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ABSTRACT 

Aflatoxins arc one of the major faclors thai affect the quality and safety of feeds that arc 

transferred into li vestock species and then to humans via animal sources of food (meal, egg and 

mi lk). The objecti ve of this study was to detect and quantify the level of aflatox ins (8 I, 82, G I, 

G2 and total aflatoxin) in dairy feed, poultry (layer tInd broiler) feed and feed ingredients 

produced in feed factories in Addis Ababa also 10 evaluate knowledge Attitude and Practice 

(KA P) of feed producers and farmers in regard to feed qua lity and safety. A total o f 42 samples 

consisting of five dairy feeds, six poultry broiler feed s, six layer feeds and 25 feed ingredients 

were collected from seven dairy and poultry feed factories found in Addis Ababa and ils 

surroundings. Samples were analY.led using High Performance Liquid Chromalograph y after 

cleaned up with lmmunoaffinilY columns. The eva lualion of KAP was done using a slruclured 

questionnaire. In the feed samples analY.lcd, the aflatoxin B I levels obtained ranged from (5 1.66 

to 370.51) ).Lglkg in dairy cattle feed; from ( 1,45 to 139.5 1) ).Lglkg in pou ltry layer feed; and from 

( 16.49 to 148.86) ).Lglkg in broi lcr feed. In feed ingredients on the other band, aflatoxin B I level s 

ranged from (2.64 to 46.74) J.1g1kg in maize grain; from Not Detectcd (ND) to 3.66 J.1g1kg in 

wheat bran; from NO to 12.77 J.1g1kg in whcat middl ing; from D to 3.43J.1g!kg in soybean; and 

from (110.93 to 438.86) J.1g!kg in nigcr seed cake. 100% of dairy fceds, 67% of poultry laycr, 

67% broi ler feeds and 24% of ingredients con tained aflatox in in levels higher than the max imum 

tolerable limit set by the US Food and Drug Admin imation and Eth iopian Standard Agency. The 

result of KAP assessmcnt revcaled that only 63% of fced producers and fanners had awarencss 

about the format ion of a flatox ins in fccds. In conclusion, dairy feed from feed types and ni gcr 

seed cake from feed ingredients were the most heavily contaminated with aflatoxi ns that need 

better feed managcment by the producers and strong regulation by the government. There should 

be regular monitoring of aflatoxin in animal feeds by the feed manufactures to prevent aflatoxin 

buildup in dairy feeds, poultry feeds, and feed ingredients to ensure the health of an imals and 

sa fe ty of ani mal source of foods like mi lk, egg and meat. 

Keywords: Aflatoxin, Feeds, Dairy, Pou ltry Layer, Poultry Broi ler, Ingredients 
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I. I TRODUCTION 

1.1. Background 

Animal source foods such as milk , meal and eggs currentl y provide around 13% of the energy 

and 28% of the prolein consumed globally; in developed countries, this rises to 20 and 48% 

respectively. Consumption of livestock products per capita has markedly outpaced growth in 

consumption of other major food commodity groups. Since the early 19605, consumption of milk 

per capita in the developing countries has almost doubled, meal consumption more than tripled 

and egg consumption increased by a factor of fi ve (Tilman, 2014). 

Animal feeds have an important rote in enabling economic production of animal·source foods. 

Feeds may be produced in industrial feed mills or simple on-fann mixers or by hand mixing 

(Afsah et 01. , 2013). Poor quality and safety of animal feed direct ly affect the quality of meat, 

milk and mi lk products (Smith , 20 15). Feed supply and feed safety are intimately linked because 

feeding stuffs origin, processing, hand ling, and storage, as we ll as many other factors related to 

the market, can affect at different levels both quality and safety of feed. One of the factors that 

affect anima l feed quality and safety is fungal contamination of cerea l grains, oi l-seed meals, and 

forages which presents a major anima l health risk throughout the world and particularly in the 

humid tropics (Pinolli , 20 11 ). 

Aflatox ins are capable of min imizing the nutritional value of animal feed by elaborating various 

mycotoxins; feeds contaminated with the tox ins affect animal health and productivity (Akande et 

01., 2006). The tox ins are produced in cereal grains as well as forages before, during and after 

harvest, in various environmental conditions (Yiannikouris and Jonany, 2002). Aflatox in is one 

of the different types of mycotox ins fungal metabolites produced by some strains of Aspergillus 

jlavus and Aspergillus parasiticlls. Aflatoxin is produced at a temperature of 12-40°C and 

requires 3- 18% moisture (Duncan and Hagler, 2008). 
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Severa l studies have been reported that high levels of a fl atoxin in dairy callie feeds, poultry layer 

and broiler feeds and feed ingredients were above the recommended FDA limit (Dawit er 

al.,20 16; Rehrahie, 2018; Kotinagu, 2015; Greco, 2014). The presence ofaflatoxins in feeds may 

decrease feed intake and affect animal perfonnance. Besides, the possible presence of toxic 

residues in an edible an imal product such as milk, meat, and eggs has detrimental effects on 

human health . Fungal contamination affects both the organoleptic characteristics and the 

alimentary value of feeds and en tail s a risk of toxicities (A kande et al., 2006; Mkau, 2016: 

Dawit, 20 16). Hence, this study wi ll con tribute to ensure the safety of animal -sourced products 

for human consumption as well as to safeguard the health of the consumers by increasing 

know ledge and awareness of aflatoxin contaminat ion on anim'll feed. 

1.2. Statement of the Problem 

Inadequate supply of quality feed and the poor qualit y of ingredients used as feed are the major 

factors limiting livestock productivity in Eth iopia . Feed, usually grass based not available in 

suffi cient quantity due to fluctuat ing weather conditions or when avai lable are of poor nutritional 

quality. Small hold fa rms in Ethiopia have little chance of selecting feeds since fanners use what 

is available which is grain based and rarely find access to readymade feeds. This result ing in low 

mil k and meat yields high mortali ty of young stock, longer parturition interval s, and low animal 

weights (Ahmed et al., 2004). 

The presence of aflatox in contam inated mi lk in the market is becoming an alanni ng prob lem. A 

recent study conducted on dairy and feed samples co llected from the greater Add is Ababa milk 

shed indicated that all collected milk and feed samples had detectable levels of aflatoxin. Most of 

the mi lk was contaminated with aflatoxin M I and it was presumed that aflatoxin M I 

contam ination in milk must have originated from aflatoxin B I contaminated catt le feed of 

lactating cows (Dawit el al., 20 16; Rehrahie, 20 18). 

Considering the serious health related issues associated with anatoxin, it is important to study the 

contamination level of animal feeds thoroughly and look into poss ible fac tors fo r Ihe 

contami nation of animal source of food to reduce the health risk of consumers at risk fo r health 

problems and major economi c setbacks. This study wilt in vestigate the occurrence and 

contamination level of aflatoxin in ani mal feeds and ingredients produced in Addis Ababa. 
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1.3. Significance of the Study 

The study wi ll help in creating awareness to feed suppliers on major animal feed ingredients thaI 

arc susceptible to aflatoxi n contamination. It will also ass ist regulatory bod ies like the Veteri nary 

Drug, Feed Admin istration and Control Authority (VDF ACA) in implement ing regulatory limits 

on aflatoxin levels in anima l feed ingredients, and compound feed . Manufacturers wi ll also ha ve 

benefited by contro lling the sa fety of ingredien ts used in the processi ng o f animal feed. 

1.4. Obj ectives 

1.4.1. General Objective 

To detect and quantify the level of afl atoxin in feeds and feed ingredients produced by ani mal 

feed producers in Addis Ababa. 

J .4.2. Specific Objectives 

)0. To detennine the levels of aflatoxin in dai ry, poult ry ( layer, bro iler) feeds and feed 

ingredients in Addis Ababa. 

>- To compares the levels of a natox in in feeds and feed ingredient s with the acceptable limit 

set by Ethiopia and international regulatory authori ties. 

>- To assess (KAP) on aflatoxin among feed producers and farmers. 
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2. LITERATURE REVIEW 

2.1. Animal source of food 

An imal source of foods play an im portant role in human diet. Nutritional ly they arc important 

sources of prolein of good quality and excellent sources of vitamins and minera ls. In addition, 

animal foods are in general more distincti ve in flavor and texture and often morc palatable than 

foods of vegetable origin . Overcoming dcliciencics in diet quantity and quality arc major 

nutritional challenges globall y, particularl y in developing countries (Yang el al., 2009) 

Diet quantity is concemed with the avai labi lity and consumption of total food energy (keal) and 

diet quality with the abi lity of the diet to supply protein of high biological value (presence of all 

essent ial amino acids) and adequatc supplics of micronutricnts (vitamins, mi nera ls, and trace 

metals) to meet bio logical requirements under a wide range of physio logic and environmental 

conditions. From earli er emphasis on the protein gap, and then on the energy gap si nce the late 

1980's to the present lime, there has been an increasing awarcness of "hidden" malnutri tion or 

multi pl e mi cronutrient deficiencies, and an appreciation that di et quality is as important as diet 

quantity (Neumann el af., 2002). 

Animal source foods have a positi ve impact on the quality and mi cronutrient enhancement of the 

d iet of women and children, and ean preven t many micronutrient deficiencies. These deficienc ies 

can impose a heavy individual and societal burden. The task remains \0 improve access to and 

uti lization of animal source foods by poor famil ies, " look to the fann and not to the phamlacy" 

(Siekmann el af., 2003). 

2.2. Animal Feed Ingredients 

As livestock production and productivity increases, feed is the most im portant thi ng. Supplying 

adequate amount of feed fo r various livestock species involves the fonnulation of diet. Good 

quality feeds are produced from good quality feed ingredients (Pond e f af., 2004). 
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Among the various constraints limiting livestock productivity in Ethiopia, poor quality and 

quant ity animal feed is the major one. Veri fying to thi s background, critical feed scarcity for 

more than 9 months a year and average annual feed deficit of 35% of the requirement 

(main tenance plus production) has been noted in the status of feed resources in the central 

highlands of Ethiopia (Tangka, el 01. , 2002). 

Poor nutrition is a major barrier to market-oriented li vestock production. It leads to a slow 

growth rate in growing animals and low production and reproduction perfonnance. Poorl y fed 

anima ls give a low output of meat and milk. Nutritional prob lems also lead to delayed agc of 

onset of puberty, long parturition intervals, low conception rates, and low overa ll lifetime 

reprod ucti ve perfonnance. Under poor fcedin g conditions, animals take too long to reach 

optimum slaughter weight and the meat produced by such animals ma y not satis fy the desi red 

quality attributes to fulfill the demand of the consumcrs (Adugna et al., 2008). 

Feed resources are classified as natural pastu re, crop residue, improved pasture and forage, agro­

industrial by-products and other by-products like food and vegetable refusal (Gclayenew et al., 

2016). Out of thcse feed manufacturers utili ze industrial by products und maize to fulfill the 

energy and maintenance requirement of the anima ls. 

2.3. Common Feed Ingredients 

Natural pasture and hay differ from place to place due to agro climatic conditions. Natural 

pasture for cattle is declining from time to time and crop residues are being utili zed. The most 

common crop residues arc cereal crop residues like barley/wheat straw, green maize fodder, 

sorghum and oat fodder (Adugna, 2008). 

2.3.1 Maize G rain 

Maize is the most common grain that is used for animal feed product ion. The com plant is 

efficient at converting large amounts of sunlight into stable fonns of chemical energy stored as 

starch, cellulose, and oiL Com is the grai n most routi nely used in commerci ul poultry diets 

because it has good energy content and is easy to digest. The umino acid profile of the protein in 

com complements the amino acid profi le of the other ingredients, such as soybean meal, 

typicall y used in feed. Alternati ve grains are typically evaluated in relation to com (Jacob, 2015). 
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2.3.2. Industrial By- products 

Agro-industrial by-products produced in Ethiopia include by-products from flour milling, sugar 

facto ry, oi l seed and brewery factories. Thcse byproducls arc mainly used fo r dairy, pou ltry and 

fattening an imals. Agro-industrial by-products arc rich in energy and/or protcin contents or both. 

They have low fiber content, high digestibility, and energy va lues compared wi th the other class 

of feeds (Mengistu et al., 2017). 

Niger seed cake is one of the oi lseed cakes commonly used as a protein supplement for livestock 

in Ethiopia. About 84802.34 tons of Niger seed is processed every year in the country from 

which about 50% niger seed cake is produced. The protein content of Niger seed cake varies 

from 28-38% with most va lues lying between 30-35%. The fat content varies from 2. 1- 12.6% 

with an average of 8.4% and has high fiber (34.4%) and 8.4% lignin) content and low 

digestibility of 61.7% compared to most other oi lseed cakes (Adugna, 2008). 

Soybean meal is protein digestibility in poultry is approximatel y 85% ranging between 82% and 

94% for ind ividual amino acid digestibi lity. Among the vegetable protei n sources, soybean meal 

is used to meet the an imal' s requirement for limit ing amino acids in cereal-based (e.g. maize) 

diets, because it is usually the most cost-effecti ve source of amino acids the carbohydrates in 

soybean meal arc incompletely digested by colonic microbiOl'a in mono-gastric (Kerley and 

Allee, 2003). Removal of raffinose and starchyose improve metabolizable energy content by 

12%. 

Wheal Bran is the wheat grain consists of about 82% endospenn. 15% bran, and 3% genn. 

Wheat bran is the major milling by-product used as livestock feed in Ethiopia. It is the outer 

fibrous layer separated from the rest of the grain and genn. It is the physically fib rous and naky 

product. It is the outer kerncl plus some flour with a protein content of 14- 18%. It has high 

phosphorus (1 %) but low calcium (0. 1%) content. Wheat bran is quite palatable and is well 

known fo r its laxati ve characteristics because of its swelling and water holding capacity. This is 

due to its high fiber and non-starch carbohydrate content (Adugna, el 01., 2008). 
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Wheat middling is a by-product of wheat mill ing. During mi ll ing, 70 to 75 percent of the wheat 

grain becomes flour, and the remaini ng 25 to 30 perceD! results in by-products. Wheat middl ing 

consist of fine particles of wheat bran, wheat shorts, wheat germ, wheat flour, and some of th e 

by-product from the ta il of the mill . Wheat middl ing cannot conta in more than 9.5 percellt crude 

fiber and must have mini mums of 14 percent protein and 3 percen t fa t (Jacob, 20\5). 

Molasses contains high levels of sugars which are readi ly digested in the rumen . It is also a good 

source of minerals such as calcium, potassium, sulfur and trace mineral s but de fi cient in nitrogen 

and phosphorus. It can be a major or minor component of drought feed. It is a concentrated 

source of energy that can be stored for a long period. Since the protei n content of molasses is 

negligib le, it is usua lly fed with high-q uality protein or ure:! . Molasses is onen used as ,I cllrrier 

for urea because it is pa latable and prov ides a wide range of minerals (Adugna el al., 2008). 

Brewers' spent gra in (8 SG) is the most abundant by-product generated from the beer-brewing 

process, representing 85% of the tol'al by-products obtained. After th e mashing process the 

insol uble part of the barley gra in, the S SG, is in solution wi tb the so luble (liquid) wort . The 

wort, which will be fermented into beer, is fi ltered through the S SG, whic h is a by-product and 

must be disposed o f (Mussauo, 20 14). 

2.4. Feed Formulation from Feed Ingredients 

Feed formu lation is the process of quantifying the number of feed ingredients that need to be 

combi ned to form a single uniform mixture for li vestock and animal industry. lI tritious feeds 

are formulated by using raw materials and ingredients such as oats, maize, soybean meal , etc. 

The formulated feeds provide various nutrients that are needed for the g rowth of livestock. A 

good animal yield is highly dependent on the quality and sa fety of feeds supplied there fore the 

formulated feed should provide a bal anced diet for the animal with high-quali ty ingred ients and 

adequate amount to provide healthier growth (Hardy el 01., 2003 ). 

There are various methods of feed fonnu lation ca lculation. They arc amid to provide balanced 

nutrients for animals at the lowest poss ible cost using different mathematica l tec hniques. Some 

of the methods are li sted as fo llows: Pearson 's square method, trial and error method, two by two 

matrix method, sim ultaneous equation method and linear programmi ng method (Saxena et aI., 

20 12). 
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Feed formulation is the process of quantifying the amounts of feed ingredients that need to be 

combined to form a single uniform mixture (d iet) for animals that supply all of their nutri ent 

requirements. Feed formul ation is done based on the class of the animal, feed ingredient types 

and constraints and cost and availab ility of ingredients. Formulation of animal rat ion is a 

complicated problem as; the requiremen t of animals varies with species, tile stages of growth, 

body weight and physiological needs such as pregnancies, milk yie ld at certain level with 

different fa t percentages (Hamre el al., 2013). 

2.5. Occurrence of Afl atoxin in Animal Feeds 

Aflatoxin is toxic metabol ites produced by two species of the genus Aspergillus jlavus and 

A!>pergillus parasilicus . Aflatox ins started getti ng attention in 1960 when 100,000 turkeys and 

other pou ltry in the Uni ted Kingdom died in a single event. Cause of death was eventually traced 

10 a lox ic contaminant in groundnut meal used in Ihe bird's feed which was laler named aflatoxin 

(Sharma el al., 20 17). 

Eighteen different aflatox ins have been identi fied, but the major aflatox ins found in animal 

feedstuffs are aflatoxin B I (AFB I), B2, Gland G2. Lactating mammals that ingest AFB I 

deposit the 4-hydroxylated metabolite, aflatoxin MI (AFMI ), in thei r milk. There is an 

agreement that around 0.3-6.2% of AFB I in dairy cattle feeds is converted to AFM I (Creppy, 

2002). Aflatox in M 1 (AFM 1) is the principal hydroxylated AF B I metabo lite present in the milk 

of cows fed with a diet contaminated with AFB 1. And excreted within 12 hours of administration 

of contam inated feeds AFM I in milk has been shown to decline as contaminated feed is 

withdrawn, with no traces of aflatox in in milk being detected after 3-4 days of withdrawal 

(Melkarnu, 2014). 

An imals are ex posed to aflatox ins through their feed. Aflatox ins can be found worldwide in a 

variety of food and feed commodities especially cereals; the contaminat ion with afl atox in­

produc ing fungi and the production of the toxin in the products can occu r in the field, during 

storage, transportation at almost all stages or the production chain. In fini shed ani mal feed, the 

contamination of an ingredient could cause the contamination of an entire feed batch (Ga llo et 

al. , 20 15). 
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Furthennore, in developing countries, a large proportion of food and fecd arc handlcd on the 

infonnal market, and animals arc often fed crops Ihat arc considered unfit for human 

consumption because of mold, insect damage, or other problems. These crops are especially at 

risk for aflatoxin contamination. 

"' 
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Figure I . Chcmical structure of afl atox in 8 I , 82, G I and M I (Rawa l el al., 2010) 

Aflatoxi n is a global food safety concern as recognized by the Wortd Health Organization with 

rural subsistence fanning communities in developing countries being the populations most at risk 

of aflatoxin exposure. Staple foods that are suscept ible 10 aflatox in contamination, food 

insecurity, low aflatox in awareness and lack of enforcement of regulatory limits arc some of the 

contributors to the high leve l of aflatox in ex posure in these populations (WHO, 2015). 

Molds commonly occurring in the natural environment produce mycotox ins in the process of 

secondary metabolism. Ajpergillus flaws and A. parasiliclIs are species of molds, which arc 

responsible fo r the production of afl aloxi ns and arc crucial in the pathogenesis of human 

diseases. Aspergillus spec ies present in decaying plants, the so il , and thei r sporcs arc transferred 

via air currents and insects to crops and food storagcs. Aflalox ins 8 I , 82, G I , G2, M I and M2 

are the most common derivatives of aflatoxins (Gercmcw, 20 16). 
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Aflatox icosis in humans follows two pathways of the dietary exposure fi rst by direct ingesti on of 

aflatoxins (mainly B I) in contaminated foods of plant origin such as maize nuts and their 

products. Second by ingestion of aflatoxins carried over from feed into milk and milk products 

including cheese and powdered milk, where they appear main ly as a flatox in M I. In addition to 

the carryover into milk, residues of aflatoxins may be present in the tissues of an imals that 

consume contaminated feed (WHO, 1979). 

Aflatoxin residues have been found in animal tissues, eggs, and poultry following the 

experimenta l ingesti on of aflatoxin-contaminated feed Contamination of milk , egg, and meat can 

result from an imal consumption of mycotoxin contaminated feed Ingestion of contaminated food 

is the main source of exposure to aflatoxins, which adversely afTect the health of both humans 

and animals (Agage, 2004). The compounds can cause acute or chronic toxic efTects of a 

teratogenic, mutagen ic, carc inogenic, immunotoxic or hepatotoxic character. Molecu lar 

aflatox ins affect DNA mutations, postranslation peptids chains mod ificat ion, proteins, and 

nucleic acids methylation and the fonnalion of free radica ls (Chu , 2006). 

2.6. Physical Properties of Aflatoxins 

Aflatoxi ns are crystalline odorless solids when isolated and the color range from pale white to 

yellow. The melting points range from 268 °C for 61 down to 190 °C for G2 optimal water 

activity for growth of A. jlavlIs is high about 0.99. The max imum is at least 0.998 whereas the 

mini mum water acti vity fo r growth has not been defined (\Valier, 2003). 

Production of toxins appears to be favored by high water acti vity. Aspergillus jlavus is reponed 

to grow within the temperature range 10-43 0c. The optimal growth rate occurs at a tittle above 

30 °C, reaching as much as 25mm per day. The afl aloxins arc produced by A. FlavlIs over the 

temperature range 12-40°C. It is not possib le to specify an optimum temperature for the 

production of the toxi ns, although production between 20-30 °C is reponed to be significantly 

greater than at higher and lower temperature (Ongoma, 201 3). 
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2.7. Prevalence of Aflatoxin in Animal Feed a nd Feed Ingred ient in Ethiopia 

In the study conducted by Dawit (2016) on aflatoxin contamination of milk and dairy feeds in the 

Greater Addis Ababa milk shed, all the feed samples were contaminated with AFB 1 ranging 

between 7).lglkg and 419).lglkg. Out of a tomi of 156 fecd samples collected, on ly 16 (10.2%) 

contained AFBI at a level less than or equal to 10)lglkg. At the same time, 41 (26.2%) of th c 

feed samples conta ined AFBI at a level exceeding 100)lg/kg. 

Rehrahi e (2018) conducted a study on aflatox ins, heavy metals, and sa fety issues in dairy feeds, 

mil k and water in some selected areas of Ethiopia; a total of 205 samples comprise of 11 5 

concentrate feeds, 45 roughage feeds and 45 milk samp les were anal yzed using the ELISA 

technique. The outcomes showed that halfofthe feed samples (8 1) were free from anatoxin, and 

the rest (79 samples) were within the EU standard of 5)lglkg and the USA standard of 20).lglkg. 

The pattern of aflatoxin contamination showed that concentrate feeds were morc contaminated 

(7.67 ± 0.80~glkg) than roughage feeds (0.41 ± 0 . 14~glkg); hay (0.72 ± 0.2Spglkg) was more 

contaminated than straw (0.05 ± 0.05)lglkg) and oilseed cake based concentrate feeds were morc 

contami nated ( 13.09 ± 1.1 2)lglkg) than concentrate feeds without oilseed cake (2.78 ± 

0.66~glkg). 

A study conducted by Amare Ayalew in 2010, showed that Anatox ins were detected in 88% of 

the samp les of maize the mean value 27J.1g1kg. Additional monitoring of mycotoxins in maize 

from different regions of the country was verified in order to detennine the actual ri sks from 

mycotox ins and poss ibly low mycotoxin ri sk maize production areas. 

2.8. Effects of Aflatoxin on Food-Producing Animals 

The presence of fungi in feed ingredients may cause general, unspecific problems for animal 

production, such as reduced feed in take or fced acceptability. However, diseases caused by 

mycotox ins, known as mycotox icoses, are the most im portam health problems caused by fungi 

contamination . They are characterized by diffuse syndromcs, but with a predominance of lesions 

in organs and tissues, such as liver, kidneys, epithelial and central nervous system, depending on 

the type of toxin. Thus, mycotox icoses can cause significant losses to the animal industry 

worldwide (Rodrigues and Naeh rer, 20 12). 
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The effects of aflatox in depend on genetic factors (species, breed slmi n); physiologica l factors 

(age, nutri tion, exercise); and envi ronmenta l factors (cl imatic, husbandry, hous ing). Developing 

fetuses are very susceptible to even low levels, and young and fast-growing anima ls are more 

affected than adults. Males are more susceptible than females (Grace, 2013). 

The disease called aflatox icosis causes acute and chronic presentation in anima ls. Acute 

aflatoxicosis causes death and chronic aflatox icosis results in cancer, toxicity, and im mu ne 

suppression. The liver is the primary target organ. AFB I is a potent carcinogen by bioactivation 

of cytochrome P450 in the liver and AFB l -8,9-epoxide (AFBO) production. A FBO is needed fo r 

carcinogenic and toxic acti vity (Wang el al., 2009). 

2.8.1. Effects of Aflatoxin on Dairy Cattle 

Rumi nants are less suscepti ble to mycotox ins than monogastric, because of the rum en microbiota 

and the feed particles contained in the rumen companmcnt may be effective in the degradation, 

deactivation, and binding oflhese tox ic molecul es, hence protecting animals (Fink, 2008). 

Acute afla tox icosis is characterized by quick deteriorat ion of general status, loss of appetite, low 

feed conversion, interference with reproductive capacity, imm unosuppression, acu te hepat iti s, 

jaundice, hemorrhage and death (Abidin and Khatoon, 201 2). The liver is the most imponantly 

affected organ, with lesions caused by hemorrhagic necrosis, cen tri lobul ar congestion, a 

proliferation of cells of bil iary ducts and fatty in fil trati on in hepatoeytes (Oliveira el al ., 20 I 4). 

The effects of chronic tox ici ty are also characterized by hepat ic lesions in a lower extent and 

incl ude changes in the growth of rumen microorganisms and geneti c changes. In caule, the 

primary symptoms are reduced weight gain as well as liver and kidney damage; where mi lk 

production is also reduced. Different fonus of Ihe enzymes that metabo li ze aflatox ins (e.g. 

cytochrome P450s, glutathione S-transferases) are considered responsible for th e di fferent 

suscept ibiliti es of different animals to the tox ic effects of a fl atoxins (Binder, 2007) . 
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Aflatox ins affect milk quality. Cows metaboli ze AFBl to fonn the monohydroxyderi vative, 

aflatox in M I (AFM I), which is excrcted into milk withi n 12 hours in the fonn of aflatoxin M l 

with res idues approx imately equal to 1.7% of the dietary afl atoxin level. The FDA limits fo r 

aflatoxi n M I in milk is 0.5 ppb and for afl atox in B 1 should nOI be more than 20 ppb (Diaz er al., 

2004). AFM I is a potential human carcinogen that is very resistant to thermal treat ments such as 

pasteurization and freezing. The European Commission Regulation 188112006 sets a maximum 

limit o fO.05J.1g kg- l for AFMl in raw mi lk, heat-treated milk , and milk for the man ufacture of 

milk-based products (EC, 2006). 

2.8.2. Effecls of Aflatoxin on Poultry 

Poultry is highly susceptible to mycotox icoscs caused by a flatoxi ns and ochratoxins (Anj ume/ 

al., 2012). In chicken, Total Aflatoxins impairs most o f the important production parametcrs 

including we ight gain, feed intake, feed conversion efficiency, pigmentation, processing yield, 

egg production, and male and female reproductive perfonnance (Hussain et al., 2010). 

Aflatox ins are metabolic conversion by hepatic enzymes (the cytochrome P450 fami ly) to the 

metabolica lly active metabo lite Exo-AFBI -8, 9-epoxide to exert its toxi city. Th is metabolicall y 

acti ve fo nn of aflatox in can bind with particul ar cell ular com pounds (proteins, DNA and RNA) 

to in fluence nonnal cell ular activities, and is considered the active form responsible for the 

carcinogenicity and mutageni city (Ce lik et ai, 2000). 

Aflatox ins are metabol ized, bio transfonned, and stored in poultry organs mainly in the liver 

(Gregory and Manley, 1982). but not all aflatoxins arc assimil ated and some traces arc excretcd 

in the litter. A flatoxins can damage animal organs such as mucous membranes, digestive tract, 

and nervous and circulatory systems (Delbianch i el al., 2005). 

Aflatoxin tox ic ity in poultry is also assoc iated with biochemica l, hematological , reproductive 

and patho logical changes (Ortatall i and Oguz, 2001). Aflatoxin intake in bro ilers is associated 

with liver damage, poor perfonnance, immunosuppression, and morta lity. Some of the 

metabolites formed during the metabolism of AF B I are transmitted to ed ibl e anima l prodUCIS, 

liver, musc le, and eggs, which exert immunosuppressive, embryotoxi c and teratogenic effects 

(Ccl ik el of., 2000) . 
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Aflatoxin also can affect laying hens and lead to reduced egg production, poor egg qua lity and 

increased mortality of challenged hens. AFBI adversely influences egg quality by decreasing 

shell th ickness, egg weight, and egg energy deposition. The negative impacts of aflatoxin on 

laying hens can be induced when the feed contains 1-2 mglkg (Venna e l al., 2007). Besides, 

aflatoxin in laying hen feed can resu lt in an aflatoxin residue in the eggs, feed to egg AF B I 

transmission ratio was approximately 5000: I (Oliveira et 01., 2000). 

2.9. Control measure of Aflatoxin in Feeds 

Aspergillus jlavus and A. parasiticus. Under favorable cond iti ons typica lly found in tropical and 

subtropical regions, including high temperatures and high humid ity, these molds, nonnally found 

on dead and decaying vegetation, can invade food crops. Drought stress, insect damage, and poor 

storage can also contribute to the higher occu rrence of the molds includ ing in more temperate 

regions (Wang. 20 18). 

Prevention measurements arc focused on the min imization of crop contamination before 

harvesting (plant breeding and good agronomic practices) and du ring storage or postharvest 

(detoxi fication). Several methods of prevention and con trol arc available to reducc the 

contamination with aflatox ins. However, mycotoxi n contamination of food and fced is 

unavoidable (Kendra, 2007). 

Food crops can become contami nated both before and after harvesting. Pre-harvest 

contam ination with anatox ins is mainly limited to mai ze, cottonseed, peanu ts, and tree nUIS. 

Post-harvest contamination can be found in a variety of other crops such as coffee. ri ce, and 

spices. Improper storage under conditions that favor mold growth (wann and humid storage 

environments) can typi call y lead to levels of contamination much higher than those round in the 

field (Wang, 20 18). 
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2.9. 1. Pre-Harvest CODtrol Method 

Biocontrol of aflatoxins refers to the use of organisms 10 rcduce Ihe incidcncc of Aspergi lli in 

susceptible crops to reduce aflatoxin contamination. The mOst widcl y uscd biocontrol method 

employs atox igenic strains of Aspergilli that can competitively exclude toxigenic strains from 

colonizing crops. Cu ltural practices including crop rotation , tillage, the timing of plan ti ng, and 

management of irrigation, fertilization can al so hclp to prcvcnt Aspcrgi ll us infcction and 

subsequent aflatoxin accumulation by rcducing plant stress (Munkvold, 2003). 

2.9.2. Post-Harvest Control Method 

Poss ible intervention strategies incl ude good agricultural and storage practices including early 

harvesting, proper drying, sanitation, proper storage, insect management and appropriate use of 

pesticides during the manufacturing process could hel p in minimizing the fungal infection or 

insect infestations of crops (Wagacha and MUlhomi , 2008). 

txtrllsion and heating: The greatest reduction in mycotoxin conce ntrations in ex truded products 

seems to occur at temperatures greater than 1600 this may affect essential nutrients and 

compromise the nutritional qual ity of the food product Alonso el 01. , (2000) reported that 

extrusion process ing of kidney beans improved protcin and starch di gestib ilit y. 

Binding: The binders are mean I 10 act like a 'chemical sponge' which wi ll practicu ll y ' mop up ' 

the mycotoxins from the gastrointestinal tract thereby preventing it from being available to other 

target organs in the body. The chemical structure of both the mycotoxi n and the binder 

detcnni nes the effectiveness of adsorption. The important characteristics of the adsorbent to be 

taken into consideration include its physical structure, its charge, pore size and surface area 

(Kolossova el a!., 2012). 
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The best-known method for mycotoxin deacti vation is with the usc of adsorbents, which are 

known as mycotox in binders, sequestering agents or emerosorbcnts Adsorpt ion can be described 

as a process by which dissolved material either in liquid or gaseous state is bound to the surface 

of another and may be expressed in tenns of adsorptive surface area per unit mass. These binders 

may be of microbial (organic) or inorganic nature which includes charcoal and clay mi nera ls. 

The addition of binding agents to foods and feeds has received a 101 of auent ion in the past years 

(Murugesan el al. , 201 5). 

Ammonia/ion: is a safe and effective way to decontaminate analoxins; it has been used with 

success in many countries but is not legal in others interventions aim 10 detoxi fy contaminated 

products. Treatment with gaseous ammonium can reduce anatox in levels dramaticnlly, and can 

make feed safe and tolerated by animals (Peltonen et 01., 200 I ). 

Blending : is one of the method of reducing moderale levels of nnaloxin contam ination is to 

blend contaminated grain with a clean grai n (blend ing I kil ogram of grain with anatoxin 

contamination five times above the limits with 9 ki lograms of grain with no detectable a fl atox in 

would result in 10 kilograms of grain with anatox ins at 50 percent of the penn issible amount). 

The blending of contaminated crops has been practiced where highly contaminated crops are 

mixed with non-contaminated crops to produce a mix that has an average level below the lega l 

limits. This is generally not allowed in the United States, since the feed would be considered 

adulterated, but has been allowed on exception during unusua ll y contaminated harvests (Grace et 

al. , 2015). 

2.10. Legisla tions Associated with Aflatoxin Levels in Feeds :lIId Foods 

Many anatox in regulatory levels are set depending on the parti cular agricultural commodity or 

compound feed/food, the type, and agc of animal which will consume it and the intended usc. 

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

or by the United States Food and Drug Admini stration (FDA) Guidelines sometimes differ from 

each other; in most of the cases, the maxim um allowed content of anatoxins is lower in the 

regulations gi ven by the EU than in those granted by the FDA. For example, USA Food and 

Drug Administration had established 20J.lg/kg for anatoxi n present in feed and O.5 J.lg/kg anatoxin 

for mi lk (Khanafari , 2007). 
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European Union has introduced the maximum accepted residue levels for aflatoxin in anima l 

feeds as 20Jlg/kg in all feed materials and in the most complete and complementary fcedstutTs fo r 

cattle, sheep, goats, pigs and poultry, 5jlg/kg in complete feeding stutTs for dairy an imals and 

101lg/kg for complete feeding stuffs for calves and lambs (CEC, 2003). And in Ethiopia it is 

20~glkg for both dairy and pou ltry feeds (ESA, 2019). 

The action levels listed below were established by the Food and Drug Admi ni stration (FDA) for 

addressing aflatoxin levels in human food, animal feeds, and feed ingredien ts. Any feed, grai n or 

ingredient moving in interstate commerce wi th aflatoxin levels those listed below are subject to 

restrictive action by the FDA depending on animal type as outlined be low. 

Table 1. FDA maximum level of aflatoxin in animal feeds and food 

Species Commodity Maxim um level(jlglkg) 

Dairy anima ls All feed and feed ingredients 20 

Human Mi lk 0.5 

Human Any food except milk 20 

Poultry and dairy animal Corn and other grain 20 

All species Animal feed ot her than com 20 

or cottonseed meal 

Breeding beef cattle, breeding Corn and other grains 100 

swine or mature poultry 

Finishing swine Corn and other grain 200 

Finishi ng beef cattle Com and other grain 300 

Beef callIe, swine, pOUltry Cottonseed meal 300 

Source. (Carlson and Ensley, 2003) 
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2.11. Animal Feed Factories in Ethiopia 

Commercial feed sector in Ethiopia had total number of 80 enterprises under four major 

categori es (Table 2) . The dominate feed processing plants were privat e enterpri ses and funners' 

union engaged in production of compound feed followed by importers or manufactures of 

specia lty ingredients (premixes, feed additives) and importers or manufactures of feed processing 

equipment (VDFACA, 2016). 

Common feed ingredient used by feed process ing plants included maize, wheal bran and wheat 

middling, rice bran, lentil bran and molasses as sources of energy wh ile niger seed cake, soybean 

cakes and cottonseed were noted to be the major source of protein. Major mineral ingredient s 

include limestone, and salt. Premixes of amino-acids trace minerals and vitamins and slaughter 

by-products such as meat and bone meal (EAFlA, 20 17; Tolera, 2012). 

Tab le 2. Structure of the commercia l feed sub-sector in Ethiopia 

Region Private feed Union Specialty ingredient Feed Tota l 

plants feed importers and manufacturers processi ng 

plants equipment 

Addis Ababa 10 I 10 4 25 

Dromia 12 7 4 I 24 

Amhara 44 6 0 0 10 

SNNP 4 6 I 0 II 

Tigray 2 8 0 0 10 

Total 32 28 15 5 80 
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3. MATERIALS AND METHODS 

3. 1. Description of the Study Area 

The study was conduct~:d in Add is Ababa, Ethiopia. It is a major trade center for animal feeds. In 

the c ity, there are 10 animal feed producers registered by VDFACA. But three of them arc oul of 

business. Thus, animal feed and feed ingredient samples were collected from seven dairy and 

pouhry feed factories in Addis Ababa. These factories usc five common ingredients namely 

maize, wheat bran, wheat midd ling, soybean cake and niger seed cake for producing da iry cattle, 

poultry layer and broiler feed in different rations. 

3.2. Sampling and Sample Collection 

A total of 42 samples of dairy and poultry feed and feed ingredi en ts were collected from 7 dairy 

and pouhry feed factories in Addis Ababa. The samples included 25 feed ingredients (five maize, 

fi ve wheat middl ing, five wheat bran, five soybean mellI, and five Niger seed cake) and 17 feeds 

(fi ve dairy cattle, six poultry layer and six broiler feed) . To achieve reasonably representati ve 

samples, primary large samples of approximatel y 10 kg were coll ected from different parts of the 

store, sack or unit of feed. The samples were homogenized and quartered to obtain a I kg of 

laboratory samp le (ES 1029:20 19). About one kilogram of feed samples were collected and 

transported to the laboratory fo r analysis in sea led plastic sample bags. The samples were stored 

in the refrigerator at 4 elC until the time of anal ysis. 

3.3. Sample Prepara tion 

Sample preparation was conducted using the method of AOAC Official method 950.02 for 

animal feed. The distribution of aflatoxin is extremely non·homogeneous, laboratory samples 

were homogenized by grinding the entire laboratory sampl e. The laboratory sample was finel y 

ground and mixed thoroughly using a process that llpproaches complete homogen izati on as 

possible. After and before grinding, the grinder was cleaned to prevent cross·contamination. 
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The study design followed in this study is demonstrated in Figure 2. 

Addis Ababa seYen feed faclory 
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Figure 2. Flow chart of study design 

3.4. Study Oesign fo r KAP (Knowledge Attitude and Practice) 

A structured questionnaire was also designed for collecting information from feed producer, 

dairy and poultry fanners to capture their knowledge, atti tude, and practice (KAP) on aflatox in 

contamination. The questionnaire was focused on their storage practi ces; awareness of mold 

growth and the fonnation of aflatoxin on an imal feed , A total of 30 participan ts were engaged in 

the survey. The response was classified in three parts; the first part was general infonnation 

about the fonnation of fungi , the second part contained selection criteria for quality dairy and 

poultry feeds and the final part was KAP related to the transfer of mycotoxin in the animal 

source of food mi lk, egg, and meat. 
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3.5. Determination of Nutritional Analysis by NlR 

Moisture, fat, protein, fiber and ash content of the feed sample were determined usi ng NIR 

analysis technique. The NIR (model D52500) instrument was I'b d ' (G' I ea I raiC usmg ralll, vcgcta . 

protein, by-product) so that infrared light can be detected number of organic compounds present 

in the samples will be interpreted. 

3.6. Analys is of Aflatoxins in the Feeds 

3.6.1. Chemicals and Reagents 

Aflatox in 02, Gl, 82, and 81 Analytical Standards were purchased from (Sigma Aldrich 

GMBH, Germany), Acetonitrile, n-Hexane Water, Methanol, Sodium Chloride, odium 

Phosphate Dibasic and Sodium Dihydrogen Phosphate (HPLC Grade, 2:,99.9% assay. Merck 

KGaA, Germany) were used. 

3.6.2. Materials 

Aflatoxins were analyzed using the method given by AOAC 2003.02. The quantification of 

afl atoxins was performed using an Agilent 1260 lnfinity HPLC wi th Fluorescence detector 

setting (Excitation at 365nm and Emission at 440nm). Column oven temperature was set at a 

Temperatu re of (390C); injection volume was set at (20)11); a quatemary pump deliverin g n flow 

rate of 1.2 mllmin and a mobile phase composit ion: Acetonitrile, Watcr, Methanol (15: 60: 25 

v/v). The data was processed by Agilcnt Open Lab CDS software. 

Extraction and cleanup was done using lmmunoaffinity Column, (Ana-clean Select from LC­

Tech GM BH, Germany). Derivatization was achieved by hydroxylation from the watcr of thc 

mobile phase under UV light at 265nm wavelength so thai Anatoxins B2 and G2 will be foroled 

and flourish well for easy detection, unlike the parent BI and GI. A reversed-phase C- 18 HPLC 

column with 5 !lm particle size, 10 cm length, and 4.6 mm internal diameter was used for 

separation. 
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Figure 3. HPLC Instruments at Bless Agri Food Laboratory Service Testi ng Laboratory, Addis 
Ababa. 

3.6.3. Analytical Quality Assurance 

3.6.3.1. L imit of Detection 

The limit of detection was defined as the minimum quantity of aflatox ins subslunce giving a 

signal-to-no ise ratio of at least 3 (SIN ~ 3). The Limit of Detection was measured for all 4 

aflatox ins by injecting standard solutions of different concentrations and measuring for cach 

substance the amount injected on the column and the SIN values. 

3.6.3.2. L imit of Quantification 

The limit of quantification was defi ned as the lowest com;cntral ion of aflatoxin that can be 

determined with acceptable accuracy and precision. LOQ was determined based on the amount 

of analyte which can be reproducibly quantitated above the baseline noise, that gives SIN >10 

(FDA, 20 I 0). This also corresponds to the lowest concentrati on of the calibration curve 

0.5~gIkg. 

3.6.2.3. Accuracy 

The accuracy of the method was determined by analysis of samples containing known aflatoxin 

amounts. The closeness of test results to the "true" or accepted value. The accuracy of the 

method was determined by spiking sample with aflatox in standard analyzing in replicates and 

evaluating the recovery against the AOAC guideline for the respective concentration value 

(Horwitz, 2002). 
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3.6.2.4. Precision 

The precision of the method was evaluated Lhrough the repearabi lity of the mcthod by assaying 

ten replicate injections of aflatoxin mixed standard at the same concentrat ion (20pglkg) during 

the same day under the same experimental conditions to obtain an acceptab le %RSD wh ich is 

less than II % as the specification required by AOAC (Horwitz, 2002). 

3.6.2.5. Linearity 

Linearity was detennined by injecting a series of concentration of (0.2, 0.5, 2, 5, 10, 20, 30, SO, 

and 100) ppb total aflatoxin standard . The concentration range (0.2- 100) ppb and regression 

equation were found by plotting the peak area (Y) versus the anatoxin concentration eX) 

exprcssed in ppb. 

3.6.2.6. Recovery 

The recovery o f standards must be processed with every batch of the sample. The mixture of 

anatoxin standards 02, GI , B2, and Bl was spiked to 20g sample whose anatox in content is 

previously detennined these spiked samples were then loaded onto the Immunoaffinity colum n 

and analY-led in dup licate by the HPLC. The method was eva lu ated as the percellt of rccovcrl.'(! 

concentration recommended value of codex Aliment Arius ( I - I S ~tg/kg is between 70 to I 10 % 

and for> I 5Jlglkg the recommended percent of recovery is between 80 - 110 %). 

The %Recovery was calculated using the following formula; 

%Recovery= cs-co x l 00 .. .... .. . ... ... ..... ....... Eq I 
Ca 

Where; Cs is the concentration of anatox in in the spiked sample in pg/kg. 

Co is the concentration of aflatoxin in the original sample in pg/kg, and 

Ca is the amoun! of aflatox in added to the original samp le in pglkg. 

3.6.3 . Extraction and Clean up 

20g of feed sample and 2 g of salt (NaCI) was weighed and transferred into a blender jar and 100 

mL of 80% methano1l20% water plus SO mL of n-hexane were added. The mix was blended at 

high-speed blender jar for 45 mi nutes and the blended contents were filte red through whatman 

No.4 filter paper into a SOO-mL filtration flask. From the filtrate, in the case of phase separation, 

the lower phase was used for the next steps. 7mL was taken and diluted with 43mL of phosphate 
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buffe r solution (PH 7.2) . The diluted filtrate (equivalent to 1.4gm of the sample) was passed 

through the column at the flow rate 2mL per min. The col umn was washed by passing 10m L of 

water and the toxin was eluted by ImL of 100% pure methanol two times and co ll ected with a 

vial for HPLC injection. 

The affinity column contains antibodies raised against anatoxin Bl , B2, G I, and G2. The 

detection for aflatoxin was based on antibody-antigen reactions. Since difTerent ki nds of 

anatoxin molecules can be considered as antigens, it is poss ible to detect them by developing 

antibodies against the compounds in addition to this remove the substances, which may interfere 

with the detection of the analyte. 

3.6.4. HPLC Determination and Calculations 

The aflatox ins in the methanol eluate are injected into the HPLC for the detection and 

quantification of aflatoxins in the sample. The aflatoxin content of in the feed samples was 

calculated using the following formula. 

Afl atoxin C~g/kg) = n x (v.) x C.2.) ' DF, 
V, We 

...... .. . .•... . .•. ... . . ..... .. .............. Eq2 

Where; 

Ve is final volume collected after elution from immunoaffinity column (~1) 

VI is volume eluate injected into HPLC ( ~.d) 

Weis weight of matrix represented by final extract (gm.) 

DF is a dilution factor 

3.7. Statistical Data Analysis 

F d 1
, M ' ft E 120 13 and IBM SPSS Stat istics version 20 software were used. 

or ata ana YSIS, Icroso xce 
In the SPSS method, one-way analysis of variance (ANOYA) was performed to evaluate the 

' b th study sites A p -value of less than 0.05 
levels of total aflatoxin mean companson etween e . 

. ' A lions of ANO YA were checked. As there 
was considered to show statistical slgmficance. ssump 

, ANOYA was used. The dependent variable level was 
was one dependent van able one-way 

, d 'able in the study area. 
anatoxin concentration and the IOdepen ent van 
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4. RESULTS AND DISCUSSION 

4.1. Identification of Aflatoxios 

The retention time of mixed aflatox.in standard and peak area as shown in Table 3, gone a good 

precision having retention time range between 1.76 - 2.23 % RSD and peak area range between 

3.76 - 4.28 %RSO which had values within FDA standard % RSD <5% for peak area and 

retention time and < 3.0% for retention time. The elution order of individual aflatoxin was in the 

order of AFG2, AFG I, AGB2. and AFBI with 5.36, 6.25 , 6.96 and 8.48 retention limes 

respectively. 

Table 3. The retention time for mixed aflatox in standard (20f.1g1L) 

Aflatoxin Retention time N % RS D of Peak % RSD of Retention 

type (minutes) arca time 

G2 5.36 ± 0. 12 6 4.28 2.23 

GI 6.25 ±O. II 6 3.96 I. 76 

B2 6.96 ± 0. 13 6 3.76 1.87 

BI 8.48 ± 0.15 6 4.13 I. 79 
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Figure 5. Chromatogram for 20).1gIL mixed aflatoxin standard solution 

4.2. Preparation of calibration Curve 

Calibration curves were prepared for all four aflatoxins by using the standard solutions covering 

the concentration ranges from 0.5 to IO).1gfL for Aflatoxin G2; 2 to 40fJgll for Aflatoxin Gl ; 0.5 

to IO).lglL for Aflatoxin 82 and 2 to 40).1g1L for Aflatoxin Bl. Peak areas of the different 

aflatoxins were plotted against the concentrations and linear regression anal ysis was used to 

calculate the equation and the correlation coefficient of the standard curves. The acceptance 

criteria for correlation are > 0.99 on the FDA standard. All correlation curves were ~ 0.9985, 

demonstrating the linearity over the concentration ranges studied. 
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Figure 6. Overlaid chromatogram of the calibration series 
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4.3. Accuracy and Precision 

The accuracy and the precision of the method were determined by analysis of samples 

containing known aflatoxin amounts. The recovery acceptance criteria for Ihis concentration 

range is between 70% and 120%and the %RSD was less than 11 % as the specification required 

by AOAC. All the feed sample different matrices recovery calculated ranged from 78.75% to 

11 2.0% which is within the acceptable range showing the accuracy or lhc method (Table 4). 
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Table 4. Accuracy and recovery of data for aflatoxin analysis in feeds and ingredients 

M .uices An.to~in Allato~in An. toxin OOIalnci % RttO\'U)' ~RSD 

"''''''' Spiked (JIglkg) ",""al (11-6) 

~lliu 02 OJ2 1.28 zO,02 " .0 1.>6 

GI 7.36 • 10.96 z 0.30 " .0 213 

B2 0.41 l.3HOOI "0 0.1 

BI 7.29 • 11.01-,,0.26 93.0 2.J6 

Wbu t bnD 02 0.26 1.102.0.03 104.0 2.10 

GI 1.61 • s.16z0.16 101.n 271 

B2 0.12 1.2S z 0.oo 93.0 01 

BI 0.91 • 4.85.t0 .13 98.'0 2.68 

Wb~. t middling 02 0,19 !.2hO.03 ..... 2.38 

01 2.29 • 6.36z0.16 101.75 2.52 ., 0.23 1.26'*.0.04 103.0 3.17 

BI 1.30 • 4.4HO. 14 78.13 )12 

Soybu n takc 02 0.24 1.)6.t 0.05 11 20 3.67 

01 2.36 • 6.4).t0.IS 101 .n 2.3) 

B2 0.45 I.H z O,OJ ".0 2.22 

BI 2.50 • MHO.17 9825 2" 

02 4.30 2 6JHO.IS 102.5 2.36 
1' .. &" $Hd ul>e 

GI 125.5. 8 I3J 61 z 1.99 10125 '" 
10.69 2 12.13;,0.24 103.0 1.88 

82 

76.64 , &4.5U 1.22 " .0 1.44 

BI 
W 2 4.IHO. 16 97.00 ) . 

Dai ry feed G2 

56.5\ 
, 64.2HO.99 94.17 1-" 

01 

10.46 2 12.13.t 0.26 96.n 2" 
B2 , 80U 1.23 10062 1" 

BI 76.51 
5.96:00.06 102.00 ... 

I'oultry Ilye r feed G2 2." 
12 70,86%0,16 101 ,S8 0.22 

GI 58.67 
) lS.1S .t0.21 97.)) LSI 

B2 12.26 
99.lh 1.03 100.58 1.03 

BI 87.16 12 
4.21 z O.15 101.66 1.56 

Poultry broiler feed 02 1. 16 ) 

29.35 z 0.98 101.00 3.34 

01 17.23 12 
4.58 z O.OS 101.00 I" 

B2 US 02' 2826.:t.012 98" 
BI 16.35 12 
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4.4. Level of Aflatoxins in Feed Ingredients 

The total aflatoxin content of maize collected ranged between 2.64flglkg and 106. 72 flglkg with 3 

mean value of 26.921lglkg and the aflatoxin BI content ranged between 2.64)lgikg and 

46.74)lglkg with a mean value of 12.71Ilglkg. The total aflatoxin conten t of wheat bran collected 

ranged between "Non·Oetected" (NO) and 5.821lglkg with a mean value of 3.7)lglkg and the 

aflatoxin B I content ranged between NO and 3.66)lglkg with a mean value of 2.29)lglkg. The 

total aflatoxin content of wheat middling ranged between NO and 4.75)l.glkg with a mean value 

of2.2)l.Wi<g and the aflatoxin BI content ranged between NO and 12.77pgikg with a mean value 

of 1.351lglkg. The total aflatoxin content of soybean eake ranged between NO and 7.39flgik g 

with a mean value of 3.36J.lglkg and the aflatoxin B I content ranged between 0 and 3.43J.lglkg 

with a mean value of 1.67)l.Wi<g. The total aflatoxin content of niger seed cake ranged between 

251.941Jglkg and 49 1.66J.lglkg with a mean value of 385.451Jglkg and the aflatoxin a J con tent 

ranged between II 0.93~g!kg and 438.86~g!kg with a mean value of288.34~g!kg (Table 5). 

Table 5. Average levels of aflatoxin G2, 01, B2, BJ and total AF in feed ingredients 

Sample N Level of aflatoxin in pgikg 

G2 GI 82 BI 

Mean Mean Mean Mean range 

Maize 5 1.35 11.54 1.32 12.71 2.64-46.74 

Wheat bran 5 NO 1.5 NO 2.29 ND-3.66 

Wheat midd ling 5 NO 0.85 NO 1.35 ND-1 2.77 

Soybean cake 5 NO 1.69 NO 1.67 I ND-3.43 

Niger seed cake 5 3.28 82.9 10.91 288.34 110.93-438.86 

ND- Not Detected «O.5~glkg) . .. 05 
a, b·Means with different superscripts in a column dLffer Significantly (P < O. ) 

Total AF 

mean range 

26.92 2.64-106.72 

3.7 I NO-5.82 

2.2 NO-4.75 

3.36 NO-7.39 

385.45 251.94-491.66 

Different studies on aflatoxin levels in feed ingredient have been conducled in different parts of 

the world. In Iran, the mean va lue of AFBs in maize, wheat grain, and wheat bran and soybean 

meal was 2.35, 1.54, 3.05 and 6.0).1g/kg respectively. emati el 01., (20 14) which is si mi lar 10 the 

. d ' th n value of Mal by using high-perfonnance Ihin· layer reports of thiS study. In In la, e mea 

. . h b d soybean cake was 62, 0 and 50 ~Iglkg chromatography scanner III maize, w eat ran, an 

(Kotinague eJ 01., 20 15). 
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A study by Dawit et aI., (2016) conducted in Ethiopia whe 1 b d · 
a rdn an mger seed cake samples 

showed of AFB 1 levels ranging between 9 and 3111g/k · h b 
r- glOw eat ran and 290 and 397~glkg in 

niger seed cake respectively, which is similar 1 th f· o e reports 0 this study. 
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Type of feed ingredient 

Figure 8. Aflatoxin levels in feed ingredient collected from Addis Ababa 

-G2(~g) 

- GI (lJ9!kg) 

_B2(~lkg) 

Bl (~gJl<g) 

- Total AF(~glkg) 

-limil(20~g) 

Out of a to tal of 25 dairy and poultry feed ingredient samplcs collccted [rom the seven feed 

factories in Addis Ababa, 24% (6 of 25) showed contamination of aflatox in Bland total 

aflatoxin leve l higher than the recommended 20}lglKg limit set by the US Food and Drug 

Administration (FDA) and (FAO)lWorld Health Organization (WHO), Eth iopia has a simi lar 

standard of 20jJg/Kg for aflatoxin 81 and 40J.1g1Kg for total aflatox in. 20% ( I of 5) 

contamination in maize grain and 100% (5 of 5) had aflatoxin Bl and total aflatox in in niger 

seed cake higher than the tolerable limit set by the US Food and Drug Administration (FDA) and 

(FAO)lWorid Health Organization (WHO), Ethiopia has a similar standard of 20J.1gfKg for 

aflatoxin 8 1 and 40).lg/Kg for total aflatoxin. The other feed ingred ients; wheat bran, wheat 

middling and soybean cake samples were tasted below the tolerable limit. 
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The possible reason for high aflatoxin content in niger seed cake samples could be due to 

improper storage management and moisture content which could increase the risk of mycotoxin 

fonnation and aflatoxin contamination. The traditional Ethiopian mcans of extracting niger oil , 

which includes a "combination of wanning, grinding and mixing with hot water", followed by 

hand centrifugation in a clay container encourages mold growth due to moi sture and heal. 

According to Schmidt et ai., (20 10) the interaction between water activit y and tcmperature have 

a prominent effect on aflatoxin production. The high nutrient conten! and moi sture content in 

Niger seed cake might have supported mold growth and fonnation of aflatoxin. 

Among the dairy and poultry feed ingredients in this study, aflatoxin content of niger seed cake 

showed significant difference when compared to the rest of the ingredients (maize, wheat bran, 

wheat middling and soya bean cake) with a p value of less than 0.05 fo r aflatoxin B I and Total 

aflatoxin. 

4.6. Level of aflatoxins in the animal feeds 

4.6.1. Anatoxin Levels in Dairy feeds 

The total aflatoxin content of dairy cattle feed collected from Addis Ababa feed factories ranged 

between 114.23]J.g/kg and 557. 12]J.glkg with a mean value of 3 13.031lg/kg and the afl atox in Bl 

content ranged between 51.66]J.g/kg and 370.5 1 Ilg/kg with a mean value of I 92.801lg/kg. 

Dawit et ai, (20 16) reported that analysis fo r AFBlin dairy feed samples in the Grealer Addis 

Ababa milk shed was conducted by a commercial enzyme-linked immunosorbent assay (ELISA). 

AFBI results ranged between 71lglkg and 4l9]J.g/kg relatively similar to thi s study because the 

same ingredient niger seed cake was used. In Kenya 74 dai ry feed samples showed aflatox in 

concentration ranging between 0 and 147.861lg/kg (Makau e/ al., 2016). This is lower than Ihis 

study. 112 dairy feed samples analyzed in Cosla Rica showed an aflatoxin conccmrat ion 

290.04)lg/kg (Granados el al. , 2017). The reasons for difference of AFBI in feeds in Ethiopia 

d ' «' . t'. d types commonly uti li zed . 
and other country could be due to the Ilierence 111 lee 
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Table 6. Average levels of aflatoxin G2, Gl , 82, and 81 in dairy cattle feed 

Sample G2(~g/kg) G 1 (~g/kg) B2(~g/kg) B1(~g/kg) Tota1AF(~g/kg) 

Dairy feed Foo 1 2.43 93.99 12.64 153.61 262.67 

Dairy feed F002 4.39 162.40 19.82 370.51 557.12 

Dairy feed Foo3 5. 14 156.67 11.48 311.57 484.86 

Dairy feed FOO4 3.52 52.00 7.05 51.66 114.23 

Dairy feed F006 2.26 56.70 10.69 76.64 146.29 

Average 3.55 104.35 12.34 192.80 313.03 

All five dairy feed samples in this study contained aflatoxin 81higher than the regulatory limits 

set by FDA, and ESA Standards (20Ilglkg). Aflatoxin BI levels in dairy feed and feedstuff arc 

important to human health since approximately 1-2% of the aflatoxin 81 in the animal feed is 

transformed to aflatoxin Ml in milk. Therefore, anatox in Bl concentmtiull in feed above 

standards may result in milk containing a higher aflatoxin M I (ORUC et al .. 2007). 
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Figure 9. Aflatoxin contamination of dairy feed in different feed factories 
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4.6.2. Aflatoxin Levels in Poultry Layer Feeds 

The total aflatoxin content of poultry layer feed collected from Addis Ababa feed fac tories 

ranged between 3.5)lglkg and 260.60~gIkg with a mean value of 143.04~glkg and the aflatoxin 

81 content ranged 1,45)lglkg and 139. 5 1~glkg with a mean value of 74.80~gIk (Table 7). 

Different studies on aflatoxin levels in poultry layer feed were conducted in different parts of the 

world. In Jordan, 52 poultry feed samples showed a max imum aflatoxin 8 I concentration level 

of 12.7 ~g/kg (Alshawabkeh el al., 20 15) which is significantly lower than what is observed in 

this study. In North Asia, 622 poultry feed samples showed an aflatoxin 81 level ranging 

between 8.7 ~glkg and 225 )lglkg (Rodrigues el ai., 2012) where both lower and higher values 

were relatively similar to the outputs of this study. The significant variation in aflatoxin level 

between the samples may be associated with storage condit ions including factors like wanner 

temperature and humid environmental condition. 

Table 7. Average level of aflatoxin G2, GI, 82, and 8 1 in poultry layer feed 

Sample code G2(~glkg) GI(~glkg) B2(~glkg) BI (~glkg) Total 

AF(~glkg) 

Layer feed FOO l , LFI 3.08 66.28 12.22 95.19 176.77 

Layer feed FOO I, LF2 2.85 58.75 12.22 87.09 160.91 

Layer feed FOO2 2.95 102.65 18.85 121.50 245.95 

Layer feed FOO4 ND 5.84 0.63 4.05 10.52 

Layer feed F005 6. 14 110.79 4.16 139.5 1 260.60 

Layer feed FOO6 ND 2.06 ND 1.45 3.51 

Average 2.50 57.73 8.01 74.80 143.04 

Ie low ual it LFI- Layer feed sample, high quahty, LF2- Layer feed samp , q y 
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Aflatoxin B I and Total Aflatoxin levels of the poultry feeds collected from four factories were 

higher than the regulatory limits set by both FDA and WHO. The remaing two had AFB I 

contamination level of 4.05j.1g/kg and 1.45).iglkg respectively which were below the limit. The 

low amount of aflatoxin contamination in poullry layer feed in F004 could be due to low amount 

of niger seed cake content in the feed since the feed has low nutritional quality as the NIR 

analysis (Annexes) shows but feed FOO6 has good nutritional quality and its low aflatoxin 

contamination might have been reduced by using prolein sources other than niger seed cake such 

as soya bean cake. 

Aflatoxin 81 adversely influences egg quality by decreasing shell thickness, egg weight, and egg 

energy deposition and lead to reduced egg production, poor egg quality and increased mortal ity 

of challenged hens. Besides, aflatoxin in laying hen feed can result in an aflatoxin residue in the 

eggs; therefore, it is very important to control aflatoxin concentrations in feeds for laying hens 

(Oliveira et ai., 2000). 
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Figure 10. Aflatoxin contamination of poultry layer feed in different feed factory 

4.8. Anatoxin Levels in Poultry Broiler Feeds 
. , ed II t d from Addis Ababa feed factories 

The total aflatoxin content of poultry brOIler Ie co ec e 
. h n value of 151.07).1g/kg and the 

ranged between 36.5 1 ).1g/kg and 287.44).1g1kg Wit a mea 
d 14886Jlglkg with a mean value of 

aflatoxin BI content ranged between 16.49fJglkg an . 

7 1.22~glkg (Table 8). 
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In a study on finisher broi ler feeds conducted in Iran, aflatox in BI content ranged between 1.2 

and 40 ~glkg and mean of AFBs 20.72~glkg (Anjum er al., 20 12). In Pakistan range of 10 '0166 

~g/kg and mean afl atoxin content of 47.64 ).t.glkg were reponed in poultry broiler finisher feed 

(Nemati et 01., 2014). The values reponed by both studies above were sign ifican tly lower than 

the findings of this study. 

The sign ificant variation in aflatox in level for broiler feed samples could be due to the utili zation 

of different feed ingredients than that is used in Ethiopia. In finished animal feed, the 

contamination of an ingredient could cause the contamination of an entire feed batch (Gallo el 

al., 2015). The introduction of a feedstu ff contaminated wilh aflatox in-produci ng fu ngi could 

lead to the spoilage of other feed shipments and serves as a fungi source in the feed industry 

environment difficult to eliminate (Kovalsky et at. , 20 16). 

Table 8. Average level of aflatoxin G2, G I, B2, and B I in poultry broiler feed 

Sample G2(~glkg) GI (~glkg) B2(~glkg) B I(~glkg) Total 

AF(~glkg) 

Finisher FOD I 3. 15 78.96 13.24 99.16 194.5 1 

Finisher FOO2 3.56 91.3 1 5.03 72.59 172.49 

Finisher FOO4 1.1 8 17.18 1.66 16.49 36.5 1 

Finisher FOOS, 8 FI 7.11 125.62 5.85 148.86 287.44 

Finisher FOOS, BF2 4.56 91.60 6.03 72.59 174.78 

Finisher FOD6 1.26 19.61 2.20 17.61 40.68 

Average 3.47 70.71 5.67 71.22 15 1.07 

- . er feed sam Ie low quality BF I. BrOIler feed sample, high quality, BF2 BroIl P 

. . . d b h E ropean Commission is S )lglkg and The limn for aflatoxin in poultry broiler fee set y t e u . 
. d 1 lIected from the feed factones FAOIWHO level of 20).t.g/k.g. Six poultry broiler fee samp es co 

. . Bi l l higher than the tolerable 20 )lglkg 
In Addis Ababa. Four samples (67%) were aflatoxm eve s 
. . . dECommission (Figure 13). hmit set by the Food and Drug Admimstratlon an uropean 
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Two ofthern (FOO4 and F006) lower than the tolerable I' . h ' .. 
. . . . 1ml l I e reason IS as similar 10 lhe other 

feed. In Ethiopia hmn set for poultry broiler feed afl t . B 
. . . a Oxm I, 20 Ilg/kg and toral anatoKin 

40jJg!kg similar to FDA. The high contamination of aflal . . b . 
. '. aXIn In roiler feed could be as a result 

poor storage condit ion and might be manufactured using an . d. . 
mgrc lcnt that IS stored in bulk and 

for long times under condition that is a favori te for develo ffu . pment 0 ng] 
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Figure 11. Aflatoxin contamination of poultry broiler feed in different feed factories 

4.9. Comparison of Aflatoxin Levels among the Feeds 

The ANOVA result of aflatoxin in different feed types collected from feed fac lories in Add is 

Ababa is shown in Table 9. There was no significant difference (P>O.05) between poultry layer 

and poul try broiler feed but in dairy feed, there was significant variation of Anatox in BI and 

lotal aflatoxin. The reason for the higher level of aflatoxin contamination in dairy feeds could be 

due to the higher amoLlnt of niger seed cake used in the preparation of dairy feed . The 

contamination of an ingredient could cause the contamination of an entire feed batch (Gallo el 

al., 201 5). The high afl atoxin contamination of dairy feed shows a higher risk of anatoxin 

COntamination which leads to contaminate milk unless di luted with or replaced by other feeds. 
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Table 9. Comparison of aflatoxin levels among the feeds 

Types of feeds N Mean anatoxin level(llglkg) 

G2 GI B2 BI TOlal AF 

Dairy feed 5 3.55- 104.35' 1234- 192.80 31 3.oJ 

poultry layer feed 6 2.50' 57.73' 8.Ql - 74.80' 143.04' 

poultry broiler feed 6 3.47- 70.71 - 5.67' 71.22' 151.07' 

• n al habale su e cn w Dlffere t P p rs pts bet een food types denote slgmficant dIfference (p<O.05) uSing 

duncan multiple range test 

In summary (Table 10), from the total samples analyzed feed and feed ingredients, maize 20% 

(0.::1/5) and niger seed cake 100%(n=5/5) and in the dairy feeds 100% (n=515), poultry layer 

feeds 67%(4/6) and poultry broiler feed 67% (4/6) aflatoxin 81 higher than permitted level of 

FDA and ESA (20flglkg). The values of wheat bran, wheat middling and soybean cake below the 

tolerable limit 

Various studies on levels of aflatoxin in feed and feed ingredient were conducted in different 

parts of the world. [ran, 43.36% of the feed stuff samples were found to be contaminated with 

aflatoxin BI, which exceed the pcnnissible concentration of AFBI (Ersal i el aI, 200S). Turkey 

by Sahin el aI, (2016) found that from n == 76 cattle feed samples, 26.3% and in India feed 

ingredients n=49, 24.5% (kotinagu el aI2015). The study conducted in Ethiopia (Dawit ef 01., 

2016) also similarly observed that a total of 156 dairy feed samples were analyzed for aflatoxin 

Bl using competitive enzyme immunoassay and 100% of samples exceeded the FAD level of 

2011 glKg. The result of which is similar to the reports of this studies used the same type of raw 

material for dairy feeds 
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Table 10. Percentage of Aflatoxin B 1 contamination in dai I' ry, pou try leed and feed ' d' mgre Icnts 

Fetdlfeed No. of Positive samples Percent Mean in Range in Jlglkg 
jngredients samples higher than (higher than ~g/kg 

FDA limit FDA limit) 
I (20 nl!ikg) 

Dairy cattle feed 5 5 100% 192.80 
Poultry layer feed 6 4 

51.66·370.51 
67% 74.80 1.45·139.5 1 

Poultry broiler feed 6 4 67% 71.22 16.49·148.86 

Feed ingredients 
Maize grain 5 1 20% 26.92 2.64-46.74 
Wheat bran 5 0 · 3.70 ND·3.66 
Wheat middling 5 0 · 2.20 ND· 12.77 
Soybean cake 5 0 · 3.36 ND·3.43 
Niger seed cake 5 5 100% 385.45 110.93·438.86 

Note: - D-< < N LQ( O.5 ~g/kg) NO Not detected 

LQ= Limit of quantification 

4.10. Anatoxin Knowledge Assessment of Feed Producer and Farmers 

Knowledge, attitude, and practice (KAP) related to food quality and safety issues of dairy and 

poultry feed factories and fanners were assessed. A total of 30 participants; 7 dairy and pouhry 

feed producers and 23 dairy and poultry fanners, were interviewed for their knowledge, attitude 

and practice (KAP) regarding aflatoxin contamination in dairy and poultry feed. 

According to the results summarized in table 11 below, awareness of mold growth formation of 

mycotoxin is very low in dairy and poultry farmers. Knowledge about aflatoxins and its 

asSOCiated health impacts is very low as the farmers perceive that eating moldy food may be 

harmful but they considered milk, egg, and meat from animals fed moldy feeds to be safe. This 

could be supported by previous studies that showed lower levels of awareness about aflatox ins; 

25% in the greater Addis Ababa milk shed of Ethiopia (Dawit, 2016), 6% in Vietnam (Lee el al., 

2017), 12% in Zimbabwe (Bankole, 2003), and 20% in Tanzania (Magembe et al., 2016). 
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From the seven feed factories, 86% of the respondents reported that they were aware of mold 

growth and format ion of mycotoxin whi le from the 23 dairy and poultry fanners, 79% of the 

re.spondents were not familiar about mold growth and aflatox in fonnalion. On the other hand , 
more than 50% of the respondents have answered that they don't know about aflatoxin in feed 

uansfer to animal source of food. 

Out of the 30 dairy and poultry feed producer and farmers were imelViewed 25(80%) are nOt 

aware of cleaning, drying, ventilation, pest control, and visual inspection prior and after storage 

of the feed. This practice is critical in feed handling since in the storage fungi can grow easily 

aJ.ld results in the formation of aflatoxin. According to the sUlVey result, over 50% of the da iry 

and poultry feed producers and 40% of fanners did not know that milk, egg, and meat could be 

contaminated with aflatoxin as a result of contaminated dairy and poultry feed. Feed processors 

were more aware of aflatoxin than the dairy and poultry fanners yet they do not control the 

quality of the raw materials and fin ished products in fear of risking their business. 

1'able II . Summary of aflatoxin KAP among dairy, pOUltry feed producers and famlers 

Questions Response Respondents 

Knowledge (K) producers Fanners 

Yes 6 (86%) 5(2 1%) 

Do you know what aflatoxin is? No 1 (14%) 18(79%) 

Can it cause adverse health effects even when found in Yes 4 (57%) 2(9%) 

small amount? 
No J (JJ%) 21(91 %) 

Do molds cause harm to human and animal health? Yes 6 (86%) 5(22%) 

No 1 (14%) 18(78%) 

Do pOor storage conditions pose a risk of aflatoxin Yes 5 (71 %) 4(17%) 

COntamination in feeds? No 2 (29%) 19( J%) 
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Does feeding cows moldy feeds make milk unsafe for Yes 4 (57%) 5(22%) 

human consumption? 
No 3 (43%) 18(78%) 

Is meal from animals fed moldy feed unsafe for human Yes 2 (29%) 3(13%) 

consumption? No 5 (7 1%) 20(87%) 

Artitude(A) 

Do you think that animal feeds should be free from molds 4(57%) 2(9%) 

like thai of human foods? 3(43%) 21(9 1%) 

Practice (P) 

Do you store animal feeds for a long time? Yes 3(43%) 22(96%) 

No 4(57%) 1(4%) 

Do you clean the storehouse before storage? Yes 5(7 1%) 7(30%) 

No 1(19%) 16(70%) 

Do you dry animal feed before storage? Yes 3(43%) 4(17%) 

No 5(57%) 19(83%) 

Do you perform post storage activities like visual Yes 2(28%) 3 (13%) 

inspection, moisture and pest control ventilation No 5(72%) 20(87%) 

Do you carry out a regular aflatoxin analysis to assure Yes 1(14%) 0(0%) 

consumers of the safety of feeds? No 6(76%) 23 (100'10) 
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5. CONCLUSIONS AND RECOMMENDA no s 
5.1. Conclusions 

Aflatoxins were detected in all dairy feeds, poultry feeds and feed ingred ients in vestigated in Ihis 

study. According to the result of this study, 100% of the dairy feed contained aflatoxin B I higher 

man the maximum tolerable limit set by FDA and ESA (20 ~gfkg) . The regulatory limi t should 

be implemented properly with regular analysis of animal feed and feed ingredients. Employment 

of proper aflatoxin decontamination and deactivation strategy will help reduce aflatox in 

exposure of human and animal. 

For poultry layer and broiler feed analyzed in this study showed 67% of aflatoxin 91 levels 

higher than the maximum tolerable limit set by the FDA and ESA (20 ~ glkg) . The results 

indicated that these feed products can he major sources of the aflatoxin transfe rred in to source of 

food (eggs and meat). Therefore, the need for surveillance and constant mon itoring programs 

could be crucial. 

From the five feed ingredient types evaluated in this study 100% of the niger seed cake and 20% 

of the maize samples showed aflatoxin Bl above the tolerable limit Wheat bran, wheat middling 

and soybean cake on the other hand contained aflatoxin in levels below the tolerable limit set by 

FDA and national standards. 

The KAP assessment outcome about mycotox in specifically aflatoxin, in the feed factories and 

dairy and poultry farmers are not satisfactory with awareness value of 63% of the respondents. 

Attitudinally, most don't expect and seem to worry about the presence of aflatoxin in the feed. 

Almost all dairy and poultry feed factories (76%) do not detennine the level of aflatoxi n in the 

incoming raw materials and final products in their laboratories. 
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5.2. Recommendations 

• Since the major objective of the study was quantification of aflalox in in dairy feeds, 

poultry feeds and ingredients. with a finding of most results exceeding legal limits, it i 

recommended that there should be control of mold growth and anatoxin production by 

ensuring that animal feeds are dried adequately. The dried feeds shou ld then be stored in 

well-aerated storage structures and at low moisture level to discourage mold growth and 

mycotoxm. 

• Since the K.AP done in the study shows knowledge gap in feed producers and fanners. 

Policies should be designed to build awareness programs about the health risks associated 

with spoilage molds in feed and food for stakeholders of animal feed production. 

Knowledge transfer on how habits affect health is recognized as an effect ive mechan ism 

especially those involved in inspection and regulatory control. 

• There should be regular monitoring of AFB 1 in animal feeds as an essential pre-requisite 

to prevent anatoxin buildup in dairy feed, poultry feeds, and ingredients to reduce mold 

growth. 

• Regulations related to alternative uses of contaminated commodities as feed, such as the 

use of binders, blending. and decontamination technologies need to be included in the 

standards for feed development process based on scienti fic evidence. 

• Based on the result of this study it is recommended for feed producers and dairy and 

poultry fanners to use another protein source of feed like soybean cake rather than 

feeding niger seed cake due to its high level of aflatoxin contamination. 
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7. ANNEXES 

Annexe-1. Interview fonn 

I am Genet Mengesha, a postgraduate student of Addis Ababa Universit y. Center for Food Science and 

Nutrition , conducting a study on Occurrence of Aflatoxi ns in Animal feeds and ingredients used for 

product of an imal source of food in Addis Ababa. The purpose of my visil is to know the knowlcdge, 

Attitude and practice (KAP) on mold growth and fonnalion of anatoxin in an imal feeds. If you are willi ng 

to partic ipate in the study, I will ask you few questions for a few minutes. Your honest answers to these 

questions wi ll help me for (l better understanding of the topic, and will eventually help in designing and 

implementing appropriate interventions to alleviate related problems. 

I reall y appreciate your input. 

Name of the interviewer: Genet Mengesha 

KAP Questioners fo r a nimal feed producer, dairy and ]loultry farme rs 

Knowledge (K) 
YES NO 

I. Do you know what aflatoxins are? 

2. Can aflatoxins cause adverse health effects even when found in 

3. Do molds cause hann to human and animal health? 

4. Do poor storage conditions pose a risk of aflatoxin contamination in 

5. Does feeding cows moldy feeds make milk unsafe for human 

6. from animals fed moldy feed unsafe for human 
Is meat 

consumption? 
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Attitude (A) 
7. Do you think that animal feeds should be free from molds like that 

of human foods? 
8. Do you think animal feeds could he contaminated with mycoloxins 

such as aflatoxins? 
9. Do you think that the health of animal can be affected by its feed? 

10. Do you think that expired and or damaged items can be suitable for 

animal feed? 
Practice (P) 

11 . Do you store animal feeds for a long time? 

12. Do you clean the storehouse be fo re storage? 

13. Do you dry animal feed before storage? 

14. Do you perfonn post storage activities like visual inspection, moisture 

and pest control venti lation? 
15. Do you carry out a regular aflatoxi n analysis to ass ure consumers of 

the safety of feeds? 

Annex-2. NIR results of dairy, poultry and feed ingredients 

NIR Results oflngerident (gilOOg) 

Samples Moisture Fat Protein Fiber Ash 

Maize 12.50 3.60 7.42 2.38 1.42 

Wheat bran 11.78 3.36 12.57 9.48 3.42 

Wheat middling 11.78 12.54 3.52 8.3 1 2.39 

soybean cake 7.68 5.37 43.45 5.49 5.25 

Niger seed cake 8.28 10.14 38.50 18.97 7.73 
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NIR Results .fDairy Feed (giIOOg) 

Sample Moisture Fat Protein Fiber Ash 

Dairy FOOl 9.94 3.61 20.00 10.69 6.01 

Dairy F002 9.56 5.28 14.08 8.57 5.92 

Dairy F003 9.72 3.24 20.21 9.35 6.03 

Dairy FOO4 8.72 4.63 12.69 11.58 6.52 

Dairy F 006 5.63 4.46 21.80 12.7 1 8.28 

NIR Results .fLayer Feed (giIOOg) 

Samples Moisture Fat Protein Fiber Ash 

Layer I FOO l 8.99 9.4 25.39 8.60 7.01 

Layer 2 FOO l 9.35 5.28 22.83 7.06 7.06 

Layer F002 9.75 5.96 23.88 4.87 6.83 

Lyer F004 9.05 4.38 14.91 6.27 4.18 

Layer F005 9. 10 3.38 19.16 3.96 5.74 

Layer F006 9.08 5.23 20.27 10.50 7.12 

NIR Results of Broiler Feed (gl IOOg) 

Samples Moisture Fat Protein Fiber Ash 

Finsher FDa I 8.36 4.11 19.30 8.02 5.55 

Finsher FOO2 8.29 4.60 20.92 7.41 5.3 1 

Finsher F004 8.69 4.78 15.64 8.26 4.76 

Finshcr I FODS 7.65 5.29 24.86 7.25 5.72 

Finsher2 F005 8.03 4.58 21.1 6 7.19 5.07 

Finsher FOO6 8.41 4.35 22.57 6.28 4.90 
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Annex 3. Calibration Curve 

54 

Calibration curve for G2 
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Calibration curve for B2 
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Annex -4. A Pictures of sample preparation and analysis 

Sample preparation 

Extraction and clean up 
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Annex-S. Chromatogram of individual aflatox in in dairy. poultry feed and feed ingredient 
samples 
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