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Abstract
An extraction method for simultaneous determination of aflatoxins (AFLAs) G2, G1, B2, and B1 in cornmeal, based on vortex-
assisted matrix solid-phase dispersion (MSPD) and high-performance liquid chromatography (HPLC) with fluorescence detec-
tion was optimized by a central composite design, validated and applied. Multivariate analysis was performed to evaluate the
effect of cornmeal composition on AFLA extraction. The amount and proportion of solid support (celite and C18) and volume of
elution solvent (methanol and acetonitrile) were the variables tested. The mobile phase of methanol/acetonitrile/water (24:14:62,
v/v/v) in isocratic elution mode provided satisfactory AFLA separation. The best recoveries (85.7 to 114.8%) were obtained when
the sample preparation contained 25 mg C18 as solid support and 10 mL of elution solvent. The limits of detection ranged from
0.01 to 0.04 ng g−1, and the limits of quantification varied from 0.02 to 0.1 ng g−1. The optimized method was suitable for coarse
and medium grind cornmeal. Multivariate correlation analysis showed that the main interferers for AFLA recovery were proteins
and sugars.
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Introduction

Corn (Zea mays L.) is the third most cultivated cereal on
the planet. One of the main problems of the maize pro-
duction chain is the susceptibility to contamination by
toxigenic fungi, which can produce mycotoxins under
stress conditions (Wang et al. 2016). Among the

mycotoxins that can contaminate maize (Mutiga et al. 2015;
Oliveira et al. 2017) and corn flours (Alborch et al. 2012;
Algül and Kara 2014) are the aflatoxins (AFLAs).

AFLAs are the most toxic compounds produced by fungi
and display strong immunosuppressive, mutagenic, teratogen-
ic, and carcinogenic effects (EFSA 2007). AFLA B1 has been
reported to be the most toxic of the AFLAs and has been
classified as a group 1 (human) carcinogen by the
International Agency for Research on Cancer (IARC 2012).
To protect consumers, many countries have set stringent regu-
lations about the level of AFLAs permitted in food commod-
ities. European Union legislation has mandated maximum
limits of 5 μg kg−1 for AFLA B1 and 10 μg kg−1 for the
sum of AFLAs G2, G1, B2, and B1, in maize and maize
products (European Commission 2006). In Brazil, a level of
20 μg kg−1 has been established as the limit for corn contam-
ination with AFLAs (G2, G2, B1, and B2) (ANVISA 2011).

In order to evaluate exposure to AFLAs, reliable data on
their occurrence in various maize products are required. The
development of multi-mycotoxin methods able to detect, in a
single analysis, several mycotoxins, thereby promoting the
lowest impact on the environment, is a trend in mycotoxin
analysis (Zachariasova et al. 2010; Karami-Osboo and
Mirabolfathi 2017). A promising alternative is the matrix
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solid-phase dispersion (MSPD) technique, which is little ex-
plored for mycotoxins (Hu et al. 2006; Manoochehri et al.
2015), especially for corn and its products. Capriotti et al.
(2013) highlighted that the key factors for the success of
MSPD are its feasibility, flexibility, versatility, low costs, and
rapidity.

In MSPD, a small amount of sample and solid support are
mixed homogenously; the powder obtained is then eluted with
a solvent (Kristenson et al. 2006; Caldas et al. 2013). In this
technique, sample preparation and cleaning are performed in
the same step, using small amounts of solid support and solvent
and thus reducing the cost and time of analysis. In addition, the
use of a vortex instead of a column for the elution step protects
the analyst from solvent exposure and sample handling, con-
tributing to green chemistry strategies. The efficiency and se-
lectivity of the extraction process are conditioned by the solid
support characteristics, sample/solid support ratio, solvents and
sample/solvent ratio, as well as the concentration and chemical
properties of the analytes (Capriotti et al. 2010). The choice of
the solid support depends on the analyte polarity and the poten-
tial coextracted components of the matrix. Several solid sup-
ports are available (Rubert et al. 2011; de Oliveira et al. 2017);
however, C18 is themost used formycotoxin analysis in cereals
because its lipophilic characteristic allows good disruption, dis-
persion, and retention of lipophilic species (Barker 2007;
Rubert et al. 2012; Serrano et al. 2012). There is no information
in the literature about the effect of sample particle size in the
MSPD method performance, unlike that for the dispersant
(Capriotti et al. 2013).

This study contributes to the adaptation of a fast and eco-
friendly analytical extraction method for simultaneous determi-
nation of AFLAs G2, G1, B2, and B1 in cornmeals, consuming
few reagents with no effect on sensitivity and analytical perfor-
mance. The method has been validated according to SANTE/
11945/2015 guidelines (SANTE2016). Besides, the applicability
of the validated method in further matrices, to determine the
impact of particle size on the sample recoveries, as well as an
investigation identifying the interferences in AFLA extraction,
using multivariate correlation analysis, were studied.

Material and Methods

Reagents and Samples

The AFLAs (G2, G1, B2, and B1) standards (purity > 98%)
were supplied by Sigma-Aldrich, and the working standard
solutions were prepared by diluting the standards with
toluene/acetonitrile (MeCN) (98:2, v/v). After preparation,
the mycotoxin standards were dried under nitrogen and stored
at − 18 °C, to ensure their stability. The working solutions
were prepared from stock solutions, which were quantified
before use in a spectrophotometer, according to the AOAC

(2000). The solvents (purity > 99.9%) used as mobile phase
in the chromatographic system (MeCN and methanol
[MeOH]) were supplied by JT Baker and were passed through
a 0.45-m cellulose filter. Ultrapure H2O (> 18.2 MΩ cm−1 re-
sistivity) was purified using a Milli-Q® SP Reagent Plus wa-
ter system (Millipore Corp., Bedford, USA). The mobile
phase solvents were previously degassed in an ultrasonic bath.

Cornmeals (fine, medium, and coarse) were purchased com-
mercially from supermarkets located in the city of Rio Grande
(Brazil). The corn used for the wet- and dry-milling processes
was purchased directly from farmers of Parana State (Brazil).

Chromatographic Conditions

The AFLA standards were dissolved in 1 mL of ultrapure
H2O/MeCN (90:10, v/v), and 20 μL was injected into a
high-performance liquid chromatography system coupled
with fluorescence detection (HPLC-FD) and online post-
column photochemical derivatization (Romer Derivatization
Unit RDU™), which pre-excites the analytes with UV light at
254 nm. The chromatographic elution from a Kromasil C18
column (5 μm, 150 mm× 4.6 mm) was performed at 40 °C, at
a flow rate of 1.0 mL min−1 and the excitation and emission
wavelengths were set at 365 and 440 nm, respectively. The
separation of the AFLAs was evaluated using different pro-
portions of the mobile phase (ultrapure H2O, MeCN, and
MeOH), and the best condition was defined based on retention
(k) and separation (α) factors.

The method limit of detection (LOD) and limit of quantifi-
cation (LOQ) for each AFLAwere obtained considering three
and ten times the signal-to-baseline (noise) ratio, respectively.
The linearity was evaluated through standard calibration curves
in the concentration range of the LOQ of each AFLA to a
concentration equivalent to 100-fold the LOQ value.

Preliminary Tests

Initially, three AFLA extraction methods were tested (Table
1), and after, a control sample (without solid support) was
tested for method 1 (Rubert et al. 2011). The method that
provided the greatest recovery of the four AFLAs was studied,
using the central composite design (CCD).

Optimization of AFLAs Extraction

The experiments were performed according to Rubert et al.
(2011). Aliquots of 1 g of the sample (cornmeal) were trans-
ferred to a mortar (30 mL capacity), spiked with the standard
solution and, after solvent evaporation, gently homogenized
with a pestle, using different amounts and proportions of the
solid support (Table 2) for 5 min to homogeneity. The mixture
was poured into a polypropylene centrifuge tube; different
volumes of MeCN/MeOH (50:50, v/v) were added, and the
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content was thoroughly vortexed for 3 min. The tubes were
centrifuged at 3220g for 10 min, the extract was collected,
dried at 60 °C, dissolved in 1000 μL of ultrapure H2O/
MeCN (90:10, v/v), and injected into the HPLC-FD. The var-
iables, namely, the amount and solid support proportion (celite
and C18), and volumes of extractor solvent (MeOH and
MeCN) were defined using a 23 CCD, where AFLA recovery
was the response variable. Medium cornmeal spiked with
4 ng g−1 of AFLAs mixture (1.0 ng g−1 G1 and G2, 0.6 ng g−1

B2 and 1.4 ng g−1 B1) was used in the optimization.

Method Validation

The accuracy of the method was evaluated regarding the re-
covery assays, in compliance with SANTE/11945/2015
(SANTE 2016) and ANVISA (2003). Aliquots of 1 g of the
sample (cornmeal) were spiked with standard AFLAs at three
levels for each AFLA. The levels of fortification were a con-
centration equivalent to the LOQ, 5-fold LOQ, and 10-fold
LOQ for AFLA G2, and 2-, 10-, and 20-fold LOQ for AFLA
G1, B2, and B1, respectively. Each fortification level was
extracted in triplicate and injected three times (n = 9).

The precision of the method was evaluated regarding the
repeatability, with nine determinations; extraction of the sam-
ple by MSPD was carried out at three different fortification
levels, in triplicate.

The study of the matrix effect (ME) was performed accord-
ing to Eq. 1, by comparing the slopes in matrix-matched cal-
ibration solutions prepared in blank cornmeal extract and cal-
ibration solutions prepared in solvent. The extent of the effects
due to the matrix components was rated according to the per-
centage of signal enhancement (+) or suppression (−).

ME %ð Þ ¼ 100� 1−
Sm
Ss

� �
ð1Þ

where Ss is the slope in solvent and Sm is the slope in
matrix. No ME is observed when the ME (%) is equal
to 100%. Values above 100% indicate enhancement, and
values below 100% mean suppression.

Applicability of the Method

For the application of the validated method in other matrices
(fine and coarse commercial cornmeals, and cornmeals ob-
tained by dry- and wet-milling), the validation was carried
out at a concentration of 10-fold LOQ for G2 and 20-fold
LOQ for the other AFLAs.

Dry-milling of the corn was performed according to
Somavat et al. (2016), and wet-milling was achieved based
on Malumba et al. (2015). In the dry-milling, cornmeals of

Table 1 Evaluation of extraction methods for AFLAs

Method Sample amount (g) Solvent Salts Sorbent

1 1 20 mL MeCN/MeOH (50:50, v/v) – 1 g C18

2 5 20 mL MeCN/H2O (84:16, v/v, with 1% acetic acid) MgSO4/NaCl (2:0.5 p/p) 0.03 g C18

3 10 25 mL MeOH/MeCN/H2O (60:20:20, v/v/v) MgSO4/NaCl (2:1.5 p/p) 0.03 g C18

1: Rubert et al. (2011); 2: Wang et al. (2016); 3: Paschoal et al. (2017)

Table 2 CCD 23 (coded and real
values) and the responses AFLAs
recoveries (%)

Trial X1 X2 X3 G2 G1 B2 B1 AFLAs

1 − 1 (10) − 1 (0.1) − 1 (0:1) 107.8 100.2 114.7 95.7 104.6

2 + 1 (30) − 1 (0.1) − 1 (0:1) 102.9 99.6 113.4 94.7 102.7

3 − 1 (10) + 1 (1.0) − 1 (0:1) 43.0 36.4 51.7 38.3 42.4

4 + 1 (30) + 1 (1.0) − 1 (0:1) 46.2 37.6 69.5 45.4 49.7

5 − 1 (10) − 1 (0.1) + 1 (1:0) 113.3 107.1 115.7 93.8 107.5

6 + 1 (30) − 1 (0.1) + 1 (1:0) 110.5 107.6 122.8 100.0 110.2

7 − 1 (10) + 1 (1.0) + 1 (1:0) 112.7 107.3 108.7 84.6 103.3

8 + 1 (30) + 1 (1.0) + 1 (1:0) 96.4 92.6 103.0 81.1 93.3

9 0 (20) 0 (0.45) 0 (0.5:0.5) 59.7 46.2 89.9 66.4 65.6

10 0 (20) 0 (0.45) 0 (0.5:0.5) 74.0 58.1 93.8 72.2 74.5

11 0 (20) 0 (0.45) 0 (0.5:0.5) 66.8 52.2 91.8 69.3 70.3

X1: Solvent volume (mL); X2: Solid support amount (g); X3: Proportion of C18:celite; AFLAs: mean recoveries
the four AFLAs
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fine, medium and coarse granulometry were obtained, and in
the wet-milling, only fine cornmeal was prepared. Table 3
provides the granulometric profile of the different cornmeals.

All flours were characterized for protein, ash, and lipid con-
tents (AOAC 2000); sugar was determined by the phenol–sul-
furic acid method (DuBois et al. 1956), and the total starch was
measured by iodometry, using a starch calibration curve.

Statistical Analyses

Statistical analysis was performed using Statistica 7.0 soft-
ware at 95% significance level, considering the recovery of
the four AFLAs as a response to the variables studied. The
experimental plans were obtained from the 23 CCD, from
which, a set of combinations were experimentally evaluated.
The experimental results were used to find a statistical math-
ematical model, as a function of all the influenced factors.
Multivariate analysis was also performed to establish correla-
tions between the different components of the matrices and the
recovery of AFLAs by the MSPD method using HPLC-FD.

Results and Discussion

Conditions for Simultaneous AFLA G2, G1, B2, and B1
Determination

Different ratios of mobile phase were tested in the chromato-
graphic system, with the aim of achieving excellent separation

of the AFLAs and an efficient elution time. The three propor-
tions of H2O, MeCN, and MeOH allowed obtaining a short
elution time of around 15 min. Both the retention (k) and
separation (α) factors were estimated, to decide the best pro-
portion of the elution components (Table 4).

The separation factor (α) shows the selectivity of the chro-
matographic system in relation to the four AFLAs that elute at
adjacent peaks, and values higher than 1 are recommended.
Both parameters (k and α) indicated that the column and the
H2O/MeCN/MeOH (62:14:24, v/v/v) mobile phase allowed
good separation of the four AFLAs (Fig. 1a) in 14 min, which
is suitable for the routine application of the four AFLA deter-
minations concomitantly.

After the AFLA separation, the LOD and LOQ of the instru-
ment, and the analytical curves of the standardswere determined
(Table 5). Results showed the chromatographic procedure was
adequate for quantification of theAFLAs, with correlation coef-
ficients for all calibration curves higher than 0.999. The instru-
ment LOQ forAFLAG2was the same as that found byTelles et
al. (2017) (0.05 ngmL−1).However, the LOQsofAFLAB1and
B2 were 0.04 and 0.01 ng mL−1, respectively, which are lower
than those verified by the mentioned authors (2.00 and
0.03 ng mL−1). Our study applied a detector equipped with
post-column photochemical derivatization, which, as stated
above, pre-excites the analytes with UV light at 254 nm.
Therefore, the instrument LOQs are satisfactory to determine
thefourAFLAs,andthelinearityshowsawideapplicationrange.

Preliminary Tests

The highest recoveries values for AFLAs G2, G1, B2, and B1
(83.4–102.5%) were achieved by method 1 (Tables 1 and 6).
Acceptable recoveries (94.4–112.5%) were obtained by the
method that did not use the solid support. In that procedure, the
structure of the physical sample acted as an abrasive and promot-
ed the disruption of the matrix sample, providing extraction of
AFLAs, but the cleanliness of the extracts was not satisfied, so it
was necessary to add a solid support to eliminate some interfering
components during the extraction. Method 1 (Rubert et al. 2011)
was subject to a CCD, to improve the recoveries and reduce the
amount of solvent and solid support used. In addition, a different
solid support (celite) was evaluated to substitute the traditional
and costly, C18.

Table 3 Granulometric profile of cornmeals

Particle sizes Flours

Coarse Medium Fine

Between 0.71 and 0.50 mm (%) 8.5 (0.1) 0 0

Between 0.50 and 0.355 mm (%) 70.1 (0.0) 26.0 (0.1) 11.2 (0.1)

Between 0.355 and 0.25 mm (%) 20.4 (0.0) 32.7 (0.0) 54.1 (0.0)

Between 0.25 and 0.147 mm (%) 0.6 (0.4) 21.1 (0.0) 18.8 (0.1)

Smaller than 0.147 mm (%) 0.4 (0.4) 20.2 (0.1) 15.9 (0.1)

Results expressed as mean (RSD) n = 3

RSD relative standard deviation

Table 4 Chromatographic
parameters from AFLA
separation in different proportions
of mobile phase

H2O/MeCN/
MeOH

Retention time (tr) (min) Retention factor (k) Separation factor (α)

G2 G1 B2 B1 G2 G1 B2 B1 G2-
G1

G1-
B2

B2-
B1

62:20:18 7.0 8.3 9.2 11.2 1.51 2.00 2.31 3.03 1.32 1.15 1.31

62:13:25 5.9 6.9 7.2 8.6 1.68 2.14 2.28 2.93 1.27 1.07 1.29

62:14:24 7.5 8.9 10.2 12.5 2.44 3.13 3.69 4.75 1.28 1.18 1.29
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Optimization of AFLA Extraction Conditions

Table 2 presents the AFLA recoveries (%) in the CCD for the
three variables under study (solvent volume, solid support
amount, C18/celite ratio). In this design, the AFLA recoveries
were in the range 43.0–113.3% (G2), 36.4–107.6% (G1),

51.7–122.8% (B2), and 38.3–100.0% (B1). For the four
AFLAs, trials 1, 2, 5, and 6 demonstrated the best results, all
of which showed less solid support amount, at level − 1
(0.1 g), solvent volume at level − 1 (10 mL) or + 1 (30 mL),
and C18/celite proportion at level − 1 (0:1) or + 1 (1:0), than
the other trials.

G2 G1
B2

B1 

a 

G2
G1 B2

B1 

c 

G2 G1 B1 

b

G2
G1 B2

B1 

d

Fig. 1 Chromatogram of AFLAs
G2, G1, B2, and B1 limit of
detection (a), blank sample (b),
standards (c) and chromatogram
of standard in the extract of
medium cornmeal, G2
3.75 ng mL−1, G1 3.0 ng mL−1,
B2 1.50 ng mL−1, and B1
4.5 ng mL−1 (d)
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The main effect can be estimated by evaluating the difference
in process performance caused by a change from low (− 1) to
high (+ 1) levels (Haaland 1989), which provides a model that
fulfills the recovery of the four AFLAs. Therefore, the main
effect was assessed using the average of the recoveries of the
four AFLAs, and the p value was used to verify the significance
of the factors under study. The solid support amount was identi-
fied as the most relevant variable for the AFLA recoveries.
Increasing the solid support amount from 0.1 to 1 g decreased
the AFLA recoveries by an average of 34.1%. An alteration in
the ratio of C18/celite, from 0:1 to 1:0, led to an average increase
of 28.8% in the AFLA recoveries. The combined effect of solid
support amount and their proportion (C18/celite) resulted in an
average increase of 23.5% in the AFLA recoveries. The solvent
volume, as well as their combinations with other variables, did
not present any significant effect. Variance analysis (ANOVA)
was performed, using the significant effects only (Table 7).

Based on the F-test, the model proved predictive, since its
Fcalculated (12.84) was greater than Ftabulated (4.34), and signif-
icant, given the regression coefficient (0.85) was close to uni-
ty. The coded model was used to generate the contour diagram
(Fig. 2).

AFLA recovery %ð Þ ¼ 83:9716−34:0938:X 2

þ 28:7681:X 3 þ 23:5208:X 2:X 3 ð2Þ

To determine the optimal values for the significant variables
(X2, X3, and their interaction), the first derivative of Eq. 2 was
obtained, and the optimal values of 25 mg of the solid support
(X2) and 1:0 the ratio of C18/celite (X3) were obtained. Under
these conditions and setting a solvent volume of 10 mL, the
model validation was performed, resulting in a 103.3% exper-
imental result and a predictive of 125.5%, with a deviation of
21.5% from the experimental to the predictive value. These
validated conditions were used for analytical method validation
and applicability of the method in different cornmeals.

Method Validation

The method LOD and LOQ were 0.01–0.04 and 0.02–
0.1 ng g−1, respectively (Table 8). These values were lower
than those verified by Quinto et al. (2009), of LOD 0.035–
0.2 ng g−1 and LOQ 0.1–0.63 ng g−1 for solid-phase
microextraction and quantification of AFLAs in cereal flours
by HPLC-FDwith post-column photochemical derivatization.
Similarly, they were also lower than those documented by
Rubert et al. (2011), of LOD 0.1–1 ng g−1 and LOQ 0.25–
1.5 ng g−1 for MSPD extraction and quantification of AFLAs
in cereal flours by HPLC-mass spectrometry (MS). In another
study, Rubert et al. (2010) optimized the extraction conditions
of cereals, resulting in 0.3–0.4 ng g−1 for the LOD and the
LOQ in the range of 1 ng g−1.

Paschoal et al. (2017) optimized and applied a solid–liquid
extraction of AFLAs from cornmeal using MeOH/H2O/
MeCN (60:20:20, v/v/v) prior to HPLC-MS quantification,

Table 5 Analytical parameters of
AFLAs G2, G1, B2, and B1 in
HPLC-FD

Analytical parameters G2 G1 B2 B1

Analytical curve y = 43,181x +
520.73

y = 119,472x +
1040

y = 211,335x +
1453.1

y = 49,838x − 658.76

Linearity (ng mL−1) 0.05–5 0.02–4 0.01–2 0.04–6

Correlation coefficient
(R)

0.9999 0.9999 0.9999 0.9999

Determination
coefficient (R2)

0.9999 0.9999 0.9999 0.9999

LODi (ng mL−1) 0.02 0.01 0.005 0.02

LOQi (ng mL−1) 0.05 0.02 0.01 0.04

LODi instrument limit of detection, LOQi instrument limit of quantification

Table 6 AFLA extraction conditions and their recoveries

AFLAs Recoveries (%)

Method 1a Method 2a Method 3a

G2 99.5 (18.5) 90.3 (5.0) 48.9 (1.4)

G1 83.7 (4.7) 41.8 (2.9) 36.3 (7.7)

B2 102.5 (17.5) 88.8 (1.4) 81.4 (0.2)

B1 83.4 (2.5) 71.5 (7.8) 2.3 (27.0)

Results expressed as mean (RSD). n = 3

RSD relative standard deviation
a 1: Rubert et al. (2011); 2: Wang et al. (2016); 3: Paschoal et al. (2017)

Table 7 ANOVA for AFLA recoveries for CCD

Variation Sum of
squares

Degrees
of freedom

Means
squares

F-
ratio

Regression 5086.45 3 1695.48 12.84a

Residual 924.57 7 132.08

Total 6011.02 10

Regression coefficients = 0.85; F 0.95; 7; 3 = 4.34
aF-ratio (regression/residual)
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and the LOD ranged from 0.24 to 0.32 ng g−1 and the LOQ
from 0.80 to 1.05 ng g−1. According to Pereira et al. (2014), it
is possible to obtain a LOD for HPLC-FD comparable to or
better than those achieved by HPLC-tandem MS. Therefore,
as the proposedmethod showed low values of LOD and LOQ,
this is an advantage when it is desired to determine trace
compounds, such as mycotoxins.

The recoveries at the three levels for the four AFLAs
ranged from 85.7 to 114.8% (Table 8), which are within the
criteria approved by the European Regulatory Committee.
For the acceptance of analytical methods for the AFLAs, it
was established that for concentrations of less than

1 μg kg−1, the recoveries should range between 50 and
120%, and for concentrations between 1 and 10 μg kg−1,
the recoveries should vary between 70 and 110%
(European Commission 2006).

Rubert et al. (2010) reported recoveries ranging from
64 to 91% with the relative standard deviation (RSD) <
19% for MSPD extraction and HPLC-MS quantification
of AFLAs in various cereals. In 2011, the same authors
extracted 19 mycotoxins from cereal flours by MSPD and
acquired AFLA recoveries between 68.8 and 80.3% (RSD
< 12%). The elution step used in our work was by vortex,
whereas the other authors packed the mixture (sample and
solid support after maceration) in cartridges and then elut-
ed with solvent. In the vortex-assisted MSPD method pro-
posed in this work, after dispersing the sample with the
solid support, the mixture is placed in tubes, and the elu-
tion solvent is added, followed by vortexing. This elution
form has the advantage of reducing the packing time and
the variations resulting from this process.

Repeatability represents the agreement between the results
of successive measurements of the same method, conducted
under the same measurement conditions, called repeatability
conditions: same procedure, same analyst, the same instru-
ment used under the same conditions, same location, and rep-
etitions in a short interval of time. The RSDs were < 20% and
thus conformed to the accepted limits for the concentrations
used in the repeatability test (European Commission 2006).

The ME was studied to verify if the matrix interferes with
the signal of the contaminant at interest. For AFLAs G2 and
G1, the ME was close to 20% (18.2 and 20.1%, respectively)
and for B2 and B1, this value was about 11% (11.1 and 11.8%,
respectively). According to SANTE/11945/2015 (SANTE
2016), results that show a 20% ME are considered acceptable
for analyses of contaminants in foods at trace level. Therefore,
due to the low ME values for the four AFLAs, the quantifica-
tion of the levels of the AFLAs in the samples can be under-
taken, using the curve in the solvent. Moreover, this accept-
able effect also avoided the false positive results.

The chromatograms in Fig. 1 represent the instrument
LOD (Fig. 1a), the blank sample (medium cornmeal; Fig.
1b), and the cornmeal matrix fortified with G2, G1, B2,
and B1, at 3.75, 3.0, 1.5, and 4.5 ng mL−1, respectively
(Fig. 1d). It can be observed that the interferers are pres-
ent at the start of the chromatogram and, after 5 min, only
the AFLAs at the same retention times as the standards
are seen (Fig. 1c), which shows that the extraction and
detection method is reliable to predict the contamination
levels of these mycotoxins in cornmeal.

Applicability of the Method

Various cornmeals were used to evaluate the applicability
of the proposed method. The extraction method was
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Fig. 2 Contour diagram of AFLA recoveries as a function of amount and
ratio of C18 and celite

Table 8 Indicative of merit for AFLAs G2, G1, B2, and B1 extraction
method in medium cornmeal

AFLAs LODm
(ng g−1)

LOQm
(ng g−1)

Concentration
(ng g−1)

Recovery
(% CV)

G2 0.04 0.10 0.10 114.8 (4.1)

0.50 107.8 (9.9)

1.00 98.4 (1.3)

G1 0.02 0.05 0.08 106.2 (12.6)

0.40 85.7 (9.6)

0.80 89.3 (2.8)

B2 0.01 0.02 0.04 94.1 (7.3)

0.20 91.3 (1.0)

0.40 88.5 (2.8)

B1 0.04 0.07 0.12 86.9 (12.2)

0.60 109.5 (19.9)

1.20 86.7 (6.6)

Results expressed as mean (RSD)

RSD relative standard deviation, LODmmethod limit of detection, LOQm
method limit of quantification
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adequate for coarse cornmeals, both commercial and dry-
milling, with recoveries from 60.6 to 93.7% (Table 9).
However, for the fine cornmeals, commercial, and dry-
and wet-milling, the recoveries (40.0 to 88.5%) were be-
low the criteria approved by the European Regulatory
Committee (Commission E 2006). Thus, although all ma-
trices were cornmeals, the AFLA recoveries varied from
40.0 to 98.4% (Table 9). Given the fine cornmeals pre-
sented the lowest recoveries, the composition and recov-
ery data of these cornmeals were used for multivariate
correlation, to verify which components of the matrix in-
terfere in the recovery so that the extraction method can
be modified accordingly.

Correlation Between Matrix Components and AFLA
Recovery in Fine Cornmeal

According to Kupski and Badiale-Furlong (2015), it is
fundamental to study the major components of matrices
that may positively or negatively affect the mycotoxin
extraction, so changes in the method may be made ac-
cording to the presence or absence of the target compo-
nent. To evaluate these interferences, the multivariate sta-
tistical technique was used to determine the correlation
between the components of the fine cornmeal matrix and

the G2, G1, B2, and B1 AFLA recoveries (Table 10). For
this, the results presented in Table 9 were used.

Proteins demonstrated a significant interference in the
recovery of AFLA G2, with a correlation of − 0.99 while
sugars were the significant interferers (r = − 0.99) in G1
recovery (Table 10). For the recovery of AFLAs B1 and
B2, these compounds did not significantly affect the de-
termination, an important fact considering the frequency
of these two AFLAs in food matrices.

In performing the extraction for the multivariate anal-
ysis of the AFLA recovery from the fine cornmeal, an-
hydrous sodium sulfate (0.25 g) was added as the solid
support, and the C18 amount was increased to 0.1 g, to
minimize the effect of significant interferences, like
sugars and protein. With these modifications, recoveries
of 75.9, 97.7, 59.4, and 59.5% were obtained for G2, G1,
B2, and B1, respectively. AFLA G2 recovery increased
from 41.5 to 75.9%. As observed in Table 9, the proteins
obtained a correlation of − 0.99 with the G2 recovery.
Among the proteins present in maize, zein is highlighted,
which has a hydrophobic molecular structure (Shukla and
Cheryan 2001). Thus, this increase of 34.4% in the re-
covery of G2 can be attributed to the increase in C18
(from 25 to 100 mg), since this limits the effect of apolar
compounds (Anastassiades et al. 2003). AFLA G1 recov-
ery increased from 51.2 to 97.7%. According to Prestes
et al. (2009), anhydrous sodium sulfate improves extrac-
tion of polar compounds, which may have contributed to
alleviating the effect of interfering sugars (correlation of
− 0.99 with G1). This behavior was also evidenced by
Kupski and Badiale-Furlong (2015) in the extraction of
ochratoxin A from cereal by the QuEChERS method. For
AFLAs B1 and B2, method modifications did not lead to
significant increases in the recoveries, since none of the
major components of the cornmeals had a significant im-
pact on the recovery of these mycotoxins (Table 9).A

Table 9 Chemical composition of cornmeals and AFLAs recoveries by HPLC-FD

Cornmeal Ashes (%) Lipids (%) Protein (%) SS (%) TS (%) Recoveries (%)

G2 G1 B2 B1

Fine commercial 0.9 2.8 7.4 2.9 81.4 88.5 81.0 59.5 52.3

Medium commercial 0.4 0.3 6.9 2.1 88.8 98.4 89.3 88.5 86.7

Coarse commercial 0.2 0.1 8.0 3.5 89.7 93.7 68.0 81.6 73.9

Fine DM 1.4 5.0 9.8 4.1 68.4 41.5 51.2 51.7 54.5

Medium DM 1.0 4.0 10.5 4.2 72.1 87.9 96.6 94.3 95.3

Coarse DM 1.4 3.6 10.0 32.0 77.5 64.5 88.8 72.3 60.6

Fine WM 0.4 1.2 8.6 4.5 90.6 64.0 40.0 84.2 62.2

Results expressed as mean. n = 3

DM dry-milling, WM wet-milling, SS soluble sugar, TS total starch

Table 10 Correlation between fine flours components and AFLA
recoveries

AFLAs Ashes Lipids Starch Proteins Sugars

G2 − 0.47 − 0.56 0.56 − 0.99a − 0.76
G1 0.26 0.18 − 0.17 − 0.70 − 0.99a

B2 − 0.96 − 0.93 0.93 − 0.23 0.48

B1 − 0.74 − 0.68 0.67 0.21 0.81

a Significant factor p < 0.05
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comparison of MSPD with standard method (immunoaf-
finity column cleanup) for the determination of aflatoxins
is presented in Table 11, and some differences between
the methods are illustrated. It can be concluded that the
standard method has lower LOD for AFLA G2 and B1
and lower LOQ only for AFLA G2, recoveries have no
important differences, and the proposed method showed
lower sample amount and solvent volume consumption.

Conclusion

A precise and accurate method for the extraction of AFLAs G2,
G1, B2, and B1 was established using a low solvent volume and
solid support amount. Acceptable recoveries (85.7 to 114.8%)
were obtained under the following extraction conditions: 1 g
sample, 25 mg C18, and 10 mL MeCN/MeOH (50:50, v/v).
The optimizedmethodwas suitable for coarse andmedium grind
cornmeals. The multivariate correlation analysis identified were
proteins (r = − 0.99) and sugars (r = − 0.99) as the main inter-
ferers in the determination ofAFLAG2 andG1 in fine cornmeal.
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