle feeds were beyond the maximum 
recommended limit for poor feed quality. Thus, comparing with 
this, the questions about feed safety fed to the dairy cattle without 
being checked, in the present study can be aroused.

On the other hand, there was no significant difference (p > 0.05) 
in the mean counts and occurrence of all Aspergillus species in the feed 
samples that were collected from dairy farms and local markets. 
However, compared to the occurrence (47.6%) and mean count 
(2.86 ± 1.63 log10cfu/g) in the feed samples from local markets, there 
was a numerically higher occurrence (52.4%) and mean counts 
(3.23 ± 1.45 log10cfu/g) of total Aspergillus in feeds from dairy farms. 
This may suggest that pre-harvest contamination of feed ingredients 
may contribute to the Aspergillus species contamination in the 
feedstuffs. In line with this, Assaye et al. (2016) reported both pre- and 
post-harvest contamination of Aspergillus fungi in cereal grain from 
the West Gojam zone of Ethiopia, where post-harvest had a higher 
fungal occurrence.

In Table 4, 81.40% of the screened Aspergillus colonies were found 
to be  aflatoxigenic. Among these, 58.30% were identified as 
aflatoxigenic A. flavus colonies, while 41.70% were A. parasiticus 
colonies. Consistent with the present study, 81.08% of aflatoxigenic 
Aspergillus species were reported in grain feeds (Salisu et al., 2020). 
However, a lower frequency of aflatoxigenic Aspergillus species was 
reported in dairy feed (52%) from Katsina State of Nigeria, animal 
feed from Algeria (68.4%), and dairy feed (25%) obtained from the 
Fulani province in South Africa (Ghaemmaghami et al., 2016; Salisu 
et al., 2020). Moreover, a comparable aflatoxigenic Aspergillus species 
(70%) was found in poultry feeds collected from Tehran and Alborz 
provinces (Ghaemmaghami et al., 2018). In the present study, the 
frequency of aflatoxigenic Aspergillus colonies screened from the feed 
collected in Dire Dawa city (32.35%) was found to be significantly 
higher than in Chiro town (22.11%) and Harar city (26.29%). 
Similarly, significantly different aflatoxigenic Aspergillus species were 
found in maize from Makueni and Nandi counties of Kenya (Okoth 
et al., 2012). Furthermore, the frequency of aflatoxigenic A. flavus 
(56.9%) and A. parasiticus (52.7%) in the feeds collected from Dire 
Dawa city was found statistically higher than in the other study sites. 
Inconsistent with this 54% of A. flavus isolates were reported in dairy 
feed collected from the Northern Punjab of Pakistan (Khalid et al., 
2018). Whereas, a higher aflatoxigenic A. parasiticus (75%) was 
reported in dairy feeds from Parana State of Brazil (Variane 
et al., 2018).

The high proportion of Aspergillus species with the potential to 
produce aflatoxins is a concern for the welfare of the dairy industry 
in the region, as this can affect animal health and pose a threat to 
public health. The variability in optimum temperatures among the 
urban centers may be  one of the factors contributing to the 
significant difference in the frequency of aflatoxigenic A. flavus and 
A. parasiticus throughout the study sites. Thus, Ráduly et al. (2020) 
noted that the optimal temperature for A. flavus and A. parasiticus 
to produce aflatoxin is between 28 and 35°C. Accordingly, the 
higher ambient temperature in Dire Dawa city compared to the 
other urban centers may have contributed to the higher frequency 
of aflatoxigenic A. flavus and A. parasiticus colonies found in the 
feed from this urban center.

Likewise, a significantly higher frequency of aflatoxigenic A. flavus 
(42.82%) and A. parasiticus (38.21%) colonies was found in TMR 
compared to the other feed types. In contrast to this finding, a higher 
isolation frequency of aflatoxigenic A. flavus (70%) in mixed feeds was 
reported (Bhagya et  al., 2019). Similarly, higher frequencies of 
aflatoxigenic A. flavus (43%) and A. parasiticus (67%) in maize, and 
A. flavus (50%) and A. parasiticus (80%) in wheat bran were reported 

https://doi.org/10.3389/fsufs.2024.1407497
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Tesfaye et al. 10.3389/fsufs.2024.1407497

Frontiers in Sustainable Food Systems 13 frontiersin.org

(Saleemi et al., 2017). However, a lower frequency of A. parasiticus 
(12.85%) was reported in mixed feed (Makau et al., 2016). Additionally, 
ambient temperatures and availability of water were found to 
be  important factors related to gene expression and aflatoxin 
biosynthesis of the fungus (Medina et al., 2014). Furthermore, complex 
sugar-containing substrates may be slower to digest and slow down 
aflatoxin production, while soluble sugar-containing substrates can 
readily digest and promote the production of more aflatoxins (Daou 
et al., 2021). Therefore, the higher proportion of aflatoxigenic Aspergillus 
species colonies in Dire Dawa city may have been promoted by both 
hotter climates and the substrates of TMR feed samples.

5 Conclusion and recommendation

The analysis of the prevalence of Aspergillus species in dairy 
feeds under investigation revealed a worrisome level of feed 
contamination (80.60%), with an overall mean fungal load of 3.04 
log10cfu/g. The identification and characterization of Aspergillus 
species highlighted the dominance of A. flavus (80.0%), followed 
by A. parasiticus (73.3%) and A. niger (58.3%). Thus, a significantly 
higher mean fungal load of total Aspergillus (3.47 ± 1.34 log10cfu/g), 
A. flavus (3.20 ± 1.27 log10cfu/g), and A. parasiticus (2.82 ± 1.41 
log10cfu/g) was observed in samples from Dire Dawa city, 
highlighting climatic conditions as one of the main underlying 
factors for Aspergillus growth and proliferation. Moreover, both the 
occurrence and mean counts of fungal load of total Aspergillus 
(37.9% and 33.80 log10cfu/g), A. flavus (38.2% and 7.30 log10cfu/g), 
and A. parasiticus (38.6% and 41.90 log10cfu/g) were significantly 
higher in total mixed ration, suggesting a potential association 
between feed composition and fungal contamination. Additionally, 
37.2% of examined feeds exceeded the GMP standard (>1 × 104 
cfu/g or 4 log10cfu/g) of total fungal load for dairy feeds, raising 
serious safety and quality concerns of feed for dairy cattle.

Furthermore, the potency of Aspergillus species colonies to 
produce aflatoxins presents major worries about aflatoxin 
contamination in dairy feeds and signifies a public health risk 
associated with dairy products. To further understand its calamity to 
public health risk, research on aflatoxin occurrence in feed and dairy 
products is vital. Thus, the widespread Aspergillus species 
contamination in dairy feeds across the study sites raises food safety 
and public health concerns in study locations, highlighting the urgent 
need for stringent measures for feed quality control to curb the 
prevalence of Aspergillus species in feed and the risk of aflatoxin 
exposure in dairy products. Additionally, awareness creation and 
initiation of appropriate mitigation strategies are essential for dairy 
stakeholders to minimize Aspergillus species prevalence and safeguard 
public health.
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