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Abstract
Aflatoxins are one of the major factors that affect the quality and safety of feeds. They can be transferred into livestock 
through contaminated feed and then onto humans via animal sources of food such as milk, meat, and eggs. The objective of 
this study was to detect and quantify the level of aflatoxins (B1, B2, G1, G2, and total aflatoxin) in dairy feeds, poultry (layer 
and broiler) feeds, and feed ingredients produced in Addis Ababa. A total of 42 feeds and feed ingredients consisting of dairy 
feeds (n = 5), poultry broiler feeds (n = 6), layer feeds (n = 6), and feed ingredients (n = 25) were collected from feed factories 
in the city and analyzed in fresh weigh basis. The aflatoxins were analyzed using high-performance liquid chromatography 
after clean-up with immunoaffinity columns. Aflatoxin B1 levels in feeds ranged from 51.66 to 370.51 µg/kg in dairy cattle 
feed, from 1.45 to 139.51 µg/kg in poultry layer feed, and from 16.49 to 148.86 µg/kg in broiler feed. Aflatoxin B1 levels in 
maize ranged from 2.64 to 46.74 µg/kg and in Niger seed cake from 110.93 to 438.86 µg/kg. Aflatoxin B1 levels in wheat 
bran, wheat middling, and soybean were below 5 µg/kg. 100% of dairy feeds, 67% of poultry layer, 67% of broiler feeds, 
and 24% of ingredients contained aflatoxin in levels higher than the maximum tolerable limit set by the US Food and Drug 
Administration and Ethiopian Standard Agency. This shows the need for strong regulatory monitoring and better feed man-
agement practices to prevent consumers of animal-source foods from significant health impacts associated with aflatoxins.
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Introduction

Animal feeds have an important role in enabling the eco-
nomic production of animal-source foods. Feeds may be 
produced in industrial feed mills, simple on-farm mixers, or 
by hand mixing (Afsah-Hejri et al. 2013). Feed safety and 
supply are closely associated because the origin, processing, 
handling, and storage of feedstuffs, as well as other market-
related factors, can influence both the quality and safety of 
feed at different levels (Pinotti 2011).

Poor nutrition is a major barrier to market-oriented live-
stock production. It leads to a slow growth rate in growing 
animals and low production and reproduction performance. 
Poorly fed animals give a low output of meat and milk. 

Nutritional problems also lead to delayed age of onset of 
puberty, long parturition intervals, low conception rates, and 
low overall lifetime reproductive performance. Under poor 
feeding conditions, animals take too long to reach optimum 
slaughter weight, and the meat produced by such animals 
may not satisfy the desired quality attributes to fulfill the 
demand of the consumers (Adugna 2008).

Aflatoxins are one type of mycotoxins, which are fungal 
metabolites produced by some strains of Aspergillus flavus and 
Aspergillus parasiticus. Eighteen different aflatoxins have been 
identified, but the major aflatoxins found in animal feedstuffs 
are aflatoxin B1 (AFB1), B2, G1, and G2. Lactating mammals 
that ingest AFB1 deposit the 4-hydroxylated metabolite, afla-
toxin M1 (AFM1), in their milk (Creppy 2002). Aflatoxin is pro-
duced at a temperature ranging between 12 and 40 °C, and it also 
requires 3 to 18% moisture (Duncan and Hagler 2008). Animals 
are exposed to aflatoxins through their feed (Gallo et al. 2015). 
Aflatoxins are produced in cereal grains as well as forages before, 
during, and after harvest in various environmental conditions 
(Yiannikouris and Jouany 2002).
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Several studies reported levels of aflatoxin levels in dairy 
cattle feeds, poultry layer feeds, broiler feeds, and feed ingre-
dients that were above the recommended FDA action level 
(Gizachew et al. 2016; Rehrahie 2018; Kotinagu et al. 2015; 
Greco et al. 2014). The presence of aflatoxins in feeds may 
decrease feed intake and affect animal performance. Besides, 
the possible presence of toxic residues in an edible animal 
product such as milk, meat, and eggs has detrimental effects 
on human health. Fungal contamination affects both the 
organoleptic characteristics and the alimentary value of 
feeds and entails a risk of toxicities (Akande et al. 2006; 
Gizachew et al. 2016).

Aflatoxins can cause acute or chronic toxic effects that 
can be characterized by mutagenic, teratogenic, carcino-
genic, hepatotoxic, and immunotoxic nature (Chu 2006). 
Several regulatory limits have been set for aflatoxins in feeds 
and feed ingredients. The levels vary depending on the feed 
type, ingredient type, or the age and type of animal that con-
sumes the feed. Several countries use the guidelines estab-
lished by the European Union (EU 2002) or by the United 
States Food and Drug Administration (FDA 2019) as a base 
for establishing regulatory limits. Although guidelines dif-
fer from each other, the maximum levels for aflatoxins are 
lower in the guidelines given by the EU than those drafted 
by the FDA (Khanafari et al. 2007). The Ethiopian Standard 
Agency (ESA) has also set a regulatory limit of 20 μg/kg for 
both dairy and poultry feeds (ESA 2019).

The presence of aflatoxin-contaminated milk in the mar-
ket is becoming an alarming problem. A recent study con-
ducted on dairy and feed samples collected from the greater 
Addis Ababa milk shed indicated that all collected milk and 
feed samples had detectable levels of aflatoxins. Most of 
the milk was contaminated with aflatoxin M1, and it was 
presumed that aflatoxin M1 contamination in milk must 
have originated from aflatoxin B1-contaminated cattle feed 
of lactating cows (Gizachew et al. 2016; Rehrahie 2018).

Considering the serious health-related issues associated 
with aflatoxins, it is important to study the contamination 
level of animal feeds thoroughly. Possible factors for the 
contamination of animal sources of food should be looked 
at to reduce the health risks of consumers and major eco-
nomic setbacks. This study will investigate the occurrence 
and contamination level of aflatoxins in animal feeds and 
ingredients produced in Addis Ababa, Ethiopia.

Materials and methods

Description of the study area

The study was conducted in Addis Ababa, Ethiopia. The 
city of Addis Ababa is a major trade center for animal feeds. 
In the city, there are 10 animal feed producers registered 

by the Veterinary Drug, Feed Administration and Control 
Authority (VDFACA), but three of them were out of busi-
ness during the time the study was conducted. Thus, animal 
feed and feed ingredient samples were collected from seven 
dairy and poultry feed factories in Addis Ababa, Ethiopia. 
These factories use five common ingredients, maize, wheat 
bran, wheat middling, soybean cake, and Niger seed cake, 
for producing dairy cattle, poultry layer, and broiler feed in 
different rations.

Sampling and sample collection

A total of 42 samples of dairy and poultry feed and feed 
ingredients were collected from 7 dairy and poultry feed 
factories in Addis Ababa, following the protocol outlined 
in ISO 6497:2002–Animal feeding stuffs–Sampling (ISO 
6497:2002). The samples included 25 feed ingredients (maize 
(n = 5), wheat middling (n = 5), wheat bran (n = 5), soybean 
meal (n = 5), and niger seed cake (n = 5)) and 17 feeds (dairy 
cattle (n = 5), poultry layer (n = 6), and broiler feed (n = 6)). 
To obtain reasonably representative samples, primary large 
samples of approximately 10 kg were collected from differ-
ent parts of the store, sack, or unit of feed according to the 
sampling points calculated using the square-root relationship 
between lot size and number of increments as specified in 
ISO 6497:2002. The samples were then homogenized and 
quartered to obtain a 1 kg laboratory sample. The samples 
were transported to the laboratory for analysis in sealed plastic 
sample bags. The samples were stored at 4 ℃ prior to analysis 
and analyzed within 3 days after the collection.

Sample preparation

The samples were prepared following the protocols outlined 
in ISO 6498:2012–Animal feeding stuffs–Guidelines for 
sample preparation (ISO 6498:2012) in their fresh weight 
basis. As the distribution of aflatoxin is extremely non-
homogeneous, laboratory samples were homogenized by 
grinding the entire laboratory sample. The sampled 1 kg 
portions were ground using a high-speed multifunction lab-
oratory grinder (RRH-500A, Ririhong, China) and passed 
through a 1000 μm sieve. The ground samples were thor-
oughly homogenized using a laboratory mixer (B15, Brice, 
Australia) for 10 min each. Before and after grinding, the 
grinder was cleaned using a laboratory detergent and thor-
oughly dried to prevent cross-contamination.

Study design for knowledge, attitude, and practice 
(KAP) survey

A structured questionnaire was designed to collect informa-
tion from feed producers (seven production managers and 
seven owners/general managers), dairy farmers who use the 
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feed formulated by the feed producers (n = 9), and poultry 
farmers who use the feed formulated by the feed producers 
(n = 7) to capture their knowledge, attitude, and practice on 
aflatoxin contamination. The questionnaire was focused on 
their storage practices, awareness of mold growth, and the 
formation of aflatoxin on animal feed. A total of 30 partici-
pants were engaged in the survey.

Nutritional analysis with near‑infrared 
spectrometer (NIR)

The moisture, fat, protein, ash, and fiber content of the 
feed samples were determined using a NIR spectrometer 
(DS2500, FOSS, Denmark) (Balehegn et al. 2022; Harris 
et al. 2018). The NIR instrument was calibrated using grain, 
vegetal-protein, by-product so that infrared light can be 
detected number of organic compounds present in the sam-
ples will be interpreted.

Aflatoxin analysis

Materials and chemicals

Pure Reference Standards: obtained from Sigma-Aldrich and 
included aflatoxin B1 (Ref A6636–Batch No. 118K4094), 
aflatoxin B2 (Ref A9887–Batch No. 029K4062), aflatoxin 
G1 (Ref A0138–Batch No. 069K4001), and aflatoxin G2 
(Ref A0263–Batch No. 018K4019). The pure reference 
standards were stored in the dark at 4 °C. Standard solutions 
of all four aflatoxins were prepared in methanol and stored 
in the dark at 4 °C. Acetonitrile, n-hexane, water, methanol, 
sodium chloride, sodium phosphate dibasic, and sodium 
dihydrogen phosphate (HPLC grade, ≥ 99.9% assay, Merck 
KGaA, Germany) were used. Immunoaffinity columns were 
purchased from LC-Tech GmbH (AflaCLEAN™, LC-Tech 
GmbH, Germany). Standard Reference Material: peanut but-
ter SRM ® 2387 from NIST and Proficiency Testing Materi-
als: maize proficiency testing material from FAPAS (FAPAS 
04166) was also used to validate the method.

Extraction and clean‑up

Aflatoxins were analyzed using the method provided in 
AOAC 2003.02 (Horwitz and Latimer 2005). 20 g of feed 
sample and 2 g of salt (NaCl) were weighed and transferred 
into a jar. A 100 mL portion of a mixture of methanol and 
water (80:20, v/v) and 50 mL of n-hexane were added to the 
jar. The mix was placed on an orbital shaker (Ika KS 130 
basic, Ika-Werke GmbH & Co. KG, Germany) for 45 min, 
and the blended contents were filtered through Whatman 
No. 4 filter paper into a 500 mL filtration flask. The fil-
trate was transferred to a separatory funnel, and in the case 
of phase separation, the lower phase was used for the next 

steps. A 7 mL portion of the extract was taken and diluted 
with 43 mL of phosphate buffer solution (pH 7.2). The 
diluted filtrate (equivalent to 1.4 g of the sample) was passed 
through an immunoaffinity column at a flow rate of 2 mL/
min. The column was washed by passing 10 mL of water, 
and the toxin was eluted by 1 mL of 100% pure methanol 
two times and collected with a vial for HPLC injection.

Instrumentation and chromatographic conditions

The quantification of aflatoxins was performed using an Agi-
lent 1260 Infinity HPLC with a fluorescence detector (excita-
tion at 365 nm and emission at 440 nm). Column oven tem-
perature was set at 39 °C. The HPLC had a quaternary pump 
set to a flow rate of 1.2 mL/min, delivering the mobile phase 
consisting of acetonitrile, water, and methanol (15:60:25, v/v). 
The injection volume was set at 20 μL, and the data was pro-
cessed using Agilent Open Lab CDS software.

Post-column derivatization was achieved by hydroxyla-
tion from the water of the mobile phase under UV light at 
265 nm wavelength so that aflatoxins B2 and G2 would be 
formed and flourish well for easy detection, unlike the par-
ent B1 and G1. A reversed-phase C-18 HPLC column with 
a 5 µm particle size, 10 cm length, and 4.6 mm internal 
diameter was used for the separation of analytes.

Aflatoxins were identified using their retention time by 
first injecting a blank sample, followed by the injection of a 
20 μg/L pure aflatoxin analytical standard containing all four 
aflatoxins. The order of retention was in the order AFG2, 
AFG1, AFB2, and AFB1, with retention times of 5.36, 6.25, 
6.96, and 8.48 min, respectively.

Calibration curve preparation

Calibration curves were prepared for all four aflatoxins by 
using the standard solutions covering the concentration ranges 
from 0.5 to 10 μg/L for aflatoxin G2, 2 to 40 μg/L for afla-
toxin G1, 0.5 to 10 μg/L for aflatoxin B2, and 2 to 40 μg/L for 
aflatoxin B1. Peak areas of the different aflatoxins were plot-
ted against the concentrations, and linear regression analysis 
was used to calculate the equation and the correlation coef-
ficient of the standard curves. The correlation coefficients 
(r2) for all four 8-point calibration curves were greater than 
0.9985, demonstrating the linearity of the curves.

Validation of the method

The validation of the aflatoxin analytical method was per-
formed by Bless Agri Food Laboratory Services PLC (an 
ISO 17025 accredited laboratory) using replicate analyses 
of Standard Reference Material and Proficiency Testing 
materials. Their validation procedure comprised limit of 
detection, limit of quantification, linearity, accuracy and 
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precision, reproducibility, specificity and selectivity, recov-
ery, sensitivity, ruggedness, robustness, stability study, and 
working range and all are within the acceptable level for this 
study. The analytical method had a limit of detection of 0.3, 
0.9, 0.2, and 0.6 μg/kg for aflatoxins G2, G1, B2, and B1, 
respectively. The limit of quantitation was 0.7, 2.8, 0.7, and 
2.9 μg/kg for aflatoxins G2, G1, B2, and B1, respectively. 
The recovery for the different aflatoxins ranged from 94.2 to 
111.4%. The NIST SRM® 2387 Standard Reference Mate-
rial and the FAPAS 04166 Proficiency Testing Sample were 
also analyzed with each sample batch to monitor the accu-
racy of the method. The analyzed batch was only accepted 
if the recovery was between 80 and 120% (Horwitz 2002).

Quality assurance

To ensure the quality of the data, the accuracy and the preci-
sion of the method were also evaluated for all feed and feed 
ingredients analyzed in this study by spiking each sample 
with known concentrations of aflatoxins and analyzing afla-
toxin contents. The accuracy and precision evaluation result 
of all sample types in fresh weigh basis is shown in Table 1. 
The recoveries obtained ranged between 78.75 and 112.0% 
for all four aflatoxins. This demonstrates the accuracy of the 
method as the recoveries obtained were within the range of 
70 to 125% as specified in the AOAC guideline (Horwitz 
2002) for this concentration level. The %RSD obtained was 
within the range of 0.1% and 3.84%, showing the method’s 
precision as the values were below 15%. The LOD and LOQ 
were calculated using a signal-to-noise (S/N) ratio of 3 and 
10, respectively.

Calculation

The aflatoxin content of the feed samples was calculated 
using the following formula:

where n is ng of aflatoxin as eluate injected, Ve is final vol-
ume collected after elution from immunoaffinity column 
(µL), VI is volume eluate injected into HPLC (µL), We is 
weight of matrix represented by final extract (g), and DF is 
a dilution factor.

Statistical data analysis

For the purpose of data analysis, Microsoft Excel 2013 and 
IBM SPSS Statistics Version 20 software were used. One-
way analysis of variance (ANOVA) followed by Tukey’s 
honest significant difference test was performed to evaluate 
the difference in the level of aflatoxins between the feed 
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samples collected from the different study sites. All data 
results are presented in fresh weight basis. A p value of less 
than 0.05 was considered to show statistical significance.

Results and discussion

Aflatoxin in feed ingredients

The total aflatoxin content of the maize samples ranged 
between 2.64 and 106.72  µg/kg with a mean value of 
26.92 µg/kg, while the content of aflatoxin B1 was between 
2.64 and 46.74 µg/kg with a mean aflatoxin B1 content of 
12.71 µg/kg. Aflatoxins were not detected (ND) in some 
wheat bran samples, and concentrations ranged from ND 
to 5.82 µg/kg with a mean value of 3.7 µg/kg. The afla-
toxin B1 content of wheat bran ranged between ND and 
3.66 µg/kg with a mean value of 2.29 µg/kg. The total 
aflatoxin content of wheat middling ranged between ND 
and 4.75 µg/kg with a mean value of 2.2 µg/kg, while the 
aflatoxin B1 content ranged from ND to 12.77 µg/kg with 
a mean aflatoxin B1 concentration of 1.35 µg/kg. Total 
aflatoxin in soybean cake was between ND and 7.39 µg/
kg with a mean value of 3.36 µg/kg, and the aflatoxin B1 
content ranged between ND and 3.43 µg/kg with a mean 
value of 1.67 µg/kg. The total aflatoxin content of Niger 
seed cake ranged between 251.94 and 491.66 µg/kg, with 
a mean value of 385.45 µg/kg. Niger seed cake contained 
aflatoxin B1 ranging from 110.93 to 438.86 µg/kg with a 
mean value of 288.34 µg/kg (Table 2).

Many studies have been conducted on aflatoxin levels of 
feed ingredients in different parts of the world. In a study 
conducted in Iran, the mean aflatoxin contents of maize, 
wheat grain, wheat bran, and soybean meal were 2.35, 1.54, 
3.05, and 6.0 μg/kg, respectively (Nemati et al. 2014), which 
are similar to the findings of this study. A study by Gizachew 
et al. (2016) conducted on wheat bran and Niger seed cake 
samples in Ethiopia showed AFB1 levels ranging between 9 
and 31 µg/kg in wheat bran and between 290 and 397 µg/kg 
in Niger seed cake, respectively. These findings were similar 
to the reports of this study.

The high aflatoxin content in Niger seed cake samples 
could be the result of improper storage management and 
moisture content, which can increase the risk of mycotoxin 
formation and aflatoxin contamination. The traditional way 
Niger oil is extracted in Ethiopia involves heating, grinding, 
mixing with hot water, and centrifugation in a clay container 
by hand. The involvement of heat and high moisture content 
promotes mold growth. According to Schmidt-Heydt et al. 
(2010), water activity and temperature interactions have a 
significant effect on aflatoxin production. The high nutrient 
content and moisture content in Niger seed cake might have 
supported mold growth and formation of aflatoxin.
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Among the dairy and poultry feed ingredients in this 
study, the aflatoxin content of Niger seed cake showed a 
significant difference when compared to the rest of the 

ingredients (maize, wheat bran, wheat middling, and soya 
bean cake), with a p value of less than 0.05 for both aflatoxin 
B1 and total aflatoxin.

Table 1   Accuracy and precision of data for aflatoxin analysis in feeds and ingredients in fresh weight basis

Matrices Aflatoxin (µg/kg) Aflatoxin spiked 
(µg/kg)

Aflatoxin obtained 
(µg/kg)

%Recovery %RSD (n = 6)

Maize G2 0.32 1 1.28 ± 0.02 96.0 1.56
G1 7.36 4 10.96 ± 0.30 90.0 2.73
B2 0.41 1 1.35 ± 0.01 94.0 0.7
B1 7.29 4 11.01 ± 0.26 93.0 2.36

Wheat bran G2 0.26 1 1.30 ± 0.03 104.0 2.30
G1 1.61 4 5.76 ± 0.16 103.75 2.78
B2 0.32 1 1.25 ± 0.00 93.0 0.1
B1 0.91 4 4.85 ± 0.13 98.50 2.68

Wheat middling G2 0.19 1 1.26 ± 0.03 96.84 2.38
G1 2.29 4 6.36 ± 0.16 101.75 2.52
B2 0.23 1 1.26 ± 0.04 103.0 3.17
B1 1.30 4 4.45 ± 0.14 78.75 3.12

Soybean cake G2 0.24 1 1.36 ± 0.05 112.0 3.67
G1 2.36 4 6.43 ± 0.15 101.75 2.33
B2 0.45 1 1.35 ± 0.03 90.0 2.22
B1 2.50 4 6.43 ± 0.17 98.25 2.64

Niger seed cake G2 4.30 2 6.35 ± 0.15 102.5 2.36
G1 125.51 8 133.61 ± 1.99 101.25 1.49
B2 10.69 2 12.75 ± 0.24 103.0 1.88
B1 76.64 8 84.56 ± 1.22 99.0 1.44

Dairy feed G2 2.23 2 4.17 ± 0.16 97.00 3.84
G1 56.51 8 64.25 ± 0.99 94.37 1.54
B2 10.46 2 12.73 ± 0.26 96.75 2.04
B1 76.51 8 84.56 ± 1.23 100.62 1.45

Poultry layer feed G2 2.90 3 5.96 ± 0.06 102.00 1.06
G1 58.67 12 70.86 ± 0.16 101.58 0.22
B2 12.26 3 15.18 ± 0.23 97.33 1.51
B1 87.16 12 99.16 ± 1.03 100.58 1.03

Poultry broiler feed G2 1.16 3 4.21 ± 0.15 101.66 3.56
G1 17.23 12 29.35 ± 0.98 101.00 3.34
B2 1.55 3 4.58 ± 0.08 101.00 1.75
B1 16.35 12 28.26 ± 0.12 98.08 0.24

Table 2   Average levels of 
aflatoxin G2, G1, B2, B1, 
and total AF (µg/kg) in feed 
ingredients in fresh weight basis

ND not detected (< 0.5 μg/kg)

Sample N Level of aflatoxins in µg/kg

G2 G1 B2 B1 Total AF

Mean Mean Mean Mean Range Mean Range

Maize 5 1.35 11.54 1.32 12.71 2.64–46.74 26.92 2.64–106.72
Wheat bran 5 ND 1.5 ND 2.29 ND–3.66 3.7 ND–5.82
Wheat middling 5 ND 0.85 ND 1.35 ND–12.77 2.2 ND–4.75
Soybean cake 5 ND 1.69 ND 1.67 ND–3.43 3.36 ND–7.39
Niger seed cake 5 3.28 82.9 10.91 288.34 110.93–438.86 385.45 251.94–491.66
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Aflatoxin in feeds

Aflatoxin levels in dairy feeds

The total aflatoxin content of dairy cattle feed collected from 
the feed factories ranged between 114.23 and 557.12 µg/
kg, with a mean value of 313.03  µg/kg (Table  3). The 
aflatoxin B1 content of the dairy feed was between 51.66 
and 370.51 µg/kg, with a mean aflatoxin B1 content of 
192.80 µg/kg.

Gizachew et al. (2016) reported aflatoxin B1 content 
ranging between 7 and 419 µg/kg in dairy feed samples 
collected from the greater Addis Ababa milk shed and 
analyzed using commercial enzyme-linked immunosorb-
ent assay (ELISA). These values are similar to the reports 
of this study, and it is probably associated with the use of 
the same ingredient involving Niger seed cake. In a study 
conducted in Kenya, 74 dairy feed samples showed afla-
toxin contamination ranging between ND and 147.86 μg/kg 
(Makau et al. 2016). These values are lower than the values 
reported in this study. A total of 112 dairy feed samples 
analyzed in Costa Rica showed a mean aflatoxin concen-
tration of 290.04 µg/kg (Granados-Chinchilla et al. 2017). 
The reasons for differences in aflatoxin B1 content of feeds 
among Ethiopia and other countries could be associated with 
the differences in feed types commonly utilized.

Aflatoxin levels in poultry layer feeds

The total aflatoxin content of poultry layer feeds collected 
from feed factories in Addis Ababa ranged between 3.5 and 
260.60 µg/kg, with a mean value of 143.04 µg/kg, while the 
aflatoxin B1 content was between 1.45 and 139.51 µg/kg, 
with a mean aflatoxin B1 content of 74.80 µg/kg (Table 4).

Different studies on aflatoxin levels in poultry layer feeds 
were conducted in different parts of the world. In Jordan, 
52 poultry feed samples showed a maximum aflatoxin B1 
concentration level of 12.7 µg/kg (Alshawabkeh et al. 2015), 
which is significantly lower than what is observed in this 
study. Similarly, significantly lower total aflatoxin levels 

ranging from 5.3 to 29.9 µg/kg (Nsiah et al. 2023) and from 
1.0 to 13.6 µg/kg (Alahlah et al. 2021) have been reported 
in poultry feeds in Ghana and Morocco, respectively. In 
North Asia, 622 poultry feed samples showed aflatoxin B1 
levels ranging between 8.7 and 225 μg/kg (Rodrigues and 
Naehrer 2012), which is similar to the findings of this study. 
The significant variations in aflatoxin levels between the 
samples may be associated with storage conditions, includ-
ing factors such as warm temperature and humid environ-
mental conditions.

Aflatoxin B1 can have a strong influence on egg qual-
ity. It can lower the thickness of the shell, egg weight, egg 
production, and quality of eggs and increase the mortality of 
challenged hens. In addition, aflatoxin in the feed of laying 
hens can result in aflatoxin residue in the eggs; it is, there-
fore, very important to control aflatoxin levels in the feeds 
for laying hens (Oliveira et al. 2000).

Aflatoxin levels in poultry broiler feeds

The total aflatoxin content of poultry broiler feeds col-
lected from feed factories in Addis Ababa ranged between 
36.51 and 287.44 µg/kg, with a mean value of 151.07 μg/kg 
(Table 5). The aflatoxin B1 content of the poultry broiler 
feeds was between 16.49 and 148.86 µg/kg with a mean afla-
toxin B1 content of 71.22 μg/kg.

Table 3   Average levels of aflatoxin G2, G1, B2, B1, and total AF in 
µg/kg in dairy cattle feeds in fresh weight basis

ND not detected (< 0.5 μg/kg)

Sample G2 G1 B2 B1 Total AF

Dairy feed F001 2.43 93.99 12.64 153.61 262.67
Dairy feed F002 4.39 162.40 19.82 370.51 557.12
Dairy feed F003 5.14 156.67 11.48 311.57 484.86
Dairy feed F004 3.52 52.00 7.05 51.66 114.23
Dairy feed F006 2.26 56.70 10.69 76.64 146.29
  Mean 3.55 104.35 12.34 192.80 313.03

Table 4   Average level of aflatoxin G2, G1, B2, B1, and total AF in 
µg/kg in poultry layer feed in fresh weigh basis

ND not detected (< 0.5 μg/kg)

Sample code G2 G1 B2 B1 Total AF

Layer feed F001 3.08 66.28 12.22 95.19 176.77
Layer feed F001 2.85 58.75 12.22 87.09 160.91
Layer feed F002 2.95 102.65 18.85 121.50 245.95
Layer feed F004 ND 5.84 0.63 4.05 10.52
Layer feed F005 6.14 110.79 4.16 139.51 260.60
Layer feed F006 ND 2.06 ND 1.45 3.51
Average 2.50 57.73 8.01 74.80 143.04

Table 5   Average level of aflatoxin G2, G1, B2, B1, and total AF in 
µg/kg in poultry broiler feed in fresh weight basis

Sample G2 G1 B2 B1 Total AF

Finisher F001 3.15 78.96 13.24 99.16 194.51
Finisher F002 3.56 91.31 5.03 72.59 172.49
Finisher F004 1.18 17.18 1.66 16.49 36.51
Finisher F005 7.11 125.62 5.85 148.86 287.44
Finisher F005 4.56 91.60 6.03 72.59 174.78
Finisher F006 1.26 19.61 2.20 17.61 40.68
Mean 3.47 70.71 5.67 71.22 151.07
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In a study on broiler feeds (starter, grower, and finisher) 
conducted in Iran, aflatoxin B1 content ranged between 
1.28 and 40 µg/kg (Nemati et al. 2014). In Pakistan, a 
mean aflatoxin B1 content of 23.75 µg/kg and a maximum 
contamination level of 78 µg/kg were reported in poultry 
feed samples (Anjum et al. 2012). The values reported by 
both studies were significantly lower than the findings of 
this study. The significant variation in aflatoxin level for 
broiler feed samples could be the utilization of different 
feed ingredients. If a feed ingredient is contaminated, it can 
contaminate the full batch of feed produced (Gallo et al. 
2015). A recent study reported mean AFB1, AFB2, AFG1, 
AFG2, and AFT concentrations of 70.11 µg/kg, 13.50 µg/
kg, 88.55 µg/kg, 18.00 µg/kg, and 190.18 µg/kg, respec-
tively, in poultry feed samples collected from Bishoftu, 
Ethiopia (Kassaw et al. 2022), which are comparable to the 
findings of the present study.

Comparison of aflatoxin levels among the feeds

There was no significant difference (p > 0.05) in aflatoxin 
levels between poultry layer and poultry broiler feeds. How-
ever, there was a significant variation in levels of aflatoxin 
B1 and total aflatoxin in dairy feeds (Table 6). The reason 
for the higher level of aflatoxin contamination in dairy feeds 
could be associated with the high amount of Niger seed cake 
used in the preparation of dairy feed. The high aflatoxin 
contamination of dairy feed shows a higher risk of aflatoxin 

contamination, which leads to contaminated milk unless 
diluted with or replaced by other feeds.

Comparison of aflatoxin levels among  
the feeds and feed ingredients with the limit 
and nutritional quality

Out of a total of 25 dairy and poultry feed ingredient sam-
ples collected from the seven feed factories in Addis Ababa, 
24% (6 of 25) showed contamination of aflatoxin B1 and 
total aflatoxin level higher than the recommended 20 μg/kg 
limit set by the US Food and Drug Administration (Table 7). 
Ethiopia has a similar limit of 20 μg/kg for aflatoxin B1 and 
40 μg/kg for total aflatoxin. 20% (1 of 5) of maize grain 
and 100% (5 of 5) of Niger seed cake samples contained 
aflatoxin B1 and total aflatoxin higher than the action lev-
els set by the US FDA and the regulatory limit set by ESA. 
Wheat bran, wheat middling, and soybean cake samples all 
contained aflatoxin in levels lower than the limit.

All five dairy feed samples in this study contained afla-
toxin B1 higher than the 20 μg/kg action levels set by the 
FDA and the regulatory limit set by ESA (Table 7). Afla-
toxin B1 levels in dairy feed and feedstuff are important to 
human health since approximately 1–2% of the aflatoxin 
B1 in animal feed is transformed to aflatoxin M1 in milk. 
Therefore, aflatoxin B1 concentration in feed above standard 
limits may result in milk containing higher levels of afla-
toxin M1 (Oruc et al. 2007).

Table 6   Comparison of 
aflatoxin levels among feed 
types in fresh weight basis

a,b Different alphabet superscripts between feed types denote significant difference (p < 0.05) using Duncan 
multiple range test

Types of feeds N Mean aflatoxin level (µg/kg)

G2 G1 B2 B1 Total AF

Dairy feed 5 3.55a 104.35b 12.34a 192.80b 313.03b

Poultry layer feed 6 2.50a 57.73a 8.01a 74.80a 143.04a

Poultry broiler feed 6 3.47a 70.71a 5.67a 71.22a 151.07a

Table 7   Comparison of the 
aflatoxin B1 level in feeds and 
feed ingredients with the FDA/
ESA limit

ND not detected

Feed/feed ingredients N Samples with 
aflatoxins > FDA/
ESA limit

Percentage 
(aflatoxins > FDA/
ESA limit)

Mean 
aflatoxin 
(µg/kg)

Range (µg/kg)

Maize grain
Wheat bran
Wheat middling
Soybean cake
Niger seed cake

5
5
5
5
5

1
0
0
0
5

20%
–
–
–
100%

26.92
3.70
2.20
3.36
385.45

2.64–46.74
ND–3.66
ND–12.77
ND–3.43
110.93–438.86

Dairy cattle feed
Poultry layer feed
Poultry broiler feed

5
6
6

5
4
4

100%
67%
67%

192.80
74.80
71.22

51.66–370.51
1.45–139.51
16.49–148.86
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Aflatoxin B1 and total aflatoxin levels of the poultry feeds 
collected from four factories were higher than the action lev-
els set by the FDA and the regulatory limit set by ESA. The 
remaining two poultry feed samples (F004 and F006) showed 
aflatoxin contamination levels of 4.05 µg/kg and 1.45 µg/kg. 
The low amount of aflatoxin contamination in poultry layer 
feed in F004 could be associated with low Niger seed cake 
content since the nutritional quality of the feed, as observed 
from the NIR analysis, was low (Table 8). Poultry feed F006 
showed good nutritional quality, and its low aflatoxin con-
tamination may have been a result of using protein sources 
such as soybean cake instead of Niger seed cake.

The action level for aflatoxin in poultry broiler feed set 
by the FDA is 20 μg/kg. Among the six poultry broiler feed 
samples collected from the feed factories in Addis Ababa, 
four samples (67%) contained aflatoxin B1 levels higher 
than the ESA regulatory limit (Table 7).

Two of the poultry broiler feeds (F004 and F006) con-
tained aflatoxins at levels lower than the ESA regulatory 
limit set. In Ethiopia, the regulatory limit set for poultry 
broiler feed is 20 µg/kg for aflatoxin B1 and 40 µg/kg for 

total aflatoxin, which is similar to the action levels set by the 
FDA. The high contamination of broiler feeds with aflatox-
ins could be the result of poor storage conditions or the use 
of ingredients that were stored in bulk for a long time under 
conditions that favor the development of fungi.

In summary, among all the feed and feed ingredients 
investigated, 20% maize (1/5), 100% Niger seed cake (5/5), 
100% dairy feeds (5/5), 67% (4/6) poultry layer feeds, and 
67% (4/6) poultry broiler feeds contained aflatoxin B1 
higher than the 20 µg/kg action levels set by FDA and the 
regulatory limit set by ESA. Aflatoxin levels in wheat bran, 
wheat middling, and soybean cake were all below the toler-
able limit.

Aflatoxin knowledge assessment of feed producers 
and farmers

A total of 30 participants, including 7 dairy and poultry 
feed producers and 23 dairy and poultry farmers, were 
interviewed for their knowledge, attitude, and practice 
(KAP) regarding aflatoxin contamination in dairy and 
poultry feed.

The outcomes of the survey indicated that awareness of 
mold growth formation and mycotoxin is very low in dairy 
and poultry farmers. Knowledge about aflatoxins and their 
associated health impacts was very low. The farmers believe 
eating moldy food to be harmful, but they considered milk, 
egg, and meat from animals fed moldy feeds to be safe. This 
was supported by previous findings that showed lower levels 
of awareness about aflatoxins: 25% in Ethiopia (Gizachew 
et al. 2016), 6% in Vietnam (Lee et al. 2017), 12% in Zim-
babwe (Bankole and Adebanjo 2003), and 20% in Tanzania 
(Magembe et al. 2016).

From the seven feed factories, 86% of the respondents 
reported that they were aware of mold growth and the for-
mation of mycotoxin. And, among the 23 dairy and poultry 
farmers, 79% of respondents were not familiar with mold 
growth and aflatoxin formation. On the other hand, more 
than 50% of the respondents do not know about the transfer 
of aflatoxin from feed to animal sources of food.

Out of the 30 dairy and poultry feed producers and farm-
ers interviewed, 25 (80%) were not aware of cleaning, dry-
ing, ventilation, pest control, and visual inspection before 
and after storage of the feed. This practice is critical in feed 
handling as fungi can grow easily in the storage and result 
in the formation of aflatoxin. According to the survey result, 
over 50% of the dairy and poultry feed producers and 40% 
of farmers did not know that milk, egg, and meat could be 
contaminated with aflatoxin as a result of contaminated 
dairy and poultry feed. Feed processors were more aware 
of aflatoxin than dairy and poultry farmers, yet they did not 
control the quality of the raw materials and finished products 
for fear of risking their business.

Table 8   Nutritional composition (g/100 g) of the dairy, poultry, and 
feed ingredients measured using NIR spectrometer

Results are average of triplicate measurements

Feed ingredients Moisture Fat Protein Fiber Ash

Maize 12.50 3.60 7.42 2.38 1.42
Wheat bran 11.78 3.36 12.57 9.48 3.42
Wheat middling 11.78 12.54 3.52 8.31 2.39
Soybean cake 7.68 5.37 43.45 5.49 5.25
Niger seed cake 8.28 10.14 38.50 18.97 7.73
Dairy feed samples Moisture Fat Protein Fiber Ash
Dairy F001 9.94 3.61 20.00 10.69 6.01
Dairy F002 9.56 5.28 14.08 8.57 5.92
Dairy F003 9.72 3.24 20.21 9.35 6.03
Dairy F004 8.72 4.63 12.69 11.58 6.52
Dairy F006 5.63 4.46 21.80 12.71 8.28
Layers feed samples Moisture Fat Protein Fiber Ash
Layer 1 F001 8.99 9.4 25.39 8.60 7.01
Layer 2 F001 9.35 5.28 22.83 7.06 7.06
Layer F002 9.75 5.96 23.88 4.87 6.83
Layer F004 9.05 4.38 14.91 6.27 4.18
Layer F005 9.10 3.38 19.16 3.96 5.74
Layer F006 9.08 5.23 20.27 10.50 7.12
Broiler feed samples Moisture Fat Protein Fiber Ash
Finisher F001 8.36 4.11 19.30 8.02 5.55
Finisher F002 8.29 4.60 20.92 7.41 5.31
Finisher F004 8.69 4.78 15.64 8.26 4.76
Finisher1 F005 7.65 5.29 24.86 7.25 5.72
Finisher2 F005 8.03 4.58 21.16 7.19 5.07
Finisher F006 8.41 4.35 22.57 6.28 4.90
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Conclusions

Aflatoxins were detected in all dairy feeds, poultry feeds, 
and feed ingredients investigated in this study. According 
to the result of this study, 100% of the dairy feed, 67% of 
poultry layer and broiler feeds, 20% of maize, and 100% 
of Niger seed cake contained aflatoxin B1 higher than the 
levels set by FDA and ESA. The KAP assessment outcome 
about mycotoxin, specifically aflatoxin, in the feed facto-
ries and farmers was not satisfactory, and there is a huge 
knowledge gap. The findings revealed that feedstuffs and 
complete feeds in Addis Ababa serve as neglected, underes-
timated, and unmonitored sources of aflatoxins, which are 
transferred through animal-derived food items such as milk, 
eggs, and meat. Consequently, the need for surveillance and 
constant monitoring programs could be crucial. It is essen-
tial to implement the monitoring of regulatory limits appro-
priately, incorporating regular analyses of both animal feed 
and its constituent ingredients. This study revealed a high 
prevalence of aflatoxins in dairy and poultry feeds in Ethio-
pia, suggesting the need for comprehensive data and sur-
veillance concerning aflatoxin contamination. This neces-
sity extends beyond animal-derived foods to include crops 
intended for direct human consumption as well. Emphasis 
should be placed on the development of effective strategies 
for aflatoxin decontamination and deactivation, aiming to 
mitigate both animal and human exposure to aflatoxins.
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