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ABSTRACT

The prevalence and high susceptibility of aflatosgmtamination in agricultural commodities is aldng, posing
great health concern to humans and animals. A tofatwenty nine different types of Grains, Feedd &eed
ingredients were randomly obtained from two locasioKatsina (Sudan Savannah) and Zaria (Northerin&a
Savannah) metropolises. Raw samples were indiidgabund to pass through a 20-mesh screen andlTota
aflatoxins were extracted from the samples usirflg f0v) methanol. Enzyme-linked immunosorbent AGSa\sA)
technique was used in analyzing aflatoxin conceianaof the samples. Results shows that 79.3% efetitire
sample were all positive with an aflatoxin leveltie range of 0.1- >20 pg/kg. Amongst the graihs, highest
concentration (>20 pg/kg) was found in white maizbile the least (0.1 pug/kg) was recorded in urediltice. For
the feeds and feed ingredients, the highest coratemt (>20 pg/kg) of aflatoxin was found in poyitfeeds and
maize chaff while the least concentration (0.85kgpivas recorded in sorghum flour. Out of the pesisamples
26.1% of them exceeded the SON and NAFDAC Aflafeimissible level. Though the aflatoxin conceitrat
levels in samples were not disquieting, consistensumption might result in long term accumulatidrihe toxin,
causing an overt disease and an array of metalbitirbances resulting in poor human and animalltiea
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INTRODUCTION

Fungi are ubiquitous organisms contaminating afjrical products which may occur in the field (dgicrop
production), during harvest, drying, storage, tpamt processing or in the market due to poor aanitonditions.
The contamination of agricultural products by fudgl not only results in reduction in quantity amahlity of crop
yield with significant economic losses, but als@ froduction of mycotoxins. They are poisonous sdaoy
metabolites which are harmful to animals and humessullting to mycotoxicosis upon exposure [1][Pfhe most
important mycotoxins in grains, feeds and feededgnts are aflatoxins, ochratoxins and patulidpoed mainly

by Aspergillusand Penicillium species, as well trichothecenes, zearalenone amdnigins toxins produced by
Fusarium sg2].

Aflatoxins, produced byAspergillusspecies includingispergillus flavusAspergillus parasiticusand Aspergillus
nomiug3], are the best characterized and the most pgavahycotoxins Aflatoxins are generally considered a
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potential hazard to public health due to their ¢dyj mutagenicity, tetratogenicity and carcinogéyi [4][5].
Aflatoxins types B1, B2, G1, and G2 are listed asup | carcinogens and Aflatoxin M1, is as toxicafistoxin B1
[6], which is listed as a Group 2B carcinogen bg thternational Agency for Research on CancerAflptoxins
have also been known to cause sub-acute and cheffaats in humans. These effects include primiaericancer,
chronic hepatitis, jaundice, hepatomegaly and ogid) thus the presence of aflatoxin in grains faed stock has
far reached deleterious effects on animal and humeaith [8].

In Nigeria, 7,761 out of estimated 10,130 liver @amcases in 2010 are attributed to aflatoxins li@hce, the
occurrence of liver cancer could be substantiaijuced by lessening aflatoxin contamination. Langgaet al.,
[10] reported an outbreak of aflatoxin poisoningKenya (January — July 2004) resulting in 125 deathd
hospitalization of over 300 others. The assessiietiite nation’s economy conducted in 2012 by Absdsates in
collaboration with Mycotoxicology Society of NigariMYCOTOXSON) and NAFDAC concluded that the latges
impact of aflatoxins in Nigeria is on health, espltg on humans, finding little awareness abougt@fkins among
farmers, rural traders, and consumers. Researahéhg International Institute of Tropical Agriaule, the African
Agricultural Technology Foundation, Kenya, and theited States Department for Agriculture have destrated
the ability of natural Nigerian fungi to producestboncentrations of aflatoxins in maize and otlmamg, as a result,
increases global trade losses estimated at $19bn [

Presently, more than 50 countries have establistmudations for controlling aflatoxins in foods afeeds [11]; the
U.S. Food and Drug Administration (FDA) has limitfs20 pg/kg for total aflatoxins. The Standards &vigation of
Nigeria (SON) has set a 4 ug/kg [12][13], 20 pglkd] and 4 pg/kg [13] standards for maximum totitaxin
concentrations for maize, raw groundnuts and groundake Kulikuli) respectively. Nigeria’'s National Agency for
Food and Drug Administration and Control (NAFDAQGerces a standard of 4 pg/kg for ready-to-eat $cemtd 10
png/kg for raw food items, but only for packaged d@@nd export-bound products. Despite aflatoxiruleggry
standards, unpackaged food for domestic consumptiemot regulated. This means that aflatoxin-coitated
grain can easily enter the Nigerian consumptioeasir due to low awareness about aflatoxins and tresith
impact among consumers and sellers. The vast mpajofifoods consumed by the Nigerian population ao¢
regulated for aflatoxins. Field research condudttedibt Associates in the Niger, Kogi, and Ondoesdbund no
evidence of testing for aflatoxins in the domesti@ize and groundnut sold in Nigerian markets.

A lot of methods have been described for aflatak@termination in grains, feeds and feed ingredi¢mas for
human and animal usage. Techniques such as HPL@Gn@CC/MC have been used for aflatoxin detectisi17]
are very accurate but are expensive and low thjouigresearch-oriented. In recent years, potentatlyantaged
Enzyme-linked Immunosorbent assay [18] has also blescribed and validated for aflatoxin detectiod & said
to be more preferred because of its simplicity cffjpéty, sensitivity, low cost and the use of saéagents. Hence,
this research was aimed at determining the aflata@xintamination levels in grains, feeds and feegeidients
obtained from Katsina and Zaria metropolises usimmgpetitive ELISA technique.

MATERIALS AND METHOD

Sample Collection

A total of twenty nine samples comprising of 14igsa 15 feeds and feed ingredients were randonthpted (509
each) in clean labeled polyethene bags from logdustries, markets, hawkers and farmer in KatsBadén
Savannah) and Zaria (Northern Guinea Savannahppw@ises. The collected samples were sealed artdakepom
temperature until use.

Sample Extraction and Preparation

Sample extraction was performed according to manurfer's instruction (Aqra Quant Total Aflatoxin #ay) test
kit. Raw samples were individually ground usingdediory grinding submilling mill so that 75% woufthss
through a 20-mesh screen. One hundred ml of meltwaater (70/30) was added to 20g of each groundotaend
was shaken for 30 minutes. Sample was allowedttte sed the supernatant was filtered through atmvha no. 1
filter paper. The filtrate was collected for furttenalysis.

Oil samples were extracted by dispensing 2ml ofoiheample into a test tube and 10ml of 70% (wwthanol was
added to it (an extraction ratio of 1:5 of sampmeektraction solution). The contents were mixedahghly and
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then allowed to settle for 3 minutes, for whictséparated into two layers. The methanol (supertjalayer was
taken for further analysis.

Aflatoxin Determination

The determination of aflatoxin was performed ascdbed by the manufacturer’s instructions using &guant
Total Aflatoxin Assay 1/20 test kit. Two hundred pf.enzyme conjugate was dispensed into each dvestered
Dilution well and 100uL of each standard (0, 142,10 and 20 pg/kg)/sample (in duplicate) were ddd® the
appropriate Dilution well containing the 200uL afnjugate. Each well was carefully mixed by pipejtinup and
down three times and 100uL of the contents fromheBdution well was immediately transferred into a
corresponding Antibody Coated Microwell. It wasrhiecubated at room temperature for 15 minutes. chmtents
of the microwell strips were discarded, followeddwashing step of each microwell with distilledt@ra This was
repeated for a total of five washes. Microwell sriwere tapped using absorbent paper towels to espmuch
residual water as possible after the fifth washe Tticrowells were dried with a dry cloth or towel fapping. One
hundred pL of the substrate was added into eactom@! and incubated at room temperature for 5 teiswand a
blue color developed. One hundred pL of stop sofutias added into each microwell strip and thercah@anged
from blue to yellow. The optical density of eachipstvas read with a microwell reader using a 450 fiitar. A
standard curve was generated using standard ftatedxan concentrations in the range of 0 to 20jgg/k

RESULTS

W Katsina

M Zaria

Aflatoxin Concentration (ug/kg)

Millet Groundnut
Samples

Figure 1.Aflatoxin concentration in Millet and Groundnut from the two study areas.

Aflatoxin contamination in grains
Table 1 shows the aflatoxin concentration levethia analysed grains. Among the 14 grain samplelysed) 12
were contaminated (85.7% incidence). The levelafiaitoxin in each sample ranged from; maize 0.420ug/kg
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and sorghum 0.75-2.35ug/kg while wheat and bearts dra aflatoxin concentration of 0.5 and 0.9ug/kg,
respectively. Aflatoxin was not detected in twoerkamples (per-boiled and milled) and a lowest eotmation of
0.1pg/kg was recorded in unmilled rice. The miletd groundnut samples obtained from Zaria recotdgher
aflatoxin concentrations (0.8ug/kg and 1.7ug/kg@ntthose obtained from Katsina (0.45ug/kg and i) cas
shown in Figure 1.

Table 1: Total aflatoxin concentration in grains (mpled from Katsina metropolis).

Sample Totaladdxin Concentration (pg/kg)
Rice (Milled) N.D
Rice (Unmilled) 0.1
Rice (Perboiled) N.D
Millet (Dauro) 0.6
Wheat 0.5
White Maize >20
Yellow Maize 0.45
White Sorghum 0.75
Red Sorghum 2.35
Beans 0.9

N.D : Not Detected

Aflatoxin contamination in feeds and feed ingrediets

In this study, 73.3% of the feeds and feed ingradievere contaminated with aflatoxin as shown ibl&&. Both

poultry feeds and maize chaff analysed had a >28gugflatoxin concentration. The groundnut produciake,

kuli-kuli and oil) analyzed had an aflatoxin levahging from 1.25-14.7, with the groundnut oil hayithe highest
concentration and kuli-kuli having the lowest cantaation level, whereas, the soya bean productee(ead oil)

recorded an aflatoxin level of 2.7 and 1.9 ug/kspextively. No aflatoxin contamination was recordedll the

wheat and maize flours analysed but the sorghuar fiad a concentration of 0.85pg/kg. Garri, a casgaoduct,
had an aflatoxin level of 1 and 1.4 pg/kg.

TABLE 2: Concentration levels of aflatoxins found h the feeds and feeds ingredients.

Samples Samples  Samples Aflatoxin
ested Positive Conceiton(ug/kg)

Flour a. Maize 1 0 0.0

b. Sorghum 1 1 0.8

c. Wheat 3 0 0.0
TOTAL 5 1 0-0.8
Oil  a. G/nut 1 1 14.7

b. Soyabean 1 1 1.9
TOTAL 2 2 1.9-147
Cake a.G/nut 1 1 14.2

b. Soyabean 1 1 2.7
TOTAL 2 2 2.7-142
Maize chaff 1 1 >20
Kuli-kuli 1 1 1.25
Garri 2 2 10-14
Poultry feed 2 2 02
DISCUSSION

The worldwide occurrence of aflatoxins in agricudtuproducts is well documented, with the majorteamination
occurring in countries with high temperature andidity. While it is generally recognized globallyat there is no
safe level of aflatoxin exposure, the regulatorgibs, including The Standards Organization of Na@géBON) sets
standards on many food commodities, taking int@antglobal standards as well as national prodoaiud target
export markets. Total aflatoxins were detectedspeetive of the sample source.

Maize is one of the most widely distributed foodrgk in the world [19]. Two maize samples analyireithis study
revealed that the white maize sample had the higt@mstamination level (even among the grain sampiés
>20u1g/kg which exceeds the limits sets by NAFDAC &@N. The high susceptibility of maize to mycotoxin
contamination than most grains as observed instiidy has also been reported by [20] and [21] igeNa and at
international level. Also, in agreement to our $tU@2] reported that the mean values of aflat@dntamination in
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55 samples of maize ranged between (30.9ug/kg-a07E) from 11 districts across three agro-ecolagiones of
Nigeria, which were far beyond all known acceptdbtéts. But the other maize (yellow) sample hadadliatoxin
level of 0.45ug/kg. The difference in level of camtination between the two samples might be dueh¢o t
agricultural practice and storage but not locatidiso, for reason not known, [23] reported a highmyan aflatoxin
levels in white maize (0.55ug/kg) than in yellowirea(0.46pg/kg). The Maize chaff, used as animeti fdiad an
aflatoxin level of>20.0ug/kg. It is produced by the removal of theeowurface of the maize before further
processing to flour, as such, might be a reason twlycontamination is high in maize chaff and asoeafor the
absence of aflatoxin in the maize flour sample.

Millet is a major staple food in northern Nigeria. this study, the mean level of aflatoxin found riillet is

0.62ug/kg. The Zaria type Millet had the highesttemination level of 0.8ug/kg. The difference imtmination

level might be due to the difference in environnaéffidctors (temperature and relative humidity) tfeators the
growth of aflatoxigenic fungi and also agricultupshctices between the two study areas. Sorghwmather staple
food and an important starchy food for human anidhahconsumption Nigeria. The mean level of thetafkin

found in the two sorghum and a flour samples wagig/kg. The aflatoxin concentration of the sampleswithin

the permissible limit, thus are safe for human ocomgtion. This might be due to the high phenol arhin contents
present in Sorghum [24] which are known to inhfbiigi infestation.

Wheat is the major source of flour for baked foadsl other products. Aflatoxin concentration levethe wheat
sample analyzed was 0.5pg/kg while the wheat #amples (from 3 different flour mills in Nigeriadsted negative
to aflatoxin. This might be due to the refined meges undergone by the wheat. Parker and Melnijkwn@re the
first to confirm that refining eliminates aflatox&aven from products obtained from moldy grains suitable for
human consumption. Aflatoxin contamination was detected in par-boiled and milled rice samples tWwhigght
be due to the refining process undergone by thepksmThe unmilled rice and Beans samples had aftatoxin
level of 0.1ug/kg and 0.9ug/kg respectively. Nigee the number one producer of cassava in theemwwvotld.
Garri, a roasted granular hygroscopic starchy fpatiuct, is consumed by several millions of pedpléhe West
African sub-region and in Nigeria in particular aedless of ethnicity and socio-economic class. Hawve
production and handling methods have not been atdimd resulting in a product with varying quakityd safety
indices hence varying public health concern [26je Two Garri samples analyzed in this study hadfiatoxin
level of 1.0ng/kg and 1.4ug/kg, which is within trenge reported elsewhere with a range of 0.3-4lguin
cassava products [23]. The aflatoxin concentraitiogarri might be due to its contamination by aflagenic fungi
by air in the market. This is in accordance with thork of Ogugbuet al.,[27] that reported the contaminated of
post-processed garri during sale in portharcoufubgi includingAspergillus spAlso, the aflatoxin level of garri is
known to increase with storage time [28][23].

The mean contamination level of groundnut and ftslpcts is 6.68g/kg, with groundnut oil having thighest
contamination level of 14.7ug/kg and fried groundeeke (kuli-kuli) having the least level of 1.28kg Although
the level of aflatoxin in groundnut and its produ¢take, kuli-kuli and oil) was less below the rangported
elsewhere [29] in Nigeria who reported an aflatolémels in Homemade and unrefined groundnut oilgirao
between 20-2000ug/kg and [30] who reported an aflatcontamination in Nigerian groundnut cake atels
ranging between 20-455ug/kg. The difference betwesults obtained here and that of the previouestigations
might be due the difference in geographical locgtseasonal variations, weather conditions of thdysareas, and
also the method or technique used. The reason kehintidence of aflatoxin is more frequent in grdomt than in
other agricultural commodities is not fully undexsd [31]. Also, the reason for low aflatoxin contaation in kuli-
kuli might be due to the frying process undergonendy its production. Soya bean cake productsca&e and oil
were also analyzed. Soya bean cake serves as deidal and its oil is used as a substitute of gfounoil due to
its scarcity and expensiveness. The mean aflatexal of soya bean samples is 2.3ug/kg.

The poultry feeds are formulated from grains argbovital ingredients. Among the samples examitieel poultry
feeds (from 2 different feeds in Nigeria) had thghlest contamination level, with both samples rdoa a
concentration 0£20.01g/kg each. In consonance with our study, f8@prted an aflatoxin contamination in over 7
out of 23 samples (30.4%) of South African anineds at the levels of >20ug/kg. These high levielatoxin
might be due to the grains and other ingredientsectts that may harbour these toxins with highlevdigeria has
no regulatory standards for maximum aflatoxin coniaions for animal feed [33]. But the level>0.0ug/kg is
within the EEC maximum permitted level of aflatoxior poultry feed of 30-40ug/kg and exceeds the FDA
maximum limit of 20.0pg/kg. The consistent consumpbf this by poultry will often result in high enomic loses
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and lead to lack of interest by investors in pguttroduction. The need to improve and sustain ppplitoduction in
particular and animal husbandry in general, in vthelecloped countries where animal protein conswngier head
is very low, cannot be over emphasized.

CONCLUSION

Among the types of mycotoxins, Aflatoxin is the mpeevalent and the most potent environmental naggn. This
study has shown that grains, feeds and feed ingmegliare very prone to contamination by toxigekspergillus
resulting to the production of Aflatoxins. The rksigenerally revealed the presence of aflatoximamination in
79.31% samples analysed with a trend in variabdftthe aflatoxin concentration level being poultegds-Feeds-
and-feedingredientgrains. Out of the positive samples 26.1% of theoeeded the SON and NAFDAC Aflatoxin
permissible level. Although aflatoxin levels may losv, the risk of aflatoxicosis resulting from tlventinuous
ingestion of these foods may be high. Since thdtpofeeds had the highest Aflatoxin concentratiome suggest
that the formulation of feeds should be compounmtddcorporated with mycotoxin binders as additpeswell as,
the establishment and enforcement of permissibleegulatory limits. Generally, creation of awarenesd
enlightenment to the public, especially in the harg@as and developing countries, about the heiakk and hazards
involved in consuming foods contaminated with afi@s. Moreover, Good Agricultural Practices (fieldhrvest,
drying, transportation and storage) should be impleted widely among farmers, as well as, the delecnd
breeding of new seeds that are Aflatoxin resistainis will enhance food and public health safetgt anturn reduce
the risk of Aflatoxicosis.
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