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Abstract: Contamination of foods by mycotoxins is linked to various health and economic implica-
tions. This study evaluated the incidence of mycotoxins in commercial and small-scale maize and
evaluated potential health risks for consumers based on South African and international regulations.
The sensitivity/specificity of HPLC over other analytical methods used was also ascertained. In total,
100 maize samples were analyzed using immuno-affinity column for extraction and clean-up, thin
layer chromatography (TLC), HPLC, and enzyme linked immunosorbent assay (ELISA) for quantifi-
cation. Results revealed that fumonisinB1 was the most contaminant mycotoxin in both small-scale
and commercial samples with incidence rates of 100% and 98.6%, respectively. Aflatoxins contamina-
tion occurred at incidences of 26.7% in small-scale and 25.0% in commercial samples. Furthermore,
ochratoxin A had high incidence rates of 97.8% and 93.0% and ranged from 3.60–19.44 µg/kg and
1.60–9.89 µg/kg, respectively, in small-scale and commercial samples, while ZEA occurred in 50% and
55% of small-scale and commercial samples, respectively. Results demonstrate that maize, especially
from small-scale farmers, may contribute to dietary exposure to mycotoxins. Farmers and consumers
should be alerted to the dangers of mycotoxins contamination in maize with resultant health risks.
Additionally, HPLC method was also found to be more specific for mycotoxin detection than ELISA.

Keywords: maize; mycotoxins; ELISA; immunoaffinity; HPLC; chromatography; North-West;
South Africa

1. Introduction

Mycotoxins (from “myco” fungus and toxin) are natural, chemically diverse, fungal
products that have harmful effects on exposed humans and animals in a variety of ways [1].
They are non-volatile, relatively low molecular weight compounds [1] synthesized mainly
by the secondary metabolism of some filamentous fungi [2]. The existence of mycotoxins
came into the limelight in 1960, when more than 100,000 turkeys died in the United Kingdom
as a result of the Turkey X disease after consuming aflatoxin-contaminated peanut meal [3].
Currently, some 300 to 400 mycotoxins are known, of which, just about a dozen regularly
receive attention as threats to human and animal health [2]. These toxins, when ingested
by humans and animals through food or feed, respectively, cause health hazards and lead
to economic losses [4]. The significance of the health risk due to mycotoxin contamination
depends on the toxicological properties of the particular compound (acute, long-term
toxicity, mutagenicity, teratogenicity, carcinogenicity) as well as the extent of the exposure,
i.e., the level of contamination in both animals and man [5]. However, human exposure to
mycotoxins can result from the direct consumption of contaminated agricultural crops or
from the consumption of foods derived from animals (milk, meat, and eggs) [6].
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Maize (Zea mays L.) is one of the major world cereal grains and ranks as the third
largest produced grain behind wheat and rice. It serves great purposes of economic
significance, as it not only serves as human food and as a feed for livestock but also as
an important commodity in international trade [6]. However, maize is susceptible to
infestation by many insect pests and fungal development, which most often results in
mycotoxin production. Although fumonisins and aflatoxins most often occur in maize,
fumonisins were reported to predominate [7–9]. Several disease outbreaks were linked to
consumption of contaminated maize, which includes the human oesophageal cancer in the
Transkei region of South Africa [10]. Between January and June 2004, acute aflatoxicosis
was reported in eastern Kenya, and 125 of 317 cases of acute hepatic failure resulting in
death were attributed to consumption of contaminated maize [11]. Thus, maize remains
the main source of dietary mycotoxin exposure to both humans and animals, especially in
areas where maize serves as a major dietary staple.

The North West province of South Africa is the second major maize producing region
in the country after the Free State. In the North West province, as is the case in much of the
world, fungal and mycotoxin contamination of maize is of great concern. This is because
maize constitutes the major staple food, is produced commercially and on a small scale,
is used extensively as livestock feed, and also serves as an export crop [12]. However,
several researchers analyzed and quantified mycotoxins in different parts of the country,
especially Fusarium toxins contaminating maize grains and other cereals [13–15]. Thus,
because of the various factors, including climatic changes that trigger fungal and mycotoxin
contamination of crops, threatening food security and food safety, constant monitoring of
these mycotoxins is needed to prevent outbreak of mycotoxicosis.

2. Materials and Methods
2.1. Chemicals and Reagents

All reagents and chemicals used were of analytical grade and were obtained from
Merck, Johannesburg, South Africa, Sigma Chemicals, St. Louis, MO, USA or Microsep,
Pretoria, South Africa.

2.2. Sampling and Sample Preparation

A total of 100 maize samples were collected from randomly selected small-scale
farmers (markets) and commercial farmers (silos) in the North West Province of South
Africa from April to August 2013. Fifty maize samples were collected from each of the small-
scale farmers and commercial farmers, respectively. In total, 1 kg of each of the samples
was collected in sterile plastic bags carefully labeled and conveyed to the laboratory. Each
of the samples was thoroughly mixed and milled using a sterile high speed laboratory
blender (IKA M20, Merck, Germany) and packaged in sealed, sterile plastic bags to avoid
contamination. Samples were stored prior to analysis at minus 4 ◦C in the freezer.

2.3. Mycotoxin Analysis
2.3.1. Immuno-Affinity Column (IAC) Mycotoxin Extraction and Clean-Up

Extraction and clean-up of mycotoxins using IAC was done following the procedure
as prescribed by the manufacturer (EASI-EXTRACT®rBiopharm, Darmstadt, Germany).
The principle of this procedure is based on monoclonal antibody technology, which makes
the test highly specific to toxins of interest. Apart from being specific, the test is also
sensitive, rapid, and simple to perform. However, the use of this technology is constrained
by cost [16,17]. Since different mycotoxins are involved, different solvents were used for
the procedure, including methanol: water (80:20), acetonitrile: water (75:25 v/v), and
acetonitrile: methanol: water (25:25:50 v/v/v). The extracts were applied to the columns,
and the mycotoxins acted as antigens binding to the antibodies present in the column. The
mycotoxins were then eluted with HPLC grade methanol passed through the column while
concentration of the different mycotoxins was determined using the HPLC apparatus.
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2.3.2. Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) using silica gel TLC plates (St Louis, MO, USA),
was performed as a preliminary screening method to determine the presence of mycotoxins
in maize samples prior to analysis by advanced instrumentation (HPLC).

Mycotoxin (aflatoxins (AF), fumonisin B (FB), zearalenone (ZEA), and ochratoxin
A (OTA)) analysis on TLC was performed using the two dimensional technique [18],
which involved the use of an aluminum-backed 20 cm by 20 cm silica gel TLC plate. The
dried extracts were re-dissolved with 200 µL of methanol, and 20 µL was spotted on
a 20 mm × 20 mm silica gel TLC plate. Plates were run in solvent depending on the
mycotoxin of interest, FB (BWA), ZEA (DA), AF, and OTA (DEI and TEF) (Table 1). The
plates were cooled and inserted into the second mobile phase for the second run at the right
angle to the first run. The developed plates for AF and OTA were viewed under UV light
using Spectroline model CM-10A fluorescence analysis cabinet (spectronics corporation
Westbury, NY, USA). TLC plates for ZEA were sprayed with dianisidine reagent without
heating (cold spray), while plates for FB were derivatized by spraying with P-anisaldehyde
reagent followed by heating at 120 ◦C for a few minutes before viewing. The distance
covered by the compound (DC) was measured from the baseline to the spot, and the RF
value for the spot was calculated as follows:

RF =
Distance covered by the compound(DC)

Distance covered by solvent (DC)
× 100 (1)

Table 1. Mobile phases used for TLC analysis and reagents used as derivatizing agents.

Mycotoxins Analyzed Aflatoxins Fumonisins Ochratoxin A Zearalenone

Mobile phase:
First run

Dichloromethane/
Ethyl-acetate/

Propan-2-ol (DEP)
(90:5:5 v/v/v)

Butanol/Water/
Acetic acid (BWA)

(12:5:3 v/v/v)

Dichloromethane/
Ethyl-acetate/

Propan-2-ol (DEP)
(90:5:5 v/v/v)

Dichloromethane/
Acetone (DA)
(90/10 v/v)

Mobile phase:
Second run

Toluene/
Ethyl-acetate/

Formic acid (TEF)
(6:3:1 v/v/v)

Butanol/Water/
Acetic acid (BWA)

(12:5:3 v/v/v)

Toluene/
Ethyl-acetate/

Formic acid (TEF)
(6:3:1 v/v/v)

Dichloromethane/
Acetone (DA)
(90/10 v/v)

Derivatizing reagent Not applicable Anisaldehyde solution Not applicable Diazotized benzidine
(Dianisidine)

Anisaldehyde solution—70 mL of methanol and 5 mL of concentrated sulphuric acid were mixed and allowed to cool. The solution was
then mixed with 10 mL of glacial acetic acid and 0.5 mL P-anisaldehyde.

The retardation factor (RF) values were calculated per mycotoxin analyzed [19]. The
retardation factor (RF) values and the fluorescing color of spots produced by sample
extracts were compared to those of standard mycotoxins to assist in the identification of
mycotoxins present.

Diazotized benzidine (Dianisidine)—0.5 g of dianisidine was dissolved in 20 mL
distilled water containing 1.5 mL concentrated hydrochloric acid (HCl) and made up to
100 mL with distilled water. Equal volume was added to 10% sodium nitrite solution
mixed and cooled to 5 ◦C.

2.3.3. High Performance Liquid Chromatography (HPLC)

The Shimadzu Prominence UFLC Liquid chromatography system (Kyoto, Japan) was
used in this study. Each of the extracts from the IAC were dissolved in 500 µL of HPLC
grade acetonitrile. Extracts for fumonisin B analysis were dissolved in 500 µL of HPLC
grade methanol and according to the method prescribed by Shepherd et al. [13]. An aliquot
(25 µL) was derivatized with (250 µL) of O-phthaldialdehyde solution (OPA from Sigma)
and injected into the HPLC system within minutes due to the instability of OPA, as out-
lined in Table 2. The derivatized analogues can become highly unstable within a short
time and rapidly break down into non-fluorescent substances. Samples were run at a
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flow rate of 1 mL per minute (min−1) recording retention times. For the mobile phase,
methanol/sodium dihydrogen phosphate (80/20, v/v) was used with excitation and emis-
sion wavelengths set at 335 and 440 nm, respectively. Aflatoxin analysis involved coupling
to the detector a coring cell (CoBrA cell) (Dr Weber Consulting, Mannheim, Germany)
as an electrochemical cell for the derivatization of aflatoxins at excitation and emission
wavelengths of 365 and 440 nm, respectively. In the mobile phase, methanol: acetonitrile:
water (20:20:60 v/v/v) containing 119 mg of potassium bromide (KBr) and 350 µL of ni-
tric acid (4MHNO3) was used. An analysis of ochratoxin A and zearalenone was done
according to the method prescribed by Abudulkadar et al. [20] and Njobe et al. [21] with
some modifications [20,21]. Ochratoxin A was determined with acetonitrile: water: acetic
(50:48:02 v/v/v) as mobile phase and detected at excitation and emission wavelengths
of 333 and 477 nm, respectively. In the mobile phase, acetonitrile: water (45:55 v/v) was
used for the analysis of ZEA at excitation and emission wavelengths of 274 and 418 nm,
respectively. The concentration of the different mycotoxins in the samples were based on
the chromatograms obtained and the mycotoxin standards used as well as the calibration
curves plotted from the areas of peaks of standards and concentration of standards.

Table 2. Methods used to detect mycotoxins (AFs, FBs, OTA, and ZEA) on HPLC.

Mycotoxins Analyzed Aflatoxins Fumonisins Ochratoxin A Zearalenone

Extraction method IAC IAC IAC IAC

Sample amount 50 g/100 mL,
2 g/10 mL

25 g/125 mL,
25 g/50 mL 2 g/15 mL 25 g/125 mL,

5 g/25 mL

Extract for
autosampling 500 µL 250 µL OPA and

50 µL extract 500 µL 500 µL

Standards
concentrations

1.25, 2.5,
5.0 ng/mL 10, 20, 40 ng/mL 10,20,40 ng/mL 5, 10, 20 µg/mL

Injection volume 20 µL 20 µL 20 µL 20 µL

Flow rate 0.8 mL/min 1 mL/min 1 mL/min 1 mL/min

HPLC detector Fluorescent Fluorescent Fluorescent Fluorescent

Excitation/emission
wavelength 365 nm/440 nm 335 nm/440 nm 336 nm/465 nm 274 nm/418 nm

2.3.4. Enzyme Linked Immunosorbent Assay (ELISA)

Samples were analyzed using ELISA method as described by the Ridascreen(R)

(Darmstadt, Germany), manufacturer’s instructions manual. The test was based on antigen–
antibody reaction. The wells of the microtiter strips were coated with specific antibodies
against the mycotoxin of interest. Standards or the sample solutions and enzyme conjugate
were added. The free mycotoxin and the enzyme-conjugated mycotoxin competed for the
mycotoxin’s antibody binding sites (competitive enzyme immunoassay). The unbound
enzyme conjugate was then washed away in a washing step. Substrate/chromogen was
added to each well and mixed gently by shaking the plate manually and incubated at
room temperature (20–25 ◦C) for 15 min in the dark. Finally, 100 µL of stop solution was
added to each well and mixed gently by shaking the plate manually. The adding of the
stop solution caused a color change, which was measured photometrically within 30 min
at a wavelength of 450 nm using an automatic micro plate reader (Heales Model MB-580;
Wellkang Ltd., London, UK). The absorption was inversely proportional to the mycotoxin
concentration in the sample.

2.4. Recovery Analysis

This was to confirm the effectiveness of the methods used for the extraction of my-
cotoxins from samples. Negative maize samples or samples with known concentrations
of mycotoxins were spiked in triplicates with different concentrations (100, 100, 50, and
50 µg/mL), respectively, of mycotoxin standards (AFs FBs, OTA, and ZEA), mixed thor-
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oughly, and analyzed through IAC, ELISA, and HPLC following the methods described
above. The following formula was used in this study:

% Recovery =
Amount recovered

Amount spiked
× 100 (2)

2.5. Statistical Analysis

Microsoft Excel software version 2016 was used to carry out descriptive statistics in
order to determine frequency, means, standard deviation, and significant differences among
the two groups of samples. Samples were analyzed in three replicates, and mean values
amongst treatment groups were considered different if the probability level was <0.05.

3. Results
3.1. Determination of Mycotoxins Using Thin Layer Chromatography (TLC)

The retardation factor (RF) values and the fluorescing color of spots produced by sam-
ple extracts were compared to those of standard mycotoxins to assist in the identification
of mycotoxins present. Results obtained for TLC analysis (Table 3) demonstrated, to some
extent, the occurrence of some of the mycotoxins—fumonisin B1 (FB1), ochratoxin A (OTA),
and zearalenone (ZEA)—whereas aflatoxins in the sample extracts did not show on TLC
plates, probably due to low concentration.

Table 3. Percentage incidence of the mycotoxins in samples as determined by thin layer chromatography.

Mycotoxins % Incidence

Fumonisin B1 (FB1) 21
Ochratoxin A (OTA) 13
Zearalenone (ZEA) 8

Aflatoxin (AFs) Not detected

3.2. Mycotoxin Determination Using HPLC and ELISA

The results obtained revealed that FB1s were the most contaminant mycotoxin in small-
scale and commercial maize samples with incidence rates of 100% and 98.6%, respectively.
In the case of aflatoxins, AFB1 had incidence rates of 38% and 37% and ranged from
0.1–4.96 to 0.4–4.80 µg/kg in small-scale and commercial maize samples, respectively.
Furthermore, OTA had high incidence rates of 97.8% and 93.0% and ranged from 3.6–19.44
to 1.6–9.88 µg/kg, respectively, in small-scale and commercial maize samples, while ZEA
occurred in 55% and 50% of small-scale and commercial maize samples, respectively. A
summary of the results is presented in Tables 4 and 5. Mycotoxin analyses using the ELISA
method showed aflatoxins to have incidence rates of 41.6% and 26.1% for small-scale and
commercial maize samples, respectively. Ochratoxin A and ZEA occurred at 100%, 100%,
77%, and 59.5% for small-scale and commercial maize samples, respectively.

3.3. Method Validation in Terms of Linearity and Recoveries

Linearity was determined by injecting mycotoxin standards at three different con-
centrations into the HPLC column. Calibration curves between the different areas and
concentrations of standards with respective correlation coefficients (R2) were used to evalu-
ate the linearity of the HPLC method. The results showed good linearity with R2 values
ranging from 0.9935–0.9999 for the different mycotoxin standards. In terms of the recovery
rates, the mean percentage of recovery ranged from 79–95% for HPLC. The detection limits
for the mycotoxins on ELISA were: total aflatoxins—1.75 µg/kg, zearalenone—0.75 µg/kg,
and ochratoxin A—0.5 µg/kg with mean recovery rates ranging from 80–98% for ELISA.
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Table 4. Summary of mycotoxin contamination in small-scale maize samples as determined by high
performance liquid chromatography (HPLC).

Mycotoxins Positive % Range (µg/kg) Mean (µg/kg)

FB1 100 28.8–1566.7 672.5 (±9.103)
FB2 39.8 12.4–239.0 186.4 (±1.031)
FBs 79.5 12.4–1652.9 906.2 (±20.23)

AFB1 38.0 0.10–4.96 3.766 (±0.321)
AFB2 23.0 0.009–4.92 3.062 (±0.025)
AFG1 20.5 0.007–1.94 0.16 (±0.014)
AFG2 19.4 0.002–1.78 0.35 (±0.035)
AFs 26.7 0.080–9.34 4.63 (±0.251)
ZEA 55.5 0.2–51.30 39.2 (±0.045)
OTA 97.8 3.6–19.44 8.6 (±0.132)

Fumonisin B1, FB2—fumonisin B2, FBs—total fumonisin, AFB1—aflatoxin B1, AFB2—aflatoxin B2, AFG1—
aflatoxin G1, AFG2—aflatoxin G2, AFs—total aflatoxin, ZEA—zearalenone, OTA—ochratoxin A.

Table 5. Summary of mycotoxin contamination in commercial maize samples as determined by high
performance liquid chromatography (HPLC).

Mycotoxins Positive % Range (µg/kg) Mean (µg/kg)

FB1 98.6 4.8–1354.2 535.6 (±9.103)
FB2 37.9 4.2–136.0 120.0 (±1.031)
FBs 70.5 4.2–1401.0 703.1 (±20.23)

AFB1 37.0 0.4–4.8 3.57 (±0.045)
AFB2 23.0 0.16–4.2 2.95 (±0.025)
AFG1 22.7 0.12–1.90 0.16 (±0.025)
AFG2 15.5 0.08–1.4 0.34 (±0.045)
AFs 25.0 0.32–8.6 4.10 (±0.251)
ZEA 50.0 0.1–36.8 17.5 (±0.045)
OTA 93.0 1.6–9.89 5.3 (±0.142)

Fumonisin B1, FB2—fumonisin B2, FBs—total fumonisin, AFB1—aflatoxin B1, AFB2—aflatoxin B2, AFG1—
aflatoxin G1, AFG2—aflatoxin G2, AFs—total aflatoxin, ZEA—zearalenone, OTA—ochratoxin A.

4. Discussion

Mycotoxin contamination is considered a serious food safety issue worldwide [22], as
they are known to cause various health effects on exposed humans and animals.

In this study, fumonisin B1 was the most predominant mycotoxin with incidences of
100% and 98.6%, respectively, in small-scale and commercial maize samples. Contamination
of maize by fumonisins was considered an important risk factor in human esophageal
cancer in the former Transkei regions of South Africa [2,23]. FB1 was also implicated
in the development of neural tube defects in babies of mothers consuming fumonisin-
contaminated maize, especially in certain regions of South Africa, China, and Italy [24,25].

Besides fumonisins contamination in maize samples analyzed, aflatoxins were the
other major mycotoxins that contaminated maize. Aflatoxins appeared to be the most im-
portant contaminants in both samples with incidences of 26.7% in small-scale samples and
25% in commercial samples with mean concentrations of 4.63 µg/kg in small-scale samples
and 4.10 µg/kg in commercial samples. The levels of AFs varied between 0.080–9.34 µg/kg
and 0.32–8.60 µg/kg in small-scale and commercial samples, respectively (Tables 4 and 5),
though these were still within the EU acceptable limits of 10 µg/kg (total aflatoxin) for
human consumption [26,27]. Mycotoxin exposure to young children in whom cereal grains
including maize may represent an important component of their weaning diet is of particu-
lar concern, as it can interfere with their growth and development. Aflatoxin contamination,
for example, represents a serious health concern and is known to suppress the immune
system and cause teratogenic, mutagenic, and carcinogenic effects to humans [24]. Positive
correlation between aflatoxin content of food grains and occurrence of liver enlargement in
children was observed [3]. Aflatoxins were linked to reduction in the average birth weight
of offspring exposed prenatally and also caused decreased vitamin A and the assimilation
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of other nutrients [28]. Chronic incidence of aflatoxin in diets is evident from the presence
of aflatoxin M1 in human breast milk in Ghana, Nigeria, Sierra Leone, and Sudan as well as
in umbilical cord blood samples in Ghana, Kenya, Nigeria, and Sierra Leone [29]. Epidemi-
ological studies showed a strong connection between exposure to aflatoxins and primary
liver cancer [25].

A study in Benin and Togo investigated aflatoxin exposure in children and showed
that exposure to this toxic contaminant increased markedly after weaning and was as-
sociated with reduced growth [29–31]. Studies showed significant correlations between
aflatoxin exposure and suppression of the immune system [29,32], which may likely in-
crease susceptibility to infections and may cause failure of immunizations. Aflatoxins
were identified as a risk factor in neonatal jaundice (NNJ), although recent epidemiological
studies showed inconclusive evidence of the association between NNJ and exposure to
aflatoxins [33]. It was concluded that, although South African maize is virtually free from
aflatoxin contamination, improper harvest and storage practices can give rise to fungal
growth and, therefore, high levels of aflatoxin [34]. On the other hand, Ncube [35] reported
high levels of total aflatoxin in the Limpopo Province of South Africa.

The occurrences of ZEA were 55.5% and 50.0% in small-scale and commercial maize
samples. Both mean concentrations were 39.2 µg/kg and 17.5 µg/kg, respectively, in
small-scale and commercial maize samples. Sample contamination levels ranged between
0.2–51.3 µg/kg and 0.1–36.8 µg/kg for ZEA, respectively, in small-scale and commercial
maize samples. These values fell below the ZEA acceptable limits of 100 µg/kg in maize for
human consumption [27] (E.U. 2007). Zearalenone contamination of maize samples agreed
with other reports of zearalenone contamination of food commodities [36,37]. Zearalenone
is known to be produced in relatively cool conditions compared to other mycotoxins, but it
is likely that most grains can become contaminated with ZEA during storage, and levels
that were present in the grain before harvest may increase if the grain is not sufficiently
dried and stored [38]. Zearalenone occurrence in foods is generally low, as observed in
many studies reviewed by Placinta et al. [4], but its significance rests in its estrogenic
potential in mammals. This is also in line with the findings of this study, as there were low
concentrations of ZEA in the samples.

Ochratoxin A was detected in HPLC, and 97.8% and 93.0% of samples were con-
taminated with OTA, respectively, in small-scale and commercial samples. Ochratoxin A
levels ranged between 3.6–19.44 µg/kg and 1.6–9.89 µg/kg, respectively, in small-scale
and commercial samples. The levels detected were within the tolerated limits laid down by
countries, a range of 3–50 µg/kg for human consumption [23]. Furthermore, few African
countries have reported the occurrence of OTA in maize, although its incidence in other
agricultural commodities such as rice, peanut, raisins, and cocoa seeds has been reported.
In this study, a high incidence of OTA in the maize samples was observed, which agrees
with the study conducted by Sangare-Tigori et al. [39]. In their study on maize from Cote
d’Ivoire, they reported OTA to occur in 100% of the samples. Conversely, low incidence
(45% of maize samples from DR Congo) was reported to be contaminated with OTA [40].
However, in South Africa, several studies demonstrated the occurrence of this toxin in
various products. Occurrence of OTA in agricultural commodities is a health concern, as
toxicological reports indicated that it is nephrotoxic, carcinogenic, teratogenic, hepatotoxic,
and immunotoxic [2]. Ochratoxin A was also shown to contaminate human milk and thus
can cause kidney disorders in breast–fed infants. The kidney is the primary target organ
for OTA toxicity but can also damage the liver at sufficiently high concentrations [37].

The results also revealed that the methods (ELISA and HPLC) used to assess mycotoxin
levels in maize samples were validated and found to be sensitive for the mycotoxins
analyzed. However, the HPLC method was more specific for mycotoxin detection than
the ELISA method [41,42]. When comparing the HPLC results and those of ELISA, the
percentage occurrences of different mycotoxins recorded in the maize samples were found
to be lower than those recorded using the ELISA method (Table 6). This revealed the
sensitivity of the HPLC analytical method over the ELISA method. In this study, some of



Separations 2021, 8, 143 8 of 12

the samples analyzed showed higher concentrations recorded using ELISA than HPLC
methods in the analysis of the mycotoxins (Tables 4 and 5). This could be attributed to cross-
reactivity with related substances as well as matrix dependence, which often can result
in tremendous overestimation. The ELISA technique normally does not include a sample
clean-up procedure such as the IAC, which gives cleaner extracts, removes interfering
substances, and eases mycotoxin determination. Furthermore, extraction solvents may
also affect ELISA results, as it has been observed that the use of organic solvents such as
aqueous methanol could lead to co-extraction of fatty materials in samples, which may
interfere with the assay. This may have contributed to higher values in ELISA, since the
extraction solvent was methanol.

Table 6. Summary of mycotoxin contamination in maize samples as determined by ELISA.

Mycotoxin Positive % Range (µg/kg) Mean (µg/kg)

AFs (ss) 45.1 0.00–9.27 2.56 (±0.15)
AFs (c) 41.6 0.00–5.51 0.59 (±0.08)
ZEA(ss) 79.5 1.07–48.0 41.0 (±1.06)
ZEA(c) 77.0 0.74–38.0 18.73 (±2.13)
OTA(ss) 100.0 1.05–23.2 12.8 (±2.07)
OTA (c) 100.0 0.02–11.5 5.9 (±1.05)

Assessing the potential health risk of consumers of maize based on South African
and international regulations, acceptable limits of mycotoxins were compared with the
results of the study. Presently, the only two mycotoxins considered under South African
national regulations are aflatoxin in all foodstuffs and patulin in apple juice [43]. Legisla-
tion for maximum tolerable levels of Fusarium mycotoxins in maize and maize products
have not been determined or entrenched in South Africa. In fact, there are no maximum
limits set for Fusarium mycotoxins in South Africa [44]. Depending on maize use, maize
products intended for human consumption (1000 µg/kg), 4000 µg/kg for unprocessed
maize and 200 µg/kg for maize-based foods and baby foods are the various fumonisins
(total of fumonisin B1 and B2) limits set by the European Union (E.U.) as the maximum
tolerated limit (MTL) [26,27]. Depending on maize use, regulations by the USA-FDA are
set at maximum levels of 2–4 mg/kg (total of fumonisin B1, B2, and B3) for human con-
sumption [45]. The South African national regulations stipulate that no food commodity
destined for human consumption may contain more than 10 µg/kg total aflatoxin, of which
only 5 µg/kg may be aflatoxin B1. However, aflatoxin levels in this study were below the
South African acceptable limits. Fumonisins levels, on the other hand, were within E.U.
and FDA acceptable limits of 1000–4000 µg/kg for human consumption.

However, ZEA levels in this study were found to be below the EU recommended
limits for maize intended for direct human consumption, maize-based snacks, and maize-
based breakfast cereals of 100 µg/kg [27]. In the case of OTA, results of the level found
in this study were within the recommended limit for all products derived from unpro-
cessed cereals, including processed cereal products and cereals intended for direct human
consumption, with the exception of foodstuffs for infants and young children, which is
3–50 µg/kg [26,46].

Even though relatively low levels of these mycotoxins occurred in the maize samples,
the fact is that it should not be taken for granted, as low levels are associated with chronic
mycotoxicosis. This is because, as stated earlier, maize is a major staple food in South
Africa consumed on a daily basis and in different forms. Moreover, the estimated daily
intake of maize in South Africa can be as high as 400 g per person [47]. Therefore, due to
the high maize intake levels, dietary mycotoxin loads can also be high. Hence, chronic
exposure to low levels of these mycotoxins could cause various health risks coupled
with the possibility of exerting synergistic or additive effects on humans and animals
owing to co-contamination of different toxins in the samples. This can induce a completely
different symptomatology in animals as well as in human consumers compared to exposure
to a single mycotoxin [48,49]. Moreover, there is a high possibility that, in addition to
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the mycotoxins analyzed in this study, there could be other mycotoxins present. Such
mycotoxins, referred to as “masked mycotoxins”, are those which have undergone some
chemical transformations and, as a result, can escape detection by routine mycotoxins
analysis. These sets of mycotoxins, in essence, contribute to the total mycotoxins content
of food and feed and pose additional potential risk for the consumer [50]. Furthermore,
the high incidence of HIV/AIDS in South Africa combined with the consumption of
mycotoxin contaminated maize could negatively affect the immune system of infected
persons. Although commercially grown maize may contain lower levels of fumonisin
B1 than home grown maize [14], the higher daily consumption of a greater part of the
population would warrant lower maximum tolerable levels than those set by the European
Union. Moreover, in rural areas of South Africa, food is difficult to come by, and people
turn towards subsistence or small-scale farming, which can sometimes produce food with
higher risks of mycotoxin contamination. According to Marasas [51], people in rural areas
would rather choose to consume contaminated food than to starve [51]. Furthermore,
maize contamination with mycotoxins-producing fungi has been linked to warm and dry
climates, which is also the case with the North West province where the samples were
collected. The temperatures range from 17 ◦C to 31 ◦C in the summer months and 3 ◦C
to 21 ◦C during the winter months, and total annual rainfall is about 360 mm with most
of it falling between October and April [9]. This could contribute to the formation of the
mycotoxins in the samples.

Nevertheless, several researchers analyzed and quantified mycotoxins in different
parts of the country, especially fumonisins, but the novelty of this study is that there
are limited reports from the North West province on the occurrence of mycotoxins on
food commodities.

5. Conclusions and Recommendations

This study demonstrated that there is higher risk of mycotoxin exposure with con-
sumption of small-scale maize than with the commercial maize in the North West Province
of South Africa, with FBs being the highest contaminants. The HPLC method was more
specific for mycotoxin detection than the ELISA technique. The HPLC results were lower
than the percentages recorded using ELISA, which confirmed the sensitivity of HPLC over
ELISA. This could be attributed to cross-reactivity with related substances resulting in
overestimation in ELISA. Hence, the presence of mycotoxins contaminants in the samples
should warrant intervention strategies in order to minimize their occurrence.

It is therefore recommended that continuous monitoring for mycotoxins production
in maize is important in order to ensure food safety, thus minimizing consequences that
may affect the health of consumers. This is because mycotoxins are chemically stable and
tend to resist temperature, storage, and processing conditions. In addition, improved
agronomic practices and post-harvest handling of maize are necessary to ensure a healthy
food supply. Farmers, traders, and consumers should be educated on mycotoxins, their
health hazards, and different ways to manage their occurrence. This can be done through
seminars, workshops, and media announcements. There is also a need to train personnel at
all levels, such as scientists, technicians, and extension workers in sampling protocols and
modern methods of mycotoxin analysis. The adoption of GAP in the field and throughout
the whole field to table chain coupled with the best sampling practices and the use of
validated and fit-for-purpose analytical methods will go a long way in solving mycotoxin
problems. This is particularly important because, unlike commercial farmers, small-scale
farmers rely solely on their produce as the primary source of sustenance (food) and income,
irrespective of its quality.
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