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Abstract

Aflatoxins are the most important mycotoxins in terms of food safety, due to their frequency and toxicity, they are characterized
by being secondary metabolites synthesized by fungi. In order to determine the presence of aflatoxins in pork feed, five
samples from different commercial companies were analyzed. The methodology used prior to the sample extraction process
was the thin layer chromatography technique, observed using long-wave ultraviolet light. It could be seen in samples 1,3,4,5,
the presence of Aflatoxins, toxicogenic strains of Aspergillus parasiticus, which produce aflatoxins, G1 and G2, is characterized
by the fluorescence coloration, in sample 2 the presence was observed of aflatoxins toxicogenic strains of Aspergillus flavus.
Toxigenic strains of Aspergillus flavus generally produce only aflatoxins B1 and B2, while toxicogenic strains of Aspergillus
parasiticus produce aflatoxins B1, B2, G1 and G2. AFB1 aflatoxins have been considered obvious carcinogens in experimental
animals. It is important to carry out systematic research with low-cost analytical techniques to understand the mechanisms of

production and action of aflatoxins in foods, in order to prevent, monitor and control these types of toxins.
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Introduction

Aflatoxins belong to the mycotoxin family, which are
chemicals produced by toxigenic strains of fungi, mainly
Aspergillus flavus and Aspergillus parasiticus. They are of
great interest in toxicological research, mainly due to their
high incidence in foods and because their consumption in low,
medium or high doses causes acute or chronic toxic effects
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[1,2]. Ingestion of aflatoxins can cause a disease known as
aflatoxicosis, which can cause death in humans and animals.
These mycotoxins are usually designated with letters, which
refer to a physical characteristic of the type of compound, for
example, B1 and B2 fluoresce blue and G1 and G2 fluoresce
green when exposed to long-wave ultraviolet radiation.

Toxigenic strains of Aspergillus flavus generally produce
only aflatoxin B1 and B2, while toxicogenic strains of
Aspergillus parasiticu s produce aflatoxins B1, B2, G1 and G2
[3,4]. According to this classification, the International Agency
for Research on Cancer (IARC) considers aflatoxin AFB1 as
an obvious carcinogen in experimental animals, making it
the most important aflatoxin in public health (International
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Agency For Research On Cancer (IARC) [5]. They have also
been implicated in the pathogenesis of protein-energy
malnutrition (PEM), and it has been established that even for
different types of animals, the acute oral lethal dose (LD50, in
mg/kg) is different. It has been suggested that feeding broiler
chickens with foods containing low concentrations of AFB1
can cause hepatotoxicity and induce chronic aflatoxicosis.
Likewise, they have suggested that there are differences in
the health impacts of aflatoxins between different human
races caused by chronic exposure to these toxins [3].

The climatic environment conducive to the production
of mycotoxins is in a tropical climate, where the optimal
conditions for the growth of aflatoxigenic fungi are met,
mainly with the conditions of relative humidity and
temperature; that end up contaminating highly consumed
foods if these conditions are not taken into account for their
preservation. Even though it has been detected as natural
contaminants in a large number of agricultural products
and its presence has been confirmed in practically all areas
of the world and, to a greater or lesser extent, in almost all
staple foods. Foods considered most susceptible to fungal
contamination with consequent aflatoxin production typically
include corn, peanuts, pistachios, walnuts, cotton seeds, and
dried coconut meat (copra) [6]. Aflatoxins have also been
found in oilseeds such as sunflower and soybeans, in unrefined
vegetable oils, in other nuts such as almonds and hazelnuts,
in species such as paprika, chili, pepper, etc., in fruits dried
such as dried figs, raisins, coffee, cocoa, cereals, their derived
products and in feed [7].

It is important to know the pathogenic action of
aflatoxins in synergy with other mycotoxins such as
zearalenone, fumonisin or deoxynivalenol (DON), which
cause food poisoning that is increasingly common in pig
farms. This incidence and risk factors correspond to the
poor conservation of food bags, without control of humidity,
temperature in storage places, coupled with the fact that they
are already contaminated, the use of automatic feed storage
and distribution equipment, the difficulties for cleaning
and disinfecting storage areas make the pathology more
vulnerable to these substances [3,8]. Porcine aflatoxicosis is
one of the most common mycotoxicosis, it is not transmissible,
it mainly affects pregnant sows and piglets, its chronic effect
is seen with decreased animal growth and acute by sudden
death, hepatitis, its toxicity is characterized by hepatotoxic
actions, carcinogenic, teratogenic and mutagenic [9].

Although the toxic response and clinical symptoms
depend on the age of the animals, the productive phase,
the level of immunity of the farm, ingestion time and
concentration of aflatoxins in the ration alimenticie. The
immunosuppressive effect that occurs in contaminated
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animals facilitates the spread of diseases on the farm.
The toxic effects can be synergistic, enhanced with other
mycotoxins from different fungi [10].

Panagou and Cols, in 2015, indicated that the optimal
temperature and water activity (aw) for the proliferation of
A. flavus is 20-30 2 C and * 0.99 aw, knowing them as the
typical storage fungi Panagou EZ, et al. [11], while Goyarts,
et al. 2011 study the influence of prolonged doses (35-70
days) of zearalenone, deoxynivalenol (DON) and aflatoxins
in prepubertal sows of 35 kg w/v on histopathologyof the
intestinal and uterine mucosa, and on ovarian alterations
and sexual immaturity of young reproductive animals [12].

There are new technologies, storage and distribution
methods for pig foods and other types of animals, as well as
special control measures for cereals and flours are required
to minimize and/or prevent the growth and proliferation
of fungi. These measures include periodic sampling and
analysis of the stored bags, increasing the purchase of cereals
and legumes with certain guarantees (humidity values lower
than 12.5 and 9%, respectively), adequately ventilating to
ensure rates lower than 0.65 aw. and temperatures <20 °C,
use of fungistatics, etc [3].

The tolerance levels in oilseed meals and corn grains that
contain aflatoxins greater than 20 pug cannot be used for the
production of pig feed, much less for human consumption
or young animals (pre-starter and starter feeds). However,
researchers have proven that the administration of minimum
daily doses between 50-280 pg does not produce clinical
symptoms or mortality in piglets, although they may cause
slight growth delays [13,14].

According to René, et al. tolerance to aflatoxins is usually
greater as the live weight of the animal increases and doses
of 20.50 and 100 pg/kg for pigs weighing 35, 60 and 100 kg
respectively do not have harmful effects. The LD50 is 0.60
mg/kg of live weight and doses of 1-2 mg/kg produce death
in just 18-72 hours with necrosis and hemorrhages in the
intestinal mucosa. Weaned piglets are more sensitive than
adult pigs, since daily doses of 0.30 mg/kg body weight
(approximately 6 mg/kg feed) cause growth retardation,
jaundice, necrosis with hepatic hemorrhages and death7
-14 days [15,16]. Given the contamination of food and raw
materials with toxic substances, such as aflatoxins, it is
necessary to develop low-cost analytical techniques, with
good sensitivity and accessible development, which can be
used in training programs for students in various areas. of
research especially in the analytical determination of toxins
in biological and non-biological matrices. The process
of determining mycotoxins in solid and liquid foods is
carried out in several phases that, in general terms, include
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sample preparation (grinding and homogenizing in the
case of solid foods and ultrasonication in the case of liquid
foods), extraction and subsequent purification to eliminate
interferences and finally determination using instrumental
techniques [17]. The most widely used method to determine
aflatoxins is based on chromatographic techniques, such as:
thin-layer chromatography (TLC), high-performance liquid
chromatography (HPLC) combined with a fluorescence
detector or with new equipment, such as UPLC (Ultra
Pressure Liquid Chromatography) that improves its
characteristics. There are also immunochemical techniques
such as ELISA, which is a method that can be qualitative or
quantitative; however, although it is fast and sensitive, it can
give false positives [18].

Chromatography is a method of separating different
components of a sample by a stationary phase with the help
of the mobile phase (liquid or gas), each component of the
sample has particular properties that will allow its interaction
in a different way between the stationary phase and mobile,
in this way each component is delayed in a particular way
and if the flow rate, the characteristics of the stationary
and mobile phase are adequate, complete separation of all
the components of the sample will be achieved [19]. Thin
layer chromatography is simple, low-cost and very useful
when discarding samples with the identification of these
toxins. Using silica gel plates with fluorescence, the presence
and types of aflatoxins present can be determined with the
specific mobile phase system that can be separated and
also with a stationary phase that allows us to observe the
fluorescence that reflects the type of aflatoxins [20].

Analytical Procedure for  Aflatoxin

Extraction

Most methods used for the determination of mycotoxins
need reliable extraction and purification methods. These
steps are vital to a successful protocol as they are time-
consuming (sample preparation is the main time factor in
an analysis and takes approximately two-thirds of the total
time) and will affect the final choice of detection procedure.
The extraction method used to extract mycotoxins from the
biological matrix is dependent on the structure of the toxin.
Hydrophobic toxins such as aflatoxins are extracted using
organic solvents. The used organic solvents are methanol,
cloruro de sodio, acetonitrile, acetone, dichloromethane
hexano, cloroformo, and a mixture of them [21].

Five (05) samples of pork feed from different commercial
companies labeled as Sample A, Sample B, Samples C,
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Samples D, Samples E were analyzed.

50 gof each ground concentrated feed were weighed, 200
ml of a methanol-water solution (170 ml-30 ml) was added
to each sample, then placed on the mechanical shaker for 30
minutes. Subsequently, 40 ml of the solution (supernatant)
was taken, placed in a separatory funnel with 40 ml of 10%
sodium chloride, mixed and then 25 ml of N-Hexane was
added and extracted for 10 minutes. It was allowed to settle
to separate the two phases, the lower phase was placed
in another separating funnel and the upper phase was
discarded. The aflatoxins are extracted from the lower phase,
in double extraction with 25 ml of chloroform each, they were
shaken for 10 minutes, allowed to rest and the phases were
separated, obtaining the organic phase (lower) by placing it in
a container with a lid; then 25 ml of chloroform is added again,
itis extracted again for 10 minutes, it is allowed to rest and the
other organic phase is obtained again, placing it in the same
container as the previous one, with a final volume. of 45 ml, it
was brought to concentration, until dry in a water bath.

Preparation of the Purification Column

A 20cc syringe was used as a column, crystallized cotton
was placed at the bottom of the column, 1g of silica gel 60 for
column chromatography (70-230mesh) and 1g of anhydrous
sodium sulfate were added to the top.

Aflatoxin Purification Procedure using
Vacuum with a Kitasate

The column was washed with 3ml of N-Hexane and
3ml of dichloromethane using vacuum, then the evaporated
samples were taken up with 3ml of dichloromethane
and added to the column without vacuum. The container
containing the sample was washed with 2 portions of 1 ml
each of dichloromethane and added to the column. The column
was washed again with 3 ml of N-Hexane, 3 ml of ethyl ether
and 3 ml of dichloromethane using vacuum. The vacuum was
turned off and the aflatoxins were extracted with 3 portions of
3 ml of a chloroform - acetone mixture each (9 ml of chloroform
+ 1 ml of acetone), collecting it in a test tube, then it was dried
in a water bath and resumed with 0.5 ml of chloroform to seed
on the F254 silica gel chromatography plate. Subsequently,
it was taken to the chromatography tank prepared with the
specific system for aflatoxins (90ml of chloroform and 10ml of
acetone), when the mobile phase reached 15cm, the plate was
removed, allowed to dry and the paths of the samples were
observed in the ultraviolet light (UVL) lamp 20.
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Results
Samples Consistency Solubility Water Fluorescence LUV
1 Light brown solid food fragments, dried Solubilizes with precipitate Green Fluorescence
2 Dark brown solid food fragments, dried Solubilizes with precipitate Blue Fluorescence
3 Dried light brown solid food fragments Solubilizes with precipitate Green Fluorescence
4 Dried dark brown solid food fragments Solubilizes with precipitate No Fluorescence
5 Dried dark brown solid food fragments Solubilizes with precipitate No Fluorescence

Table 1: Physical characteristics and observations of the samples.

Morales and Barrios, 2024

According to the methodology used it is described in
Table 1, the samples 1,3,4,5 above, the presence of Aflatoxins
was found, toxicogenic strains of Aspergillus parasiticu s,

which produce aflatoxins, G1 and G2, characterization that
is done by fluorescence coloration, in the Sample 2 found
the presence of aflatoxin, toxicogenic strains of Aspergillus
flavus that only produce aflatoxin B1 and B2. En la Figure 1
se observa la fluoressencia azul de la muestra 2.

-

o

Figure 1: Shows the blue fluorescence of sample 2.
Morales and Barrios, 2024.
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Discussion and Conclusions

Ingestion of aflatoxins can cause aflatoxicosis, a
disease that can cause death in humans and animals.
These mycotoxins are designated with letters, according
to their toxicity, which refer to a physical characteristic of
the type of compound. The results of this study, based on
chromatographic separation, correlate with the classification
carried out by encompasses et al in the year 2000, with
respect to the color of the fluorescence observed in the
positive samples. Evidently, the presence of aflatoxins could
be observed with Sample 2, toxicogenic strains of Aspergillus
flavus that only produce aflatoxins B1 and B2, considered
obvious carcinogens in experimental animals. On the other
hand, the purification procedure used in a protocol is the
most important step, since the purity of the sample affects
the sensitivity of the results. Small amounts of a target
molecule can be masked by interfering compounds, which
are found not only in the matrix, but also in the chemicals,
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materials and solvents used in the art. The material used was
free of contamination, such as alkaline detergents, which can
form salts with the compounds and lead to lower detection
rates21. In the determination of aflatoxins in the five
samples analyzed, the extraction and separation process was
rigorously controlled to avoid interference, contamination or
carryover of the analyte.

The negative impact of aflatoxins on human and
animal health has been demonstrated, particularly by their
carcinogenicity.

Hence the importance of establishing health controls
for the storage and transfer of animal feed, cereals, flour,
nuts that are sold in bulk. The need to carry out systematic
research with low-cost analytical techniques is shown to
understand the mechanisms of production and action of the
same in foods, raw materials, human and animal organisms,
generating increasingly solid scientific bases to prevent,
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monitor and control these types of toxins.
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