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ABSTRACT ARTICLE HISTORY

This study evaluated the presence of aflatoxin B, in five different Received 27 December 2021

animal feeds collected from manufacturers, suppliers and Accepted 18 February 2022

consumers and its possible reduction by heating at 100°C for

180 min. A total of 160 animal feed samples were collected and Aflatoxin B.- .
. . atoxin By; feed suppliers;

analyzed by using !ateral flow immunoassay meﬂ?od. The resul.ts lateral flow immunoassay;

revealed that all animal feeds analyzed were positive for aflatoxin animal feeds; feed

B; with 91% samples containing high concentrations ranging manufacturers; feed

from 24.00 to 76.23 ng/g above the international allowable consumers

standard for animal feeds (20 ng/g). Maize bran (76 ng/g) and

sunflower cake (63 ng/g) had higher aflatoxin B; concentrations,

correlating with higher moisture content. Upon heating the feeds,

aflatoxin B; was reduced to a concentration ranging from 2.24 to

9.78 ng/g (<20 ng/g). Our study suggests high potential health

problems to animals and humans from aflatoxins requiring

proper heating and frequent monitoring of the animal feeds for

aflatoxin B.

KEYWORDS

1. Introduction

Mycotoxins are natural food and feed toxic secondary metabolic products of moulds,
which can contaminate almost all agricultural commodities worldwide. Aflatoxins are
naturally occurring mycotoxins produced by certain species of fungi (mostly Aspergillus
flavus and Aspergillus parasiticus) (Yin et al., 2015). Among aflatoxins, aflatoxin B, is the
most commonly encountered toxic metabolite; it is considered as a potent and potentially
lethal, and carcinogenic agent by the International Agency for Research on Cancer
(International Agency for Research on Cancer, 2013). Therefore, research interests on
the existence and concentration of aflatoxin B, in various animal feeds have been increas-
ing globally.
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Aflatoxin B; can affect animals through the consumption of contaminated feeds.
When aflatoxin B; in feeds is ingested directly by animals, it is metabolized into
aflatoxin M; and transferred to various animal products particularly milk (Gizachew
et al., 2016; Mohammed et al., 2016; Xiong et al., 2018). Accordingly, aflatoxin M; con-
tamination has been reported in eggs, meat and blood tissues (Herzallah, 2009; Igbal
et al., 2016) from some of the East African countries such as Kenya (Kang'ethe &
Lang’a, 2009) and Tanzania (Urio et al., 2006). The presence of aflatoxin B, in animal
bodies affects their health and sometimes causes death (Stoev, 2015). For instance,
aflatoxin B; suppressed the immune system and decreased livestock animal productivity
(Streit et al., 2012). Aflatoxin B; was also associated with growth retardation in chicken
by reducing body weight and increasing feed conversion ratio (Atherstone et al., 2016)
and reduced egg production (Grace, 2013). Humans are affected indirectly by aflatoxin
B, through the consumption of contaminated animal products including eggs, meat,
blood, and milk. In the human body, aflatoxin B; causes liver cancer, growth and devel-
opment impairment (Abbas, 2005; Smith et al., 2015). Therefore, it is an inarguable fact
that aflatoxin B, poses a great risk to animal and human health. Consequently, World
Health Organization imposed the maximum safe limit as 20 ng/g for aflatoxin in
animal feeds due to serious effects on animal and human health (Granados-Chinchilla
et al., 2017).

Aflatoxin B, varies in different animal feeds depending on the ingredient used. The
highest aflatoxin contamination has been found in maize bran (Kajuna et al., 2013)
and sunflower cake (Nyangi et al., 2016). In Tanzania and other Eastern African
countries, maize bran is among the relatively cheap ingredients used for the formulation
and manufacture of most animal feeds followed by sunflower cake for dairy cattle and
poultry production (Nishimwe et al., 2019). Unfortunately, most animal feeds are
poorly handled and stored along the food supply chain, which causes aflatoxin B; con-
tamination. Consequently, it is unsurprisingly that Mmongoyo et al. (2017) reported
80 to 86% of sunflower cake from Tanzania had aflatoxin B; that exceeded the inter-
national safe limit of 20 ng/g. Moreover, maize bran from Tanzania (Kang'ethe &
Lang’a, 2009; Nyangi et al., 2016), Rwanda (Nishimwe et al., 2019), Democratic Republic
of Congo (Kamika et al., 2016; Manjula et al., 2009), Kenya (Probst et al., 2007) and
Uganda (Kaaya & Kyamuhangire, 2006) were reported to contain high aflatoxin B; con-
tamination. These studies suggest that people from Eastern African countries might be at
a high risk of aflatoxin infections (Kimanya, 2015). In fact, acute aflatoxicosis has been
reported to occur more frequently in Tanzania (Kamala et al., 2018). Despite this,
limited studies have evaluated the variations of aflatoxin B; concentrations along the
feed’s product supply chain. The lack of such information limits our understanding on
the current animal and human health risks and management options to reduce
aflatoxin B; contamination.

To curb the high prevalence of aflatoxin B; in animal feeds and its associated health
risks, different measures have been suggested to reduce its concentration to safe levels.
Such measures include ozonization (Chen et al.,, 2014) and heat treatment in wheat
bran (Hwang & Lee, 2006), soaking of soybean in tartaric acid and cooking (Lee et al.,
2015), electrolyzed alkaline water in edible oils (Fan et al., 2013) and sorting method
for maize grain (Chen et al., 2014). Nevertheless, the full application of these methods
by farmers in developing countries is hampered by lack of skills, unavailability and
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high cost of detoxification chemicals and some methods such as sorting are time-con-
suming (Chen et al., 2014). Therefore, alternative methods that are easy, safe, environ-
mentally friendly and locally available to reduce aflatoxin B; are needed. Previous
studies have shown that heating at temperatures between 100°C and 150°C for
30 to 60 min reduced aflatoxin B; in maize bran (Lee et al., 1968), sunflower cake
(Arroyo-Manzanares et al., 2013), wheat bran (Hwang & Lee, 2006) and peanut seeds
(Ogunsanwo et al., 2004). Heating was also one of the methods reported as detoxification
means in a previous study (Rustom, 1997). However, our knowledge on the possibility of
using heat treatment to reduce the aflatoxin B; concentration in animal feeds such as
maize bran, sunflower cake, broiler feed, layers feed and wheat bran is currently limited.

Therefore, the present study investigated the variations of aflatoxin B, in animal feeds
along the supply chain from manufacturers, suppliers and consumers in Tanzania. In
addition, we also examined the efficacy of using heat treatment to reduce aflatoxin B,
concentration in animal feeds exceeding 20 ng/g.

2. Materials and methods
2.1. Source of chemicals

A 65% ethanol was purchased from Fisher Scientific (Loughborough, UK). De-ionized
water was obtained from the Chemical Engineering Laboratory of the University of
Dar es Salaam (UDSM), Tanzania. The aflatoxin standards (0, 5, 15 to 50 ng/g) were pur-
chased from Neogen Corporation (Lansing Michigan, USA).

2.2. Sample collection and preparation

A total of one hundred and sixty (n =160) animal feed samples (maize bran, sunflower
cake, wheat bran, layers and broiler feeds) were purchased from different manufacturers,
and their corresponding suppliers and consumers along the supply chain in Dar es
Salaam, Tanzania. The animal feed samples were single feeds (maize bran and
sunflower cake) and mixed feeds (wheat bran, layers and broiler feeds). The samples
were collected by using a clean spoon in each storage bag. The samples collected were
immediately placed into clean zipped plastic bags, which were properly labelled with
the name of manufacturers (manufacturer 1 to manufacturer 15), suppliers (supplier 1
to supplier 15) or consumers (consumer 1 to consumer 15) and their source. For con-
venient reporting, the manufacturers, suppliers and consumers were sorted into five
groups; 1 to 3 maize bran, 4 to 6 layers feed, 7 to 9 sunflower cake, 10 to 12 broiler
feed and 13 to 15 wheat bran.

The animal feeds were stored immediately in an icebox and transported to the labora-
tory in the Department of Chemical Engineering of the UDSM. In the laboratory, the
samples were stored in a refrigerator at —4°C until analyzed for aflatoxin B;. A sample
of 60 g from each animal feed material was ground to fine powder by using a dry
milling machine (Man: Bunn-O-Matic Corporation Springfield, Illinois, USA). Each
ground sample was then sub-divided into three equal portions of 10 g for aflatoxin
B, assay. The remaining sample was used for the determination of moisture content as
described in the next section.
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2.3. Determination of aflatoxin B; concentrations in animal feed samples

Aflatoxin B; was quantified by using the lateral flow immunoassay method by following
the Reveal Q+ kit instructions from Neogen Veratox Company (Reveal AccuScan® III
reader, Neogen, USA). A 10 g of each ground sub-sample was placed into a clean cup
(250 ml). The sample was extracted by using 50 ml mixture of ethanol/distilled water
(65:35, v/v) and shaken vigorously for three minutes. The suspension was incubated at
room temperature for 10 min untill all particles settled at the bottom. The extracts
were filtered through Whatman No. 1 filter paper (Whatman International Ltd, Maid-
stone, UK) with a pore size of 11 um. Five hundred (500) uL of sample diluent supplied
with Reveal Q+ kit was mixed with 100 uL of the filtrate into a dilution cup. A 100 uL
volume of the mixture was transferred into a sample cup. Aflatoxin lateral flow strip
was placed into the sample cup for 6 min, removed and inserted into a mobile Diagnostic
Reader (M-Reader™) attached to tablet - Model. The tablet had an adapter for inserting
the strip and the software to read the strip using a tablet camera for aflatoxin B; quantifi-
cation. All animal feed samples collected were analyzed independently in three replicates.
The lower limit of detection (LOD) of the assay was 2 ng/g, with a quantitative range of
2 to 150 ng/g.

2.4. Determination of moisture content in animal feed samples

Three equal portions of 5 g of each sample were collected for moisture determination.
The moisture content of each animal feed sample was measured by using an oven
(5E-MHG6090, Changsha Kaiyuan Instruments Co. Ltd, Changsha, China). The
samples were placed in Petri dishes and dried at 100 °C in an oven for 3 h until the
weight remained constant (AOAC, 1995). After drying, the samples were weighed and
moisture content was determined based on a dry matter basis (AOAC, 1995).

2.5. Examination of aflatoxin B, reduction in animal feeds by heating

Three equal portions of 5 g of each sample for all animal feed samples, which had higher
than 20 ng/g aflatoxin B, were placed in a glass Petri dish. The glass Petri dish containing
the samples were heated in an oven at 100 °C for 180 min to examine the possibility of
reducing aflatoxin B; by heating.

2.6. Statistical analyses

Data were tested for normality by using Shapiro-Wilk test and homogeneity of variance
using Levene’s test. One-way analysis of variance (ANOVA) was used to test for statistical
differences in aflatoxin B; and moisture contents among the animal feeds from manufac-
turers, suppliers and consumers. Specific significant differences among the animal feeds
from manufacturers, suppliers and consumers were determined by using Tukey’s post
hoc test. The differences in aflatoxin B; concentration and moisture content before
and after heating were compared by using an independent t-test. Pearson’s correlation
coefficient (r) was used to depict the relationship between aflatoxin B, and moisture
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content. All statistical analyses were conducted by using Statistical Package for the Social
Sciences (SPSS) version 20 for Windows (IBM, Armonk, NY, USA). Results with p < 0.05
were considered statistically significant for all statistical tests. The obtained results are
reported as mean + standard error of the mean.

3. Results

3.1. The variation of aflatoxin B; concentration among manufacturers,
suppliers and consumers

All animal feeds collected from manufacturers, suppliers and consumers were positive
for aflatoxin B;. The minimum and maximum contamination levels were 5.30 and
149.00 ng/g, respectively (Figure 1(a-o0)). Of the 160 samples collected, 145 samples
(90.63%) had aflatoxin B; contamination above the international acceptable limit for
animal feeds (20 ng/g), whereas only 15 samples (9.37%) had aflatoxin B; below 20 ng/g.

The aflatoxin B, levels varied significantly among manufacturers, suppliers and con-
sumers (p <0.05). The results showed higher levels of aflatoxin B; in manufacturer;
(Figure 1(a)), manufacturer, (Figure 1(b)), manufacturer, (Figure 1(c)), manufacturer;,
(Figure 1(d)), and manufacturer;s (Figure 1(e)) compared with the other corresponding
two manufacturers for each group (p < 0.05). Similarly, the aflatoxin B, levels were higher
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Figure 1. The aflatoxin B, concentration among manufacturers (a—e), suppliers (f—j) and consumers
(k—0). The asterisk (*) above a line indicates significant differences between the groups (p < 0.05).
Values are means = SEM (n = 3).
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in supplier; (Figure 1(f)), supplier, (Figure 1(g)), supplier; (Figure 1(h)) and supplier;;
(Figure 1(i)) compared with the other two corresponding suppliers for each group (p <
0.05). However, supplier;, had lower aflatoxin B, levels compared to supplier;; and
supplier;s (p <0.05; Figure 1(j)). Furthermore, the aflatoxin B; levels were higher in
consumer; (Figure 1(k)), consumer, (Figure 1(1)) and consumer; (Figure 1(m)) com-
pared with the other two corresponding consumers for each group (p < 0.05). Contrary,
consumer;, (Figure 1(n)) and consumer;4 (Figure 1(o)) had lower aflatoxin B; levels
compared with the other two corresponding consumers (p < 0.05).

3.2. The variations of aflatoxin B; concentration among the animal feeds

The aflatoxin B, levels in animal feeds from manufacturers, suppliers and consumers
varied significantly (p <0.05). The aflatoxin B; levels for maize bran and sunflower
cake samples along the supply chain from manufacturers (Figure 2(a)), supplier
(Figure 2(b)) and consumer (Figure 2(c)) were significantly higher than layers feed,
broiler feed and wheat bran (p <0.05). However, the aflatoxin B, levels in maize bran
and sunflower cake were statistically similar (p > 0.05) along the supply chain for man-
ufacturers (Figure 2(a)), suppliers (Figure 2(b)) and consumers (Figure 2(c)). Similarly,
the aflatoxin B, levels in layer feed and broiler feed for manufacturers were statistically
similar (p>0.05). Similarly, the aflatoxin B; levels in layers feed, broiler feed and
wheat bran for suppliers and consumers were statistically similar (p > 0.05). For manu-
facturers, the aflatoxin B, levels in broiler feed were higher than wheat bran (Figure 2(a);
p<0.05).

3.3. The variations of aflatoxin B; levels along the feed supply chain

The aflatoxin B, levels were assessed along the supply chain from manufacturers to corre-
sponding suppliers and consumers. The aflatoxin B, levels were significantly different
along the supply chain from manufacturers to corresponding suppliers and consumers
(Figure 3; p < 0.05). All the animal feed samples from manufacturers had a lower aflatoxin
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Aflatoxin B, concentration (ng/g)
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Figure 3. The aflatoxin B; concentration along the product supply chain from the manufacturers to
consumers. The asterisk (*) above a line indicates significant differences between the groups (p <
0.05). Values are means + SEM (n = 3).

B, concentration than those from suppliers and consumers (p < 0.05). The aflatoxin B, levels
along the feed supply chain followed a trend of manufacturers < suppliers < consumers.

3.4. Moisture content in animal feeds and its correlation to aflatoxin B,

The animal feeds had moisture content ranging from 8% to 23%. The moisture content
from all the animal feed materials was statistically different (Figure 4; p <0.05). The
moisture content for maize bran and sunflower cake was significantly higher than
layers feed, broiler feed and wheat bran (p < 0.05). Furthermore, the moisture content
for layers feed was significantly higher compared to broiler feed and wheat bran (p <
0.05). However, the moisture content for maize bran and sunflower cake was statistically
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Figure 4. Moisture content in all animal feed materials (a) and the relationship between moisture
content and aflatoxin B; concentration in all animal feed samples (b). Different letters above bars
show significant differences (p < 0.05). Values are means + SEM (n = 3).
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similar (p >0.05). Similarly, the moisture content for broiler feed and wheat bran was
statistically the same (p > 0.05). The moisture content of the sampled animal feeds had
a significantly positive correlation with aflatoxin B; (r = 0.90; p < 0.05; Figure 4(b)).

3.5. The effect of heating the animal feeds on aflatoxin B, levels

To understand the possible reduction of aflatoxin B, levels, we heated all the animal feed
samples containing aflatoxin B; with more than 20 ng/g at 100 °C for 180 min. Heating
reduced the aflatoxin B; levels in all the animal feeds heated during the study
to concentrations <20 ng/g (p < 0.05; Figure 5). The aflatoxin B, levels were significantly
reduced by more than 80 to 90% in most feed materials (Table 1). Equally, the moisture
content in all samples was significantly reduced after heating (p < 0.05; Figure 6) between
91% and 98% (Table 2). Accordingly, the moisture content was significantly positively
correlated with aflatoxin B, levels after heating (Figure 7).

4, Discussion

All animal feeds collected from manufacturers, suppliers and consumers were positive
for aflatoxin B;. We found 91% of the samples collected had aflatoxin B,, which exceeded
the international acceptable limit for animal feed safety. Similarly, Magembe et al. (2016)
reported majority of the samples in the studied villages (100%) in Kilosa were not safe for
consumption because they exceeded 20 pg/kg, relatively similar to 91% obtained in our
study. The high percentage of animal feed samples with aflatoxin B; contamination above
the international limit suggests possible chronic exposure of animals and inhabitants to
aflatoxins in their diets (Kamala et al., 2018; Kotinagu et al., 2015). These results suggest
possible health problems related to acute aflatoxicosis in animals and human

Before heating
After heating

Aflatoxin B, concentration (ng/g)

Animal feeds

Figure 5. The aflatoxin B, concentration in all animal feed materials before and after heat treatment.
Different upper and lower case letters above bars show significant differences in aflatoxin B; concen-
tration (p < 0.05) before heating and after heat treatment, respectively. The asterisk (*) above a line
indicates significant differences in aflatoxin B; concentration before and after heat treatment (p <
0.05). Values are means + SEM (n = 3).
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Table 1. Reduction of aflatoxin B; in animal feeds after heat treatment.

Animal feeds Aflatoxin B, reduction (%)
Maize bran 91.00
Layers feed 88.00
Sunflower cake 86.00
Broiler feed 87.35
Wheat bran 90.67

B3 Before heating
Il After heating

Moisture content (%)

Maize bran Layers feed Sunflower cake Broiler feed Wheat bran

Animal feeds

Figure 6. Moisture content in all animal feed materials before and after heat treatment. Different
upper and lower case letters above bars show significant differences in moisture content (p < 0.05)
before heating and after heat treatment, respectively. The asterisk (*) above a line indicates significant
differences in moisture content before and after heating (p < 0.05). Values are means + SEM (n = 3).

Table 2. Reduction of moisture content in animal feeds after heat treatment.

Animal feeds Moisture reduction (%)
Maize bran 95.00
Layers feed 91.00
Sunflower cake 95.00
Broiler feed 97.00
Wheat bran 98.00

communities as reported previously in the country (Kamala et al., 2018). We also found
higher variations of aflatoxin B; for manufacturers, suppliers and consumers, similar to
results reported by Kamika et al. (2016) for maize from farm to distribution vendors.
Variations in aflatoxin B; levels among the various manufacturers might be caused by
the collection of raw feed materials from different locations, postharvest handling and
processing procedures used and improper storage. In Tanzania, certain regions from
the Eastern zone (Morogoro) and Western zone (Shinyanga) are known to contain
higher occurrence of aflatoxin B; in raw materials (Kimanya et al., 2016). These
regions are located in semi-arid, warm and drought climatic conditions, which cause
stress to plants in the field thus rendering them more susceptible to aflatoxigenic
mould colonization and insect damage, which increase aflatoxin contamination in the
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Figure 7. The relationship between moisture content and aflatoxin B, levels in animal feeds after
heating.

seeds (Guo et al., 2008). Moreover, poor postharvest handling practices of animal feeds
among the suppliers and consumers might also have increased the levels of aflatoxin B,
contamination (Makori et al., 2019; Ndung’u et al., 2013; Seetha et al., 2017). In addition,
improper processing procedures such as poor drying of animal feed materials,
inadequate sorting between contaminated and uncontaminated raw animal feed
materials (Shabani et al., 2015) also enhance aflatoxin contamination along the supply
chain. Moreover, the addition of water during milling to remove the test from maize,
which is a common processing practice in the country, similarly promotes mould
growth and increases the total aflatoxin concentration (Kaaya & Kyamuhangire, 2006).
Furthermore, improper storage also might be the reason for the observed high prevalence
of aflatoxin B, levels among manufacturers, suppliers and consumers. Previous studies
reported that, storage conditions (Seetha et al., 2017) and storage time (Fundikira
et al., 2021) increase aflatoxin contamination in Tanzania. Seetha et al. (2017) reported
increased aflatoxin contamination from an average of 18.8 ug/kg in freshly harvested
samples to an average of 57.2 ug/kg during storage. In general, our results indicate a
high prevalence of aflatoxin B; concentration in the animal feed materials sampled,
which varies depending on manufacturers, suppliers and consumers. Animal feed pro-
cessors are urged to select properly the source of raw materials and check for aflatoxin
B, contamination before purchase.

Our results show that the aflatoxin B; concentration increases along the feed supply
chain from the manufacturers, suppliers to the consumers. Similarly, Kamika et al.
(2016) reported an increase of aflatoxin B; levels from 63.5% at the manufacturer
site up to 100% at the market. The increase in aflatoxin B; concentration might be
caused by poor handling of animal feeds such as storage conditions and re-use of
storage facilities (Kamika et al., 2016). During the study, we observed some feed man-
ufacturers re-using plastic containers for storing animal feed materials. Such re-used
storage facilities may contain Aspergillus sp. spores from the previous samples and
thus increase aflatoxin B; contamination of the animal feed materials (Kamika et al.,
2016). These results imply that the handling processes such as storage and re-use of
containers conducted by manufacturers may be responsible for the increase in
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aflatoxin B, along the feed supply chain. Correspondingly, higher levels of aflatoxin B,
in animal feed materials from manufacturers inheritably contaminated the animal feed
materials among suppliers and consumers. Therefore, the animal feed materials for sup-
pliers and consumers equally had higher levels of aflatoxin B; as well. In a nutshell, the
aflatoxin B, levels increase along the feed supply chain from manufacturers to consu-
mers. Under present practices, it is impossible to produce aflatoxin-free food along
the supply chain. However, proper handling practices are necessary to reduce the con-
tamination of aflatoxins along the supply chain (Galvano et al., 2005). Thus, manufac-
turers should handle properly the animal feed materials to reduce aflatoxin B,
contamination along the value chain.

We found single animal feed materials such as maize bran and sunflower cake (except
wheat bran) had higher aflatoxin B, levels compared with mixed feeds such as layers and
broiler feeds, similar to results reported previously (Fareed et al., 2014; Kajuna et al,,
2013; Nyangi et al., 2016; Xiong et al., 2018). We related the higher aflatoxin B, levels
in maize bran and sunflower cake to their higher moisture content. Indeed, the moisture
content was positively correlated to aflatoxin B; concentration, as reported previously in
corn (Fareed et al., 2014). The higher moisture content in the feed materials provided a
conductive environment for Aspergillus sp. to grow and thrive thereby increasing
aflatoxin B; concentration as reported in previous studies (Taye et al, 2016). Our
results suggest that the higher aflatoxin B, concentration in maize bran and sunflower
cake was caused by their higher moisture, which favoured the flourishing of moulds.
Therefore, proper drying of maize bran and sunflower cake by controlling their moisture
content is a necessary precaution approach for minimizing aflatoxin B; contamination in
animal feeds.

The aflatoxins levels in animal feeds have been shown to relate to water activity and
temperature (Lv et al., 2019). To understand the reason for the reduction of aflatoxin
B after heating, we measured the moisture content of the animal feed samples and cor-
related it with aflatoxin B; concentration. We found that heating the animal feed
materials at 100 °C for 180 min reduced the aflatoxin B; contamination to a safe level
lower than 20 ng/g for animal feed materials. Heating caused a reduction of more
than 80% of aflatoxin B; in the samples. Moreover, the moisture content in all the
animal feed materials were lower after heating as reported in previous studies (Hwang
& Lee, 2006; Rustom, 1997; Zaki et al., 2012). The moisture content was reduced by
more than 91% in all samples heated. Interestingly, the aflatoxin B; concentration and
moisture correlated significantly after heating the samples. We hypothesize that
heating the samples at 100 °C for 180 min reduced the aflatoxin B, concentration by
using two mechanisms. First, heating reduced moisture content, which created unfavour-
able conditions for the proliferation and survival of moulds with possible killing effects,
and thus reduced the production of aflatoxin B;. Second, the applied heat hydrolyzed the
lactone ring (Raters & Matissek, 2008) or furan ring (Rustom et al, 1993) of the
aflatoxin B;, which has been shown to possess limited stability (Karabulut et al., 2014).
The double bond in the terminal furan ring or the lactone bond of aflatoxin B, is a
target for its destruction (Zhang et al., 2021a; Zhang et al., 2021b). The lactone ring
was easily hydrolyzed by wet heating in a previous study (Zhang et al., 2021a) and temp-
eratures as low as >100 °C has been shown to open it (Raters & Matissek, 2008). These
results suggest that heating the animal feeds reduces the aflatoxin B, levels to similar
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international permissible limits. Feed processors are advised to heat the animal feed
materials to reduce moisture content and thus control aflatoxin B; contamination.

5. Conclusion

This study found all the animal feeds collected and analyzed had high aflatoxin B;, with
more than 91% of samples exceeding the international regulatory limit for animal feeds
(20 ng/g), highlighting the potential health problems to animals and humans in the study
area. The aflatoxin B, levels vary depending on manufacturers, suppliers and consumers
along the feed supply chain due to poor handling and processing practices. The maize
bran and sunflower cake had higher aflatoxin B; concentration due to their higher moist-
ure content. Accordingly, heating the animal feed materials at 100 °C for 180 min reduces
the moisture content, consequently lowering aflatoxin B, levels below 20 ng/g. We rec-
ommend proper handling procedures such as heating, frequent monitoring and strict
regulations to control aflatoxin B levels in animal feeds and cereal ingredients in the
study area and elsewhere to safeguard animal and human health.
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