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ABSTRACT

Aflatoxin contamination of poultry feeds is a major challenge to profitable poultry productivity and trade. This study was
carried out to evaluate the levels of aflatoxin B1 (AFB1) contamination of poultry feeds commonly sold in Nsukka, Enugu
State, Nigeria. A total of 48 representative feed samples, comprising 24 toll-milled and 24 commercial feeds, were collected.
aflatoxin B1 was detected in all (100%) the samples analysed using Indirect Competitive ELISA technique at various
concentrations, with AFB1 concentrations of toll-milled and commercial feeds samples ranging from 2.5 — 473.8 ppb and 1.1 —
1683.2 ppb, respectively. The mean AFB1 concentration (77.69 + 19.36 ppb) of toll-milled feed samples was significantly less
(p < 0.05) than the mean AFB1 concentration of commercial feeds brands (231.10 £ 71.1 ppb). The mean AFB1 concentration
of commercial brand A feeds (12. 11 + 3.25 ppb) was significantly less (p < 0.05) than the mean concentrations of commercial
brand B feeds (385.91 + 152 ppb) and brand C feeds (425.90 £ 97.93 ppb). The toll-milled and commercial feeds samples
evaluated showed that 79.17% and 70.8% of the feeds, respectively, had AFB1 concentrations above the United State Food
and Drugs Administration action value, 20 ppb. The levels of AFB1 contaminations in the feed samples studied were high, and
thus make the feeds unsafe for poultry consumption. Therefore, there is need for routine screening and monitoring of AFB1 in
poultry feeds marketed in this area to avoid high levels of AFB1 in feeds and the subsequent accumulation in the poultry
products.
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INTRODUCTION

Poultry feeds may contribute to the transfer of certain found more frequently in contaminated feeds than

poisons and toxins such as mycotoxins, heavy metals, drug
residues, pesticides and microbiological hazards into the
food chain, thereby raising global concern about feed safety.
Mycotoxins are poisonous chemical compounds and
secondary metabolites produced by fungi (Tola & Kebede,
2016). These secondary metabolites which are produced by
filamentous genera of fungi have harmful effects on animals
and humans following consumption of contaminated animal
feeds and animal products, respectively (WHO, 2006;
Mostafa et al., 2012). Aflatoxins are considered the most
common mycotoxin in poultry production (Leggieri et al.,
2015). Aflatoxin B1 (AFB1), produced by Aspergillus flavus
and Aspergillus parasiticus, is of major concern in poultry
production (Magnoli et al., 2011). Aspergillus flavus is

Aspergillus parasiticus (Varga et al., 2011).

Animal feed industries compete for feed materials with
humans, thus low-quality raw materials/ingredients are often
used for poultry feed production (Abidin et al., 2011).
Abidin et al., (2011) reported that the major challenge faced
by International as well as local feed industries is the high
cost of feed production due to competition for feed materials
by humans and animals. In Nigeria, food ingredients unfit
for human consumption are normally utilized for feed
production. The poultry sector, therefore, is at risk of
economic losses due to negative impact of aflatoxins on their
performance (Marchioro et al., 2013; Atherstone et al.,
2016).

Poultry have been reported to be very sensitive to the effects
of aflatoxin B1 (Denli & Okon, 2006). Acute toxicity in
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poultry results in death whereas chronic toxicity is
characterized by damage to the liver, lower profitability and
break in immunity, leading to heavy economic losses
(Abdullah et al., 2010). Aflatoxin B1 in poultry tends to
accumulate in poultry meat and eggs; and is finally
transferred to humans after consuming these products
(Oliveira et al.,, 2006; Abdullah et al., 2010). Meat
contaminated with aflatoxin causes depression, nervousness,
pain, diarrhoea, liver toxicity, cancer and even death
(Abdullah et al., 2010). Different countries have established
different standards to govern aflatoxin levels in human and
animal feeds. The limits of Aflatoxin B1 and total Aflatoxins
in foods are 2ug/kg and 4 pg/kg, respectively in the
European Union whilst they are 5pg/kg and 10 pg/kg,
respectively, in more than 75 countries around the world
(Herzallah, 2009). World Health Organization (WHO) has
set aflatoxins limits for animal feeds at 5 pg/kg (Kajuna et
al., 2013) and Food and Drug Administration (FDA) at
20ug/kg (Reddy & Raghavender, 2007).

The aim of this study is to evaluate the levels of aflatoxin B1
in toll-milled and commercial brands of poultry feeds used in
Nsukka Agricultural zone of Enugu state, Nigeria accounts
for approximately 35% of females culled from

MATERIALS AND METHODS

STUDY AREA

Nsukka Agricultural zone of Enugu state is a zone in
southeast of Nigeria, located in a tropical rainforest between
latitude 5° 56 — 7° 60 N and longitude 6° 53 and 7° 55E.
The average annual rainfall in the zone is around 2,000
millimeter (Egboka, 1985). The climate is humid and
humidity is at its highest between March and November. The
mean daily temperature is 26.7°C (80.1°F).

SAMPLE COLLECTION

A total of forty-eight (48) feed samples comprising 24 toll-
milled feeds and 24 commercial feeds (brand A, B and C)
were collected from the two toll-milled feed producers and
three major commercial feed distributors in the zone from
May, 2012 to August, 2013. Commercial brand A feeds were
collected from Top feeds distributor whereas commercial
brand B and C feeds were collected from Vital and Unique
feeds distributors, respectively. The representative samples
were collected batch by batch using systematic random
sampling technique. Sampling plan was carried out
according to Food and Agricultural Organisation (FAO,
1993), by taking ten 100g samples from each batch and
mixing together.

EXTRACTION OF AFLATOXIN B1
SAMPLES

The Aflatoxin bl (AFB1) concentrations in the feed samples
were determined using indirect competitive ELISA (Afla-
ELISA) technique (Lava & Bandyopadhyay, 2012). The
representative samples of the feeds were pulverized using
grinding machine with 1mm sieve. Ten gram (10g), from
each of the ground representative samples, was mixed with
50 ml of the extraction reagent (70% Methanol). The
mixtures were homogenized using Orbiter shaker at 300 rpm
for 30mins. The homogenized mixtures were filtered with
Whatmann filter paper placed in a funnel and the filtrates
collected in flat bottom conical flasks. The filtrates (extracts)
were used for the ELISA test.

IN FEED

AFLATOXIN B1 DETECTION

The ELISA microtiter plates (Nunc-Maxisorp) were coated
with 100 ng/ml Aflatoxin Bl1-Bovine Serum Albumen
(AFB1-BSA) buffer (Sigma A 6655). Each well was coated
with 150 pl of the AFB1-BSA and incubated for 60 minutes
at 37°C. The coated plates were washed three times with
phosphate buffered solution (PBS) and allowed to dry.
Thereafter, the coated plates were blocked with 0.2 ng/ml
Bovine Serum Albumin (BSA) in PBS buffer for 30 minutes
and washed once with PBS. The samples (extracts) were
diluted in BSA buffer. One hundred microliter (100 pl), each
of the diluted samples, was pipetted and loaded into the
ELISA plate wells in replicates. One hundred microliter of
BSA was loaded in each of the wells in the first two rows.
Then 100 pl of the standard (known concentration) was
loaded into the first two wells, in replicate, in the first two
rows, and serially diluted in the BSA. The control (extract
from healthy maize) was loaded into the last two wells, in
replicate, in the first two rows. In each of the loaded wells,
150 pl of the enzyme conjugate (antibody) was added. Also,
150 ul of Alkaline phosphatase conjugate was added in each
of the loaded wells and incubated in a mechanical incubator
at 37°C for 1 hour. Thereafter, the plates were washed in
PBS and 150 pl of the enzyme substrate, para-nitro-
phenylphosphate (Sigma N 2640) was added in each of the
well. The plates were kept in the darkroom for 30 minutes
before the readings were taken using ELISA (micro well)
reader with 405 nm filter. The reader determined the optical
densities of the samples, the standard and control. Using the
values obtained for Aflatoxin bl standards, a curve was
drawn with the help of a computer (Microsoft office Excel),
taking aflatoxin concentrations on the “X” axis and the
optical density values on the “Y” axis. The concentrations of
aflatoxin B1 in the samples were calculated from the
standard graph by tracing the concentration on the graph that
corresponded with the optical density on the X- axis. The
Aflatoxin B1 concentration per kilogram of the samples was
calculated as follow:

111



Ozioko et al. 2021

Journal of Sustainable Veterinary & Allied Sciences Vol 1 Issue 2

AXDXE

AFB1 (ug/kg) = — - or

AXE

CXaG

A = AFBL1 concentration in diluted or concentrated sample
extract (ng/ml).

D = degree of dilution with buffer.
C = concentration after clean-up.
E = extraction solvent volume used (ml).

G = sample weight (g).

DATA  PRESENTATION
ANALYSIS

Data generated in this study were presented in tables, graphs
and mean * SEM. Data on the differences in the mean
aflatoxin B1 concentration in toll-millled and commercial
feed samples and between the two brands of commercial
feed samples were determined using student t-test. The
significant difference and variation in means were separated
using Fischer Least significant difference (LSD) at 5%
probability level.

AND  STATISTICAL

RESULTS

The indirect competitive ELISA results from this study
showed that all the poultry feed samples (100%) evaluated
contained various concentrations of aflatoxin B1. Both the
commercial feeds and the toll-milled feeds had 100%
contamination.

The aflatoxin B1 concentrations in the toll-milled feed
samples ranged from 2.5 to 473.8 ppb (Figure 1). Five
(20.8%) feed samples out of the 24 Toll-milled feed samples
had AfB1 concentrations less than the United State Food and
Drug Administration (USFDA) maximum permissible limit,
20 pg/kg, in feeds. Nineteen (79.2%) feed samples out of the
24 toll-milled feed samples had various AFB1 concentrations
above the USFDA maximum permissible level (Table I and
Table V). The mean AFB1 concentration of the toll-milled
feed samples was 77.69 + 19.36 ppb (Table I1).

The aflatoxin B1 concentrations of the commercial feeds
samples ranged from 1.1 to 1683.2 ppb (Figure 2). The least
AFB1 concentration, 1.1 ppb, was found in commercial
brand A feed sample, with 70% of the brand A feed samples
having AFB1 concentrations less than USFDA maximum
permissible limit (20 pg/kg) (Table I11). The commercial
brand C feed samples showed high levels of AFB1
contamination (Table 1) and the highest mean AFB1
concentration (425.90 + 97.93 ppb) (Table IV). The mean
AFB1 concentration of the commercial feed samples was
231.10 £ 71.1 ppb (Table II).

Table I: The various ranges of AFB1 concentrations (ppb)
and the number (%) of Toll-milled and commercial poultry
feed samples within the ranges.

AFB1 Number (%) of Number (%) of
Range Toll-milled feeds Commercial feeds
(ppb) within the range within the range (N =
(N = 24) 24)
0.1-20 5(20.8) 7(29.2)
21— 40 6 (25) 4(17.7)
41-60 0 (0) 4.2)
61-80 5 (20.8) 0(0)
81-100 1(4.2) 0(0)
101 — 200 6 (25) 2(8.3)
201 — 300 0(0) 1(4.2)
301 - 400 0 (0) 2 (8.3)
401 — 500 1(4.2) 5 (20)
>500 0 (0) 2(8.3)

The mean AFB1 concentration of the toll-milled feeds (77.69
+ 19.36 ppb) was significantly (p < 0.05) less than the mean
aflatoxin B1 concentration (231.10 = 71.1 ppb) of the
commercial feeds (Table 1lI). The mean aflatoxin Bl
concentration of the commercial brand A feed samples were
12.11 + 3.25 ppb whereas the mean aflatoxin Bl
concentrations of the commercial brand B and C were
385.91 + 152 ppb and 425.90 £ 97.93 ppb, respectively
(Table 1V). The mean aflatoxin B1 concentration of the
commercial brand A was significantly less (p < 0.05) than
the mean aflatoxin B1 concentrations of the commercial
brand B and C. The mean aflatoxin B1 concentration of the
commercial brand A feed samples were less than USFDA
action value, 20 pg/kg.

Table 1I: The mean AFB1 concentrations of Toll-
milled and commercial feed samples
ppb (part per billion)

Feed samples Mean + SEM P-value
concentrations of
AFB1 (ppb)
Toll-milled 77.70 £ 19.4° 0.05
Commercial 231.10 + 71.7° 0.05
a,b = superscripts, means with different superscripts

significantly varied at 5% level of significance.
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The toll-milled and commercial feeds samples evaluated
showed that 79.17% (19) and 70.8% (17) of the feeds had
aflatoxin B1 concentrations above 20 ppb, respectively
(Table 1). Seven (70%) out of the ten feed samples of the
commercial brand A had aflatoxin B1 less than 20ppb
whereas none of the feed samples of the commercial brand B
and C had aflatoxin B1 less than 20 ppb (Table 11l and Table
V).

Table IIl: The various ranges of AFB1 concentrations
(ppb) and the number (%) of the three brands of
commercial poultry feed samples within the ranges.

AFB1 range Number Number Number
(ppb) (%) of (%) of (%) of
Commercial Commercial Commercial
brand A brand B) brand B)
within within within
range range range
(N =10) (N =10) (N=4)
0.1-20 7 (70) 0(0) 0(0)
21-40 3(30) 1(10) 0 (0)
41 -60 0(0) 1(10) 0(0)
61380 0(0) 0 (0) 0 (0)
101 -200 0(0) 2 (20) 0(0)
201 - 300 0(0) 1(10) 0(0)
301 - 400 0(0) 2 (20) 0(0)
401 — 500 0 (0) 2 (20) 3(75)
>500 0(0) 1(10) 1(25)
DISCUSSION

The results show that all the feed samples (100%)
investigated contained detectable amount of aflatoxin B1
with indirect competitive ELISA. ELISA technique is well
favoured as high through-put assay with low sample volume
requirement and often less sample clean up procedures
compared to other conventional methods such as Thin layer
chromatography TLC) and high-performance liquid
chromatography (HPLC). ELISA methods are rapid, simple,
specific, sensitive and portable for use in the field and have
become the most common quick methods for the detection of
mycotoxins in feeds and foods (Trucksess, 2001). Several
studies have indicated a similar high prevalence of aflatoxins
in poultry feeds in different localities. Sixty-eight (68%)
percent of the total commercial poultry feeds (340) evaluated
by indirect ELISA in a tropical country, Morogoro,
Tanzania, was contaminated by aflatoxin B1 (Kajuna et al.,
2013); whereas as high as 91.1% contamination of poultry
feeds from farms with mean value of 179.1 pg/kg was
reported in Iraq (Shareef, 2010). Also, 83% contamination
of poultry feed samples by aflatoxin Bl at mean
concentration of 74 pg/kg was reported in south-western
Nigeria (Oyekemi et al., 2012). A study conducted for a

Table 1V: The mean aflatoxin B1 concentrations
in the three brands of commercial poultry feed
samples.

ppb (part per billion)

Mean + SEM
AFB1
concentration P
Feed type (ppb) value

Commercial brand A 12.11 + 3.25% 0.05
(n=10)
Commercial brand B 385.91 + 152.0° 0.05
(n=10)
Commercial brand C 425.90 + 97.93° 0.05
(n=4)

three-year period in Kenya reported that all animal feed
samples were contaminated with aflatoxins; ninety-five

Table V: The percentage of poultry feed samples
with aflatoxin B1 level above the Food and Drug
Authority accepted level (20 pg/kg).

Percentage of samples with
Aflatoxin B1 level > 20

Feed type pg/kg
Toll-milled 79.17
Commercial feeds 65.0
Commercial brand A 30.0
Commercial brand B 100.0
Commercial brand C 100.0

percent (95%) of samples exceeding 10ug/kg and while 35%
exceeded 100 pg/kg levels ranging from 5.13 — 1123 pg/kg
(Okoh & Kola, 2012). In another study, 324 samples of
grains, finished animal feeds and other feed commodities
were collected from thirteen countries in the Middle East and
Africa and tested for various mycotoxins including aflatoxins
(Rodrigues et al., 2011). Fumonisins were the main
contaminant per country in all the samples collected except
for samples from Nigeria and Kenya which had aflatoxins as
the main contaminant. The prevalence and the mean
concentrations of aflatoxin were 94 and 78%, 115 and 52
pa/kg respectively, for Nigeria and Kenya (Bryden, 2012).
These findings, however, showed that AFB1 contamination
of feed is a worldwide problem and Nigeria is not an
exception as this study had shown high level of
contamination and mean concentrations of AFB1 in poultry
feeds marketed in South-Eastern Nigeria.

Aflatoxin B1 prevalence in agricultural products such as
cereals and grains, and hence animal feeds compounded
from these agricultural products is relatively higher in
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tropical and subtropical regions due to warm and humid
weather conditions which provide optimal conditions for the
growth of the moulds (Bryden, 2012; Muhammad et al.,
2013). Fungal growth and mycotoxin contamination are
dependent on climate and storage conditions and therefore,
vary with location, with hot and humid climate, poor storage
conditions and poor agricultural practices exacerbating
fungal and mycotoxin contents in feed and feedstuffs
(Odoemela & Osun, 2009). Evidently, lower quality raw
materials are used in poultry feed production such as poor
feed grade cereals (Abidin et al., 2011). Both the toll-milled
feeds and commercial feeds producers mainly use stored
grains in the formulation of their feeds. For stored grains,
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detriment of the farmers using their feeds. Also, the
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any regulatory agency so as to ascertain the safety of the
ingredients being used in production, unlike the toll-milled
feed producers that are always under the close watch of the
farmers. Thus, the toll-milled feed producers seem to be
more conscious of the quality of the feed ingredients used
than the commercial feed producers. Egal et al. (2005)
reported that there is a widespread AFB1 contamination of
common feed ingredients in Africa; in Benin and Togo,
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AFB1 levels in maize averaged five times the safe limit of 20
ppb in up to 50% of the household grains.

Overall, 79.17% of toll-milled feeds and 70.8% of
commercial feeds analysed contain aflatoxin Bl
concentrations above the National Agency for Food and
Drug Administration and Control (NAFDAC) and European
Union (20ug/kg) tolerance level of aflatoxin in grains for
animal consumption (WFO, 2001). Similar high percentage
of contamination (73%) of poultry feeds were reported to
have exceeded the FAO/WHO tolerable level of 5 pg/kg in
Morogoro, Tanzania. These levels may negatively affect the
performance of poultry and may end up in poultry meat and
human food with deleterious consequences to human health.
The wide range of aflatoxin B1 concentrations of the
commercial feed samples were contrary to the findings from
other studies conducted on commercial poultry feeds from
Nigeria (Oluwafemi et al., 2009), Iraq (Shareef, 2010), and
feed ingredients from South Africa (Cynthia et al., 2012) and
Ethiopia (Ayelew, 2010).

Prolonged consumption of feeds with unsafe levels of AFB1
has grievous public health implication, which calls for
control and regulation in animal feed
formulation/consumption. Aflatoxin Bl is
immunosuppressive, nephrotoxic and hepatocarcinogenic
(Bhat & Vasanthi, 2003). The desired control and regulation
of mycotoxins can be achieved by reducing fungal infection
of crops by rapid drying and correct storage of the harvested
crop using effective antifungal preservatives.

The induction of cancer by aflatoxins has been extensively
studied. Aflatoxin B1, aflatoxin M1, and aflatoxin G1 have
been shown to cause various types of cancer in different
animal species (Fink-Grammels, 2003). The results reveal
that most of the feeds were unsafe for animal consumption.
Hence, the need for setting maximum levels of aflatoxins in
feeds and foods in Nigeria is generally recommended. Yun
yun et al., (2015) published the comparative data of total
aflatoxin limit in food among different regions worldwide: in
Africa 10 pg/kg; Asia/Ocenian 15 pg/kg; Europe 5 pg/kg;
Latin America 20 pg/kg and North America 15 — 20 pg/kg.
The mostly used limit is 4 pg/kg (applied in 29 countries);
another frequently used limit is at 20 pg/kg and is applied in
17 countries (half of them in Latin America and several in
Africa) (CAC, 2014). Setting of internationally agreed
maximum tolerable levels for aflatoxins in feed is of global
importance.

The findings from this study provided evidence that there are
aflatoxin b1 problem in this locality. There is need to build
awareness to the feed processors, sellers and farmers on
better way to alleviate occurrence of aflatoxin B1 in poultry
feeds.
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