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a b s t r a c t

Fumonisin B1 was investigated in samples of rice intended for human consumption, including polished
parboiled rice, whole grain rice and whole grain parboiled rice. Until the present, no studies on the
occurrence of fumonisin B1 have been performed on these types of rice that are commercially available in
the south-eastern region of Brazil. A careful intralaboratory validationwas carried out to demonstrate the
fitness-of-purpose of the applied method for determining fumonisin B1 in the three studied rice types.
The performance criteria e selectivity, reliable limits of detection (50 mg kg�1) and quantification
(100 mg kg�1), linearity (range 100e2500 mg kg�1), precision (RSD values � 17.0%) and recovery (71.7
e112.0 %) were evaluated, and the expanded measurement uncertainty was estimated by using the data
obtained from precision and recovery experiments. Matrix-matched calibration standards were
employed to quantify the mycotoxin levels in the rice samples, in which the residual normality, ho-
moscedasticity and independence were confirmed. In addition, the measurement uncertainty values are
consistent with the maximum acceptable uncertainty established by European Union regulation for
analytical methods for controlling mycotoxins in foodstuffs. Among the thirty-one commercial samples
of rice analysed in the present study, five samples presented detectable levels of the mycotoxin, and
these levels ranged from 64.8 to 163.0 mg kg�1.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Fumonisin B1, a secondary metabolite of the Fusarium and
Alternaria fungal genera, has been associated with the incidence of
human oesophageal cancer in areas of the Transkei region of South
Africa (Shephard et al., 2007) and with neural tube defects along
the TexaseMexico border (Missmer et al., 2006). This mycotoxin is
classified under group 2B as a possible human carcinogen (IARC,
2011). In animals, fumonisin B1 has been shown to cause porcine
pulmonary oedema and equine leukoencephalomalacia, as well as
species-specific targeted tissue damage, such as hepatotoxicity in
rodents and nephrotoxicity in rabbits and sheep (Smith, 2007).

The highest levels and incidence of fumonisin B1 have been
reported in corn and corn-based foods (Soriano & Dragacci, 2004);
however, this mycotoxin has also been associated with other ce-
reals, such as rice (Tanaka, Sago, Zheng, Nakagawa, & Kushiro,
2007). Because of the toxicity of this mycotoxin and its process-
ing stability (Bullerman & Bianchini, 2007), the occurrence of
arca).
fumonisin B1 in rice implies a potential risk to populations in re-
gions of the world in which rice is a dietary staple. Specifically, in
Brazil, the average daily consumption of rice is approximately 160 g
per person (IBGE, 2011), and rice production was estimated to be
12,151.5 thousand tonnes in 2015 (CONAB, 2015).

Recently, we detected fumonisin B1 in one sample of rice that was
purchased at a local retail store in the south-eastern region of Brazil;
however, that studywas restricted to polished rice samples (Petrarca,
Rodrigues, Rossi, & Sylos, 2014). Until the present, no studies on the
occurrence of fumonisin B1 have been performed on other types of
rice intended for human consumption such as the polished parboiled
rice, whole grain rice and whole grain parboiled rice that are
commercially available in the south-eastern region of Brazil. Par-
boiled rice is the product that is obtained from theparboiling process,
in which unpeeled rice is submerged in drinking water at a temper-
ature above 58 �C, followed by partial or full gelatinization of its
starch and then drying. Whole grain rice is the product that results
when only the husk of the grain has been removed, and it can also be
subjected to a parboiling process. The maximum moisture content
permitted in these products is 14% (MAPA, 2009).

Several analytical methods have been explored to investigate
fumonisin B1 levels in rice and its products (Khayoon et al., 2010;
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Kim, Scott, Lau, & Lewis, 2002; Lombaert et al., 2003; Park, Choi,
Hwang, & Kim, 2005; Scott, Lawrence, & Lombaert, 1999; Seo
et al., 2009). Many of these methods include laborious sample
preparation steps as well as considerable amounts of sample and
extraction solvent, and these methods require solid phase extrac-
tion (SPE) cartridges or immunoaffinity columns, which makes
them costly. However, simple and low residue generation methods,
which are based on the QuEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe) procedure, have been successfully applied to
determine fumonisin B1 in barley, corn, oats and wheat (Vaclavik,
Zachariasova, Hrbek, & Hajslova, 2010; Yang & Wu, 2012;
Zachariasova et al., 2010), rice (Becker-Algeri, Heidtmann-
Bemvenuti, Hackbart, & Badiale-Furlong, 2013; Koesukwiwat,
Sanguankaew,& Leepipatpiboon, 2014; Petrarca et al., 2014), cereal
flours (Desmarchelier et al., 2010), and other foodmatrices and feed
(Mol et al., 2008; Trebstein, Lauber, & Humpf, 2009). High perfor-
mance liquid chromatography (HPLC), with fluorescence detection
or coupled to mass spectrometry (MS), have been extensively
employed for identifying and quantifying the mycotoxin in food
matrices (Arranz, Baeyens, Van der Weken, De Saeger, & Van
Peteghem, 2004; K€oppen et al., 2010; Maragos & Busman, 2010).

Considering that the same sample preparation method is
employed to investigate fumonisin B1 in the rice samples that were
selected for the present study, the co-extractives and their amounts
may vary between the analysed rice types, and consequently may
affect the method performance characteristics and interfere with
the generation of quantitatively accurate results. Thus, estimating
the measurement uncertainty for each matrix studied is important
to ensure the quality of the analytical results and to demonstrate
the suitability of the analytical method (Boleda, Galceran, &
Ventura, 2013). Different procedures have been applied to calcu-
late the measurement uncertainty associated with analyses of an-
tibiotics (Borecka et al., 2013), chlorides and fatty acids (Quintela,
B�aguena, Gotor, Blanco, & Broto, 2012), ochratoxin A (Fernandes,
Barros, & Câmara, 2013), pharmaceuticals (Boleda et al., 2013),
pesticides, polychlorinated biphenyls and polycyclic aromatic hy-
drocarbons (Aslan-Sungur, Gaga, & Yenisoy-Karakas, 2014; Kmell�ar
et al., 2008; Planas, Puig, Rivera,& Caixach, 2006) in environmental
and food matrices. However, some of these models require certified
reference material, which is not always available. Therefore, the
procedure proposed by Boleda et al. (2013) based on single-
laboratory validation was selected to calculate the expanded
measurement uncertainty in this study. Thus, the uncertainty was
estimated by using the data obtained from precision and recovery
experiments, i.e., within-laboratory repeatability and reproduc-
ibility standard deviations.

In the present study, fumonisin B1 was analysed in samples of
commercial rice that were available in the south-eastern region of
Brazil; these types of rice have not been studied until the present,
and they include polished parboiled rice, whole grain rice and
whole grain parboiled rice. We evaluated the performance criteria,
namely, the selectivity, limits of detection and quantification,
linearity, matrix effects, extraction efficiency and precision of a
simple and cost-effective method of sample preparation based on
the QuEChERS procedure for each matrix. In-house validation data
were used to estimate the expanded measurement uncertainty for
the mass fraction of the mycotoxin detected in the rice samples.

2. Material and methods

2.1. Standard and chemicals

A fumonisin B1 standard (98% purity) was obtained commer-
cially from SigmaeAldrich, Inc. (St. Louis, MO, USA). A fumonisin B1
stock solution was made in acetonitrile: water (1:1, v/v) at
1000 mg ml�1, and standard working solutions were prepared at
20 mg ml�1. All solutions were kept in amber flasks at �18 �C.

Ortho-phthaldialdehyde (OPA) was purchased from Sigma-
eAldrich, Inc. (St. Louis, MO, USA), sodium tetraborate was pur-
chased from LabSynth (Diadema, SP, Brazil) and 2-mercaptoethanol
was purchased fromVetec (Rio de Janeiro, RJ, Brazil). To prepare the
derivatisation reagent, OPA (40 mg) was dissolved in 1 ml of
methanol, and then 5 ml of 0.1 M sodium tetraborate solution (pH
9.0 ± 0.1) and 50 ml of 2-mercaptoethanol were added (Trucksess,
2005). This solution was prepared weekly and stored at room
temperature in an amber flask.

HPLC-grade acetonitrile, glacial acetic acid and methanol were
obtained from J.T. Baker, Mallinckrodt Baker, Inc. (Phillipsburg, NJ,
USA). The water used in the chromatographic analyses was pre-
pared by using a Milli-Q system (Millipore, Milford, MA, USA).
Anhydrous sodium sulphate was purchased from Qhemis (Indaia-
tuba, SP, Brazil), diatomaceous earth (Celite) was purchased from
Almeria S.A. (Guadalajara, Mexico), phosphoric acid was purchased
from LabSynth (Diadema, SP, Brazil), and monosodium phosphate
1-hydrate and sodium chloride were bought from Merck S.A. (Rio
de Janeiro, RJ, Brazil).

2.2. Sampling

Samples of rice intended for human consumption were pur-
chased in the commercially available size of 1 kg from 5 super-
markets, 1 grain store and 1 natural foods store in the city of
Araraquara, SP, in the south-eastern region of Brazil, between
September and October of 2011. A total of 31 different brands of
three rice types were randomly collected, including 10 brands of
polished parboiled rice, 6 brands of whole grain rice and 15 brands
of whole grain parboiled rice. These cereals were ground in a food
processor (Arno, SP, Brazil) to obtain homogenous samples, sieved
through a 0.84 mm mesh and stored in polypropylene flasks until
the time of analysis. The analyses were performed on the same day
the cereal was ground.

2.3. Determination of fumonisin B1

The sample preparation method applied in this study was
optimized to determine fumonisin B1 in polished rice, and it is
described elsewhere (Petrarca et al., 2014). In this method, 10 g of
ground sample, 20 mL of 50% acetonitrile aqueous solution and
0.2 mL of glacial acetic acid were added to a 50 mL polypropylene
centrifuge tube (Nalgene, Thermo Scientific, Rochester, NY, USA)
and vortexed for 1 min. Then, 2.5 g of anhydrous sodium sulphate
and 0.5 g of sodium chloride were added to mixture and vortexed
again for 1 min and centrifuged at 7500 rpm for 2 min. After the
centrifugation step, 5 mL of supernatant, 0.3 g of anhydrous sodium
sulphate and 0.1 g of diatomaceous earth were added to a 50 mL
polypropylene centrifuge tube and this mixture was vortexed for
30 s, and then centrifuged at 7500 rpm for 2 min.

The final extract was filtered through a 0.22 mm syringe filter,
and then the precolumn derivatisation reaction was performed. A
225 ml aliquot of the derivatisation reagent was mixed with 25 ml of
filtered extract for 30 s at room temperature and protected from
light, and then 10 ml of this mixture was injected into the HPLC
system within 2 min of adding the derivatisation reagent to the
extract (Trucksess, 2005).

2.4. Chromatographic conditions

An HPLC system (Shimadzu, Kyoto, Japan) equipped with a LC-
10AT VP quaternary pump, a SIL-10A automatic injector and an
RF-10A XL fluorescence detector (FLD) that was set at excitation
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and emissionwavelengths of 335 nm and 440 nm, respectively, was
employed to determine the fumonisin B1mass fractions. Separation
was achieved at 20 �C on a reversed phase analytical column
(250 � 4.6 mm i.d., 5-mm particle size; ODS-Hypersil, Thermo, UK)
with a flow rate of 1.0 ml min�1 and isocratic elution. The mobile
phase was acetonitrile: 0.1 M sodium phosphate buffer solution
adjusted with phosphoric acid to pH 3.3 (44:56), and the total run
time was 20 min. The fumonisin B1 identification was performed
according to Trucksess (2005) by comparing the retention time of
the fumonisin B1-OPA derivative in the extracts with the retention
time observed for the fumonisin B1 standard.
2.5. In-house method validation

The selectivity of the method was assessed by using HPLC-FLD
chromatograms of extracts from blank rice samples, rice samples
spiked with fumonisin B1 standard, and rice samples that were
naturally contaminated with the mycotoxin. Samples of the three
types of rice in which fumonisin B1 was not detected, were used as
blank samples, and then extracts of these samples were used as a
representative matrix to establish the method's limits and to
obtain matrix-matched calibration curves. The limits of detection
(LOD) and limits of quantification (LOQ) were set by using signal-
to-noise ratios of 3:1 and 10:1, respectively. The linearity was
assessed for solvent and matrix-matched calibration curves ac-
cording to Souza and Junqueira (2005). To obtain matrix-matched
calibration curves, appropriate volumes of standard working so-
lution were added to blank extracts to provide 100, 500, 1000,
1500, 2000 and 2500 mg kg�1 of standard equivalent in the sam-
ples, and for solvent calibration curves, the same concentrations
were prepared in 1 ml of acetonitrile: water (1:1, v/v). By using
regression analysis, the calibration curves were checked for out-
liers by considering the range ± t(1ea/2; ne2)sres, where sres is the
square root of the residual variance. The normality, homoscedas-
ticity, and independence of the regression residuals were evalu-
ated by using the RyaneJoiner test, the Brown-Forsythe or the
modified Levene test, and the DurbineWatson test, respectively
(Souza & Junqueira, 2005). An F test was employed to evaluate the
linear regression and lack of fit for solvent and matrix-matched
calibration curves. The slopes obtained for solvent and matrix-
matched calibration curves were used to calculate the matrix ef-
fect (Economou, Botitsi, Antoniou, & Tsipi, 2009) by employing Eq.
(1) as follows:

Matrix effect % ¼ ð1�matrix slope=solvent slopeÞ � 100 (1)

To evaluate the extraction efficiency and precision, blank rice
samples were spiked with the fumonisin B1 standard at levels of
100, 1000, and 2500 mg kg�1. The mean recovery (%) was calculated
from the nine independent replicates of spiked samples, which
were obtained from three independent replicates at each level and
analysed on three different days, and the precision was expressed
in terms of relative standard deviations (RSD) (Thompson, Ellison,
& Wood, 2002). Under the repeatability conditions, the precision
was obtained from the three independent replicates of spiked
samples at each level that were analysed on the same day by the
same analyst under the same chromatographic conditions. Under
within-reproducibility conditions, the precision was calculated
from the three independent replicates of spiked samples at each
analysed level on three different days by the same analyst under
the same chromatographic conditions, totalling nine independent
replicates for each level. The mass fraction of fumonisin B1 in the
spiked samples was determined by employing matrix-matched
calibration curves.
2.6. Estimation of measurement uncertainty

The expanded measurement uncertainty was estimated by us-
ing the data obtained from in-house method validation according
to Boleda et al. (2013). Data on precision experiments, i.e., the
within-laboratory repeatability standard deviation and the within-
laboratory reproducibility standard deviation, were employed to
estimate the uncertainty, as well as the data on recovery experi-
ments, for each rice matrix studied at the 100 mg kg�1 level by
applying the following Eq. (2):

U ¼ k�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2s þ u2RV þ u2SD þ u2corr

q
(2)

where U is the expanded measurement uncertainty of the analyte
mass fraction (mg kg�1), k is the coverage factor, us is the uncertainty
of (im)precision of themeasurement in terms of repeatability, uRV is
the uncertainty estimate for the reference value used, uSD is the
uncertainty of (im)precision of the measurement in terms of
reproducibility, and ucorr is the uncertainty of the corrected analyte
mass fraction.

2.7. Moisture content

The moisture contents of the rice samples were determined
gravimetrically by employing an infrared balance, model ID 200
(Marte, SP, Brazil).

2.8. Decontamination of the materials

All the materials were treated with 5% sodium hypochlorite
solution for at least 12 h, then a 5% acetone solution, and finally
washed with water.

3. Results and discussion

3.1. In-house method validation

Accurate and sensitive methods have been developed for multi-
mycotoxin analysis in foodstuffs including fumonisin B1; however,
many these analytical methods demand costly equipment, such as
HPLC-tandem MS and high-resolution MS analysers (K€oppen et al.,
2010). Therefore, the fitness-of-purpose of a simple and cost-
effective method, which included precolumn derivatisation with
OPA and HPLC-FLD analysis, was evaluated for fumonisin B1 control
in three different rice matrices, that is, polished parboiled rice,
whole grain rice and whole grain parboiled rice.

The selectivity was evaluated based on the ability to determine
the fumonisin B1-OPA derivative (FB1-OPA) accurately in the pres-
ence of other components from the matrix (Eurachem, 1998). The
retention time for the FB1-OPA derivative was 13.5 min, and based
on the profile for the HPLC-FLD chromatograms of extracts from
blank rice sample, rice sample spikedwith fumonisin B1 standard at
a 1000 mg kg�1 level and rice sample naturally contaminated with
fumonisin B1, we verified the separation of the FB1-OPA derivative
from matrix interferences, demonstrating the selectivity of the
applied method (Fig. 1).

The method LOD was set at the lowest contamination level of
fumonisin B1 that was reliably detectable in the spiked rice extracts
but not necessarily quantifiable, and could be distinguished from
noise (Eurachem, 1998). The resulting LOD was 50 mg kg�1 for the
three types of rice studied here. This same limit was reported by
Arranz et al. (2004) as the LOD that is commonly obtained when
precolumn derivatisationwith ortho-phthaldialdehyde is employed
for fumonisin B1 analysis. However, LOD values of 25 mg kg�1 (Seo



Fig. 1. HPLC-FLD chromatograms of extracts from polished parboiled rice (A), whole grain rice (B), and whole grain parboiled rice (C), which were spiked with fumonisin B1

standard at a 1000 mg kg�1 level. Chromatographic conditions: ODS-Hypersil column (250 � 4.6 mm, 5 mm); mobile phase: acetonitrile: 0.1 M sodium phosphate buffer solution
adjusted with phosphoric acid to pH 3.3 (44:56); flow rate: 1 ml min�1; isocratic elution; and fluorescence detector set at excitation and emission wavelengths of 335 and 440 nm,
respectively. *FB1-OPA: fumonisin B1-ortho-phthaldialdehyde derivative.
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et al., 2009), 30 mg kg�1 (Becker-Algeri et al., 2013), and 35 mg kg�1

(Park et al., 2005; Scott et al., 1999) have been reported for fumo-
nisin B1 in rice samples.

The LOQ was set as the smallest contamination level of fumo-
nisin B1 that could be detected and quantified in the rice samples
with acceptable values of trueness and precision (Eurachem, 1998).
Fumonisin B1 was detected in samples of polished parboiled rice,
whole grain rice and whole grain parboiled rice that were spiked at
100 mg kg�1, the recovery values of which werewithin a range from
60 to 120 % with RSD values �30% and �60%, under repeatability
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and within-reproducibility conditions, respectively; thus, this
contamination level was defined as the method LOQ for the three
studied matrices.

The linear range including the LOQ was evaluated from 100 to
2500 mg kg�1 for solvent and matrix-matched calibration curves.
Two outliers at 1000 and 2500 mg kg�1 levels were identified by
regression analysis in the solvent calibration curve, one outlier at
2500 mg kg�1 level in the matrix-matched calibration curve ob-
tained from polished parboiled rice extract, four outliers at 1000,
1500 and 2000 mg kg�1 levels in the matrix-matched calibration
curve obtained from whole grain rice extract, and four outliers at
1500 and 2000 mg kg�1 levels in the matrix-matched calibration
curve obtained from whole grain parboiled rice extract. These
outliers were then removed by considering the 22.2% limit on the
original amount of data for each calibration curve according to
Souza and Junqueira (2005).

The normality, homoscedasticity and independence of the
regression residuals from solvent and matrix-matched-calibration
curves were evaluated (Table 1). The coefficient correlation indi-
cated no significant deviation (p > 0.05) from normal distribution,
according to the RyaneJoiner test. The homoscedasticity was
verified by Levene t statistics, which were not significant (p > 0.05),
indicating that the residual variance across all levels was constant.
The regression residuals were independent, and we verified that
the autocorrelation was not significant (p > 0.05) by Dur-
bineWatson test. Once the regression residuals are normally
distributed, homoscedastic and independent, linearity in the range
from 100 to 2500 mg kg�1 was verified for solvent and matrix-
matched calibration curves because the regression was significant
(p < 0.05) and the lack of fit was not significant (p > 0.05) (Table 1).

The matrix effect was assessed by employing the slopes ob-
tained from calibration curves of the same concentration levels in
solvent and blank matrix extracts, and we verified the low matrix
effects of þ8.0%, e 3.0%, and þ4.0% for polished parboiled rice,
whole grain rice, and whole grain parboiled rice, respectively. In
addition, matrix effects can induce errors in the quantitative anal-
ysis, and matrix-matched calibration standards thus become an
efficient method for matrix effects compensation when a blank
matrix is available (Economou et al., 2009; Lehotay et al., 2010;
Wiest et al., 2011). Therefore, the matrix-matched calibration
curves were employed to calculate the contamination level of
fumonisin B1 in the rice samples. The regression equations and
Table 1
Evaluation of residual normality, homoscedasticity and independence in addition t
matched calibration curves.

Statistic Matrix-matched calibration curve

Polished parboiled rice

n 17
Normality
R 0.987
p >0.05
Homoscedasticity
tL 0.942
p >0.05
Independence
d 1.962
p >0.05
Regression
F 5.295 � 104

p <0.05
Lack of fit
F 2.875
p >0.05

n: number of observations after the treatment of outliers; R: RyaneJoiner correlation
and p: significance.
determination coefficients (R2) were y ¼ 923.76x e 18662
(R2 ¼ 0.9997), y ¼ 1032.4x e 8055.2 (R2 ¼ 0.9997) and
y ¼ 964.62x þ 47003 (R2 ¼ 0.9959) for the matrix-matched cali-
bration curves obtained from polished parboiled rice, whole grain
rice and whole grain parboiled rice extracts, respectively.

In the absence of certified reference material available for
fumonisin B1 in rice, spiking/recovery experiments were employed
in this study (Thompson et al., 2002). Blank rice samples were
spiked with a standard solution of the mycotoxin, and, before the
extraction procedure, this mixture was allowed to stand for 12 h for
better interaction between the analyte and matrix. The average
recovery values ranged from 96.3 to 112.0 % for polished parboiled
rice, from 71.7 to 109.7 % for whole grain rice, and from 81.8 to 104.7
% for whole grain parboiled rice (Table 2). Different recovery values
were observed for the analysed rice matrices, showing that un-
known matrix components can potentially affect the extraction
efficiency. Additionally, all resulting recovery values were consis-
tent with the performance criteria established by the Commission
Regulation (EC) No. 401/2006, with acceptable recoveries be-
tween 60 and 120% for fumonisin B1 contamination levels less than
or equal to 500 mg kg�1, and from 70 to 110 % for levels greater than
500 mg kg�1.

The precision was evaluated under repeatability conditions,
with RSD values ranging between 2.9 and 8.3%, 2.9 and 4.3%, and
0.9 and 5.4% for polished parboiled rice, whole grain rice and whole
grain parboiled rice, respectively (Table 2). Under within-repro-
ducibility conditions, the RSD values varied from 2.1 to 4.9 % for
polished parboiled rice, from 4.8 to 17.0 % for whole grain rice and
from 8.8 to 16.7 % for whole grain parboiled rice (Table 2). For the
control of mycotoxin levels in foodstuffs, RSD values �30% and
�60% (under repeatability and within-reproducibility conditions,
respectively) are acceptable for fumonisin B1 levels � 500 mg kg�1.
For fumonisin B1 levels greater than 500 mg kg�1, the RSD values
must be � 20% under repeatability conditions and �30% within-
reproducibility conditions (Commission Regulation, 2006).
3.2. Estimation of measurement uncertainty

The expandedmeasurement uncertainty (U) of the fumonisin B1
in polished parboiled rice, whole grain rice and whole grain par-
boiled rice, at a 100 mg kg�1 level (LOQ), was estimated according to
o ANOVA statistics for regression, including the lack-of-fit test for the matrix-

Whole grain rice Whole grain parboiled rice

14 14

0.945 0.979
>0.05 >0.05

0.398 1.040
>0.05 >0.05

2.769 2.027
>0.05 >0.05

3.989 � 104 2.897 � 103

<0.05 <0.05

0.420 0.687
>0.05 >0.05

coefficient; tL: Levene t statistic, d: DurbineWatson statistic; F: variance ratio;



Table 2
Recovery, repeatability and reproducibility data for the fumonisin B1 in the three rice matrices at different mass fraction levels.

Level (mg kg�1) Polished parboiled rice Whole grain rice Whole grain parboiled rice

R (%) RSDr (%) RSDR (%) R (%) RSDr (%) RSDR (%) R (%) RSDr (%) RSDR (%)

100 112.0 5.5 4.9 109.7 2.9 4.8 104.7 0.9 16.7
1000 106.5 2.9 2.1 81.4 4.3 17.0 88.8 5.4 12.6
2500 96.3 8.3 2.7 71.7 3.2 6.7 81.8 2.4 8.8

R: mean recovery (n ¼ 9); RSDr: relative standard deviation under repeatability conditions (n ¼ 3); and RSDR: relative standard deviation under within-reproducibility
conditions (n ¼ 9).
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the procedure presented by Boleda et al. (2013), and the data are
presented in Table 3.

The uncertainty associated with the (im)precision of the mea-
surements in terms of repeatability (us) was calculated from the
standard deviation of the mean mass fraction (mg kg�1) obtained
from repeated measurements that were performed on the same
day, as indicated in the following Eq. (3):

us ¼ SDrffiffiffi
n

p (3)

where SDr is the standard deviation of the within-laboratory
repeatability, and n is the number of measurements. In this study,
three independent replicates of spiked samples were analysed on
the same day by the same analyst under the same chromatographic
conditions, and the us values ranged from 0.5 mg kg�1 for whole
grain parboiled rice to 3.5 mg kg�1 for polished parboiled rice
(Table 3).

The uncertainty obtained for the reference value used, or uRV,
was obtained from Eq. (4) as follows:

uRV ¼ uassoc
k

(4)

where uassoc is the uncertainty associated with the mycotoxin level
in the spiked sample, and k is the coverage factor.

The coverage factor is usually 2 for normally distributed data,
and it yields an expanded uncertainty that can be used to construct
a 95% coverage interval (Eurolab, 2007). To obtain the uassoc, the
uncertainties associated with the weight of the standard (um), the
dilution volume of the standard solution (uVdil) and the purity of the
standard (uP) were combined (Díaz, V�azquez, Ventura, & Galceran,
2004) as indicated in Eq. (5) as follows:

uassoc ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2m

�
P
Vdil

�2

þ u2Vdil

 
m

P

V2
dil

!2

þ u2P

�
m
Vdil

�2
vuut (5)
Table 3
Estimation of expanded measurement uncertainty (U, mg kg�1) for fumonisin B1 in
three types of rice at a 100 mg kg�1 level.

Terms Polished
parboiled rice

Whole grain
rice

Whole grain
parboiled rice

us 3.5 1.8 0.5
uRV 0.5 0.5 0.5
uSD 1.8 1.7 5.8
ucorr 12.0 9.7 4.7
U 25.3 20.0 15.0

us: uncertainty obtained from the (im)precision of the measurements in terms of
repeatability; uRV: uncertainty estimate for the reference value used; uSD: uncer-
tainty obtained from the (im)precision of the measurements in terms of repro-
ducibility; ucorr: uncertainty of the corrected analyte mass fraction; and U: expanded
measurement uncertainty.
where P is the purity of the standard; Vdil is the dilution volume
(ml) and m is the weight of the standard (mg).

The uncertainty associated with the (im)precision of the mea-
surements in terms of reproducibility (uSD) was calculated as
indicated in Eq. (6) as follows:

uSD ¼ SDRffiffiffiffi
N

p (6)

where SDR is the within-laboratory reproducibility standard devi-
ation of the mean mass fraction (mg kg�1) obtained from replicate
measurements, which were performed on different days, and N is
the number of replicates. In our study, three independent replicates
of spiked samples were analysed on three different days by the
same analyst under the same chromatographic conditions, totalling
9 independent replicates for each matrix studied here. The uSD
values varied between 1.7 mg kg�1 for whole grain rice and
5.8 mg kg�1 for whole grain parboiled rice (Table 3).

The uncertainty of the corrected analyte mass fraction (ucorr),
which is associated with the recovery, was calculated by using Eq.
(7) as follows:

ucorr ¼ jCRV � CSDj (7)

where CRV is the spiked concentration and CSD is the average con-
centration obtained from reproducibility experiments, which were
performed on three different days. In this study, the ucorr values
varied from 4.7 mg kg�1 to 12.0 mg kg�1 for the rice matrices
(Table 3), which made the largest contribution to the final
expanded measurement uncertainty for the mass fraction of
mycotoxin detected in the polished parboiled rice and whole grain
rice samples.

Finally, the uncertainty obtained from the (im)precision of the
measurements in terms of repeatability (us), the uncertainty esti-
mate for the reference value used (uRV), the uncertainty obtained
from the (im)precision of the measurements in terms of repro-
ducibility (uSD), and the uncertainty of the corrected analyte mass
fraction (ucorr) were combined as presented in Eq. (2), and then the
expanded measurement uncertainty (U) was estimated, the values
of which ranged from 15.0 mg kg�1 for fumonisin B1 in whole grain
parboiled rice to 25.3 mg kg�1 for fumonisin B1 in polished par-
boiled rice (Table 3).

To assess the suitability of the analysis method, we calculated
the maximum standard uncertainty (Uf) according to the methods
of analysis criteria used to control mycotoxins in foodstuffs that
were established by the Commission Regulation (EC) No. 401/2006,
by employing the following Eq. (8):

Uf ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
LOD
2

�2

þ ða� CÞ2
s

(8)

where Uf is the maximum standard uncertainty (mg kg�1), LOD is
the limit of detection for the method (mg kg�1), a is a constant



M.H. Petrarca et al. / Food Control 59 (2016) 439e446 445
depending on the value of C, and C is the mass fraction of interest
(mg kg�1).

The numeric value used for a as the constant in Eq. (8) was 0.18
for the mass fraction at 100 mg kg�1 (Commission Regulation,
2006); therefore, the maximum standard uncertainty (Uf) was
30.8 mg kg�1. In brief, the analytical method provided agreement
between the expandedmeasurement uncertainty value (U) and the
maximum standard uncertainty (Uf) for the three rice types studied
here, indicating the suitability of the analytical method for the
determination of fumonisin B1 in polished parboiled rice, whole
grain rice and whole grain parboiled rice.

3.3. Occurrence of fumonisin B1

Commercial samples of polished parboiled rice, whole grain rice
and whole grain parboiled rice were investigated for the presence
of fumonisin B1. According to the packing information for the
analysed products, the samples collected at local retail stores in the
city of Araraquara, SP were produced in the Brazilian States of Rio
Grande do Sul, Santa Catarina, S~ao Paulo and Pernambuco. Among
the 31 samples of rice analysed here, 5 samples presented detect-
able levels of the mycotoxin, and these levels were reported as the
mean (n ¼ 3) ± expanded measurement uncertainty (U) that was
obtained for each rice matrix, namely, 25.3% for polished parboiled
rice, 20.0% for whole grain rice and 15.0% for whole grain parboiled
rice.

A total of 10 different commercial brands of polished parboiled
rice was analysed, and two samples showed detectable levels of
fumonisin B1 at mass fractions of 109.4 ± 27.7 mg kg�1 and
163.0 ± 41.2 mg kg�1. During the sampling period, six different
brands of whole grain rice were commercially available at local
retail stores, among which one sample showed a detectable level of
fumonisin B1 at a mass fraction of 111.2 ± 22.2 mg kg�1. Fumonisin
B1 was also investigated in fifteen different commercial brands of
whole grain parboiled rice, and the mycotoxin was detected in two
samples. One sample showed fumonisin B1 at a mass fraction of
64.8 mg kg�1, a contamination level that was lower than the LOQ
obtained for the method; as a result, the quantification was per-
formed without precision and trueness. For the other sample, the
contamination level of fumonisin B1 was 110.6 ± 16.6 mg kg�1. In
addition, no maximum Fusarium toxins levels have been proposed
for rice and rice products (Commission Regulation, 2005). The
moisture contents of all analysed samples ranged from 5.8 to 8.7 %,
which are consistent with the established maximum limit of 14%.

Data regarding the occurrence of Fusarium toxins in foods from
nine countries in the European Community indicated the presence
of fumonisin B1 in 2% of the 197 rice samples analysed, with a
maximum contamination level of fumonisin B1 at 77 mg kg�1 (Brera
& Miraglia, 2003). With respect to the of Brazilian rice samples,
fumonisin B1 was reported by Becker-Algeri et al. (2013) in rice
samples from the southern region of Brazil, which showed varying
contamination levels between 30 and 170 mg kg�1. In a recent study,
we detected the mycotoxin in one commercial sample of polished
rice from the south-eastern region of Brazil at a mass fraction of
258.7 mg kg�1 (Petrarca et al., 2014). In general, the incidence and
contamination levels of fumonisin B1 found in rice samples inten-
ded for human consumption from around theworld are regarded as
low (Park et al., 2005; Patel, Hazel, Winterton, & Gleadle, 1997;
Patel, Hazel, Winterton, & Mortby, 1996; Scott et al., 1999; Seo
et al., 2009; Tanaka et al., 2007).

4. Conclusions

A simple and cost-effective method of sample preparation was
successfully applied to investigate the presence of fumonisin B1 in
three types of rice that were intended for human consumption. The
fitness-of-purpose of the applied method was verified by its
selectivity, reliable limits of detection and quantification, linearity,
extraction efficiency and precision. The influence of the matrix type
on the method performance characteristics was verified, and
matrix-matched calibration standards were used to quantify the
mycotoxin in the rice samples, in which the residual normality,
homoscedasticity and independencewere confirmed. By using data
obtained through precision and recovery experiments, it was
possible to estimate the expanded measurement uncertainty for
themass fraction of themycotoxin detected in the rice samples. The
values for these samples were consistent with the maximum
acceptable uncertainty that was established for analytical methods
for controlling mycotoxins in foodstuffs. A low incidence and a low
level of fumonisin B1 were verified in the polished parboiled rice,
whole grain rice and whole grain parboiled rice that was
commercially available in the south-eastern region of Brazil.
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Fernandes, P. J., Barros, N., & Câmara, J. S. (2013). A survey of the occurrence of
ochratoxin A in Madeira wines based on a modified QuEChERS extraction
procedure combined with liquid chromatographyetriple quadrupole tandem
mass spectrometry. Food Research International, 54, 293e301.

IARC. (2011). Agents classified by the IARC monographs (Vols. 1e102). http://
monographs.iarc.fr/ENG/Classification/Listagentsalphorder.pdf.

IBGE. (2011). Pesquisa de Orçamentos Familiares 2008-2009: An�alise do consumo
alimentar pessoal no Brasil. http://www.ibge.gov.br/home/estatistica/populacao/
condicaodevida/pof/2008_2009_analise_consumo/pofanalise_2008_2009.pdf.
pdf.

Khayoon, W. S., Saad, B., Salleh, B., Ismail, N. A., Manaf, N. H. A., & Latiff, A. A. (2010).
A reserved phase high performance liquid chromatography method for the
determination of fumonisin B1 and B2 in food and feed using monolithic column
and positive confirmation by liquid chromatography/tandem mass spectrom-
etry. Analytica Chimica Acta, 679, 91e97.

Kim, E.-K., Scott, P. M., Lau, B. P.-Y., & Lewis, D. A. (2002). Extraction of fumonisin B1
and B2 from white rice flour and their stability in white rice flour, cornstarch,
cornmeal, and glucose. Journal of Agricultural and Food Chemistry, 50(2),
3614e3620.

Kmell�ar, B., Fodor, P., Pareja, L., Ferrer, C., Martínez-Uroz, M. A., Valverde, A., et al.
(2008). Validation and uncertainty study of a comprehensive list of 160 pesti-
cide residues in multi-class vegetables by liquid chromatography-tandem mass
spectrometry. Journal of Chromatography A, 1215, 37e50.

Koesukwiwat, U., Sanguankaew, k., & Leepipatpiboon, N. (2014). Evaluation of a
modified QuEChERS method for analysis of mycotoxins in rice. Food Chemistry,
153, 44e51.

K€oppen, R., Koch, M., Siegel, M., Merkel, S., Maul, R., & Nehls, I. (2010). Determi-
nation of mycotoxins in foods: current state of analytical methods and limita-
tions. Applied Microbiology and Biotechnology, 86, 1595e1612.

Lehotay, S. J., Son, K. A., Kwon, H., Koesukwiwat, U., Fu, W., Mastovska, K., et al.
(2010). Comparison of QuEChERS sample preparation methods for the analysis
of pesticide residues in fruits and vegetables. Journal of Chromatography A, 1217,
2548e2560.

Lombaert, G. A., Pellaers, P., Roscoe, V., Mankotia, M., Neil, R., & Scott, P. M. (2003).
Mycotoxins in infant cereal foods from Canadian retail market. Food Additives
and Contaminants, 20(5), 494e504.

MAPA. (2009). Instruç~ao Normativa No. 6 de 16 de Fevereiro de 2009. Regulamento
T�ecnico do Arroz. http://www.codapar.pr.gov.br/arquivos/File/pdf/
ArrozInstrucaoNormativa06_09.pdf.

Maragos, C. M., & Busman, M. (2010). Rapid and advanced tools for mycotoxin
analysis: a review. Food Additives and Contaminants, 27(5), 688e700.

Missmer, S. A., Suarez, L., Felkner, M., Wang, E., Merrill, A. H., Jr., Rothman, K. J., et al.
(2006). Exposure to fumonisins and the occurrence of neural tube defects along
the TexaseMexico border. Environmental Health Perspectives, 114(2), 237e241.

Mol, H. G. J., Plaza-Bola~nos, P., Zomer, P., Rijck, T. C., Stolker, A. A. M., & Mulder, P. P. J.
(2008). Toward a generic extraction method for simultaneous determination of
pesticides, mycotoxins, plant toxins, and veterinary drugs in feed and food
matrixes. Analytical Chemistry, 80(24), 9450e9459.

Park, J. W., Choi, S.-Y., Hwang, H.-J., & Kim, Y.-B. (2005). Fungal mycoflora and
mycotoxins in Korean polished rice destined for humans. International Journal of
Food Microbiology, 103, 305e314.

Patel, S., Hazel, C. M., Winterton, A. G. M., & Gleadle, A. E. (1997). Surveillance of
fumonisins in UK maize-based foods and other cereals. Food Additives and
Contaminants, 14(2), 187e191.

Patel, S., Hazel, C. M., Winterton, A. G. M., & Mortby, E. (1996). Survey of ethnic foods
for mycotoxins. Food Additives and Contaminants, 13(7), 833e841.
Petrarca, M. H., Rodrigues, M. I., Rossi, E. A., & Sylos, C. M. (2014). Optimisation of a
sample preparation method for the determination of fumonisin B1 in rice. Food
Chemistry, 158, 270e277.

Planas, C., Puig, A., Rivera, J., & Caixach, J. (2006). Analysis of pesticides and me-
tabolites in Spanish surface waters by isotope dilution gas chromatography/
mass spectrometry with previous automated solid-phase extraction. Estimation
of the uncertainty of the analytical results. Journal of Chromatography A, 1131,
242e252.

Quintela, M., B�aguena, J., Gotor, G., Blanco, M. J., & Broto, F. (2012). Estimation of the
uncertainty associated with the results based on the validation of chromato-
graphic analysis procedures: application for the determination of chlorides by
high performance liquid chromatography and of fatty acid by high resolution
gas chromatography. Journal of Chromatography A, 1223, 107e117.

Scott, P. M., Lawrence, G. A., & Lombaert, G. A. (1999). Studies on extraction of
fumonisins from rice, corn-based foods and beans. Mycotoxin Research, 15,
50e60.

Seo, E., Yoon, Y., Kim, K., Shim, W.-B., Kuzmina, N., Oh, K.-S., et al. (2009). Fumo-
nisins B1 e B2 in agricultural products consumed in South Korea: an exposure
assessment. Journal of Food Protection, 72(2), 436e440.

Shephard, G. S., Marasas, W. F. O., Burger, H. M., Somdyala, N. I. M., Rheeder, J. P., Van
der Westhuizen, L., et al. (2007). Exposure assessment for fumonisins in the
former Transkei region of South Africa. Food Additives and Contaminants, 24(6),
621e629.

Smith, G. W. (2007). Fumonisins. In R. C. Gupta (Ed.), Veterinary toxicology, basic and
clinical principles (pp. 983e997). New York: Academic Press.

Soriano, J. M., & Dragacci, S. (2004). Occurrence of fumonisins in foods. Food
Research International, 37, 985e1000.

Souza, S. V. C., & Junqueira, R. G. (2005). A procedure to assess linearity by ordinary
least squares method. Analytica Chimica Acta, 552, 25e35.

Tanaka, k., Sago, Y., Zheng, Y., Nakagawa, H., & Kushiro, M. (2007). Mycotoxins in
rice. International Journal of Food Microbiology, 119, 59e66.

Thompson, M., Ellison, S. L. R., & Wood, R. (2002). Harmonized guidelines for single-
laboratory validation of methods of analysis. Pure and Applied Chemistry, 74(5),
835e855.

Trebstein, A., Lauber, U., & Humpf, H.-U. (2009). Analysis of Fusarium toxins via
HPLC-MS/MS multimethods: matrix effects and strategies for compensation.
Mycotoxin Research, 25, 201e213.

Trucksess, M. W. (2005). Natural toxins. In W. Horwitz, & G. W. Latimer, Jr. (Eds.),
Official methods of analysis of AOAC International (pp. 1e85). Gaithersburg: AOAC
International.

Vaclavik, L., Zachariasova, M., Hrbek, V., & Hajslova, J. (2010). Analysis of multiple
mycotoxins in cereals under ambient conditions using direct analysis in real
time (DART) ionization coupled to high resolution mass spectrometry. Talanta,
82, 1950e1957.

Wiest, L., Bulet�e, A., Giroud, B., Fratta, C., Amic, S., Lambert, O., et al. (2011). Multi-
residue analysis of 80 environmental contaminants in honeys, honeybees and
pollens by one extraction procedure followed by liquid and gas chromatog-
raphy coupled with mass spectrometric detection. Journal of Chromatography A,
1218, 5743e5756.

Yang, Q.-F., & Wu, Y.-L. (2012). Fast determination of fumonisin B1 and B2 in corn
using a modified QuEChERS method and LC-MS-MS. Chromatographia, 75,
1075e1080.

Zachariasova, M., Lacina, O., Malachova, A., Kostelanska, M., Poustka, J., Godula, M.,
et al. (2010). Novel approaches in analysis of Fusarium mycotoxins employing
ultra-performance liquid chromatography coupled to high resolution mass
spectrometry. Analytica Chimica Acta, 662, 51e61.

http://refhub.elsevier.com/S0956-7135(15)30034-7/sref14
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref14
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref15
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref15
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref15
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref15
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref15
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref15
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref15
http://monographs.iarc.fr/ENG/Classification/Listagentsalphorder.pdf
http://monographs.iarc.fr/ENG/Classification/Listagentsalphorder.pdf
http://www.ibge.gov.br/home/estatistica/populacao/condicaodevida/pof/2008_2009_analise_consumo/pofanalise_2008_2009.pdf.pdf
http://www.ibge.gov.br/home/estatistica/populacao/condicaodevida/pof/2008_2009_analise_consumo/pofanalise_2008_2009.pdf.pdf
http://www.ibge.gov.br/home/estatistica/populacao/condicaodevida/pof/2008_2009_analise_consumo/pofanalise_2008_2009.pdf.pdf
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref18
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref19
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref19
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref19
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref19
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref19
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref19
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref20
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref20
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref20
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref20
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref20
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref20
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref21
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref21
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref21
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref21
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref22
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref22
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref22
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref22
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref22
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref23
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref23
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref23
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref23
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref23
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref24
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref24
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref24
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref24
http://www.codapar.pr.gov.br/arquivos/File/pdf/ArrozInstrucaoNormativa06_09.pdf
http://www.codapar.pr.gov.br/arquivos/File/pdf/ArrozInstrucaoNormativa06_09.pdf
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref26
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref26
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref26
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref27
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref27
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref27
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref27
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref27
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref28
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref28
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref28
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref28
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref28
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref28
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref29
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref29
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref29
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref29
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref30
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref30
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref30
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref30
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref31
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref31
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref31
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref32
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref32
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref32
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref32
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref32
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref33
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref33
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref33
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref33
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref33
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref33
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref34
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref34
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref34
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref34
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref34
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref34
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref34
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref35
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref35
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref35
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref35
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref36
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref36
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref36
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref36
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref37
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref37
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref37
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref37
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref37
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref38
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref38
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref38
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref39
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref39
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref39
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref40
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref40
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref40
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref41
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref41
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref41
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref42
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref42
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref42
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref42
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref43
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref43
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref43
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref43
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref44
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref44
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref44
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref44
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref45
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref45
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref45
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref45
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref45
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref46
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref46
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref46
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref46
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref46
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref46
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref46
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref47
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref47
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref47
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref47
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref47
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref47
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref48
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref48
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref48
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref48
http://refhub.elsevier.com/S0956-7135(15)30034-7/sref48

	In-house method validation, estimating measurement uncertainty and the occurrence of fumonisin B1 in samples of Brazilian c ...
	1. Introduction
	2. Material and methods
	2.1. Standard and chemicals
	2.2. Sampling
	2.3. Determination of fumonisin B1
	2.4. Chromatographic conditions
	2.5. In-house method validation
	2.6. Estimation of measurement uncertainty
	2.7. Moisture content
	2.8. Decontamination of the materials

	3. Results and discussion
	3.1. In-house method validation
	3.2. Estimation of measurement uncertainty
	3.3. Occurrence of fumonisin B1

	4. Conclusions
	Acknowledgements
	References


