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ABSTRACT The current research was conducted to
determine and frequency of aflatoxins (By, By, Gy, Go),
in main feed ingredients (corn and soybean meal) and
poultry finished feed (in mash and pellet forms). Eighty-
five samples of corn, soybean meal, and poultry finished
feed was randomly collected from feed mills in Iran.
Regarding macro and microscopic morphological crite-
ria, Aspergillus isolates were identified, and aflatoxins
were determined by thin-layer chromatography and
high-performance liquid chromatography (HPLC). All
of poultry feed samples were contaminated with differ-
ent levels of aflatoxins, ranging from ND (they were not
detected in those samples) to 5.58 ug/kg. At all stages
of processing, the poultry feed had lower levels of

aflatoxins in comparison with the accepted /residue lev-
els of poultry feed mills. Higher amounts of aflatoxins
(By, By, Gy, Gy, and total) were detected in pelleted
feed, compared to other poultry samples (P < 0.05). The
total toxin level in mash feed samples reached a maxi-
mum of 3.31 ppb. The results indicate that finished feed
samples in pellet form may pose a greater risk than their
individual ingredients in poultry feed, particularly when
suboptimal conditions exist for eliminating fungal popu-
lations. So, the prevention and reduction of (Aspergillus
section Flavi) are highly important in maintaining qual-
ity control of poultry feed, as the production of aflatox-
ins can occur during the process of converting raw
ingredients into finished feed.
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INTRODUCTION

Mycotoxins are secondary metabolites produced by
various genera of fungi, and their presence in crops,
processed food, and feed poses a significant global risk
due to their highly toxic nature. Among the mycotoxins,
aflatoxins are considered one of the most hazardous
groups, capable of causing substantial contamination, as
recognized by the World Health Organization (WHO,
2011; Omotayo et al., 2019). In addition, aflatoxins have
been classified by the International Agency for Research
on Cancer (IARC) as highly problematic carcinogens
capable of causing liver damage in humans (TARC,
1987; Yilmaz et al., 2017). Specifically, aflatoxin Bl
(AFB1) has been identified by the IARC as a type-A
human liver carcinogen (IARC, 1987; WHO, 2011).
Aflatoxins can be produced by various species of
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Aspergillus, including Aspergillus flavus, Aspergillus
parasiticus, and Aspergillus nomius. These fungi com-
monly contaminate cereals throughout their growth,
harvest, storage, transport, and processing stages (Bry-
den, 2007). Among these species, Aspergillus flavus is a
prevalent pathogen in animal feed and can exist in both
toxigenic and nontoxigenic strains, potentially present
in poultry feed. Studies have indicated that approxi-
mately 98% of the ingredients used in animal diets con-
tain aflatoxins (including B1, B2, G1, and G2), with
AFBI1 being the most prevalent. Corn grain, in particu-
lar, is highly susceptible to fungal growth and mycotoxin
production (Rodrigues et al., 2012; Ariyo et al., 2013).
Aflatoxin contamination is a major concern to human
health as AFB1 could be passed on to humans from
poultry products. Research has indicated that AFB1
exists in a wide range of feed, depending on the region
and climate (Labuda and Tanvinova, 2006).
Aflatoxin-producing fungi exhibit varying responses
under different conditions, which can be influenced by
factors such as storage, sampling techniques, geographi-
cal regions, seasonal climate changes, and temperature
variations. The moisture content of feedstuffs has been
identified as one of the most significant predisposing
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factors for contamination (Kana et al., 2013; Abdallah
et al., 2015). In poultry, it is crucial to measure the con-
centrations of different types of aflatoxins (B1, B2, G1,
and G2) as well as total aflatoxin levels in feedstuffs, as
these serve as critical indicators of health (Wu, 2015).

Research conducted in recent decades has provided
evidence of the detrimental effects of aflatoxins on poul-
try performance. Chronic aflatoxin poisoning in poultry
has been observed to weaken the immune system, and
these metabolic compounds possess toxic, carcinogenic,
and mutagenic properties (Kumar et al., 2009; Sira-
judeen et al., 2011). However, only a few attempts have
been made to evaluate the presence of Aspergillus spe-
cies and identify different types of aflatoxins in poultry
feed. Furthermore, corn grain and soybean meal serve as
the primary ingredients in Iranian-made poultry feed,
with a significant portion being imported from other
countries. There are variations in the initial safety of
feed ingredients based on their country of origin, as well
as differences in the potential for contamination, trans-
portation conditions, and storage practices. Although
these ingredients may be susceptible to fungal contami-
nation, the extent of damage can also vary throughout
the feed preparation process. The aim of this study was
to assess the frequency, levels, and natural occurrence of
aflatoxins (B1, B2, G1, and G2) as well as total aflatox-
ins, in corn grain, soybean meal, and poultry finished
feed (in both mash and pellet forms).

MATERIALS AND METHODS

The study was performed in accordance with the
guidelines of the Institute of Agricultural Education and
Extension, Agricultural Research, FEducation and
Extension Organization (AREEQ) and of the Iranian
Veterinary Organization (IVO) and Food and Agricul-
ture Organization (FAOQ) of the United Nations (FAO,
2004). Iran’s largest and most important feed mills are
situated in the central region of the country, primarily
in Tehran, Qom, and Alborz provinces. These factories
have a crucial role in importing and handling a majority
of feed ingredients, including corn and soybean meal,
within Iran. Additionally, Temperature plays an impor-
tant role in the growth of fungi and the increase in con-
tamination of food materials with fungal toxins. Fungi
generally thrive better in warmer and more humid con-
ditions. Therefore, this study was conducted during the
summer, considering a total of 10 important feed mills
located in the central part of the country.

Sampling Preparation

Poultry feed samples were randomly selected from
feed mill factories licensed by the Official Veterinary
Authority. The sampling process included the random
selection of samples from the main raw materials con-
sisted of corn, soybean meal, and both mash and pelleted
forms as completed feed. Selecting areas based on the
volume of high production of poultry feed and these

factories also tried to reduce the storage time and keep it
up to date for this condition. The sampling method was
conducted in line with the feed production process, spe-
cifically during manufacturing, at various points along
the feed flowing line. Samples were collected in the path
of material movement within the feed production line to
ensure representative sampling. Three times sampling
per month is conducted during the summer, and a total
of 85 samples were collected, consisting of n = 22 sam-
ples (corn, soybean meal, mash) and n = 19 samples
(pellet) each month. Presamples weighing 10 kg were
collected, homogenized, and mixed so working samples
weighing 500 g were obtained. The samples were pre-
pared in sterile plastic bags and subsequently trans-
ported to the Faroogh Laboratory in Tehran, Iran.

Fungal Isolation

To isolate the fungi, sub-samples of each feed were
cultured separately on agar media using the spread-plat-
ing method, following the procedure described by Sam-
son et al. (2004). Briefly, samples were mixed by a high-
speed mill and dilution in 9 mL of sterile distilled water
into a test tube. Diluted samples were cultured on three
cultures consists of Sabouraud Dextrose Agar plates
with 0.05% chloramphenicol, Dichloran Rose-Bengal
Chloramphenicol Agar, and Aspergillus flavus and Para-
siticus Agar at 28°C for 7 to 10 d. The final identification
of Aspergillus section flavi was performed by considering
a combination of macroscopic and microscopic charac-
teristics based on species criteria, as outlined in the
works of Samson et al. (2004), Atehnkeng et al. (2008),
and Razzaghiabyaneh et al. (2006).

Toxine Isolation

The aflatoxin-producing ability of A. flavus samples
was determined on yeast extract sucrose. All isolates
were cultured on a yeast extract broth medium, contain-
ing 2% yeast extract and 18% sucrose, according to Raz-
zaghi-Abyaneh (2006). Aflatoxin production was first
screened by a thin layer chromatography on silica gel
plates. Thin-layer chromatography plates were devel-
oped using chloroform-methanol (98:2, v/v) in the
mobile phase and were checked regularly for blue spots
of AFB1 or AFB2 under UV light. In infected samples,
AFB and aflatoxin G (AFG) were quantified by high-
performance liquid chromatography (HPLC).

For quantifying the level of aflatoxins by HPLC, sam-
ples were ground, sieved through 2 mm meshes, and ana-
lyzed according to the method was validated for
accuracy and precision as described in the guidelines of
waters 2695 and following a standard method of analysis
(AOAC international method) (Trucksess et al., 1994;
AOAC, 2000). All reagents were of HPLC standard
grade and standards of aflatoxins were purchased from
Sigma Chemical Company (Roedermark, Germany).
The food analysis method involved three steps: extrac-
tion, purification, and determination of toxin content.
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To ensure the sensitivity and precision of the analysis, a
validation test was conducted following the guidelines
established by the International Union of Pure and
Applied Chemistry (Durham, NC), as outlined by
Yakubu et al. (2020). The limit of detection of aflatoxin
mass fraction was 0.5 ug/kg and the aflatoxin content in
the samples was calculated using specific equations:

1) Concentration of aflatoxins in ppm = Standard peak
height x Sample peak height/Standard peak
height x Final volume of sample

2) Total aflatoxins = The sum of B1, B2, G1, and G2

Statistical Analysis

The data regarding aflatoxin content in poultry feed
ingredients and finished feed were subjected to descrip-
tive statistics through SPSS software (version 16.0)
(SPSS, Ilinois, IL). Frequency distribution procedure in
MS Excel 2016 were used for the processing and tabula-
tion of obtained data.

RESULTS

The results regarding the frequency of Aspergillus iso-
lates from ingredients and finished poultry feed are pre-
sented in Table 1. Among the feed ingredients, corn
grains exhibited a higher frequency of toxigenic isolates
compared to soybean meal (64.2% vs. 12.5 %, respec-
tively). The pellet form demonstrated a higher frequency
of toxigenic isolates compared to mash feed (38.1% vs.
33.3%, respectively). Notably, corn samples had the
highest proportion of aflatoxigenic isolates, accounting
for the majority of the total isolates (64.2%), followed
by pelleted feed (38.1%) and mash feed (33.3%), while
soybean meal displayed the lowest level (12.5%).

The analysis of aflatoxins in corn samples (Table 2)
revealed that approximately 9.09% of the corn sam-
ples (n = 22) were found to be contaminated. No
contaminants of other aflatoxins (B2, G1, and G2)
were detected in the corn samples. The concentration
of aflatoxins in the studied corn samples did not
exceed the standard limits set for corn aflatoxin in
the European Union (EU, 1993; European Food
Safety Authority (EFSA), 2014a, 2014b). The analy-
sis of aflatoxins in soybean meal samples (Table 3)
revealed concentrations of 0.61 ppb for AFB1, 0.71
ppb for aflatoxin G1 (AFG1), and 1.05 ppb for afla-
toxin G2 (AFG2). Aflatoxin B2 was not detected in
the soybean samples. The frequency of contaminated
samples for total aflatoxins was approximately 40.9%.
Interestingly, the frequency of contaminated samples

Table 1. Isolates obtained from ingredients and finished poultry
feed.

Ingredients Finished feed
Samples Corn Soybean Mash Pellet
Total isolates 64.2 (%) 12.5 (%) 33.3 (%) 38.1 (%)

Table 2. Aflatoxins contamination in corn samples (n = 22).

AF contaminated samples
higher than standard level

Aflatoxins N’ (%)”  Min®_max" (ppb)” (%)°
B, 2(9.09) ND'—0.45 0
B, 0(0) = ND—ND 0
G, 0(0)  ND—ND 0
Gy 0(0 ND—ND 0
Total® 2(9.09) ND—0.45 0

'Number of contaminated samples.

2Frequency of  contaminated
samples x 100/total sample of corn).

*Min: minimum.

“Max: maximum.

®ppb: part per billion.

SFrequency of contaminated samples that containing AF level higher
than the maximum tolerance of AF in the European Union.

"Not-detectable.

8Sum of all kinds of aflatoxins B1, B2, G1, and G2.

samples  (aflatoxins  infected

for AFG2 was higher than that of AFB1 and AFG1,
with percentages of 36.36% compared to 13.63% for
each. The concentration of aflatoxins in the soybean
samples of this study did not exceed the standard
limits set for corn aflatoxin allowance by the EU
(2002; EFSA, 2004a,b). Different types of aflatoxins
(B1, B2, G1, and G2) were detected in the finished
feed samples in the form of mash (Table 4). The
maximum level of total aflatoxin in the mash feed
samples was found to be 3.31 ppb. Interestingly, the
samples contaminated with AFG2 had higher levels
compared to those contaminated with other aflatox-
ins in the mash feed samples. The frequency of con-
taminated samples with total aflatoxins in the mash
feed was approximately 54.54%. However, the afla-
toxin concentrations in the mash feed samples did
not exceed the permitted limit set by the EU (EFSA,
2004a,b; EU, 2009).

Different types of aflatoxins (B1, B2, G1, and G2)
were detected in the finished feed samples in pellet form
(Table 5). The concentration (3.01 ppb) and frequency
(47.36%) of samples contaminated with AFG2 were
found to be higher than those contaminated with other

Table 3. Aflatoxins contamination in soybean meal samples
(n=22).

AF contaminated
samples higher than

Aflatoxins  N' (%)  Min® — max” (ppb)” standard level (%)°
Bl 3(13.63) ND'—0.61 0
B2 0(0) ND—ND 0
G1 3(13.63) ND—O0.71 0
G2 8(36.36) ND—1.05 0
Total® 9(40.91) ND—2.37 0

"Number of contaminated samples.

*Frequency of contaminated samples (aflatoxins infected samples x
100/total sample of soybean).

3Min: minimum.

Max: maximum.

Sppb: part per billion.

Frequency of contaminated samples that containing AF level higher
than the maximum tolerance of AF in the European Union.

"Not-detectable.

8Sum of all kinds of aflatoxins B1, B2, G1, and G2.
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Table 4. Aflatoxins contamination in mash feed samples (n = 22).

AF contaminated

Min® — max’ samples higher than
Aflatoxins ~ N' (%)” (ppb)® standard level (%)°
B, 2 (9.09) ND™—0.42 0
B, 1(4.54) ND—0.33 0
Gy 3(13.36) ND—0.69 0
Go 9 (40.91) ND—1.87 0
Total® 12 (54.54) ND—3.31 0

'Number of contaminated samples.

*Frequency of contaminated samples (aflatoxins infected samples x
100/total sample of mash feed).

3Min: minimum.

Max: maximum.

®ppb: part per billion.

SFrequency of contaminated samples that containing AF level higher
than the maximum tolerance of AF in the European Union.

"Not-detectable.

8Sum of all kinds of aflatoxins B1, B2, G1, and G2.

aflatoxins in the pelleted feed samples. The frequency of
samples contaminated with total aflatoxins was 57.89%.
The maximum level of total aflatoxin in the pellet feed
samples was 5.58 ppb. Importantly, the concentration of
aflatoxins in the pellet feed samples did not exceed the
standard levels set by the EU (1993, 2002, 2009; EFSA,
2004a,b).

The frequency of sample contamination with any
toxin increased in the finished feed (mash and pellet)
compared to corn and soybean meal (Figure 1). As
shown in Figure 1, the percentages of total aflatoxin con-
tamination in corn, soybean meal, mash feed, and pellet
feed samples were 9.09%, 40.91%, 54.54%, and 57.89%,
respectively. Additionally, the contamination of corn,
soybean meal, mash feed, and pellet feed samples with
AFB1 was found to be 9.09%, 13.63%, 9.09%, and
26.32%, respectively. When aggregating the data to
obtain overall statistics for all aflatoxins, the results
indicate that corn had the lowest presence of aflatoxins
(B1, B2, G1, G2, and total) compared to other feed sam-
ples. The frequency of contamination with AFB1 in pel-
let feed was higher than in corn, soybean meal, and the
mash form (Figure 2).

Table 5. Aflatoxins contamination in pellet feed samples (n = 19).

AF contaminated

Min® — max’ samples higher than
Aflatoxins ~ N' (%)” (ppb)® standard level (%)°
B, 5(26.32)  ND'—0.97 0
By 2(10.53) ND—0.62 0
Gy 3(15.79) ND—0.98 0
Go 9 (47.36) ND—3.01 0
Total® 11 (57.89) ND—5.58 0

'Number of contaminated samples.

*Frequency of contaminated samples (aflatoxins infected samples x
100 / total sample of pellet feed).

Min: minimum.

Max: maximum.

®ppb: part per billion.

Frequency of contaminated samples that containing AF levels higher
than the maximum tolerance of AF in the European Union.

"Not-detectable.

8Sum of all kinds of aflatoxins B1, B2, G1, and G2.

mTotal mAFB1
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Figure 1. The ratio of the percentage of the aflatoxins Bl/total
aflatoxins in poultry feed.

DISCUSSION

Aflatoxins, among the mycotoxins, are widely recog-
nized for their association with various health and dis-
ease risks in poultry and livestock studies. The presence
of aflatoxins in poultry feed and feed ingredients is a
global concern due to their negative impact on poultry
performance and the potential transfer of aflatoxin resi-
dues into the human food chain.

The Codex Alimentarius Commission, which plays a
central role in the Joint FAO/WHO Food Standards
Program, has established guidelines regarding the maxi-
mum permissible levels of aflatoxins (B1, B2, G1, G2,
and M1) in feedstuffs and complementary feed. Accord-
ing to the Codex Alimentarius Commission’s guidelines,
the maximum acceptable limit for aflatoxins in these
products is set at 20 parts per billion (ppb) (Kotinagu
et al., 2015). Many countries have implemented regula-
tions to establish maximum permissible levels of AFBs
in food and feed products as a means to mitigate this
potential hazard. The specific regulations governing
aflatoxin levels vary among countries, often influenced
by factors such as economic considerations (Adeniran
et al., 2013; Medina et al., 2014; Yakubu et al., 2020).

For instance, the Institute of Standards and Industrial
Research of Iran has set a Maximum Residue Level of 20
ung/kg for aflatoxins in poultry feed. The Food and Drug
Administration has established a regulatory limit of 20
ppb for total aflatoxins in both food and feed. This limit
serves as the minimum acceptable level for animal feed
according to the Food and Drug Administration (FDA,
2000) guidelines.

In this study, it was found that the contamination of
corn with Aspergillus flavus was the highest among the
sampled feed ingredients. However, interestingly, the
levels of aflatoxins (specifically AFB1, AFB2, AFGI,
AFG2, and total aflatoxins) in this study were the low-
est among the tested feed samples. Furthermore, the
study observed that the concentration and frequency of
samples contaminated with AFB1 were higher compared
to samples contaminated with AFB2, regardless of the
type of feed sample (such as corn, soybean meal, mash,
or pellet).

The levels of toxins in poultry feed samples can be
influenced by various natural conditions. Several factors
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AFB, percentage

Figure 2. The ratio of percentage AFB1 contamination in poultry feed.

contribute to these variations, including the quantity
and composition of proteins and fats in the ingredients,
as well as their proportions in the final feed formulation.
Probst et al. (2011) conducted a study that revealed
that nontoxigenic isolates of A. flavus, along with the
presence of other fungi, have the potential to influence
the natural production of aflatoxins in food and feed.
The study further demonstrated that the application of
different chemicals resulted in the reduction of fungal
toxins or the elimination of aflatoxins, particularly
through the use of mycotoxin binders or preservatives in
incomplete feed.

The findings of the study demonstrated that the abil-
ity of fungi to produce AFB1 (aflatoxin B1) does not
necessarily correlate with the level of toxin present.
Therefore, the presence of A. flavus fungi in poultry feed
does not always indicate the presence of aflatoxin in the
substrate. The production of aflatoxin depends on spe-
cific conditions required for fungal growth and toxin pro-
duction. It is essential to carefully screen high-risk
ingredients, such as corn and other nonprocessed ingre-
dients, due to the diverse range of fungal contaminations
observed in different types and volumes of poultry feed
worldwide. The study also observed that finished poul-
try feed in pelleted form was contaminated, likely due to
the widespread distribution of A. flavus spores in the
environment. As previously mentioned, temperature
plays a crucial role in fungal growth and the contamina-
tion of feed ingredients with fungal toxins. Fungi tend
to thrive in warmer and more humid conditions. After
the production and storage of final feeds, fungal growth
can occur due to increased nutrient availability. It is
important to note that while heating feed to boiling
point for at least 30 min can eliminate living Aspergillus
organisms, it does not eliminate spores that can germi-
nate later. During the transfer of pellets from the Pellet-
izer machine to the cooling machine, exposure to
saprophytic Aspergillus in the environment can lead to
growth during storage. Malfunctions in the equipment
can also impact the feed preparation process, poten-
tially affecting the overall quality (Ghaemmaghami
et al., 2020).

Ghaemmaghami et al. (2016) conducted a study to
determine the levels of fungal contamination in poultry
feed. The research identified a total of 384 fungal isolates
across different feed ingredients, including corn (124 iso-
lates), soybean meal (92 isolates), mash feed (72 iso-
lates), and pellet feed (96 isolates). These isolates
belonged to seven different genera. The findings of our
study revealed that corn, soybean meal, and finished
poultry feed exhibited varying degrees of contamination
with natural aflatoxins. These results align with similar
findings reported by researchers from other countries,
such as Charoenpornsook (2006) and Fraga et al
(2007), who also observed comparable levels of aflatoxin
in certain feed samples. Jelinek et al. (1989) conducted a
study where they observed variations in the levels of
aflatoxin in corn across different locations and years.
The average amount of aflatoxin detected in corn sam-
ples ranged from 1.0 to 80 wg/kg. Furthermore, their
findings indicated that the majority of feed samples con-
tained aflatoxin levels ranging from 5 to 20 ug/kg.

In the study conducted by Jindal et al. (1993) on
Indian samples, a total of 240 poultry feed samples were
analyzed. The results indicated that all of the samples
were contaminated with aflatoxins, with levels ranging
from 7 to 11,600 png/kg. It was observed that 76% of the
samples had aflatoxin amounts exceeding 30 ug/kg.
According to the findings reported by Shetty et al.
(1987), 19% of the 31 samples collected in Nigeria were
found to contain aflatoxin levels ranging from 30 to
1,610 pg/kg. Similarly, Purwoko et al. (1991) reported
that 19% of the 31 feed samples analyzed in Indonesia
had aflatoxin levels ranging from 22 to 6,171 ug/kg.
According to Hegazy et al. (1991), 7.30% of the 1,175
samples collected from chicken farms in Egypt were
found to be contaminated with aflatoxin.

In the present study, the contamination caused by
aflatoxins did not exceed 5.58 ug/kg in any of the sam-
ples analyzed. In a study conducted by Lépez Grio et al.
(2010), levels of aflatoxin B1, B2, G1, and G2 were mea-
sured in animal feed samples. Among the 19 samples
tested, it was found that two of them had aflatoxin G2
levels exceeding the standard limit. However, the levels
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of other aflatoxins were present in negligible amounts in
the tested samples.

CONCLUSIONS

This study indicates that corn, as an unprocessed
ingredient in poultry feed, warrants additional evalua-
tions, particularly when conditions are not optimal for
preserving the feed. The assessment showed that corn
had the highest percentage of Aspergillus spp. mold con-
tamination, while pellet feed had the highest aflatoxin
B1 concentration levels. These findings highlight the
importance of considering both fungal contamination
and aflatoxin concentration levels when evaluating the
risk associated with different feed ingredients, enabling
effective management and mitigation of aflatoxin risks
in poultry feed production. The prevention and reduc-
tion of A. flavus and other aflatoxingenic fungi such as
A. parasiticus as well as other Aspergillus section flavi
are highly important in ensuring the quality control of
poultry feed. Therefore, the findings suggest that fin-
ished feed, especially in pellet form, carries a higher risk
of aflatoxin contamination compared to the individual
ingredients in poultry feed. This increased risk is partic-
ularly evident when suboptimal conditions are present
for controlling fungal populations during the
manufacturing and storage processes. Therefore, special
attention should be given to the quality control meas-
ures applied to finished feed to minimize the potential
for aflatoxin production and ensure the safety of poultry
feed.
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