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Abstract One of the limitations of the use of corn in the

food chain is its contamination with mycotoxins. Reduction

in their levels can be achieved by processing the grain,

which in the case of corn can be achieved by wet or dry

milling. The aim of this study was to compare the distri-

bution of aflatoxins B1 and B2, and fumonisin B1 in corn

fractions obtained by dry and wet milling, aiming to

identify conditions to mitigate the risk of exposure to these

contaminants. Naturally, contaminated corn kernels were

subjected to laboratory milling. The wet-milling conditions

containing 1% lactic acid in the steeping solution and 18 h

of steeping were the most efficient for mycotoxin reduction

in the endosperm fraction, reducing aflatoxins B1 and B2

contamination to levels below the limit of quantification.

Dry-milling reduced the concentration of these mycotoxins

in the endosperm (98–99%). Fumonisin B1 contamination

increased in the germ and pericarp fraction by more than

three times in both dry and wet milling. Dry-milling

reduced fumonisin B1 contamination in the endosperm to

levels below the limit of quantitation. Wet and dry milling

processes can be an efficient control method to reduce

aflatoxins and fumonisin in the corn endosperm fraction.

Keywords Milling fractions � Aflatoxins � Fumonisin �
Wet milling

Abbreviations

AFLAB2 Aflatoxin B2

AFLAB1 Aflatoxin B1

FB1 Fumonisin B1

CCRD Central composite rotatable design

LOD Limit of detection

LOQ Limit of quantification

Introduction

Corn (Zea mays L. ssp. mays) is part of the diet in Latin

America, Asia, and Africa. Besides, corn consumption has

increased in developed countries as it is used as an ingre-

dient for breakfast cereals, snacks, dietetic products, and in

particular for gluten-free foods whose consumption is

increasing. Given the role of ground corn products as a

staple food, their quality characterization becomes extre-

mely important. From a nutritional point of view, corn and,

its products are good sources of starch, proteins, lipids and,

different bioactive compounds (Blandino et al. 2017).

The corn production chain includes the dry and wet

milling processes that separate the grain into three main

components: the germ (outer fraction), pericarp (outer

fraction) and, endosperm (inner fraction). These fractions

are used mainly for oil extraction, feed production and,

human consumption, respectively. Wet milling differs
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fundamentally from dry milling as it contains a steeping

step in which physical and chemical changes occur in the

basic constituents, leading to the production of pure starch

for industrial and food uses. Additionally, protein, fiber

and, germ are obtained as by-products of the wet milling

process (Malumba et al. 2015).

However, corn quality and safety may be reduced by the

presence of mycotoxins, as kernels may be affected by

fungi, that are capable of producing various metabolites in

the field and during storage (Grenier and Oswald 2011).

The association of corn with different fungi may lead to the

co-occurrence of mycotoxins in this crop. In Nigeria, 65%

of corn grains showed co-occurrence of aflatoxins and

fumonisins (Adetunji et al. 2014). Similarly, this co-oc-

currence was observed in Korea (Park et al. 2018), EUA

(Curry et al. 2019), and Brazil (Franco et al. 2019). This is

a matter of concern since both fumonisin and aflatoxin are

known human carcinogens and their co-occurrence may

lead to a mechanism of action of complementary toxicity

(Bryden 2007).

During the industrial milling process, mycotoxins are

not destroyed and are redistributed between fractions

(Castells et al. 2008; Savi et al. 2016). In general,

fumonisins and aflatoxins tend to be concentrated in the

germ and pericarp and to a smaller proportion in the

endosperm and its derivatives (Bordini et al. 2019; Gen-

erotti et al. 2015; Park et al. 2018). However, these

mycotoxin distributions are also dependent on the grinding

process used, mycotoxin class and grain contamination

level. Therefore, the milling process can be studied through

multivariate techniques such as experimental design, where

mathematical models are used to achieve the best reduction

of these contaminants in the different fractions.

Considering the risk to human and animal health asso-

ciated with the occurrence of mycotoxins, maximum limits

are legislated by several countries. In Brazil and in the

United States the maximum tolerable limits for the sum of

aflatoxins B1, B2, G1 and G2 are 20 lg/kg and 10 lg/kg in
European Union for corn or cornmeal. The limits for

fumonisins (B1 and B2) for corn destined for further pro-

cessing is 5000 lg/kg in Brazil, 4000 lg/kg in United

States and European Union. For cornmeal, corn cream,

flakes, hominy the limit is 1500 lg/kg in Brazil, 2000 lg/
kg in the United States and 1000 lg/kg in European Union.

For cornstarch and others corn products the limit is

1000 lg/kg in Brazil and for breakfast and snacks the limit

is 800 lg/kg in European Union (Anvisa 2017; EC

2006, 2007, USFDA 2001).

Although the distribution of aflatoxins and fumonisins in

corn milling processes has been evaluated in other studies

(Oulkar et al. 2018; Kumar 2020), the simultaneous

determination of these mycotoxins for the redistribution of

these contaminants have been poorly performed. The aim

of this study was to investigate and compare the simulta-

neous distribution of mycotoxins produced by field (fu-

monisin B1- FB1) and storage fungi (aflatoxins B2 (AFLA

B2) and B1 (AFLA B1)) in fractions obtained by two

milling processes performed under laboratory conditions

and using experimental design as a tool to find the best

conditions for mycotoxin reduction in the wet-milling

process.

Material and methods

Standards, reagents and samples

Aflatoxins standards (B2 and B1) and fumonisin B1 were

supplied by Sigma-Aldrich (Saint Louis, MO, USA) with

purity[ 98%. Aflatoxin stock solutions were prepared by

dissolving the standards with toluene/acetonitrile (98:2,

v/v); while fumonisin was dissolved in methanol:acetoni-

trile (50:50, v/v). After preparation, the mycotoxin stan-

dards were dried under nitrogen and stored at - 18 �C, to
ensure their stability. The working solutions were prepared

from stock solutions, and before use aflatoxins were

quantified in a spectrophotometer, according to the AOAC

(2000).

The solvents used as mobile phase in the chromato-

graphic system (acetonitrile and methanol) with purity[
99.9% were supplied by JT Baker (Goiânia, GO, Brazil).

Ultrapure H2O ([ 18.2 MX/cm resistivity) was purified

using a Milli-Q� SP Reagent Plus water system (Millipore

Corp., Bedford, USA). The 0.1 M phosphate buffer pH

3.15 used as mobile phase in the chromatographic system

for fumonisin B1 analysis was prepared to dilute 13.8 g of

sodium phosphate monobasic in 1 L of ultrapure water, and

adjusting the pH to 3.15 with 2 M hydrochloride acid.

The OPA-MCE derivatization reagent used during

quantification of fumonisin B1 was prepared daily

according to Kong et al. (2012) by mixing 100 mg ortho-

phthaldialdehyde (OPA), 20 mL methanol, 500 lL
2-mercaptoethanol (MCE), and 950 mL of sodium tetrab-

orate solution 0.05 M. This mixture was then brought to 1L

by addition of ultrapure water. The OPA-MCE reagent was

stored in a brown glass bottle and, when not in use, kept at

4 �C for up to 2 d. The mobile phase and derivatization

reagent were always filtered through a 0.45 lm cellulose

filter and then degassed in an ultrasonic bath before use.

Corn (Zea mays L.) samples were obtained in 2016 from

a local farm in Matelândia (Paraná, Brazil). Ears of corn

(100 ears) with the husks intact were stored after harvesting

in a ventilated storage place for 10–12 months. Kernels

were shelled and stored frozen in plastic containers until

use.
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Wet milling conditions

The wet milling until steeping was performed according to

Malumba et al. (2015). The corn kernels were cleaned to

remove broken grain, husk, and other impurities. The clean

grains proceeded to the steeping step, which was evaluated

by a CCRD 22 experimental design where the steeping time

and lactic acid concentration were the variables of interest

(Table 1). Steeping was carried out at a constant temper-

ature of 50 ± 2 �C. Corn kernels (15 g) were added in the

proportion (1:2.4 w/v) to the steeping solution containing

lactic acid and sodium metabisulfite (0.6%), to release

0.2% SO2. After the steeping step, the corn grain was

separated into 3 fractions: germ and pericarp (external

fractions) and endosperm (internal fraction) (Supplemen-

tary Fig. S1).

Endosperm samples were ground to 0.50 mm and

homogenized for mycotoxin determination. The dependent

variable was mycotoxin concentration in the endosperm

since this fraction is destined for the production of break-

fast cereals or ground for cornmeal production.

Mycotoxin distribution in wet and dry milling

Laboratory milling of naturally contaminated corn with

aflatoxins and fumonisin was performed by the dry milling

technique according to Somavat et al. (2016), with the

following steps: cleaning the corn grains; tempering

(moisture adjustment to 23.5% with the addition of water

and orbital agitation at 200 rpm for 20 min); the first grind;

drying at 49 �C for 2 h; separation of fractions; endosperm

milling and sieving to obtain the cornmeal (Supplementary

Fig. S2).

The wet milling was performed according to the con-

ditions defined in item 2.2, where the corn kernels (30 g)

were added to the steeping solution in the proportion

(1:2.4 w/v), containing 1% lactic acid and 0.6% sodium

metabisulphite for 0.2% SO2 release. Steeping was per-

formed for 18 h. After that, the steeping water was sepa-

rated from the kernels, which were then separated into 3

fractions: germ, pericarp, and endosperm.

Aflatoxins and fumonisin B1 determination

Aflatoxins B2 and B1 and fumonisin B1 were extracted

from the milling fractions according to Massarolo et al.

(2018). In short, 1 g of sample was macerated with 0.5 g of

adsorbent C18, transferred to Falcon tube, and added

10 mL of acetonitrile:methanol (50:50, v/v). The mixture

was vortexed for 3 min and centrifuged at 3220 9 g, for

10 min. Two aliquots of the supernatant (one for aflatoxins

and another for fumonisin B1) were removed and dried at

60 �C. For the determination of aflatoxins, the extract was

resuspended in a mixture of ultrapure water and acetonitrile

(90:10, v/v) and quantification in HPLC-FL with post-

column derivatization was performed. The chromato-

graphic conditions for identification, and quantification of

aflatoxins B2 and B1 were performed as Massarolo et al.

(2018).

Fumonisin B1 was first identified and quantified in a

Shimadzu HPLC system (Shimadzu, Kyoto, Japan) with

post-column derivatization (unpublished data). After

quantification, confirmation was performed using an Alli-

ance Sampler Liquid Chromatograph equipped with an

auto-sampler and Sequential Mass Detector Electrospray

ionization mode following the chromatographic conditions

of Scaglioni et al. (2018).

Distribution factor and distribution in the grain

Due to the variability associated with testing corn for

mycotoxins, the estimation of mycotoxin concentration in

Table 1 CCRD matrix (coded

and actual values) with the

response of aflatoxins B1 and

B2 and fumonisin B1

concentration

Assay X1 X2 AFLAB2 (ng/g) AFLAB1 (ng/g) FB1 (lg/g)

1 - 1 (6) - 1 (0.6) 0.40 0.01 1.53

2 ? 1 (18) - 1 (0.6) 0.42 0.35 0.68

3 - 1 (6) ? 1 (1.0) 0.38 \LOD 0.43

4 ? 1 (18) ? 1 (1.0) 0.01 \LOD 0.82

5 - 1.41 (3.54) 0 (0.8) 0.01 0.01 0.50

6 ? 1.41 (26.46) 0 (0.8) 0.19 \LOD 1.75

7 0 (12) - 1.41 (0.52) 0.08 \LOD 0.53

8 0 (12) ? 1.41 (1.28) 0.01 0.01 0.21

9 0 (12) 0 (0.8) 3.78 10.28 0.71

10 0 (12) 0 (0.8) 3.98 12.87 0.88

11 0 (12) 0 (0.8) 3.80 10.01 0.79

X1: Steeping time (h); X2: Lactic acid concentration (%). LOD AFLA B1 0.04 ng/g

3194 J Food Sci Technol (August 2022) 59(8):3192–3200

123



the whole corn was carried out using mass balance

according to previous studies (Belluco et al. 2017). The

distribution factor was adopted to express the redistribution

of mycotoxin content in each fraction (endosperm, germ,

pericarp) compared to their respective concentrations

estimated in whole kernels. The distribution factor is

defined as the ratio between the concentration of myco-

toxins in each fraction and the concentration of mycotoxins

in whole corn (Bordini et al. 2017).

The distribution in the grain, which is defined as the

multiplication of the mycotoxin content in the processed

fraction and the percentage of the fraction in the whole

grain, divided by the sum of the mycotoxin in all fractions

(calculated using the percentage of the fraction).

Statistical analysis

Data normality was verified by the Kolmogorov–Smirnov

test. To evaluate the influence and interaction of the

independent variables of interest (steeping time and lactic

acid concentration) with the response (mycotoxin concen-

tration in the endosperm), the analysis of the effects on to

the dependent variable measured (mycotoxin concentration

in the endosperm), a statistical analysis was performed.

Once the significance of the independent variables was

verified, then an analysis of variance was performed to

determine the mathematical model associated with the

process, the F value, and the significance of the regression

equation obtained. Response surfaces were generated to the

process variables that led to the lowest levels of myco-

toxins in the endosperm. Analyzes were performed using

Statistica 6.0 software.

Results and discussion

Co-occurrence of mycotoxins in corn

The corn used for this research was naturally contaminated

with fumonisin B1 (Fig. 1) and aflatoxins B1 and B2

(Fig. 2), as can be observed in the chromatograms by the

retention times of the compounds in the sample and the

respective standard. As corn did not have the natural

presence of aflatoxins G1 and G2, they were not evaluated

in this work.

The use of naturally contaminated sample present

advantages over the use of spiked samples because natu-

rally contaminated corn is more applicable and represen-

tative for an industrial process. In addition, a naturally

contaminated sample illustrates the actual behavior of the

contaminant in corn, including possible interactions with

corn macromolecules.

Wet milling conditions

The results of the reductions of aflatoxins B1 and B2, and

fumonisin B1 in endosperm obtained by the wet milling

evaluated by CCRD for the 2 variables under study

(steeping time and lactic acid concentration) are shown in

Table 1.

An estimate of the main effects was obtained by

assessing the differences in process performance caused by

a change from a lower level (-1.41) to a higher level

(? 1.41). The p-value was used to verify the significance

of the factors under study (Supplementary Table S1). FB1

did not present an empirical model.

Steeping time and lactic acid concentration quadratic

were the most significant variables in the reduction of

aflatoxins B2 and B1, where aflatoxin levels decreased by

3.7% for B2 and 10.3% for B1 with increasing steeping

time and amount of lactic acid. For fumonisin B1 none of

the variables evaluated were significant at the 5% level.

Therefore, process conditions that resulted in the greatest

reduction in aflatoxins were a steeping time of 18 h and

acid lactic at 1.0%(w/v).

Since the values obtained for the correlation between the

dependent and independent variables were 0.99 for AFLA

B2 and 0.95 for AFLA B1, mathematical models (Eqs. 1

and 2) were obtained from the coefficients presented in

Table 2.

YAFLAB2 ¼ 3:85�3:65X2
1�3:7X2

2 ð1Þ

YAFLAB1 ¼ 10:27�5:13X2
1�5:13X2

2 ð2Þ

where Y = aflatoxin concentration, X1 = steeping time and

X2 = lactic acid concentration.

The calculated F-value (406.94 for AFLAB2 and 74.05

for AFLAB1) was higher than the tabulated F (4.46) and

the determination coefficient obtained was close to 1 for

AFLAB2 (R2 = 0.99) and AFLAB1 (R2 = 0.95). Thus, it is

possible to state that the model is predictive and significant

(Supplementary Table S2). From the equations obtained a

contour curve was generated to illustrate the effect of the

processing variables on the concentration of aflatoxin B1

and B2 (Fig. 3).

The lowest level of aflatoxin in the endosperm was

obtained with a steeping time of 18 h and a lactic acid

concentration of 1%. These conditions led to a reduction of

aflatoxin concentration in the endosperm by 99.8% for B2

and 100% for B1. Thus, these steeping conditions were

applied to evaluate the distribution of mycotoxins during

corn wet milling.
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Mycotoxin distribution in dry and wet milling

Fumonisin distribution

The fumonisin B1 content was determined in each fraction

of the milled corn. In the wet milling, the greatest

fumonisin content was observed in the germ fraction,

followed by the pericarp and endosperm fractions. After

the dry milling, the content of FB1 in the endosperm was

below the limit of quantification, and the greatest FB1

content was detected in the pericarp followed by the germ

fraction (Table 2).

The results are shown as distribution factor, defined as

the ratio between the mycotoxin content in the processed

min
0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00 6,50 7,00 7,50 8,00 8,50 9,00 9,50

%

0

100

MRM of 2 channels,ES+
722>352.1

4,331e+004
14082018 PADRAO SOLV 2  Smooth(Mn,1x2)  

FB1
7,19

min

%

0

100

MRM of 2 channels,ES+
722>334.1

5,902e+004
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FB1
7,19

min
0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00 6,50 7,00 7,50 8,00 8,50 9,00 9,50

%

0

100

MRM of 2 channels,ES+
722>352.1

1,953e+004
14082018 MILHO 10 1  Smooth(Mn,1x2)  FB1

7,21

4,92

min

%

0

100

MRM of 2 channels,ES+
722>334.1

2,661e+004
14082018 MILHO 10 1  Smooth(Mn,1x2)  FB1

7,22

a

b

Fig. 1 Chromatogram of standard fumonisin B1 1 lg/mL (a) and fumonisin B1 in the whole corn 0.81 lg/g (b)

Fig. 2 Chromatogram of

standard aflatoxins B1 (0.35 ng/

mL) and B2 (0.10 ng/mL) and

in the whole corn B1 (7.08 ng/

g) and B2 (3.48 ng/g)
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fraction and the mycotoxin content in whole corn, and as

distribution in the grain, which is defined as the multipli-

cation of the mycotoxin content in the processed fraction

and the percentage of the fraction in the whole grain,

divided by the sum of the mycotoxin in all fractions (cal-

culated using the percentage of the fraction).

After the wet milling, 40% of the fumonisin B1 was

quantified in the germ and endosperm and only 18% in the

pericarp; however, after the dry milling 52% was quantified

in the pericarp and 47% in the germ.

The distribution factor for germ and pericarp ranged

from 266 to 751%, which means that contamination in

these fractions was increased in more than three-fold. The

higher FB1 concentrations in germ and pericarp might be

due to the location of the fungus in the tip cap and germ

areas just beneath the pericarp (Katta et al. 1997). The

germ is externally located in the kernel and rich in lipids,

which favors the attack of molds and the subsequent

mycotoxin productions (Brera et al. 2006).

The results of distribution factor in the germ (331%) in

this study is similar to the results reported for industrial dry

milling that was evaluated by Bordini et al. (2017). In the

industrial evaluation the fate of fumonisins (B1 and B2)

were evaluated in a dry milling process for two lots of non-

transgenic corn. The fractions evaluated included germ,

pericarp, endosperm, cornmeal and grits. Samples were

collected from one of the major Brazilian milling industries

in 2014 (n = 120) and 2015 (n = 120). The authors verified

that fumonisins were concentrated in the germ and pericarp

at a rate of 322% and 188% (lot 1) and 311% and 263% (lot

2), respectively.

Contamination trends for the different corn fractions in

this study were similar to those found in other studies

(Bordini et al. 2017; Castells et al. 2008; Generotti et al.

2015), in which an increase of fumonisin concentration in

pericarp and germ fractions and a decrease in endosperm, a

product intended for human consumption, was reported.

Although fumonisin levels were higher in the corn germ,

the alkaline treatment usually performed in the oil refining

industry led to a degradation of these mycotoxins and

negligible amounts of fumonisins were detected in refined

oil and margarine for human consumption (Escobar et al.

2013).

The content of FB1 in the endosperm during the wet

milling was higher than in the dry milling, probably due the

fact that mycotoxins may have been carried by the steeping

Table 2 Distribution of fumonisin B1 in wet and dry milling

Fraction and % in the grain Wet milling Dry milling

FB1 (lg/gfraction) D.F (%) D.G (%) FB1 (lg/gfraction) D.F (%) D.G (%)

Germ (11%) 6.10 (6.4) 369 40.6 2.53 (21.1) 331 47.4

Pericarp (7%) 4.40 (12.2) 266 18.7 4.41 (29.4) 751 52.6

Endosperm (82%) 0.82 (15.2) 41 40.7 \LOQ – –

Mean (CV) CV = coefficient of variation, n = 3. LOD = 0.2 lg/g, LOQ = 0.4 lg/g. D.F = distribution factor, D.G = distribution in the grain.

Percentage as w/w

Fig. 3 Contour diagram of aflatoxin B1 (A) and aflatoxin B2

(B) concentration as function of lactic acid concentration and steeping
time
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water into the endosperm. In the dry milling the surface

parts of the grain is removed with minimum breakage of

the endosperm by a physical process, and lower levels of

mycotoxin is observed in the endosperm. The pericarp

layer has the potential to act as a physical barrier pre-

venting the mycelia from penetrating further in the kernel

structure and transferring of fumonisins to the inner part of

the kernel (Castells et al. 2008).

Aflatoxin distribution

The wet milling decreased the aflatoxins concentration in

all fractions (Table 3), both aflatoxin B1 and B2 could not

be measured in the endosperm.

After the wet milling 68% and 58% of the aflatoxin B1

and B2, respectively, were quantified in the germ and 31%

and 41% of these aflatoxins in the pericarp. The relatively

low contamination levels of aflatoxin in corn fractions

possible can be explained by the low contamination in the

whole corn and by the aflatoxin migration from kernels into

steeping solution. Research conducted by Park et al. (2018)

showed that aflatoxins were transferred from corn to steep

water during the wet milling process.

A different aflatoxin distribution was observed in dry

milling, and after this process aflatoxin B1 and B2 were

detected in all fractions of the kernel. Regarding aflatoxin

B1, 54.5% was quantified in the pericarp, 38% in the

endosperm and only 6.7% in the germ; however, 74% of

aflatoxin B2 was found in the endosperm, 16% in the

pericarp and only 9.9% in the germ.

Higher aflatoxin levels were observed in pericarp and

germ, and it could be the result of mold growth progress in

the kernels. Lillehoj et al. (1976), showed that growth of

Aspergillus flavus occurs from the external part of grain

into the endosperm. The aflatoxin B1 and B2 levels were

also higher in the pericarp than the germ in an industrial

dry milling process using both conventional and organic

corn (Brera et al. 2006). Contrary to that, Pietri et al. (2009)

verified higher aflatoxin levels in germ than pericarp, and

the conflicting results among these studies could be caused

by the heterogeneity in the aflatoxin-contamination of corn

kernels.

Dry and wet milling processing resulted in a concen-

tration of both fumonisins and aflatoxins in pericarp and

germen, which is widely used in the production of animal

feeds. At the same time, these cereal milling fractions

(pericarp and germ) represent a novel category of

promising ingredients for human nutrition and health, due

to other interesting functional properties (Schaffer-Lequart

et al. 2017). Our study showed that the milling process is

useful in reducing the levels of mycotoxins in the endo-

sperm fraction and the outer layers of the cereal grain are

more likely to be exposed to mycotoxins contaminants.

This information is important to the food industry because

the new trend in the food industry is the utilization of

whole grain meals or flours because they contain higher

amounts of minerals, vitamins, phytochemicals, and other

nutraceuticals that favor human health (Serna-Saldivar and

Carrillo 2019).

The observed variation in the levels of aflatoxins and

fumonisin in the corn fractions can be associated with the

yield of the milling process and the distribution of myco-

toxins in the various parts of the grain as a consequence of

the fungal attack.

Table 3 Distribution of Aflatoxins B1 and B2 in wet and dry milling

Fraction and % in the grain Wet milling

B1 (ng/gfraction) D.F (%) D.G (%) B2 (ng/gfraction) D.F (%) D.G(%)

Germ (11%) 0.15 (8.4) 620 68.2 0.07 (15.1) 556 58.7

Pericarp (7%) 0.11 (12.2) 455 31.8 0.07 (10.6) 556 41.3

Endosperm (82%) \LOD – – \LOQ – –

Fraction and % in the grain Dry milling

B1 (ng/gfraction) D.F (%) D.G (%) B2 (ng/gfraction) D.F (%) D.G (%)

Germ (11%) 0.09 (21.0) 61 6.7 0.21(20.9) 228 9.9

Pericarp (7%) 1.15 (11.9) 778 54.5 0.52 (20.7) 563 16.1

Endosperm (82%) 0.07 (19.7) 47 38.8 0.04 (14.5) 43 74.0

Mean (CV) CV = coefficient of variation. LOD = B2 0.01 ng/g, B1 0.04 ng/g, LOQ = B2 0.02 ng/g, B1 0.07 ng/g. D.F = distribution factor,

D.G = distribution in the grain. Percentage as w/w

3198 J Food Sci Technol (August 2022) 59(8):3192–3200

123



Conclusion

The wet-milling process with 1% (w/v) lactic acid con-

centration and 18 h of steeping under laboratory conditions

resulted in the lowest redistribution of aflatoxins in the

endosperm fraction, however, for fumonisin B1 dry-milling

is the most indicated. Considering that the mycotoxin

levels in unprocessed corn do not reflect the contamination

in their fractions obtained after milling, it is essential to

evaluate the effect of milling on mycotoxin redistribution.
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