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Aflatoxins are unavoidable, highly toxic, and carcinogenic secondary metabolites synthesized by 
specific fungal species within the Aspergillus genus, contaminating a wide spectrum of agricultural 
commodities, including malt barley. This study aimed to determine the concentration of total 
aflatoxins (AFT) in malt barley samples collected from major production and storage sites. A total 
of eighty-seven malt barley samples were obtained from farmers’ storage facilities and seed 
enterprises across the Amhara and Oromia regions of Ethiopia. Quantitative analysis of aflatoxin 
levels was performed using an enzyme-linked immunosorbent assay (ELISA). Among the analyzed 
samples, 30 (34.48%) tested positive for aflatoxins, whereas 57 (65.52%) were negative. The total 
aflatoxin concentrations in positive samples ranged between 0.0005µg/kg and 0.04µg/kg. The 
findings revealed minimal aflatoxin contamination in Ethiopian malt barley, with concentrations 
well below the maximum permissible limits set by the Food and Agriculture Organization (FAO) 
(20 µg/kg), the World Health Organization (WHO) (15 µg/kg), and the European Union (EU) (4–
15 µg/kg), depending on cereal usage. These results suggest that, under current agricultural and 
post-harvest conditions, the risk posed by aflatoxigenic Aspergillus species is low. The relatively 
low contamination levels are likely attributed to favorable pre- and post-harvest environmental 
conditions, mechanized harvesting, and proper post-harvest handling practices such as adequate 
drying prior to storage. Despite the encouraging findings, consistent monitoring and routine quality 
assessment of cereals are imperative to prevent potential public health hazards and to safeguard 
international trade integrity. 
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Introduction 

Barley (Hordeum vulgare L.) is among the earliest 
domesticated and most adaptable cereal crops worldwide, 
with archaeological evidence suggesting its cultivation in 
the Nile River Valley more than 10,000 years ago (Poets et 
al., 2015). Today, barley ranks as the fourth most important 
cereal globally after maize, wheat, and rice, serving 
primarily as a source of animal feed, malt for brewing, and 
food (FAO, 2021). It is cultivated on approximately 50–55 
million hectares worldwide, producing around 150 million 
metric tons annually (FAOSTAT, 2023). 

In Africa, Ethiopia is the second-largest barley 
producer after Morocco, accounting for roughly one-
quarter of the continent’s total barley output (FAO, 2019). 
The country’s agro ecological diversity supports both food 
and malt barley production, with nearly one million 
hectares under cultivation (CSA, 2021). Despite this, about 
90% of Ethiopia’s barley is food-type barley, and the 
supply of malt barley remains inadequate to meet the 
growing demand of local breweries (Gebremedhin et al., 
2022). The highlands of Arsi, Bale, North Shewa, and 
Gondar are particularly suitable for high-quality malt 
barley production (Tadesse and Derso, 2019). 

Barley productivity and quality, however, are 
constrained by a combination of socioeconomic 
limitations, abiotic stresses, and biotic challenges such as 
pests and fungal pathogens (Brown et al., 2011; Getachew 
et al., 2016). Among these, fungal contamination 
particularly by Aspergillus, Fusarium, Penicillium, 
Alternaria, and Cladosporium species poses a significant 
threat to grain safety and malt quality (Cairns et al., 2018; 
Medina et al., 2017). These fungi can colonize barley both 
pre- and post-harvest, especially under warm and humid 
conditions, leading to the production of toxic secondary 
metabolites known as mycotoxins (Marin et al., 2013). 

Aflatoxins, primarily produced by Aspergillus flavus 
and A. parasiticus, are among the most potent mycotoxins 
of global concern (Eskola et al., 2020). They are 
hepatotoxic, mutagenic, and carcinogenic, posing severe 
risks to human and animal health (IARC, 2012; Wild & 
Gong, 2010).  

Due to their ubiquity in food and feed systems, 
aflatoxins are considered unavoidable contaminants even 
under good agricultural and storage practices (Omara et al., 
2021). Barley and other cereal grains used in brewing 
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processes are particularly susceptible to aflatoxin 
contamination (Karolina et al., 2011; Mwanza et al., 2017). 

To safeguard consumer health, several international 
organizations have set maximum permissible aflatoxin 
levels 20µg/kg by the U.S. Food and Drug Administration 
(FDA, 2011), 15 µg/kg by the World Health Organization 
(WHO) and Food and Agriculture Organization (FAO, 
2020), and 4µg/kg for total aflatoxins in cereals intended 
for human consumption by the European Union (EU, 
2010). Exceeding these limits can lead to severe health 
implications and significant economic losses through 
international trade restrictions (Ayalew et al., 2022). 

The documented presence of aflatoxins in Ethiopian 
cereals and malt barley (Nigussie et al., 2018; Habtamu et 
al., 2001) stands in contrast to the paucity of systematic 
data regarding contamination in stored inventories. To 
address this knowledge deficit, the present investigation 
evaluates the prevalence and concentration of aflatoxins in 
stored malt barley across central Ethiopia's major 
production districts, providing an evidence base for the 
enhancement of food safety management and trade 
conformity measures. 
 
Materials and Methods 

 
Description of the Study Area 
The study was conducted across ten districts located 

within four major malt barley producing zones of Ethiopia 
Arsi, West Arsi, and Bale zones in the Oromia Regional 
State and North Shewa zone in the Amhara Regional State. 
These areas were purposively selected based on their 
significant contribution to national malt barley production 
and their relevance to the brewing industry (Addisu, 2017; 
Assefa et al., 2021). Detailed geographical coordinates, 
altitudinal ranges, and climatic characteristics of the study 
districts are summarized in Table 1. 

In the Bale Zone, the surveyed districts (Goba and Sinana) 
experience mean annual temperatures ranging from 14.4°C to 
22.8°C, with average annual rainfall between 628mm and 
930mm. Agriculture is the dominant economic activity, 
characterized by a mixed farming system involving cereals 
particularly wheat and malt barley alongside cash crops such 
as coffee. Crop cultivation typically follows two major 
growing seasons: the Belg (short rains) and Meher (main 
rains) seasons (Beyene et al., 2020). 

Districts within the Arsi Zone, notably Lemmu Bilbilo 
and Tiyo, exhibit mean annual temperatures between 

13.0°C and 15.1°C and receive annual rainfall of 
approximately 1,033 mm to 1,147 mm. The region benefits 
from well-distributed rainfall throughout the year, 
supporting the production of diverse crop types, including 
wheat, barley, and pulses (Dereje et al., 2021). The 
favorable agro ecological conditions make Arsi one of 
Ethiopia’s primary malt barley production hubs. 

The surveyed districts of the North Shewa Zone in the 
Amhara Region viz; Tarmaber, Debre Berhan, and 
Angolela have mean annual temperatures of 14.4–15.1°C 
and receive annual rainfall ranging from 926 mm to 989 
mm. The prevailing mixed farming system integrates the 
cultivation of annual and perennial crops with livestock 
production, which serves as an important livelihood source 
for smallholder farmers (Alemu et al., 2020). 

In the West Arsi Zone, the districts of Kofele, Adaba, 
and Dodola experience relatively warmer climates, with 
mean annual temperatures ranging from 20°C to 26°C and 
annual rainfall between 1,400 mm and 3,917 mm. The 
region features both tropical savanna and moderate 
highland climatic conditions, with a bimodal rainfall 
distribution pattern that supports two cropping seasons. 
The agricultural system is primarily mixed, involving 
livestock husbandry and cereal crop production—mainly 
wheat and malt barley (CSA, 2021; Worku et al., 2023). 

Overall, the selected study areas represent Ethiopia’s 
key malt barley production corridors, characterized by 
diverse agro ecological conditions and mixed farming 
systems that provide valuable insights into environmental 
and management factors influencing mycotoxin 
contamination. 

 
Sample Collection 
A total of eighty-seven malt barley (Hordeum vulgare 

L.) samples produced during the 2016 cropping season 
were randomly collected from farmers’ storage facilities 
and enterprise seed stores located in the previously 
surveyed areas. Each sample was meticulously labeled 
with essential metadata, including the collection site, date, 
and corresponding geographic coordinates (latitude, 
longitude, and altitude), to ensure accurate traceability and 
geospatial documentation (Table1). The sampling 
approach was designed to maintain representativeness and 
minimize bias, in accordance with established grain 
sampling protocols for mycotoxin analysis (FAO, 2019; 
Pitt & Hocking, 2009). 

 
Table1. Spatial characteristics and geographic coordinates of the study sites 

Region Zone District Altitude (m a.s.l.) Latitude (N) Longitude (E) 

Oromia 

Arsi Lemu-Bilbilo 
2,210–3,089 07°24′384″ – 08°00′802″ 39°07′248″ – 39°14′941″ Arsi Digelu-Tijo 

Arsi Tiyo 
Bale Goba 2,379–2,703 07°00′671″ – 07°07′103″ 39°58′186″ – 40°18′748″ 
Bale Sinana 2,379–2,703 07°00′671″ – 07°07′103″ 39°58′186″ – 40°18′748″ 
West Arsi Dodola 

2,415–3,038 06°58′591″ – 07°05′145″ 38°45′715″ – 39°30′529″ West Arsi Adaba 
West Arsi Kofele 

Amhara 
North Shewa Tarmaber 

2,674–2,932 09°27′477″ – 09°41′045″ 39°23′138″ – 39°45′782″ North Shewa Debre Berhan 
North Shewa Angolela 

Aflatoxin Analysis 
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The total aflatoxin concentration in each barley sample 
was quantified using the enzyme-linked immunosorbent 
assay (ELISA) technique, a highly sensitive and widely 
adopted method for mycotoxin detection in cereal matrices 
(Trucksess et al., 2017; Turner et al., 2009). 

 
Sample Preparation 
Eighty-seven representative malt barley samples were 

collected from farmers’ stores and local markets located in 
eleven districts across the Amhara and Oromia regions of 
Ethiopia. Approximately 400 g of each sample was milled 
to a fine powder, comparable in texture to instant coffee, 
ensuring that at least 50% of the material passed through a 
20-mesh sieve. Milling was performed using a laboratory 
mill (Thomas Wiley Laboratory Mill, Model 4, Arthur H. 
Thomas Co., and Philadelphia, PA, USA). 

From each homogenized sample, a 20 g subsample was 
extracted with 100 mL of 80% (v/v) methanol under 
continuous agitation for 7 minutes using a magnetic stirrer 
(Variomag Poly 15, Thermo Scientific, Thermo Electron 
LED GmbH, Langenselbold, Germany). The resulting 
suspension was filtered through Whatman No. 1 filter 
paper (Whatman International Ltd., Maidstone, UK). 
Subsequently, 5 mL of the filtrate was combined with 15 
mL of distilled water and 0.25 mL of Tween-20, followed 
by vortexing for 30 seconds to ensure uniform dispersion 
and emulsification of aflatoxin residues (AOAC, 2016; 
Stroka et al., 2013). 

 
Aflatoxin Quantification by ELISA 
Aflatoxin quantification was conducted using a Sigma-

Aldrich® Total Aflatoxin ELISA Kit (Low Matrix, 
Qualitative), employing a solid-phase direct competitive 
enzyme immunoassay format according to the 
manufacturer’s instructions. All reagents were equilibrated 
to ambient temperature (25°C) prior to analysis to ensure 
optimal enzyme activity. 

Briefly, 100 µL of each standard solution and prepared 
sample were pipetted in duplicate into designated wells of 
the microtiter plate, followed by the addition of 200 µL of 
sample diluent. Thereafter, 100 µL of enzyme conjugate 
and 50 µL of antibody solution were added to each well, 
and the plate was gently agitated manually to ensure 
homogeneity. The plate was incubated for 30 minutes at 
room temperature (25°C) in darkness to prevent photo 
degradation of reagents. 

Following incubation, the wells were emptied by 
inversion and blotted onto absorbent paper. Each well was 
washed twice with 250 µL of washing buffer to remove 
unbound reagents. Subsequently, 100 µL of chromogenic 
substrate was added to each well, and the plate was 
manually shaken and incubated for 15 minutes at room 
temperature in the dark. The enzymatic reaction was 
terminated by adding 100 µL of stop solution per well. The 
absorbance of each well was then measured using a 
microplate reader (Multiskan EX Microplate Photometer, 
Thermo Electron Corporation, Vantaa, Finland) at a 
wavelength of 650 nm within 30 minutes of adding the stop 
solution (Stroka et al., 2013; Trucksess et al., 2017). 
Results and Discussion 

 
Determination of total aflatoxin concentration by 

ELISA 
A total of 87 malt-barley samples were analyzed for total 

aflatoxin (AFT) using an enzyme-linked immunosorbent 
assay (ELISA). Thirty samples (34.48%) tested positive for 
AFT while fifty-seven (65.52%) were below the ELISA 
detection limit (Table 2). Concentrations in the positive 
samples ranged 0.0005–0.04 µg/kg, values that are several 
orders of magnitude lower than commonly cited international 
guidance values for instance FAO/WHO ~15µg/kg for certain 
uses; EU maximum limits for cereals intended for direct 
human consumption ~4µg/kg). 

When disaggregated by zone, samples from Arsi (n = 
37) yielded eight positives (21.6%) with AFT 
concentrations between 0.002 and 0.025 µg/kg; the 
remaining 29 samples (78.4%) were non-detectable. In 
Bale, positive samples ranged from 0.0035 to 0.017µg/kg, 
with 16 of the samples (76.2%) negative. West Arsi 
presented the lowest positive values (0.00046–0.017 
µg/kg), though sample numbers were smaller. North 
Shewa exhibited the highest proportion of positives: 13 of 
22 samples (59.1%) contained detectable AFT, at 
concentrations from 0.00077 to 0.036µg/kg. 

Overall, absolute AFT concentrations were extremely 
low across all zones despite a moderate prevalence 
(positivity) rate in some areas. These measurements 
indicate that, under the conditions at sampling, malt barley 
in the surveyed zones of Ethiopia exhibited negligible 
aflatoxin burden relative to international safety thresholds. 

 
Comparison with previous studies 
The present findings differ substantially in magnitude 

from several earlier reports from Ethiopia and elsewhere. 
Addisu (2017) reported total AFT concentrations of 5.3, 
1.9 and 6.72 µg/kg in traditionally produced samples from 
Debre Markos, Finote Selam and Injibara, respectively, 
and 1.22 and 1.69µg/kg in industrially produced malts 
values that are two to three orders of magnitude higher than 
the maxima observed here. Afework et al. (2018) similarly 
found appreciable AFT in malt-derived beers: 11 of 12 beer 
brands tested (91.7%) were AFT-positive at concentrations 
between 1.23 and 12.47 µg/L. Internationally, González et 
al. (2011) reported AFB1 in brewer’s grain in Argentina at 
19–44.5 µg/kg, and María et al. (2010) documented malt 
barley contamination in Spain in the range 0.15–0.34 µg/kg 
again generally higher than our measured maxima. 

Conversely, other more recent African studies indicate 
substantial spatial heterogeneity: while some surveys 
report high mean AFT in staple cereals (often tens to 
hundreds of µg/kg), other targeted surveys of processed or 
well-managed commodities yield low values (Mamo et al., 
2020; Omara et al., 2021). The broad pattern in the 
literature is therefore one of highly variable contamination 
driven by crop type, post-harvest handling, climatic 
conditions, and degree of industrial processing. 

 
Interpretation of Low Aflatoxin Concentrations 
The relatively low concentrations of total aflatoxins 

(AFT) detected in the analyzed malt barley samples may 
be attributed to a combination of post-harvest, agro 
ecological and methodological factors. 
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Figure2. Comparative total aflatoxin contamination of malting barley samples from four major malt barley producing 

zones in Ethiopia 
 
Table 2. Total aflatoxin contamination status of analyzed malting barley samples from four zones in Ethiopia 

Zone Number of samples 
analyzed 

Positive Negative Positive samples exceeding 
FAO, WHO and FDA limit Samples (%) Samples (%) 

Arsi 37 8(21.62%) 29(78.37%) 0 
Bale 21 5(23.81%) 16(76.19%) 0 
North Shoa 22 13(59.09%) 9(40.9%) 0 
West Arsi 7 4(57.14%) 3(42.85%) 0 
Total 87 30(34.48%) 57(54.03%) 0 

WHO- world health organization; FAO- Food and agricultural organizations; FDA- Food and drug administration 
 
First, post-harvest handling and processing practices 

play a central role in minimizing aflatoxin accumulation. 
Malt barley destined for commercial malting and brewing 
typically undergoes rigorous cleaning, sieving, and 
controlled drying procedures, which effectively reduce the 
fungal load and inhibit Aspergillus growth (Gebremedhin 
et al., 2022). Mechanized harvesting and prompt post-
harvest drying common in formal supply chains further 
shorten the duration during which fungal colonization and 
aflatoxin biosynthesis could occur. 

Second, agroecological and climatic conditions of the 
surveyed areas substantially influence the observed toxin 
levels. Aflatoxin production by Aspergillus species is most 
prolific under warm and humid environmental conditions, 
whereas the highland barley-producing regions of 
Ethiopia, such as Arsi, Bale, and West Arsi, are 
characterized by cooler temperatures and well-distributed 
rainfall patterns that are less favorable to fungal 
proliferation (Medina et al., 2017; Mamo et al., 2020). 
Such microclimatic variability may also explain the 
relatively higher aflatoxin positivity rate observed in North 
Shewa compared with other highland zones. 

Third, the commodity type and grain selection process 
likely contributed to the lower contamination rates. Malt 
barley intended for industrial malting is usually sourced 
from better-managed farms and subjected to quality 
screening prior to acceptance by malting plants. In contrast, 
earlier investigations reporting higher aflatoxin 
concentrations often involved raw or stored grains 
collected from informal markets and household stores, 
where storage conditions were less controlled and 
dampness could facilitate fungal growth (Addisu, 2017; 
Afework et al., 2018). 

Finally, analytical methodologies and detection limits 
may partially account for inter-study discrepancies. The 
enzyme-linked immunosorbent assay (ELISA) used in this 
study provides a rapid, cost-effective, and high-throughput 
screening approach; however, it is less sensitive at very low 
concentration ranges and can occasionally yield matrix-
related cross-reactivity. In contrast, chromatographic 
methods such as LC–MS/MS or HPLC with 
immunoaffinity column clean-up generally offer superior 
specificity and quantification accuracy (Omara et al., 
2021). Consequently, studies employing these advanced 
confirmatory techniques have sometimes reported 
comparatively higher aflatoxin values, even in similar agro 
ecological contexts. 

 
Spatial status of Aflatoxins across Geographic Areas 
North Shewa emerged as a distinct zone of concern, 

exhibiting the highest prevalence of contamination, with 
59.1% of samples testing positive. This contrasts sharply 
with Arsi, where only 21.6% of samples were positive. 
This disparity at the zonal level can be attributed to micro-
climatic variations. While all zones are highland areas, 
Medina et al. (2017) emphasize that aflatoxin production 
by Aspergillus flavus is exquisitely sensitive to subtle 
differences in water activity and temperature. The 
relatively higher positivity rate in North Shewa suggests 
localized conditions perhaps slightly warmer temperatures 
or specific post-harvest practices that are more permissive 
to fungal proliferation compared to the cooler, more 
consistently moist environments of Arsi and Bale (Mamo 
et al., 2020). 
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Despite the difference in prevalence, the concentration 
of AFT across all zones was remarkably low and 
homogenous, ranging from 0.00046 to 0.036µg/kg. This 
uniformity in magnitude, contrasted with the variability in 
prevalence, suggests that while the conditions for 
Aspergillus colonization (leading to detectability) may 
differ, the factors limiting toxin biosynthesis (leading to 
high concentrations) are consistent across these zones. This 
pattern underscores the value of zonal-level data for 
targeted interventions; resources for extension services on 
post-harvest handling could be prioritized for high-
prevalence zones like North Shewa, even if absolute toxin 
levels are currently safe. 

The analysis at the Woreda (district) level is largely 
inferential from the provided data, as the study aggregated 
results to the zone. However, the data's discussion points 
to the critical role district-level factors play in driving the 
zonal averages. The explanation for the low absolute 
concentrations points directly to woreda-level practices. 
For instance, the study attributes the negligible toxin levels 
to "rigorous cleaning, sieving, and controlled drying 
procedures" common in formal supply chains 
(Gebremedhin et al., 2022). These are not regional or zonal 
policies but are implemented at the farm, cooperative, and 
primary processing unit levels all of which are organized 
within woredas. The success of these practices, such as 
mechanized harvesting and prompts drying, depends on the 
local availability of technology, extension services, and 
infrastructure, which vary from woreda to woreda. 
Therefore, the uniformly low concentrations observed at 
the zonal level are likely the aggregate outcome of 
uniformly good practices across the constituent woredas in 
this specific supply chain. 

Furthermore, the stark contrast with previous Ethiopian 
studies highlights the woreda-level resolution. Addisu 
(2017) reported AFT concentrations (up to 6.72µg/kg) that 
are orders of magnitude higher than the current study's 
findings (max 0.036 µg/kg). This difference is not merely 
regional; it is contextual. Addisu's (2017) work involved 
traditionally produced samples from markets in Debre 
Markos, Finote Selam, and Injibara specific woredas or 
localities where post-harvest storage conditions were less 
controlled. This comparison demonstrates that 
contamination is a highly localized phenomenon. A 
woreda with a well-integrated, commercial malting barley 
supply chain can have a vastly different aflatoxin profile 
than a neighboring woreda serving informal, local markets, 
even within the same zone or region (Omara et al., 2021). 

This finding positions the Oromia and Amhara regions 
(where the surveyed zones are located) as sources of a 
commodity that meets stringent global food safety 
standards. This regional-level assurance is critical for trade 
negotiations and for promoting Ethiopian malt barley on 
the international market. It contrasts with the broader 
regional narrative for other staples in parts of Africa, where 
mean aflatoxin levels can reach tens or hundreds of µg/kg 
(Mamo et al., 2020). By establishing that malt barley from 
these highland regions conforms to safety limits, this 
regional analysis provides a powerful tool for 
policymakers and industry stakeholders to differentiate 
their product. 

 
 

Conclusion and Recommendations 
 
Although aflatoxin concentrations detected in this 

study were well below the maximum limits established by 
FAO/WHO (15 µg/kg) and the European Union (4 µg/kg), 
caution is warranted in interpreting these findings. The 
occurrence of aflatoxins in 34.5% of samples rising to 
59.1% in North Shewa indicates persistent low-level 
contamination. Such prevalence underscores the 
vulnerability of malt barley to rapid toxin escalation under 
suboptimal storage conditions, emphasizing that low mean 
concentrations do not equate to negligible risk. Aflatoxin 
contamination is temporally and environmentally dynamic; 
thus, longitudinal monitoring across storage periods and 
seasons is essential to identify critical risk windows. 
Overall, the findings suggest that malt barley in the 
surveyed Ethiopian highland regions is currently 
characterized by minimal aflatoxin burden. However, 
sustained surveillance, improved post-harvest 
management, and confirmatory laboratory analyses are 
crucial to maintaining product safety, safeguarding public 
health, and ensuring market compliance. 
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