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ABSTRACT 

 

Aflatoxin, the secondary toxic metabolites of Aspergillus species, particularly aflatoxigenic 

Aspergillus flavus and parasiticus have a detrimental effect on poultry health and production; 

through, there is an information gap about the magnitudes of aflatoxigenic aspargilus species 

and aflatoxin in poultry feed in the study area. Thus the study was conducted to evaluate the 

occurrence and associated risk factors for aflatoxigenic Aspergillus species in poultry feed in 

selected farms at Dire Dawa, Ethiopia. A cross-sectional study design was carried out from 

November 2019 to January 2020 on 374 poultry feed samples recruited by using stratified 

simple random sampling technique. A pretested structured questionnaire was used to assess 

the level of knowledge and prevention practices associated with aflatoxin in poultry feed. The 

isolation of aflatoxigenic Aspergillus species was made by Aspergillus flavus-parasiticus 

media and aflatoxin B1 was estimated by aflatoxin B1 Enzyme linked Immune Sorbent Assay.  

 

The magnitudes of aflatoxigenic Aspergillus species were found 72.5% (95% CI: 67.6-76.9). 

From the isolates 69.4% were toxigenic. The odds at which the species isolated were higher 

(p<0.05) in feeds stored more than two month (AOR=2.69), presence of rodents in the storing 

room (AOR= 2.67), feeds having high moisture content (AOR= 1.5) and feed ingredient types 

(AOR= 4.3) than their counter parts. Whereas the odds of fungal contamination were less 

(p<0.05) in home mixed feeds (AOR = 0.73) and in feeds which have lower moisture content 

(AOR = 0.19). As of the FDA maximum aflatoxin permissible limit 25% of home mixed feed 

and 37.5% of commercially formulated feeds were found above the permissible limit. Only 

34.4% of the respondents have knowledge and 32.8% apply prevention practice about fungal 

contamination and aflatoxin production in poultry feed respectively. The occurrence of 

aflatoxigenic Aspergillus species in poultry feed was associated with presence of rodents in the 

feed storing room with long storing period and high moisture contents of the feed. Home 

mixed feed is better than commercially formulated feed to reduce aflatoxin contaminations of 

poultry feed. The knowledge and prevention practices employed by farm managers and 

workers about fungal contamination and aflatoxin in poultry feed is found low.  

Keywords: Aflatoxin B1, Aspergillus species, Dire Dawa, Feed, Poultry 
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1. INTRODUCTION 

 

1.1 Background 

 

Poultry sector continues to grow and industrialize in many parts of the world and it is one of 

the key livestock subsectors of Ethiopia. Nowadays poultry production is becoming 

commercially oriented as poultry enterprise requires small space or land allocation as 

compared to larger livestock types and crop enterprises. These large populations of 

commercially produced poultry rely on manufactured poultry feeds. However, the ingredients 

used for the manufacture of poultry feed is usually prone to aflatoxin contamination due to the 

environmental and storage conditions (Abrar et al., 2013). 

 

Aspergillus flavus (A. flavus) and Aspergillus parasiticus(A. parasiticus) are the widespread 

fungi isolated from a wide range of animal feeds and human foods, known to produce a highly 

carcinogenic, hepatotoxic, mutagenic, and immunosuppressive toxins called aflatoxin 

(Herzallah, 2009). Aflatoxin is naturally occurring secondary metabolites of Aspergillus 

species that is getting a global animal and public health problems acquired through the 

ingestion of fungi contaminated crops, animal feeds and feed ingredients, and through the 

accidental consumption of crop and crop products by humans. Especially in the tropical and 

subtropical regions of the world, the problem is more pronounced associated with the warm 

temperatures and humidity of the environment that favors the growth of the fungi (Ejioffor et 

al., 2018). 

 

Cereals and plant protein sources like maize, wheat, soya bean, rice, wheat bran and sunflower 

meals that are used in poultry feeds are the main sources of fungal contamination and aflatoxin 

production during pre-harvesting, harvesting, transportation and storage (Anjum et al., 2012). 

Aspergillus germinate and grow better on feed and grains at moisture levels of 15% or above 

with 25 to 35
o
c temperatures, but for maximum aflatoxin production a moisture levels above 

17.5% and temperatures of 27 to 30
o
c is required. Aflatoxins reduce the nutritional quality of 
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ingredients by utilizing the nutrients present in the ingredients for their metabolism and 

propagation (Akande et al., 2006).  

 

Aflatoxin B1 (AFB1) is the most prevalent and the greatest toxigenic threat from the four 

major types of the aflatoxin molecules namely B1, B2, G1 and G2. AFB1 inhibits nucleic acid 

synthesis by either direct interaction with enzymes involved or by a toxin-DNA template. In 

poultry, AFB1 is rapidly absorbed from the small intestine into the mesenteric venous blood. 

B1 is metabolized into M1 and B2 in the liver and nicotinamide adenine dinucleotide 

phosphate linked enzyme system reduces B1 and B2 to cyclopentanol and aflatoxinol in 

chicken. However, in laying chickens, aflatoxinol is the major metabolite in muscles and 

blood and both AFB1and aflatoxinol accumulates in eggs (Anjum et al., 2012). AFB1 impairs 

all important production parameters in poultry including weight gain, feed intake, feed 

conversion efficiency, pigmentation, egg production, and male and female reproductive 

performance (Herzallah, 2013). Hence, regular monitoring of AFB1 in poultry feeds is an 

essential pre-requisite to prevent aflatoxin buildup in poultry feeds. 

 

The effect of aflatoxin on poultry depends on the age, physiological status, health, nutrition 

status and times of exposure. It is very difficult to get rid of or to reduce the contamination 

once the aflatoxin is produced because this toxin has a high physical and chemical stability. 

Poultry feed contains 60-80 % grains mainly maize, rice and wheat. In developing countries 

like Ethiopia the best quality grains are used for human consumption and grains with poor 

quality are used as an animal feed which increases the contaminations of the feed by the toxin. 

There is an information gap about the magnitudes of aflatoxigenic Aspergillus species and 

level of AFB1 in poultry feed in Ethiopia but there are reports on grains like maize, Wheat and 

sorghum (Amare et al. 2006) and in dairy feeds in and around Addis Ababa (Gzachew et al., 

2016) which shows higher prevalence of the fungus and the toxin in the grains and feed 

ingredients. 
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1.2 Statements of the Problem 

 

Poultry production is an important part of national economy and it plays a significant role as a 

source of high quality and quantity protein food for human beings at low cost in our country 

Ethiopia (FAO, 2019). As results, there are a number of small scale enterprises that joined the 

poultry farm industry annually, though they are not productive as expected. One of the main 

reason for this unproductiveness of the sector may be due to contaminations of the feed with 

aflatoxin producing fungi which greatly affects the poultry overall performance including egg 

production, body weight gain and disease susceptibility (Fouad et al., 2019). The adverse 

effects of aflatoxin contaminated diets consumed by poultry have an impact on productive 

performance of the birds range from the undetectable to devastating by way of reduced egg 

production in layers and breeders, and growth depression in broilers. (Stanley et al., 2004) A 

meta-analysis studies done on the assessment of the effect of aflatoxin in laying hens, 

exposures to aflatoxin will cause 14% decrease in hen-day egg production, 11% decrease in 

hatchability and 9% increase in embryonic mortality (Dersjant-Li et al. 2003: Stanley et al., 

2004). The toxin also increases the susceptibility of the birds to environmental stress (Allameh 

et al., 2005) and increase the exposure and severity of diseases like, salmonellosis, coccidiosis, 

aspergillosis, infectious bursal disease, marek’s disease and even can leads to vaccine failure 

in many live type vaccinations (Oswald et al., 2005). The non-specific symptoms and subtle 

nature of the aflatoxin challenge, warrants early warning system and preventive steps all along 

the production chain, rather than waiting for the devastation to happen.  

 

The environmental conditions of Dire Dawa are hot and humid, which favors fungal 

contamination and aflatoxin production. In addition, based on Dire Dawa city small scale 

enterprise office reports, a numbers of small scale enterprises of poultry are join the sector 

annually but most of them are unproductive and unsuccessful. For example in 2018, 11 small 

scale enterprises of poultry were joining the sector but only 5 of them are successful. The 

reason behind may be due to the contaminations of the poultry feed with aflatoxins which 

reduces the hens overall performance (Fouad et al., 2019). Hence this research work is 

targeted in estimating the magnitude and assesses risk factors for the occurrence of 

aflatoxigenic Aspergillus species in poultry feeds. 
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1.3. Objectives of the Study 

 

1.3.1. General Objective 

 

To estimate the magnitude and assess the related potential factors of aflatoxigenic Aspergillus 

species with  evaluations of the level of AFB1 in stored poultry feed at selected farms in Dire 

Dawa, Ethiopia from November 2019 to January 2020. 

1.3.2. Specific Objectives 

 

 To estimate the magnitudes of aflatoxigenic Aspergillus species in poultry feed in 

selected poultry farms at Dire Dawa, Ethiopia.  

 To assess the potential risk factors for the occurrence of Aspergillus species and for its 

toxin in poultry feed in selected farms at Dire Dawa, Ethiopia  

 To determine the level of AFB1 in poultry feed contaminated with aflatoxigenic 

Aspergillus species 

 To assess the awareness levels of farm managers and workers about fungal 

contamination and aflatoxin production in poultry feed. 

  

1.4. Research Questions 

 

1. What is the magnitude of aflatoxigenic Aspergillus species in poultry feed in the study 

area?  

2. What are the factors that contribute for the occurrence of aflatoxigenic Aspergillus 

species in poultry feed? 

3. What is the level of AFB1 in poultry feed in the study area? 

4. How is the awareness level of poultry farm owners and workers about aflatoxin in 

poultry feed? 
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1.5 Significance and Expected Out Came  

 

The findings of this study will redound to the benefits of poultry farms considering that 

Aspergillus species and its toxins in poultry feed is an important issues in both small and large 

scale poultry industry and it is also very important for the public in general since the aflatoxin 

can pass through the egg as residue which is the main causes of cancer, stunted growth in 

infants and reduced immunity in humans in general. Poultry enterprises, farmers, investors, 

associations, unions and anyone who wants to start or have already started the business strive 

to minimize the production loss due to aflatoxin. The outcome of this research therefore will 

be used to recommend them for optimum management of aflatoxigenic Aspergillus species 

and its toxin in the poultry feed.  

 

The study will help also for the animal health workers, veterinarians and other stakeholders by 

showing the magnitudes and risk factors for the occurrence of the fungus and its toxin and also 

the management options to prevent the occurrence of the fungus and its toxin. The consumers 

as well will be beneficiary from the study as they get aflatoxin free poultry products after 

better management options have been suggested. The study will also help as a base line for 

farther research. 
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2. LITERATURE REVIEW 

 

2.1 Aflatoxin 

  
Aflatoxins are named from the fungus producing them; that is "A" from the genus name 

Aspergillus, "fla" from one of the species name “flavus” added to toxin to give the name 

aflatoxin (Kajuna et al., 2013). Aflatoxins are crystalline substances, freely soluble in 

moderately polar solvents and it is a highly stable compound which can withstand normal 

food/feed processing procedures mostly produced by Aspergillus species particularly by 

A.flavus and A.parasiticus (Ibrahim et al., 2017). Based on their fluorescent colors under long 

wave (365nm) ultraviolet light, there are four aflatoxins namely Bl, B2, Gl and G2. Aflatoxin 

Bl and B2 fluoresces bright blue while aflatoxin Gl and G2 fluoresces green. Numbers 1 and 2 

indicate major and minor compounds, respectively. Chronologically their order of toxicity 

appears as; B1 , G1,  > B2 and G2. Aflatoxins are largely associated with commodities 

produced in the tropics and subtropics, such as maize, rice, sorghum, barley, rice, wheat, 

groundnut, soya-bean and cottonseed. A. flavus and A. parasiticus are common and widely 

distributed in tropical and sub-tropical parts of the world, so Ethiopia as a tropical country has 

a high risk of aflatoxin contamination (Habtamu et al., 2001). 

 

2.2. Impact of Aflatoxin on Poultry Performance 

 

2.2.1. Effect on Gastrointestinal Tract 

 

Gastrointestinal tracts are expected to be highly affected by aflatoxin with greater potency as 

compared to other organs because it is the first organ which has come into contact with 

aflatoxin of dietary origin. Since aflatoxins inhibit protein synthesis, tissues with high levels of 

protein synthesis and turnover, like the gastrointestinal tract is particularly susceptible to their 

toxic effects (Grenier and Applegate, 2013). 
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Chronic exposure of a small amount of AFB1 result morphologically damaged intestinal 

mucosal linings and decreased cell proliferation and the unit absorptive surface of small 

intestine also deteriorate. The density of whole intestine (weight/length) has been reported to 

decrease after 3 weeks of dietary exposure to AFB1 at levels as low as 0.02 mg/kg. A 0.6 mg 

AFB1/kg of diet suppress the activity of Mg2+(Na
+
/K

+
)-ATPase in small intestinal mucosa 

which influences glucose absorption, because the active absorption of glucose through sodium 

glucose co-transporter (SGLT1) is influenced by intracellular levels of Na
+
 and movement of 

other ions across a cell. Acute AFB1 exposure has been reported to evoke acetylcholine-

sensitive contractions in the ileum which increase basolateral K
+
 efflux and apical Cl

−
 

secretion in epithelia. During higher outgo of anions from epithelia results a lower absorption 

of Na
+
 and consequently lower absorption of glucose in the ileum and jejunum. AFB1 is 

widely believed to result in mal absorption syndrome regarding macro nutrients and also in 

reduced activity of digestive enzymes (Cali et al., 2017). 

  

2.2.2. Effect on Egg Production 

 

Aflatoxicosis causes a great economic loss in layers by causing reduced egg production, poor 

egg shell quality and by increasing embryonic mortality, if they consume 15μg AFB1/kg of 

feed (Herzallah, 2013). The most likely mechanism for the reduction of egg production is 

decrease in protein synthesis. A lower synthesis of albumin is the result of a degeneration of 

the liver tissue by aflatoxin. AFB1 also causes follicular atresia of ovaries, which has a 

detrimental effect on egg production. Egg production is not the first parameter affected by 

aflatoxin in breeding hens. Parameters such as embryonic mortality and hatchability can be 

influenced before and even more than egg production. Thin and fragile shells can increase 

embryonic mortality and decrease hatchability as well as weight gain of the embryo. Since 

calcium is important for the construction of the eggshell, an impaired calcium metabolism will 

leads to bad eggshell quality. The metabolisms of vitamin D3 which is an important element 

for egg shell formation is takes place in the liver and liver is also the source of most lipids  that 

make up the yolk (Manafi, 2010). 
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When the liver function is impaired, the internal and external quality of the egg decreases, and 

at the end, the production of chickens also affects. If intestinal integrity is compromised, the 

utilization of nutrients decreases. Liver and kidney damage leads to a less availability of 

calcium and other nutrients necessary for egg formation. Birds’ calcium levels in plasma then 

are lower and a greater mobilization of calcium from the bones is the possible response from 

the hen, but this response cannot be maintained and the eggs have a thinner shell. The 

thickness of the eggshell influences moisture loss and exchange with the environment during 

the incubation period. According to Rao et al., (2007) exposures of hens to aflatoxins will 

result in 14% decrease in day egg production, 11% decrease in hatchability and 9% increase in 

embryonic mortality. Feed to egg AFB1 transmission ratio is approximately 5000:1, but 

transmission of AFB1 residues in hen’s eggs might occur at relatively low concentrations 

under long-term exposure of laying hens to AFB1 at different levels up to 50 μg /kg in a 

naturally contaminated feed (Alhousein and Gurbuz, 2015). 

 

2.2.3. Effect on Body Weight Gain 

 

Exposures of poultry for dietary aflatoxin leads to reduce weight gain, feed intake, and 

decrease feed conversion ratio. AFB1 has the capability to reduce broiler performance and 

increase the incidence of bruising in carcass when present at levels of more than 0.5 mg/kg 

diet (Dersjant-Li et al., 2003). Each mg of AFB1/kg diet would decrease the growth 

performance of broilers by 5%. The mechanism for this aflatoxin effect is by inhibition of 

RNA and DNA synthesis as well as RNA polymerase activity. The consequences of inhibition 

of RNA and DNA synthesis results reduced protein synthesis, which would ultimately reduce 

growth. As the dietary level of AFB1 increases to 1 mg/kg, total serum protein and albumin 

contents are decreased. Aflatoxin also reduced feed intake by 12% and feed conversion ratio 

by 7% (Dersjant-Li et al., 2003). 
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2.2.4. Effect on Immune System 

 

Aflatoxin acts as an inhibitor of protein synthesis and subsequently, dividing cells and tissues 

with a high protein turnover such as in the liver, immune system or gut epithelium could be 

highly affected by the toxic effect of aflatoxin. In this respect, exposure to aflatoxin has been 

demonstrated to suppress the immune response in poultry. Aflatoxin can repress the 

development of the thymus gland or influence the relative weight of the bursa of fabricius, 

which may result in serious deficiencies in both cellular and antibody responsiveness of the 

chicken immune system (Celik et al., 2000). Inhibition of macrophage functions, T 

lymphocyte activity or cytokine expression by aflatoxin results in vaccine failure or pathogen 

persistence, by reduced immunoglobulin production. According to Yunus et al., (2011) there 

is a high correlation between outbreaks of Newcastle disease and aflatoxin contamination of 

broiler rations. In general, the dose of AFB1 needed to affect the immune system is considered 

less than the dose required to elicit a reduction in bird performance. Therefore, chronic 

consumption of feed contaminated with low aflatoxin content may pose a serious risk to 

poultry health, by increasing susceptibility to infections and reducing vaccination efficacy 

(Yunus et al., 2011). 

 

2.2.5. Effect on Vaccine Failure 

 

Immunity acquired through vaccination can be impaired by ingestion of aflatoxin. Aflatoxin 

induced immune-suppression manifested as depressed T or B lymphocyte activity and 

suppressed production and impaired macrophage/neutrophil effecter functions. Aflatoxins 

reduce the level of antibodies following infection or vaccination and reduce the activity of 

phagocytic cells. Suppressed immune function by aflatoxins can eventually decrease resistance 

to infectious diseases, reactivate chronic infections and/or decrease vaccines efficacy. The 

presence of aflatoxin in poultry rations could therefore lead to a fail in vaccine immunity and 

to a consequent increase in the occurrence of diseases such as infectious bursal disease virus 

(IBDV) and Newcastle disease (Oswald et al., 2005). 
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2.3. Factors Influencing the Contamination of Aspergillus Species and 

Aflatoxin Production in poultry Feed 

 

Here are a number of factors which contribute for the contamination of the fungus and 

aflatoxin production in grains, cereals, foods and feeds, like fungal species, substrate, 

grain/feed management and environmental factors.  

 

2.3.1 Substrate 

 

There is a close relationship between nutrients and AFB1 production in different grains. Lipids 

are one of the most important factors supporting AFB1 biosynthesis. Soluble sugars especially 

sucrose, glucose, and maltose, amino acids like arginine, glutamic acid, aspartic acid and trace 

elements like zinc significantly stimulate AFB1 production (Liu et al., 2016).  

 

2.3.2. Temperature 

 

The optimum temperature for aflatoxin production depends on the substrate and temperature. 

In liquid media the optimal temperature for A. flavus was shown to be 25°C, while for A. 

Parasiticus the temperature varied between 25 and 35°C and aflatoxin production did not 

occur below 8°C and above 42°C. The optimum temperature for aflatoxin production is 

generally accepted to be 25 to 30°C, although production can occur over a range of 

temperatures. The incubation period for maximum production depends on the strain and the 

substrate or medium used. It has been reported that the maximum yields occur after 15 days at 

20°C and 11 days at 30°C. Other investigators reported that the maximum production of 

aflatoxins occurs after 4 to 7 days at 24°C. Temperature plays an important role in the 

contamination of mycelium and in the formation and germination of spores (Akande et al., 

2006) 
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2.3.3. Moisture Content  

 

Moisture content of the substrate and relative humidity are also critical for the fungal 

contamination and Aflatoxin production. Aspergillus germinates and grows better on feed and 

grains at moisture levels of 15% or above and humidity of 70% and above. Aflatoxin 

production increases with increasing relative humidity up to 99%. (Hassane et al., 2017) 

 

2.3.4 Oxygen 

 

Oxygen is vital for cellular respiration that provides energy. Moulds, unlike yeasts require 

oxygen for growth and cannot proliferate in anaerobic conditions. Thus deoxygenators, gas 

replacement methods and vacuum packing are effective in reducing mould growth and 

mycotoxins production. Reducing atmospheric oxygen below 5 -1% for example, reduces 

sporulation and aflatoxin production by A. flavus. In contrast, very high oxygen pressure may 

somewhat reduce fungal contamination or change the mycelia habit but do not usually have a 

lethal effect on fungi (Mutungi et al., 2008). 

 

2.3.5 The P
H

  

 

Fungi have a comparatively broad P
H
 range over which they grow. Most fungi grow at P

H
 

range between 4-8, although some are capable of grow in very alkaline or very acidic 

conditions. The P
H
 over which a fungus grows may sometimes influence the production of 

fungal metabolites such as mycotoxins. For example, P
H
 variation between 2.0 and 7.2 has 

been found to result in marked variations in the amounts and types of aflatoxin metabolites 

produced by A. flavus (Karaca and Nas, 2008). 
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2.3.6 Insects and Other Vectors 

 

Insects and other arthropods could function as vectors for fungus contaminated feed. Many 

different insects have the capability of promoting infection of various crops with 

mycotoxigenic fungi. A successful vector must naturally encounter the fungal agent and carry 

it to the feed/site in a viable condition. Both rodents and insects like mouse and weevils are 

one of the vectors able to introduce fungal spores inside the feeds. Insects may contribute to 

the infection of agricultural commodities in different ways: they may transport primary 

inoculums, move inoculums throughout the commodity, disseminate spores within the feed 

and/or facilitate colonization and infection by injuring the feedstuff (Avantaggio et al., 2002). 
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2.4. Magnitude of Aflatoxigenic Aspergillus Species and Level of Aflatoxin 

B1 in Different Poultry Feed Staffs 

 

As reports so far incidence and levels of aflatoxigenic fungi and level of AFB1, vary markedly 

from different feed staffs and from one geographical area to another. In general, aflatoxin is 

mainly a problem of the tropical and subtropical areas between latitudes 35 degrees north and 

south of the equator (Abbas et al., 2009). According to Iram et al., (2018) from a total of 204 

samples at poultry feed in Pakistan, which were cultured for the isolation of fungus using 

Sabouraud Dextrose Agar (SDA) 70.5% of samples were positive and identified as A. flavus,  

A. fumigates, and Candida albicans on the basis of cultural characteristics. However, of the 

70.5% positive samples, A. flavus prevailing rate was high (91.6%) followed by A. fumigates 

(6.2%) and Candida albicans (2.0%). From a total of 198 A. flavus isolates on rice in India, 

76% were found to be toxigenic and from 15 A. parasiticus isolates 87% were found to be 

toxigenic ( Dutta & Das, 2001) .  According to Kannan et al., (2014) from 51 poultry feed 

samples in Tamil Nadu, India  98% were positive for AFB1 and its levels ranges from 0 to 

160.7 parts per billion (ppb), from this 29% of the samples exceeded 20 ppb. As Saleemi et 

al., (2012) reports in Pakistan Fungal contamination of commercially prepared and farm-

mixed feeds was 69.66 and 83.33%. Aspargilus species were the most predominant isolated 

fungal species (73.1%). Proportion of toxigenic fungi among Aspargilus isolates was 73.58%. 

Aflatoxigenic isolates of A. flavus and A. parasiticus were 83.33% and 85.71%. 

 

Anjum et al., (2012) reported that from a total of 77 different poultry feed ingredients in 

Pakistan; the incidence of AFB1 was found 60% with an average and maximum contamination 

levels of 37.62 and 56 μg /kg respectively.  From 13 Corn samples tested, 61.54% were found 

positive for AFB1with an average and maximum level of contamination 25 and 56 μg /kg 

respectively and from broken samples of rice and wheat 60 % were found positive for AFB1 

with a contaminations of 21 to 39 μg /kg and 9 to 19 μg /kg respectively. As Alshawabkeh et 

al., (2015) report in Jordan, overall incidence of AFB1 in feed ingredient samples was 19.04% 

with wheat bran is the highest concentrations of AFB1 (12.8- 15.71 μg /kg ) and bone meal is 

the second lowest concentration level for the toxin (7.81 μg /kg ). According to kannan et al., 

(2014) 98% of the tested feed samples were contaminated with AFB1 and the levels ranged 
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from 0 to 160.7 ppb.  Among the 67 strains of Aspargilus section Flavi isolated from maize 

samples, in France 46% were aflatoxigenic from this A. flavus was the most frequent isolated 

strain (69%) and A. parasiticus was the second (38 %) ( Bailly et al .,2018). 

 

In South Africa from 92 commercial mixed feeds 30% were contaminated with aflatoxins and 

the levels ranged between 0.2 and 71.8 μg/kg with a mean of 9.0 μg/kg (Njobeh et al., 2012). 

From a total of  201 samples of maize, peanut meal, broiler and layer feeds collected from 

three agro ecological zones of Cameroon, approximately 9% of maize samples, 100% of 

peanut meal, 93.3% of broiler feeds and 83.0% of layer feeds were positive for aflatoxin, and 

the concentrations ranged from 2 to 42 μg/kg for maize, 39 to 950 μg/kg for peanut meal, 2 to 

52 μg/kg for broiler feed and 2 to 23 μg/kg for layer feed (Kana et al., 2013) . According to 

Kana et al., (2013) reports in Cameroon, the aflatoxin occurrence in broiler and layer feeds 

were 93% and 83% respectively. 

 

Based on Ibrahim et al., (2017) study at Zaria, Nigeria from 300 poultry feed samples, 94.33% 

yielded various fungal contaminations, among these 78% is A. flavus and 42% is aflatoxigenic. 

Based on Faparusi and Alagamba, (2018) study in Ilaro Nigeria 100% of poultry feed samples 

are positive for Aspargilus species from this 43% was A. flavus which is the most prevalent 

and 16.1% is aflatoxigenic.  As Nishimwe et al., (2019) report in Malawi from the total feed 

ingredient samples 35.9% of maize bran, 2.6% of Rice bran and 2.6% of wheat bran were 

positive for aflatoxigenic Aspargilus species with aflatoxin level of 110.9 μg/kg, 74.8 μg/kg, 

98.7 μg/kg, in addition they reported that the aflatoxin level of mixed feed and commercial 

feed is 105.8 and 94.7 respectively. In Sudan, 64.29% of the samples of animal feed were 

contaminated with aflatoxins at average concentration of 130.63 μg kg
-1

 (Elzupir et al., 2009).  

 

In Ethiopia, According to Amare et al., (2006) report, from 123 samples from maize products 

in Ethiopia, 13% were positive with levels of 0.78μg/kg. Another survey by Amare, (2010) 

from Ethiopia revealed that Aspargilus species has occurred from 94% of samples from all 

sample areas and aflatoxin was detected from 88% of the samples.  According to Dawit et al., 

(2016) all the feed samples from dairy in and around Addis Ababa were contaminated with 

AFB1 ranging between 7 and 419 μg/kg. Overall, out of a total of 156 feed samples collected, 

https://scialert.net/fulltext/?doi=ajava.2012.528.534#358419_ja
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only 10.2% contained AFB1 at a level less than or equal to 20 μg/kg . At the same time, 26.2% 

of the feed samples contained AFB1 at a level exceeding 20 μg/kg. levels of AFB1 for wheat 

bran, maize and  nug cake were 9 to 31 μg/kg, 7 to 29 μg/kg and 290 to 397 μg/kg  

respectively.  According to Mulugeta et al., (2017) from a total of 12 feed samples 58.3% of 

nug cake and 25% of wheat bran were contaminated with all aflatoxins.  

 

Based on Mulugeta et al., (2017) reports from 50 participants that are interviewed about their 

knowledge and awareness about mould growth and formations of Aflatoxin on feed, about 90 

% of them have no knowledge and awareness about Aflatoxin. On the other hand, 20% of 

respondents were answered that moisture and heat are the favorable conditions for mould 

growth (shagata) on animal feed. About (70%) respondents were reported that they are not 

aware on cleaning, drying, ventilation, paste control and visual inspection prior and after 

storage of the feed. This practice is critical problems in feed handling due to the storage fungi 

can grow easily and the result is formation of aflatoxin. According to Sisay et al.,(2019) about 

76% of farm owners have no Knowledge about possible source and risk factors that influence 

mould  contamination and aflatoxin Production and 43% have no knowledge about aflatoxin. 

66% of the farm owners have good attitude about mould growth and aflatoxin production 

prevention. 

 

2.5 Aflatoxins Regulations in Feedstuffs 

 

Worldwide many countries have regulations concerning the maximum concentration of 

mycotoxins that could be present in food and feed. However, there are no regulations or 

guidance levels for all mycotoxins known so far. Aflatoxins, have regulatory or guidance 

levels, due to their demonstrated toxic effects on animals and human. Many aflatoxin 

regulatory levels are set depending on the particular agricultural commodity or compound 

feed/food, the type, and age of animal which will consume it and the intended use. Many 

countries base their regulations on the guidelines established by the European Union (EU) or 

by the United States Food and Drug Administration (FDA) (Annex 4). Guidelines sometimes 

differ from each other; in most of the cases, the maximum allowed content of aflatoxins is 

lower in the regulations given by the EU than in those granted by the FDA. For example, the 
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limit for aflatoxin in poultry feed is set by EU in 5 μg/ kg and by the FDA in 20 μg /kg 

(Alvarado et al., 2017). 

 

2.6. Clinical Signs and Pathological Lesions in Poultry 

 

In chicken, the clinical signs include anorexia, listlessness, reduced egg production, reduced 

growth rate, cyanotic combs, lameness and high mortality in some cases. At postmortem, there 

are hepatic changes such as necrosis, haemorrhages, fatty degeneration, hepatomegaly, fibrosis 

and bile duct proliferation. Hydropericardium, ascites and ruptured livers are sometimes seen. 

Aflatoxins may also cause decreased tissue integrity, reduced egg size, increased susceptibility 

to extreme temperatures and impaired haemostatic mechanisms in poultry (Alvarado et al., 

2017). 

2.7. Diagnosis 

2.7.1 Direct Microscopy 

One of the simplest approaches to diagnose aspargilus Species is examine appropriate 

specimens microscopically. However, this approach is inherently lacking in specificity as 

Aspergillus sp. rarely sporulate in vivo and hyphae seen may represent any number of 

filamentous fungi (McClenny.N, 2005).  

2.7.2 Culture 

Obtaining a positive culture of Aspergillus from a clinical specimen is a traditional way of 

making or contributing to the making of a diagnosis and prior to the use of GM and PCR was 

the main specific laboratory investigation. A positive culture will also enable other forms of 

analysis such as susceptibility testing. In technical terms, most Aspergillus sp. grow relatively 

rapidly (typically within 48 hr) and on most microbiology media including both mycological 

media such as Sabouraud’s agar and blood agars used for general bacteriological culture 

(Barton,2012). 
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2.7.3 Molecular Technique 

The main advantage of molecular detection is that unlike almost all other detection methods 

other than culture, there is an element of amplification of the Aspergillus signal and therefore 

the method has potentially very high sensitivity. Furthermore, PCR methods for the detection 

of fungal DNA can also be tailored to detect all or most fungi, or members of the genus 

Aspergillus or a particular Aspergillus sp. through primer and probes design (Margaret et al., 

2016). 

2.8 Control of Mycotoxins Contamination 

 

The most effective strategy for the' control of aflatoxin is to reduce or eliminate the initial 

toxin production process. This may be achieved through several approaches such as 

development of crop hybrids that are less susceptible to fungal contamination and aflatoxin 

production, control of insect, ,reducing physical damage to crops at harvest, drying crops 

below 10% moisture, use of fungal inhibitors, anaerobic storage and use of suitable and clean 

containers for storage. A more practical strategy in the control of aflatoxin is that of 

decontamination. Methods of decontamination of aflatoxin can be physical, chemical, or 

biological. The physical methods include use of heat/ gamma radiation, ultraviolet radiation, 

visible light, hand or machine sorting and washing. Biological methods explore the possibility 

of using microorganisms or their enzymes to transform or degrade aflatoxin to a less toxic or 

non-toxic metabolite (Kolosova and Stroka, 2012). For example a bacterium, Flavobactarium 

aurantiacum has been found to remove aflatoxins from solutions or preparations of peanut 

milk. Chemical methods are most promising. They include the use of acids, sodium 

hypochlorite, alkaline hydrogen peroxide, formaldehyde and ammonia. Aqueous or gaseous 

ammonia is applied to contaminated feed at high pressure or temperature and monocalcium 

phosphate added to remove the residue ammonia. Thus method is cheap, efficient and has 

been used (Boudergue et al., 2009) 
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3. MATERIALS AND METHODS 

 

3.1 Study Area 

 

The study was conducted at selected poultry farms in Dire Dawa city administration which is 

located 519 kilometers far from Addis Ababa. It is geographically located at 9°18′40″N 

42°07′26″E and 950-1708 meter above sea level. The minimum and maximum annual 

temperature of the city is 27 and 32
o
C respectively with an average humidity of 49.6%. The 

mean annual rainfall is about 637-734mm (CSA, 2015). There are 34 poultry farms in the 

study area, among these 2 of them are broiler farms and 32 of them are layer farms which have 

200- 9000 heads of hens per farm.  

 

 

 

Figure 2: Dire-Dawa City Administration Map 
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3.2. Source of Feed 

 

The source of feed was all stored poultry feed from selected poultry farms at Dire Dawa city 

administration. 

 

3.3. Study Design  

 

A cross-sectional study was conducted to evaluate the magnitude and associated risk factors 

for the occurrence of aflatoxigenic Aspergillus species and to determine the level of AFB1 in 

the study area  

 

3.4. Sample Size Determination 

 

To evaluate the magnitudes of Aspergillus species in the poultry feed (first objective), 

the sample size was determined by single proportion formula using an online software; 

Open Epi Version 3 (www.openepi.com), taking the assumption of 95% level of 

confidence, 5% absolute precision and the respective expected prevalence indicated in 

table 1, the largest sample size 374 was set for the first objective. 

 

Table 1: Required sample size for determining magnitudes of aflatoxigenic Aspergillus 

species 

 Study area  Magnitude  Calculated sample size  Reference  

Zaria, Nigeria 42% 374 Ibrahim et al., 2017 

Cameroon 83% 217 Kana et al., 2013 

Kenya 78% 264 Rodrigues et al., 2011 

 

To assess the associated risk factors for the occurrence of Aspergillus species in 

poultry feed (second objective), the sample size was determined by double proportion 

formula using an online software, Open Epi Version 3 (www.openepi.com), taking the 

assumption of 80% power, 95% level of confidence and the expected proportion of 

http://www.openepi.com/
http://www.openepi.com/
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aflatoxigenic Aspergillus species in different potential sources indicated in table 2, the largest 

sample size is 134. 

 

Table 2: Required sample size for different factors 

Factors  Proportions (%) in 

different groups  

Calculated       

sample size  

      Reference  

Storage Time 

  

Up to 30 days (29.7%)  66     Mesfin et al., 2018 

31- 90 days (66.6%) 

 Feed ingredient 1 Noug cake (58.3%)  78    Mulugeta et al., 2017 

Wheat Bran  (25 %) 

Feed ingredient 2  Wheat (36%) 134    Habitamu and   

Kelbessa, 2001  Maize (13%) 

Feed ingredient 3 Wheat Bran (4.4%) 132  

    Rehrahie et al., 2018 
Mixed (Concentrate 

feed) (22.5 %)      

 

Therefore, to run the study simultaneously, the largest sample size from the two objectives 

was set, so 374 samples were required to undertake the study. 

 

3.5. Sampling Techniques and procedures 

 

Comprehensive lists of poultry farms were obtained at Dire Dawa city small scale enterprise 

office to have the study frame. There were 32 poultry farms in the study area and these farms 

were stratified based on the number of poultry flocks in to large scale (>1000 heads of birds), 

medium scale (500-999 heads of birds) and small scale (<500 heads of birds) farms to select 

participant farms. 16 participant farms were selected randomly, and then the sample size was 

allotted proportionally based on the number of sacks stored in each farm for each stratum  

(Figure 3). Then the sample was taken by Systematic random sampling technique.   
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Figure 3: Schematic representation of sampling procedure  

 

Semi-structured questionnaire was designed, and then administered to farm managers on the 

spot in the study farms. The questionnaire was designed to provide information about the 

knowledge and prevention practice of fungal contamination and aflatoxin production in the 

poultry feed (Annex 5). 

 

3.6 Sample Collection 

 

100g sample per 100kg of feed was collected at eight different portions of the lot (sacks) by 

using a sterile metal probe indicated at figure 4. Then homogenized together and 20 g of feed 

was taken from this homogenized feed by using a sterile spoon and divided in to three parts. 

Dire Dawa  (32 poultry farms) 

Large Scale (7 farms)  

(Average number of 

stored feed sacks =41 

sacks) 

4 farms 

 4X41=164 sacks 

Sample assigned=128 

(32 sample/farm) 

Medium Scale (11 farms) 

 (Average number of 

stored feed sacks =34 

sacks) 

5farms 

5X34= 170sacks 

Sample assigned=130 

(26 sample/farm) 

Small Scale (14 

farms) (Average 

number of stored 

feed sacks =21 

sacks) 

7 farms 

7x21= 147sacks 

Sample assigned=116 

( 17 sample/farm) 



22 

 

Part one for moisture content determination, part two for isolations of aflatoxigenic 

Aspergillus species and part three for AFB1 analysis. Part one samples were analyzed 

immediately to avoid change in moisture content. While part two and part three samples were 

stored in refrigerator at 4°C by using polythene bag until the day of Analysis, which was never 

more than seven days after collection (Feed inspectors manual, 2014).   

 

 

. 

Figure 4: Sampling technique of feed on the lot 

 

3.7. Moisture Content of the Feed  

 

This was done within the same days of sample collection, by the oven method. Two grams of 

feed in a dish was placed in an oven at 105°C overnight (16 hours). The feed was then 

weighed and percentage moisture was calculated as tie percentage weight loss as follows.  

 

                             Mo - Ml 

% moisture =      ------------  X 100  

                               Mo 

 

Where Mo = initial weight in grams 

Ml = final weight after drying in grams. This was done in duplicate for every sample 

and the average was calculated for each sample. The moisture content of the feed were 

categorized in to three as low moisture content (<10%), Medium moisture content (10-14%) 

and high moisture content (> 14%) (Sahar et al., 2014). 
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3.8. Isolation and Identification of the Aflatoxigenic Aspergillus Species 

 

3.8.1. Identification on Culture Media 

 

Aflatoxin producing Aspergillus species was isolated by Aspergillus flavus Parasiticus agar 

media and prepared according to the manufacturer’s instructions. One gram of the feed sample 

was aseptically transferred to a sterile test tube and 9 milliliters of sterile distilled water was 

added to the feed and thoroughly mix to perform a ten-fold serial dilution of the sample 

(Udom et al., 2012), 0.1ml of the dilution was cultured by a spread plate technique using a 

sterile bent glass rod and then incubated at a temperature of 27
0
C for 72 hours. Aflatoxin 

producing Aspergillus species develop intense yellow orange color at the base of the colonies 

which is a differential characteristic for these species. Then, the isolates were enumerated and 

sub cultured on Sabouraud dextrose agar media at 27
0
C in the dark for 5 days to obtain pure 

cultures. Suspicious colonies of A. flavus was identified by their greenish-yellow appearance 

and powdery texture with the reverse side golden to red brown or pale to yellow while A. 

Parasiticus identified by their blue-green appearance with the reverse side white to yellow 

appearance (Mycology-Critique, 2004). 

 

3.8.2. Microscopic Identification 

 

The microscopic features of the isolates were studied using lactophenol cotton blue staining 

technique (James et al., 2011). A drop of the stain was placed on a clean slide. A small part of 

the fungal cultures was removed and placed in the drop of the dye using a mounting needle. 

Then the mycelium was spread by the same needle. Then a cover slip was gently placed on the 

spread mixture with gentle digital pressure to eliminate air bubbles. Then the slide was 

mounted and observed under X40 objective lens. Identification of A. flavus was based on the 

presence of septate hyphae, rough and colorless conidiophores which end in vesicle having the 

entire surface covered with either uni- or bi seriate sterigmata (Phialid) and have bisereat  

metule . Whereas A.parasiticus have uni sereat metule and the vesicles are not covered entirely 

by uni- or bi seriate sterigmata (Phialid) un like A.flavus. Fungal taxonomic descriptions, 

identification keys, and atlas were used as references (Sabry et al., 2016). 
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3.8.3. Determination of Aflatoxigenic Aspergillus Species  

 

In order to determine toxigenic Aspergillus species, the ammonia vapor test method was 

employed as described by (Abbas et al., 2004). The organism was centrally inoculated on 

potato dextrose agar (PDA) plates. The plates were incubated in the dark at a temperature of 

270C for 5 days. After 5 days of incubation, a set of plates were inverted over 2ml ammonium 

hydroxide for 15 minute. Distilled water was used as a control instead ammonium hydroxide. 

A change in color was used as a parameter to determine the toxigenic potentials of the 

Aspergillus species. Those strains having reverse turned pink color are recorded as positive 

(toxins producing strains). However, those without color change were recorded as negative 

(non-toxigenic strains). 

 

3.9. Determinations of Aflatoxin B1 in Feed and Feed Ingredients by 

Competitive ELISA Technique  

 

3.9.1 Sample Preparation (Extraction) and Assay Procedure 

  

Crushed and homogeneous Solid samples form as a fine to medium-fine powder by using a 

crusher then take the required amounts of the crushed sample depending on the sample; 

homogeneous sample was weighed in a flask and mixed with the required amounts of 80 % 

methanol based on the sample. This suspension was shaking intensively for 3 minutes to 

extract the aflatoxin. The suspension was then filtered via a Wat man paper No 1 after settle 

the solids for quantitative analysis. The filtrate (sample extract) was diluted in a new container 

with a different ratio with the sample diluents depending on the samples (Annex 3). 

 

Bring all the reagents to room temperature and reconstitute the PBS-Tween packet. Place one 

mixing well in a micro-well holder for each standard and sample to be tested and Place an 

equal number of antibody coated micro-titer wells in another micro-well holder, then dispense 

the sample diluents into each mixing well then after add each standard and prepared sample to 

the appropriate mixing well containing diluents. Transfer contents from each mixing well to a 

corresponding antibody coated micro-titer well and incubate at room temperature then add 
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substrate solution and incubate again then after add stop solution finally read the optical 

density of each micro well (Annex 3). 

 

3.10. Operational Definition 

 

Feed ingredients: are cereal and grains used to formulate concentrated (mixed) poultry feed 

like maize, wheat bran, Soya bean, Nug cake and bone and blood meal. 

Mixed (concentrated) feed: a poultry feed that formulated (constituted) from a mixtures of 

different cereals and grains such as maize, wheat bran, Soya bean, Nug cake and bone 

and blood meal. 

Home formulated (home mixed) feeds: are concentrated poultry feeds that are formulated 

(mixed) by the farm themselves. 

Commercially formulated feeds: are concentrated poultry feeds that are formulated (mixed) by 

the factory as bulk and distributed to the users. 

Have Knowledge: Persons who answered 50% and above from the mould contamination and 

aflatoxin knowledge assessment questions. 

Apply prevention practices: Persons who answered 50% and above from the mould 

contamination and aflatoxin prevention practice assessment questions. 

 

3.11. Data Analysis 

 

Data collected from the poultry feed, poultry farm owners and laboratory findings were 

entered in to Microsoft® Excel sheet for Windows 2010. Then the data was exported into 

STATA statistical software version 14.0 (STATA corp. College Station, TX, USA) for data 

processing and analysis. Descriptive statistics such as mean and frequencies was used to 

present the findings. Binary logistic regression was then run to measure the strength of the 

association between magnitudes of aflatoxigenic Aspergillus species and AFB1 with the 

potential predictor variables and odds ratio was determined. Variables with p<0.2 were 

selected as candidate to be included in the multivariate logistic regression analysis in attempt 

to control for potential confounding variables and adjusted odds ratio was determined. 

Colinearity between variables was also checked by standard error and model fitness was 
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assured by Hosmor and Lemshow test. The AFB1 concentrations of the positive feed samples 

were calculated by using Graph Pad Prism 7 software. Throughout the data presentation P-

value less than 0.05 (i.e. P < 0.05) was considered statistically significant. 
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4. RESULT 

 

4.1 Magnitudes of Aflatoxigenic Aspergillus Species in Poultry Feed 

 

Out of 374 poultry feed samples cultured, 72.5% (95% CI, 67.6-76.9) were positive for 

aflatoxigenic Aspergillus species. From these, 48.9% (95% CI, 43.8-54.1) were A. flavus and 

the remaining 23.6% (95% CI, 19.3-28.2) becomes with A. parasiticus. Among those samples 

with either of the species, 69.4% (95% CI, 63.5-74.8) were toxigenic (Table 3). 

 

Table 3: Magnitudes of aflatoxigenic Aspargilus species and frequency distributions of 

A.flavus and A. Parasiticus in poultry feed at Dire Dawa, from November 2019 to 

January 2020. 

Aspergillus  

Species 

Sample Examined, n=374 Toxigenic Toxigenic 

potential (%)  

(95% CI) 

Sample positive Magnitude (%)   

(95% CI) 

Yes No 

A. flavus 183  48.9 (43.8-54.1) 134 49 73.2(66.2-79.5) 

A. parasiticus 88 23.6(19.3-28.2) 54 34 61.4 (50.4-71.6) 

Total 271 72.5 (67.6-76.9) 188 83 69.4 (63.5-74.8) 

 

From the feed type’s analyzed, high magnitudes of aflatoxigenic Aspergillus species 

contamination was seen in mixed feed (81.7%) where as low magnitude was seen in wheat 

bran (35.6). High fungal contamination (81.6%) was observed from feeds stored in greater 

than 2 month but low fungal contamination (58.1%) was seen in feeds stored less than a 

month. More fungal contamination (92.7%) was seen in feeds having high moisture content 

(>14%), while low fungal contamination (35%) was seen in feeds with low moisture content 

(<10 %) (Table 4).   
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Table 4: Magnitudes of aflatoxigenic Aspargilus species among the study variables in poultry 

feed at Dire Dawa, from November 2019 to January 2020 

Variables Category Aflatoxigenic  

Aspergillus species  

Total Magnitude (%) 

(95% CI) 

Yes  No  

Feed Storage Period < 1 Month 61 44 105 58.1 (48.1-67.7) 

1-2 Month 108 36 144 75.0 (67.1-81.8) 

> 2 Month 102 23 125 81.6 (73.7-88.0) 

Feed Source  Home mixed 157 66 223 70.4 (64.0-76.3) 

Commercially 

formulated  

114 37 151 75.5 (67.8-82.1) 

Room aeration Yes 81 46 127 63.8 ( 54.8-72.1) 

No  190 57 247 76.9 (71.2-82.0) 

Presence of rodent 

in the  store 

Yes 220 57 277 79.4 (74.2-84.0) 

No  51 46 97 52.6 (42.2-62.8) 

Feed ingredients  Maize 66 18 84 78.6 (68.3-86.8) 

Bone and Blood Meal 18 12 30 60 (40.6-77.3) 

Soya Bean 29 10 39 74.4 (57.9-87.0) 

Wheat Bran 16 29 45 35.6 (21.9-51.2) 

Nug Cake 17 6 23 73.9 ( 51.6-89.8) 

Mixed feed 125 28 153 81.7 ( 74.6-87.5) 

Moisture content Low (< 10 %) 36 67 103 35 (25.8-45.0) 

Medium (10-14 %) 146 29 175 83.4(77.1-88.6) 

High (> 14 %) 89 7 96 92.7 (85.6-97.0) 
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4.2 Factors Associated with Contamination of Aflatoxigenic Aspergillus 

Species in Poultry Feed 

 

Based on bivariate logistic regression analysis, factors such as; source of feed, aeration 

(ventilations) of the feed storing room, rodents in the feed storing room, feed type, moisture 

content of the feed and feed storage period  were significantly associated with aflatoxigenic 

Aspergillus species  contamination in the feed (p<0.05) (Table 5). 

 

Table 5: Bivariate analysis results of A.flavus and A.Parasiticus contamination factors  

Variables Category Aflatoxigenic  

A. Species growth 

Total COR (95% CI) P-Value 

Yes No 

Feed 

storage 

period 

< 1 Month 61 44 105 1.00  

1-  2 Month 108 36 144 2.1 (1.2-3.6)  0.006 

> 2 Month 102 23 125 5.1 (2.9-10.6) <0.001 

Feed 

Source 

Home mixed     157 66 223 0.77(0.43-0.98)  0.001 

Commercially formulate     114 37 151 1.00  

Room 

Aeration 

Yes 81 46 127 0.64(0.41-1.03)  0.065 

No  190 57 247 1.00  

Presence 

of Rodent 

Yes 220 57 277 4.62 (2.8-7.6) <0.001 

No  51 46 97 1.00  

Moisture 

Content of 

The feed 

Low (< 10 %) 36 67 103 0.11 (0.06-0.29) <0.001 

Medium (10-14%) 146 29 175 1.00  

High (> 14 %) 89 7 96 2.5 (1.1-6.0) 0.036 

Feed  

Type 

Maize 66 18 84 6.6 (2.98- 14.8) <0.001 

Bone and Blood meal 18 12 30 2.7 (1.0- 7.0) 0.039 

Soya Bean 29 10 39 5.2 (2.0-13.5) 0.01 

Mixed feed 125 28 153 8.1 (3.9-16.9) <0.001 

Nug Cake 17 6 23 5.1 (1.7- 15.6) 0.004 

Wheat Bran 16 29 45 1.00  



30 

 

4.3 Factors Independently Associated With Aflatoxigenic Aspergillus Species 

Contamination in Poultry Feed 

 

Aflatoxigenic Aspergillus species  contamination was found independently associated with 

feed storing period, source of feed, presence of rodents in the feed storing room, moisture 

contents of the feed and feed ingredient types (p<0.05) (Table 6). 

 

More specifically the likelihood of aflatoxigenic Aspergillus species  contamination in feeds 

stored one up to two month were nearly two times (AOR 1.99, 95% CI: 1.05-3.76) higher than 

those feeds stored less than one month. Feeds which stored more than two months were 2.69 

times (AOR 2.69, 95% CI: 1.08-6.69) more likely encountered aflatoxigenic Aspergillus 

species  contamination than feeds that were stored less than one month. Feeds which stored in 

rooms having rodents had 2.67 times (AOR 2.67, 95% CI: 1.3-5.39) more likely encountered 

aflatoxigenic Aspergillus species contamination than those who stored in rodent free rooms. 

Home (farm) mixed feed were 27% (AOR 0.73, 95% CI: 0.39-1.1) less likely exposed for 

aflatoxigenic Aspergillus species contamination than commercially formulated feeds. The 

odds of fungal contamination in feed ingredients, like maize (AOR 4.3, 95% CI: 1.6-11.5), 

soya bean (AOR 3.49, 95% CI: 0.6-5.4) and nug seed cake (AOR 3.45, 95% CI: 0.6-5.3) were 

more than three times higher than with that of wheat bran. Feeds which have a moisture 

content less than 10% (low moisture content) were 81% (AOR 0.19 , 95% CI:0.1-0.25) less 

likely exposed to aflatoxigenic Aspergillus species  contamination than feeds which have 

medium moisture content (10-14%) and feeds which have high moisture content (> 14%) were 

1.5 times (AOR 1.5, 95% CI: 0.9-4.6) more likely exposed to aflatoxigenic Aspergillus  

contamination than those who have medium moisture content (10- 14%). However, aerations 

or ventilation was not found an independently associated factors for aflatoxigenic Aspergillus 

species contamination in feed (p>0.05) (Table 6). 
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Table 6: Multivariate analysis results of associated factors for aflatoxigenic Aspargilus species 

contamination in stored poultry feed at farms in Dire Dawa, Ethiopia. 

Variables Category Fungal 

contamination 

Total AOR(95 % CI) P-Value 

yes no 

Storing 

periods of 

feed 

< 1 Month 61 44 105 1.00  

1- 2 Month 108 36 144 1.99 (1.05-3.76) 0.034 

> 2 Month 102 23 125 2.69 (1.08-6.69) 0.033 

Moisture 

Content 

Low (< 10 %) 36 67 103 0.19 (0.06-0.25) <0.001 

Medium (10-14 %) 146 29 175 1.00  

High (> 14 %) 89 7 96 1.5 (1.1-4.6) 0.042 

Source of 

feed 

Home mixed 157 66 223 0.73 (0.39-0.99) 0.001 

Commercially 

formulated 

114 37 151 1.00  

Aeration No Aeration 81 46 127 1.7 (0.9-3.26) 0.1 

There is Aeration 190 57 247 1.00  

Rodent There is Rodent 220 57 277 2.67 (1.3-5.39) 0.006 

No Rodent 51 46 97 1.00  

Feed  

Type 

Maize 66 18 84 4.3 (1.6-11.5) 0.003 

Bone and Blood Meal 18 12 30 1.87(0.89-3.5) 0.25 

Soya Bean 29 10 39 3.49 (1.6-5.4) 0.031 

Wheat Bran 16 29 45 1.00  

Mixed Feed 125 28 153 6.3 (3.25-16.2) <0.001 

Nug Cake 17 6 23 3.45 (0.6-5.3) 0.008 
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4.4 Mean Aflatoxin B1 Levels of Mixed and Individual Ingredients of 

Poultry Feed 

 

From all mixed and individual ingredients of poultry feed measured for AFB1, minimum and 

maximum mean AFB1 levels were 4.8μg/kg and 31.2μg/kg in wheat bran and soya bean 

respectively (Figure 5).  

 

 

 

Figure 5: Mean AFB1 levels of stored poultry feed and feed ingredients in farms at Dire 

Dawa, Ethiopia 
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4.5  Mean AFB1 Levels of Poultry Feed and Daily Toxin Intake of 

Hens With Respect to Feed Source 

 

Based on the ration formulation that the farms used to prepare their poultry feed described 

below, the minimum and maximum AFB1 level per kg of feed was 7.34 μg/kg and 41.0 μg/kg 

from home mixed feed and commercially formulated feed respectively, and the minimum and 

maximum AFB1 intake per hen per day was 0.92μg and 4.92μg, respectively (Table 7). 

 Ration formulation per100kg of feed = 45% maize +16% Nug Cake +10% Soya 

Bean+20% Bone and Blood Meal +7.5 %Wheat Bran +0.5 % salt+1% vitamin. 

Total toxin intake/ hen/day= (daily feed intake/ hen)* (total toxin in μg / 100 kg of feed). 

Table 7: Mean AFB1 Level of home mixed and commercially formulated poultry feeds  

 List of 

farms 

Mean toxin levels of each Feed          

Ingredients per farm (μg/ kg) 

Mean 

AFB1 

(μg/kg 

of feed) 

Daily 

feed 

intake per 

hen  

Daily 

toxin 

intake per 

hen 

Maize  Bone  

meal 

Soya 

Bean 

Wheat 

bran  

Nug 

CaK 

F
ar

m
s 

w
h
o
 u

se
d
 h

o
m

e 
 

  
  
  
  
  
 M

ix
ed

  
fe

ed
s 

b
y
 m

ix
in

g
  
 

  
  
  
  
  
 t

h
em

se
lv

es
 

Farm 1 19.05 0 28.93  0 38.08  17.21 120 gm 2.12 μg 

Farm 2 28.07 11.8 38.3 5.53 10.0  18.74 115 gm 2.39 μg 

Farm 3 32.31 8.3 53.2 7.5 77.1  35.68 120 gm 4.13 μg 

Farm 4 17.5 4.75 29.2 9.00  0  7.34 125 gm 0.92 μg 

Farm 5 19.5 19.1 4.9  0 34.0  15.5 120 gm 2.19 μg 

Farm 6 12.82 6.4 45.97 0.6  0  13.2 125 gm 1.55 μg 

Farm 7 11.9 2.67 10.25 4.75 47.5  15.4 125 gm 1.86 μg 

Farm 8 18.05 2,14 27.63  2.1 31.08  19.7 125 gm 2.05 μg 

  
  
  
F

ar
m

s 
w

h
o
 

u
se

d
 

co
m

m
er

ci
al

ly
 

 
fo

rm
u
la

te
d

  

fe
ed

 f
ro

m
 f

ee
d
 v

en
d
o
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Farm 9      41.0 120 gm 4.92 μg 

Farm 10      34.7 120 gm 3.72 μg 

Farm 11      17.2 120 gm 3.38 μg 

Farm 12      32.4 130 gm 4.21 μg 

Farm 13      19.8 125 gm 2.47 μg 

Farm 14       18 130 gm 2.34 μg 

Farm 15      18.4 125 gm 3.55 μg 

Farm 16      19.1 120 gm 3.13 μg 
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Among home mixed feeds 75.0% were within the FDA AFB1 standard permissible limits ( 

20 μg/kg) and only 25.0% exceeds  maximum FDA AFB1 permissible limits standards (>20 

μg/kg). Where as in commercially formulated feeds 62.5% of feeds fulfilled FDA permissible 

limits and the remaining 37.5% of feed was exceed maximum FDA permissible limits (Annex 

4). 
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4.6 Knowledge Assessments of Farm Managers, Professionals and Daily 

Poultry Farm Workers on Fungal Growth and Aflatoxin in Poultry Feed.  

 

 

Socio-demographic characteristics among the farm managers, professionals and daily farm 

workers were observed. From all the respondents 62.5% were 20-30 years old and 37.5% were 

females. Academically 39.1% of the respondents were technical, vocational and education 

training college (TVET) graduates and 28.1% were university graduates. From all the 

respondents only 34.4% and 20.3% have knowledge about fungal growth and aflatoxin 

production in poultry feed respectively. Regarding with prevention practice, 32.8% apply  

prevention practice on fungal contamination and aflatoxin production (Table 8). 

 

Table 8: Frequency distributions of socio-demographic, knowledge and prevention practice 

assessments on fungal contamination and aflatoxin production in poultry feed  

Variable Category Total Percent (%) 

Sex Male 40 62.5 

Female 24 37.5 

Age (year) 20-30 40 62.5 

Above 30 24 37.5 

Education High school certified 21 32.8 

TVET Graduate 25 39.1 

University Graduate 18 28.1 

Occupation Farm manager 16 25 

Professionals 35 54.7 

Daily farm worker  13 20.3 

Knowledge about fungal  

contamination  

Yes 22 34.4 

NO 42 65.6 

Knowledge about 

Aflatoxin  

Yes 13 20.3 

NO 51 79.7 

Fungal  contamination 

prevention practice 

Yes 21 32.8 

NO 43 67.2 
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5. DISCUSSION 

 

The study showed that the magnitude of aflatoxigenic Aspergillus species in poultry feed from 

poultry farms in Dire Dawa administrative council was 72.5%. This finding is in agreement 

with 77.9% in Nigeria (Muhamed, 2017), 73.1% in  Pakistan (Salemi et al., 2010), 65% in 

Tanzania (Mohammed et al., 2016), 64.29 % in Sudan (Elzupir et al., 2009) and 57% in 

Myanmar (Schatzmayr  and Streit, 2013)  but it is lower than 86% in Kenya (kang et al., 

2009), and 83% in Cameroon (Kana et al., 2013). However, it is higher than 46% in France 

(Bailly et al., 2018), 35% in Malawi (Nishimwe et al., 2019) and 30% in South Africa (Njobeh 

et al., 2012).  

 

Low level of fungal contamination in this study as compared to Kenya and Cameroon may be 

due to the environmental factors and the feed ingredient types they used. In Cameroon where 

the studies are conducted have an average temperature of 22-30 0c and 60-80% humidity 

(Kana et al., 2013), which is a conducive environmental conditions for fungal growth and 

aflatoxin production. In addition maize and peanut is the main constitutes of poultry feed in 

Cameroon (Kana et al., 2013) which is the most preferable substrate for fungal growth and 

aflatoxin production due to high contents of soluble sugars in maize and high lipid content in 

peanut (Mellon et al., 2000: Liu et al., 2016). Similarly in Kenya the study is conducted in Rift 

valley region which is hot and humid environment, in addition maize is the main poultry feed 

ingredient in the region (Atela et al., 2016), so both of these factors enhance fungal 

contamination and aflatoxin production as described above.  

 

High occurrence of fungal contamination in this study as compared to South Africa and France 

may be due to the fact that the presence of well developed commercial farming system in 

France and South Africa (Sheila Okoth, 2016: Bailly et al., 2018 ) which reduces fungal 

contamination and aflatoxin production by reducing the factors that promote the  

contamination of fungus and toxin production by pre and post harvest crop management 

practice like using crop hybrids that are less susceptible to fungal contamination and aflatoxin 

production, reducing physical damage to crops at harvest, pest management, good sanitation 

and feed storing practices (Stepman,F. 2018).  

https://scialert.net/fulltext/?doi=ajava.2012.528.534#358419_ja
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From the isolated Aspergillus species 69.4% was aflatoxigenic. The result is comparable with 

64.29% in Sudan (Elzupir et al., 2009), 60% in Pakistan (Anjum et al., 2012) and 52% in Iran 

(Raed et al., 2016) but it is lower than 98% from Tamil Nadu, India (Kannan et al., 2014), 

88% from cereals in Ethiopia (Amare, 2010)  and it is higher than 42% in Zaria, Nigeria 

(Ibrahim et al., 2017), 35% in Malawi (Nishimwe et al., 2019) and 16.1% in Ilaro, Nigeria 

(Faparusi and Alagamba 2018). These toxigenic variations may be due to variations in factors 

that determine the productions of aflatoxin in the respective countries like temperature, 

humidity, storing periods and moisture contents of feed together with the feed type they used.  

 

From the feed ingredients, maximum mean AFB1 is measured in soya bean and minimum 

mean AFB1 level is measured in wheat bran. These finding is comparable with Dawit et al., 

(2016) and Sissay et al., (2019) in Ethiopia. Maximum mean AFB1 in soya bean may be due 

to its high lipid content which significantly stimulates fungal growth and AFB1 production 

(Mellon et al., 2000) and minimum mean AFB1 in wheat bran may be due to its low moisture 

content and poor nutritional composition as compared to other feed ingredient types (Mulugeta 

et al., 2017). 

 

In this study concentrated (mixed) feeds were more exposed (81.7%) to aflatoxigenic 

Aspergillus species contamination than feed ingredients. In feed ingredients aflatoxigenic 

Aspergillus species contamination were seen as 78.6% in maize, 74.4% in soya bean, 73.9% in 

nug cake, 60% in bone and blood meal and 35.6% in wheat bran as their exposing order. This 

finding is comparable with 80.9 % in mixed feed, 65.3% in maize, 48.6% in soya bean and 

18.5% in wheat bran in India (Dhavan and Choudary, 1995) but lower than 100% in mixed 

(concentrated) feed, 100% in maize, and 86.67 % in soya bean at Bangladesh (Lubna et al., 

2018). High fungal contamination in concentrated feed might be due to that, concentrated 

feeds have high fat, carbohydrate and protein content which is suitable for fungal growth and 

aflatoxin production (Liu et al ., 2016). This explanation is supported by Atela et al., (2015) 

which states that higher aflatoxin level is measured in finished feeds (mixed feeds) as 

compared to feed ingredients. From individual feed ingredients aflatoxigenic Aspergillus 

species contamination is high in maize and low in wheat bran. High fungal contamination in 

maize might be due to the presence of high soluble sugars (glucose, sucrose, and maltose) in 

https://scialert.net/fulltext/?doi=ajava.2012.528.534#358419_ja


38 

 

maize which is excellent substrates for fungal growth (Liu et al., 2016). This explanation also 

supported by (Rodrigues et al., 2011), which states that maize is a preferred substrate for 

fungal growth in comparison with soya bean and wheat. Low fungal contamination and toxin 

production in wheat bran might be the fact that most wheat bran available as an animal feed is 

a by-product of wheat milling in the preparations of flour used for human consumption. In so 

doing sorting and cleaning is done. Sorting and cleaning of grains to remove damaged ones 

has been shown to significantly reduce the aflatoxin level (Kerstin and Charity, 2011). 

 

This finding showed that 25.0% of home mixed feeds and 37.5% of commercially formulated 

feed exceeded the maximum FDA AFB1 permissible standard limits (>20 μg/kg). The result is 

consistent with other studies conducted elsewhere (Kang et al., 2009: Ezekiel et al., 2012: 

Iram et al., 20018: Nkosi, 2018 and Thuita et al., 2019).  The reason why high percentage of 

commercially formulated feeds exceeds FDA permissible limit than home mixed feeds may be 

due to the fact that in commercially formulated feeds, they are mixed feeds during buying, so 

it creates a favorable condition for fungal contamination and aflatoxin production during 

transportation and storage. Where as in home mixed feeds the farms buy feed ingredients 

rather than mixed feeds and they mix by themselves on their farm, as a result feeds are stored 

in the form of feed ingredients rather than mixed feeds and there may be cleaning and sorting 

of feed ingredients during mixing. These two circumstances help to reduces fungal 

contamination and aflatoxin production in home mixed feeds (Alvarado et al., 2017). 

  

Based on this study the minimum and maximum AFB1 intake per hen per day is 0.92 μg and 

4.92 μg respectively, which is low but a low dose of continues consumptions of AFB1 by the 

hen may have an effect on its health and overall performance. Because chronic exposure of a 

small amount of AFB1 causes morphological damage on intestinal mucosal linings and 

decreases cell proliferation and deteriorations of the unit absorptive surface of small intestine, 

this might pose a serious risk to poultry health and productivity by exposing them to feed 

deficiency, increasing disease susceptibility and causing vaccine failure as a result of 

suppressing the immune system (Chen et al. 2016; Yunus et al., 2011). This explanation also 

supported by Noreddine, (2020) which states that regular low level intake of aflatoxin leads to 
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impaired productivity, increased susceptibility to disease and reduced quality of the food they 

produce in animals including poultry. 

 

Among the aflatoxigenic Aspergillus species contamination related factors considered in this 

study, feed storing period, source of feed, presence of rodents in the feed storing room, 

moisture contents of the feed and feed ingredient types were found to be independently 

associated with the  contamination of aflatoxigenic Aspergillus species. Hence, according to 

the current finding feeds which stored in rooms having rodents had 2.67 times more likely 

encountered aflatoxigenic Aspergillus species contamination than those who stored in rodent 

free rooms. The reason behind may be due to the presence of rodents or insects in the feed 

(feed storing room) predisposes the feed for fungal contamination and aflatoxin production by 

transport primary inoculums as a vector, disseminate spores within the feed, facilitate 

colonization and infection by injuring the feedstuff and increasing the moisture contents of the 

feed by their byproducts (Avantaggio et al., 2002). This explanation is supported by USAID, 

(2012) reports that clean, dry, insect and rodent free storage conditions are critical to prevent fungal 

contamination and aflatoxin production. Home mixed feeds were 27% less likely exposed for 

aflatoxigenic Aspergillus species contamination than commercially formulated feeds bought 

from feed vendors. This finding is in line with the reports of Aliyu et al., (2016) in Nigeria 

which stated that 68% of commercially prepared and 13% of home mixed feeds were prone to 

aflatoxin production. This might be due to that, concentrated feeds were more prone to fungal 

contamination and aflatoxin production during transportation and storing time than feed 

ingredients because, concentrated feeds are crushed and nutrient rich, which creates a suitable 

condition for fungal contamination and toxin production than feed ingredients. This 

justification is supported by the recommendation of USAID, (2012) that 23% aflatoxin 

production can be reduced by home preparation of feed. 

 

The likelihood of aflatoxigenic Aspergillus species contamination in feeds stored for one to 

two months were nearly two times (AOR 1.99, 95% CI: 1.05-3.76) higher than those feeds 

stored less than one month and feeds which were stored more than two months were 2.69 more 

likely encountered for aflatoxigenic Aspergillus species contamination than feeds that were 

stored less than one month. This finding is comparable with the reports of Rehrahie et al., 
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(2018) at Hawasa, Ethiopia and Assawah & El-Refai, (2009) in Egypt. The increment of 

fungal contamination with increasing feed storing time might be due to the increment of the 

probability of the feed damaged by insects and rodents which increases the moisture contents 

of the feed that creates conducive environment for fungal contamination and aflatoxin 

production (Ngoko et al., 2001).  

 

Feeds which have low moisture content (<10%) were 81% less likely encountered for 

aflatoxigenic Aspergillus species  contamination than feeds which have medium moisture 

content ( 10-14%) and feeds which have high moisture content (>14%) were 1.5 times more 

likely exposed for aflatoxigenic Aspergillus species contamination than feeds which have 

medium moisture content (10-14%). The finding is consistent with other studies conducted 

elsewhere (Kana et al., 2013: Sahar et al., 2015: Nisa et al., 2018). The contamination of 

aflatoxigenic species in stored grain is highly dependent on grain moisture condition (Magan 

et al., 2004) and fungal contamination together with AFB1 production is increased 

proportionally with moisture content of the feed (Hassane et al., 2017) supports this finding. 

 

The knowledge of farm owners, managers and workers about fungal contamination and 

aflatoxin in feed were assessed and it was found to be 34.4% and 20.3% in fungal 

contamination and aflatoxin production respectively. From all the respondents, 32.8% of them 

apply prevention practice on fungus contamination. The result is higher than 10% knowledge 

and 30% prevention practice in Addis Ababa (Mulugeta et al., 2017). This better knowledge 

and prevention practice against fungal contamination and aflatoxin in feed compared to 

previous study might be due to increased access of information about aflatoxin and its health 

impacts from different Medias which creates awareness about fungal contamination and 

aflatoxin in feed and animal products than the previous. 
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6. CONCLUSIONS 

 

The magnitudes of aflatoxigenic Aspergillus species in poultry feed was found high and A. 

flavus is the more frequently isolated aflatoxigenic Aspergillus species than A. parasiticus. 

Fungal contamination in poultry feed was associated with  presence of rodents in the feed 

storing room, longer storing period and high moisture contents of the feed. The highest rate of 

fungal contamination was observed in maize followed by soya bean  and nug cake due to high 

soluble sugar in maize and high lipid content in soya bean and nug cake whereas, the lowest 

rate was found in wheat bran associated with its low moisture content and poor nutritional 

composition as compared with others. As a result of cleaning, sorting and shorter storing 

period of feed, lower rate of aflatoxigenic Aspergillus species contamination was observed in 

home (farm) mixed feeds than commercially formulated ones bought from feed vendors. A 

maximum mean aflatoxin level was measured in soya bean and minimum mean aflatoxin level 

was measured in wheat bran. Nearly one third of the feeds showed the aflatoxin level beyond 

the maximum FDA permissible level. Generally biological, environmental and feed related 

factors are found determinant factors associated with the contamination of aflatoxigenic 

Aspergillus species in poultry feed. However, the knowledge levels and adapted prevention 

practices about fungal contamination and aflatoxin production were very low. 

 

In line with the above conclusion, the following recommendations are forwarded:  

 Awareness creation about the impact of aflatoxin in poultry health and production, 

together with prevention methods should be done for the farm owners, managers 

and other stalk holders. 

 The farm owners should be encouraged to prepare their poultry feeds by 

themselves rather than buying commercially prepared concentrated feeds in bulk 

from feed vendors. 

 The farm owners should dry the feed well before storage and long period of feed 

storage should be avoided. 

 Feed storing room should be free of insects and rodents, well ventilated and 

cleaned before restocking the feed and first in first out principle of the feed should 

be implemented. 



42 

 

 Surveillance and scheduled aflatoxin monitoring programs should be implemented 

both in poultry farms and poultry feed processing factories. 

 There has to be country based set standards on maximum aflatoxin permissible 

limit in poultry feeds. 
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8. ANNEXES 

 

Annex 1: Laboratory Result Recording Format 

  

Ref. No   _______________________    Date of Primary Media Inoculation_______________  

Type of Sample__________________ Target Organism_______________________  

 

Laboratory Result record format 

 

S/

N  

 

Sample 

Code 

A. Flavus-

parasitic

us Agar  

Ammonium 

hydroxide test 

ELISA 

Result 

  OD 

Value 

Microscopic 

Examination 

Remark 

  A A.flavus A.parasiticus  

         

         

         

         

 

Annex 2: Medias used, with their preparation 

 
 Directions:  

 Suspend 22.75 g in 500 ml distilled water.  

 Heat to boiling to dissolve the medium completely then 

 Sterilize by autoclaving at 121°C for 15 minutes.  

 Cool around 50°C and aseptically add sterile rehydrated contents of 10m1 of 

gentamycine Selective Supplement and mix well.  

 

Principle and Interpretation:  

 

Mixture of gentamycine restricts spreading of moulds, inhibits bacterial contamination and 

helps in identification of fungi. Mixture of peptic digest of animal tissue and yeast extract 

improves contamination rate of fungi particularly aflatoxin producing Aspergillus species 

like Aspergillus flavus and parasiticus.  
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Cultural Characteristics 

 

Aspargilus species  contamination characteristics 

A.flavus greenish-yellow appearance and powdery texture with the reverse 

side golden to red brown or pale to yellow while 

A.parasiticus Blue-green appearance with the reverse side white to yellow 

 

Annex 3 Sample preparations (Extraction), Assay Principle and Procedure 

 

3.1 Assay Principle 

 

The HELICA low matrix aflatoxin B1 assay is a solid phase competitive inhibition enzyme 

immunoassay. An aflatoxin B1 specific antibody is coated to a polystyrene micro-well. Toxins 

are extracted from a ground sample with 80% methanol and after dilution, added to the 

appropriate well. If aflatoxin is present it will bind to the coated antibody. Subsequently, 

aflatoxin bound to horse-radish peroxidase (HRP) is added and binds to the antibody not 

already occupied by aflatoxin present in the sample or standard. After this incubation period, 

the contents of the wells are decanted, washed and an HRP substrate is added which develops 

a blue color in the presence of enzyme. The intensity of the color is directly proportional to the 

amount of bound conjugate and inversely proportional to the amount of aflatoxin in the 

standard or sample. Therefore, as the concentration of aflatoxin in the sample or standard 

increases, the intensity of the blue color will decrease. An acidic stop solution is added which 

changes the chromogen color from blue to yellow. The micro-wells are measured optically by 

a micro-plate reader with an absorbance filter of 450nm (OD450). The optical densities of the 

samples are compared to the ODs of the kit standards and a result is determined by 

interpolation from the standard curve. 
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3.2 Sample Extraction Procedure 

 

3.2.1 Cereals 

 

1. Grind a representative sample to the particle size of fine instant coffee (95% passes through 

a 20 mesh screen). 

2. Prepare extraction solvent (80% metanol) by adding 20mL of distilled water to 80mL of 

metanol for each sample to be tested.  

3. Transfer 100mL of extraction solvent to a container and add 20g of the ground sample.  

Note: The ratio of sample to extraction solvent is 1:5 (w/v). 

4. Mix by shaking in a sealed container or in a blender for a minimum of 2 minutes. 

5. Allow the particulate matter to settle, then filter 10mL of the extract through a Whatman #1 

filter paper and collect the filtrate to be tested. 

6. Dilute an aliquot of the extract 1:10 with reconstituted wash buffer. 

7. The sample is now ready. The standards require no pre-dilution before use. 

8. Final dilution for use in calculation = 1:50 

 

3.2.2 Mixed Feed 

 

1. Grind a representative sample to the particle size of fine instant coffee (95% passes through 

a 20 mesh screen) 

2. Prepare extraction solvent (80% metanol) by adding 20mL of distilled water to 80mL of 

metanol for each sample to be tested. 

3. Transfer 200mL of 80% metanol to a container and add 2g of the ground sample.  

Note: The ratio of sample to extraction solvent is a 1:100 dilution (w/v). 

4. Mix by shaking in a sealed container for a minimum of 10 minutes. 

5. Centrifuge the sample at 3,500rpm for 5 minutes to pellet the particulate matter. 

6. Collect the supernatant containing aflatoxin for analysis. 

7. Dilute an aliquot of the extract 1:10 in reconstituted wash buffer. 

8. Final dilution for use in calculation = 1:1000 
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3.3 Assay Procedure  

 

1.  Bring all the reagents to room temperature before use. Reconstitute the PBS-Tween packet 

by washing out the contents with a gentle stream of distilled water into a 1-Liter container. 

Q.S. to 1 Liter with distilled water and store refrigerated when not in use.  

2. Place one mixing well in a micro-well holder for each standard and sample to be tested. 

Place an equal number of antibody coated micro-titer wells in another micro-well holder. 

3. Dispense 200μL of the sample diluents into each mixing well.  

4. Using a new pipette tip for each, add 100μL of each standard and prepared sample to the 

appropriate mixing well containing diluents. Mix by priming pipettor at least 3 times.  

5. Using a new pipette tip for each, transfer 100μL of contents from each mixing well to a 

corresponding antibody coated micro-titer well. Incubate at room temperature for 30 minutes.  

6. Decant the contents from microwells into a discard basin. Wash the microwells by filling 

each    with PBS-Tween wash buffer, then decanting the wash into a discard basin. Repeat 

wash for a total of 3 washes. 

7. Tap the microwells (face down) on a layer of absorbent towels to remove residual wash 

buffer. 

8. Add 100μL of Aflatoxin HRP-conjugate to each antibody coated well and incubate at room 

temperature for 30 minutes. Cover to avoid direct light. 

9. Repeat steps 6 and 7.  

10. Measure the required volume of substrate solution (1mL/strip or 120μL/ well) and place in 

a separate container. Add 100μL to each micro-well. Incubate at room temperature for 10 

minutes. Cover to avoid direct light. 

11. Measure the required volume of stop solution (1mL/strip or 120μL/well) and place in a 

separate container. Add 100μL in the same sequence and at the same pace as the substrate 

Solution was added.  

12. Read the optical density (OD) of each micro-well with a micro-titer plate reader using a 

450nm filter. Record the optical density (OD) of each micro-well. 

13. By inserting the OD value to the prism 7 software AFB1 concentration was calculated 
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Annex 4. FDA and EU Aflatoxin regulatory guidance for feed and feed ingredients. 

 

Us FDA 

Intended use  Grain, grain by product, feed or other 

products) 

Maximum 

AFB1 level 

(μg/ kg) 

Immature animals 

 

Corn, peanut products, and other animal 

feeds and ingredients, excluding cottonseed 

meal 

 

20 

Dairy animals, animals 

not listed above, or 

unknown use 

Corn, peanut products, cottonseed, and other 

animal feeds and ingredients 

 

20 

Breeding cattle, 

breeding swine and 

mature poultry 

Corn and peanut products 100 

Finishing (i.e., feedlot) 

beef cattle 

Corn and peanut products 300 

Us European Union 

All feed materials 20 

Complete feeding stuffs for cattle, sheep and goats (except dairy Cow) 20 

Complete feeding stuffs for dairy animals 5 

Complete feeding stuffs for calves and lambs 10 

Complete feeding stuffs for pigs and poultry (except young animals)  20 

Other complete feeding stuffs  10 

Complementary feeding stuffs for cattle, sheep, and goats (except 

complementary feeding stuffs dairy animals, calves, and lambs) 

20 

Complementary feeding stuffs for pigs and poultry (except young 

animals)  

20 

 

Source: Alvarado et al., (201 
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Annex 5: Participant Information Sheet and Informed Consent Form   

 

My Name is- Ambachew Motbaynor, I am a postgraduate student at Haramaya University 

College of Veterinary Medicine. I am conducting research on magnitudes of Aflatoxigenic 

Aspergillus flavus and determining the levels of Aflatoxin B1 in poultry feed and assess 

associated factors for the occurrence of the fungus in poultry feed in Dire Dawa. 

 

In line with this, I kindly request you to give me your attention to explain about the study and 

being selected as a study participant.  

 

The study title:  

 

Magnitude of aflatoxigenic Aspergillus Species and level of aflatoxin B1 with its associated 

factors in stored poultry feed at farms in Dire Dawa, Ethiopia 

 

Purpose of the study:  

 

The findings of this study will provide the magnitudes of Aspergillus species and levels of 

aflatoxin B1 in poultry feed and determinant factors that favor for the occurrence of the 

aflatoxigenic Aspergillus species and its toxin in poultry feed at Dire Dawa poultry farms. 

Thus, it will have a paramount importance for the poultry farm owners and for those who 

involve in the poultry industry and the country as a whole, to plan a remedy for new 

preventive intervention design and treatment on the bases of the findings of the study.  

 

Procedure and duration:  

 

I will be interviewing you using a questionnaire to provide me with pertinent data that will be 

helpful for the study and I need the poultry feed for laboratory investigation of aflatoxigenic 

Aspergillus species and its toxin. All of your responses and procedures done are completely 

confidential. You are kindly requested to answer every question and all the procedures, but 

you may stop at any time you want to. However, .Your honest answers to these questions will 

help me for a better understanding of the topic, and will eventually help in designing and 

implementing appropriate interventions to alleviate related problems The total time needed for 
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answering the questions will be about 30 minutes, so I kindly request you to spare me this time 

for the interview.  

 

Personal contact 

 

In case if you have any questions or enquire at any time about the study or procedures, please 

contact me through this address. 

  

 Investigator: Ambachew Motbaynor: Email:ambachewmotbaynor@gmail.com  

Mobile phone number: +251910342023 

P. O. Box 138, Dire Dawa, Ethiopia  

 

Declaration of informed voluntary consent: 

  

I have read/was read to me the participant information sheet. I have clearly understood the 

purpose of the research, the procedures, benefits and the contact address for any queries. I 

have been given the opportunity to ask any questions for things that may have been unclear. I 

was informed that I have the right to not answer any question that I do not want. Therefore, I 

declare my voluntary consent to participate in this study with my signature as indicated below.  

Name of managers/workers _____________________ Signature _______________  

Data collector: Name ___________________________ Signature ______________________  

 

Thank you for your cooperation!  
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PART I. KNOWLEDGE Assessments of farm owners and workers about fungal 

contamination and Aflatoxin in poultry feed. 

No. Question  Response 

1 Have you ever seen a poultry feed which are stick 

together during storage 

 Yes 

 No 

2 What makes the feed stick together during storage  Mold 

 Bacteria 

3 Which environmental conditions are favorable for 

mould contamination in poultry feed? 

 Humid 

 Dry and Hot  

 Don’t know      

4 Does feeding moldy feed to poultry have an effect 

on poultry productivity 

 Yes  

 No 

5 Does well ventilated feed storing room reduces 

fungal (mould) contamination in poultry feed? 

 Yes  

 No 

6 Does feeding an insect (such as; weevil) affected 

feed affects the poultry health and productivity 

  

7 Do poultry farms with poor rodent control system 

affect the poultry health and productivity? 

 Yes 

 no 

8 Do you have an information about Aflatoxin  Yes 

 no 

9 Does Aflatoxin affects hens  Yes  No 

10 What are the possible source ( causes) of Aflatoxin  Moldy feed 

 Wet feed 

 Long storing feed 

11 Does Aflatoxin affects humans  Yes  No 

12 Can Aflatoxin transmitted from hens to humans 

through egg 

 Yes  

 No 
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PART II. Assessments of farm owners and workers about Aflatoxin prevention Practice 

No. Question  Response 

1.  How would you store poultry feed 

 

 Above the ground on feed beds                 

 On the surface of the ground 

2.  On the bases of which criteria do 

you select feed for your poultry? 

(tick on all that you rely on)  

 Color     

 Odor      

 Moisture 

 No criteria   

3.  For how long duration do you store 

poultry feed at storage?  

 

 < 1 month     

 1 – 2 Month     

 3 -4 Month    

  >5 Month    

4.  Do you feed mould feed to poultry?  Yes               No     

5.  Do you commonly clean the store 

before re-stocking of animal feed? 

 Yes         

  No     

6.  Do you dry animal feed before 

storage 

 Yes             No     

7.  In what way do you keep good air 

circulations of the storing room? 

(tick on all that you rely on) 

 Ventilator 

 Opening the door and windows at 

day time 

 Always kept close/no such practice 

8.  Do you controll rodent in your feed 

storing room? 

 Yes 

 No 

9.  The floor type of the feed storing 

room?  

 Cemented            Soil             

10.  How frequently you clean the feeder  Once a week 

 Twice a week 

 Once pere two week 

 Daily  

 

 


