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Abstract

Fumonisins (FBs) are harmful carcinogenic natural toxins produced by fungi from Fusarium species whereas found in oilseeds
crops. Fumonisin B1 (FB1) and Fumonisin B2 (FB2) are the most serious natural food contaminants among the several known
Fumonisin. The main purpose of this study is to establish an accredited rapid and ultra-sensitive method for the investigation of
FB1 and FB2 in Egyptian oilseed. LC-MS/MS with the positive-ion electrospray ionization (+ESI) mode has been employed
for this investigation. The limits of quantification (LOQ) were 3.9 pg/Kg for FB1 and 2.3 pg/Kg for FB2. The limits of detection
(LOD) were 1.2, and 0.7 pg/Kg for FB1 and FB2 respectively with 21% expanded uncertainty. The test method has been used
to review six governorates of Egypt on corn, white corn, soybean, sesame, and sunflower seeds. For corn, the contamination
levels of total FB1 and FB2 were varied between <LOQ to 10034.9 pg/Kg, while in white corn was from <LOQ to 7571
Hg/Kg. The total FB1 and FB2 were from <LOQ to 321.9 pg/Kg in soybean samples. Whereas sesame and sunflower seeds
were devoid of FB1 and FB2.

Keywords: Fumonisin,FB1,FB2, LC-MS/MS, method determination, Egyptian oilseed.

moreover maize-based breakfast cereals, and maize-
based snacks (800 ug/Kg), processed maize-based
foods, and baby food for young children and infants
also (200 ug/kg) [14]. High levels of fumonisins were

1. Introduction
Mycotoxins, which are toxic compounds that are

produced as secondary metabolites by several

filamentous fungi, are recognized as food FIT ) :
contaminants  worldwide, causing  significant found mainly in cereals grown in the tropical and

economic losses in agriculture, and posing public subtropical regions [15,16,17]. Corn (yellow corn) and
health risks [1,2,3,4,5,6,7,8]. Fumonisins are maize(white corn) are the most common cereals grown

in our world, and it is present in significant amounts in
the diet of the population, either directly or through
processed products such as cakes, bread, biscuits, and

compounds of mycotoxins that were produced by
Fusarium  fungi species, primarily Fusarium
verticillioides, and F. proliferatum [9]. Fumonisin B1
(FB1) and fumonisin B2 (FB2) have been considered Snacks [18]. Fumonisin has been discovered as
one of the most serious natural food contaminants contaminants in a variety of corn products, including

among the several known fumonisins [10]. In terms of pre_cooked corn flakes, roasted com flour, corn grits,
carcinogenicity studies, International Agency for white ‘_30_”‘ g”ts' a_nd cornmeal [19]. The presence of
Research on Cancer has classified FB1 as a possible fu.mon_lsms in maize and c.orn can be influenced by
human carcinogen (Group 2B) [11,12,13]. The f:llmat.lc. factors a_nd physical damage, as well as
European Union (EU) set the maximum permissible insufficient dryln_g, transport,  and  storage
levels depending on the sum of two types FB1 and FB2 [1,20,18,21].Egypt imported about (10,000,000 and

for unprocessed maize (4000 pg/Kg) while maize 4,750,000 and 95,000 ) tones in 2020 from corn,
prepared to direct human consumption (1000 pHg/Kg) Soybean, and sunflower seeds respectively [.22i23’24]'
Several LC-MS/MS methods have been optimized for
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fumonisin determination in various food matrices
[25,26,27]. Various sample treatment approaches have
been reported with solid-phase extraction (e.g.
immuneaffinity columns, and C18 columns)
[28,29,30,31,32]. Clean-up steps take a long time and
may cause a loss of part of the target, which increases
the cost of the method. On the other hand, studies
based on dilution and injection techniques without
clean-up steps showed fast, efficient, and reliable
results [26,33,25,34]. Many investigations for the
determination of the Fumonisin levels in various
countries have been conducted [35,36,37].The last
reported study on Fumonisin levels in Egypt has been
performed in 2009[38] which resulted in
contamination and regulation violation of all samples
with Fumonisin, although the a high risk of Fumonisin
no more studies have been conducted since there.

This study aimed to introduce an optimized assay
protocol for the concurrent determination of FB1 and
FB2 in oilseeds using LC-MS/MS. A dilute and shoot
analysis approach will be employed to efficiently
extract the studied compounds along with the shortest
possible sample processing features. Validation of the
proposed method as per EU guidelines covering LOD,
LOQ, linearity, working range, percentage recovery,
precision, and measurement uncertainty. Method’s
practicality testing through application to PT and real
samples. Highlighting the level of contamination by
FB1 and FB2 in Egyptian oilseeds.

2. Material and Method

2.1. Chemicals and reagents

All solvents and chemicals that have been used in
the study were of the analytical grade. Deionized water
was generated by Milli-Q A10. Acetonitrile (ACN)
and methanol (MeOH) were purchased from Merck,
99.9% purity. Formic acid (Riedel-de Haen, 98-
100.5%). Ammonia solution (Riedel-de Hé&en, 30-
33%). The reference standard mixture of FB1 and FB2
has been purchased from  Sigma-Aldrich
(MilliporeSigma Canada Ltd).

2.2. Instruments

In this study, we employed an LC-MS/MS system
consisting of a Thermoscientific Vanquish HPLC
system coupled with a tandem mass spectrometer
system TSQ ALTIS-MS/MS instrument. We used 50
ml polypropylene centrifuge falcon tubes with screw
caps (Supelco, Bellefonte, USA),
Polytetrafluoroethylene (PTFE) membrane syringe
filter with 0.2 pm pore size, Geno/Grinder SPEX®
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sample preparation shaker device (SPEX, USA) ), and
lab mega-fugue centrifuge (HERMLE, Z32 HK).
Also, we needed to use injection glass vials with
Teflon coated caps (Dotmed, USA), volumetric flasks
(10, 25, and 50 ml), graduated glass pipettes (5, 10,
and 20 ml), bottle top dispenser (5-50 ml) (Hirschman,
Germany), fixed micropipette 50 pl and variable
micropipettes (2-20 pl) and (200-1000 pl)
(Eppendorf,  Germany), benchtop  pH-meter.
Analytical balance and precision balance (Mettler-
Toledo, Selangor), water purification system MilliQ
UF-Plus system (Millipore, Germany) had been used
also.

2.3. Standard solutions

Stock solution mixture of FB1 and FB2 (50 mg/L)
dissolved in acetonitrile/water (1:1, v/v) has been
purchased from Sigma-Aldrich (MilliporeSigma
Canada Ltd) and kept in a freezer at -20 “C. Working
solutions mixture (1 mg/L) has been prepared by
diluting the fitting volume of stock solutions in the
volumetric flask with acetonitrile/water (1:1, v/v) and
stored in small portions (1 ml) in small vials and kept
in a freezer at +4 °C.

2.4. Sampling

A total of 300 samples, 60 from each commodity,
corn, white corn, soybeans, sesame, and sunflower
seeds were collected from different seed retailers,
fodder shops, and fields in various governorates of
Egypt (Cairo, AL-Giza Al-Qalyubia, Al-Gharbia, Al-
Bahira, and Al-Menoufia) in 2020 and 2021, About
one hundred and fifty samples per year.

2.5. Sample handling and storage

All collected samples (1 kg of each) were kept in
polyethylene plastic bags at +21 °C 3 °C until
analysis. Before analysis, all samples had been ground
well by using a commercial milling machine to
achieve  complete  homogeneity and ideal
dissemination of  fumonisins in  potentially
contaminated samples.

2.6. Validation and accreditation

The test method has been validated to characterize
the analytical parameters and confirm that the test
method being considered has performance capabilities
that were consistent with the application's
requirements according to Eurachem guidelines [39].
Also, The Finish Accreditation Service (FINAS) has
granted this method international accreditation for
meeting the requirements of the ISO/IEC 17025:2017
standard.
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2.7. Sample preparation and processing

Five grams of a ground sample have been
transferred into a polytetrafluoroethylene(PFTE) tube
50 ml mixed with 20 ml ACN: Water: Formic acid
(79:20:1, viviv). Tubes were shocked by a vertical
mechanical shaker (GENO) at 700 RPM for 20 min.
After that, all tubes were put in the centrifuge for 5 min
at 4000 RPM under cooling conditions. The obtained
supernatants have been filtered through 0.20 um PTFE
acrodisc into a 2 mL vial and directly injected into LC-
MS/MS system.

2.8. Matrix standard

Matrix matched standard is used to correct for
matrix effect. Prepare matrix-matched standards by
diluting blank matrix extract with a standard solution.
To reduce the number of errors caused by matrix-
induced effects during chromatography, it is best to
choose similar commodities. It is better not to dilute
the matrix by more than 20% to avoid errors caused by
differences in the matrix-induced enhancement effect
between sample extract and matrix standard.

3. Results and Discussion

3.1. Optimization and Chromatographic conditions

3.1.1. Extraction solvent optimization

Many extraction mixtures with different ratios have
been used through extraction step, In Gazzotti et al.
2011 the extraction solvent was Methanol: water
(80:20,v/v)[40]. In Bryla et al. 2016 the extraction
solvent was ACN/MeOH/water (25:25:50, viviv
[41].These methods are based on clean-up by different
solid-phase-extraction (SPE), these take a long time
and may cause loss of part of the target compound,
need well training person, and increases the cost of the
analysis. In the present study, we needn’t make clean-
up by SPE and that makes us save a lot of time. Also,
these previous methods take a long time to separate the
target compound on the LC-MS/MS and the run time
is usually high compared to the present method which
needs five minutes to separate FB1 and FB2, which
reduces the time of using LC-MS/MS and therefore
reducing the cost of the method. However, the
recovery and the sensitivity of the present method are
higher than the previous methods, which makes the
present method more effective use from these
methods.

Andrade et al., 2017 the extraction solvent was
ACN: Water: Acetic acid (80:20:0.1, v/v/v) with
shaking for 45 min using the internal stander in the
injection on LC-MS/MS [26]. Also, in Franco et al.
2018 the extraction solvent was ACN: Water: Acetic
acid (80:20:0.1, v/v/v) with shaking for 90 min using
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the internal stander in the injection on LC-MS/MS
[33], In Hu et al., 2019 the extraction solvent was
ACN: Water: Acetic acid (70:29:1, v/v/v) with shaking
for 30 minutes and using the lapelled internal stander
in the injection on LC-MS/MS[25]. While the
extraction solvent in de Matos et al., 2021 was ACN:
Water: formic acid (75:24:1, v/v/v) with shaking for
20 min using the internal stander in the injection on
LC-MS/MS [34]. These previous methods are based
on the Dilute-and-Shoot technique with using the
lapelled internal stander in the injection on LC-
MS/MS. Lapelled internal stander increases the
analysis efficiency but increases the cost also. In the
present study, there are many tests were conducted to
select the most efficient solvent for extracting
fumonisin from seeds based on low cost with safer
handling for analysts by following the “Dilute-and-
Shoot” technique but without using the lapelled
internal stander in the injection on LC-MS/MS and
replace it by the matrix-matched standard to correct
the matrix effect.

We tested the extracting solvent of the previous
methods A [ACN: Water: Acetic acid (80:20:0.1,
viviv)], B [ACN: Water: Acetic acid (70:29:1, viviv)],
C [ACN: Water: Acetic acid (80:19:1, v/v/v)], and
finally D which was the extraction solvent C with
some modification by replacing the Acetic acid with
Formic acid D [ACN: Water: Formic acid (79:20: 1,
v/vIv)] with shaking for 20 minutes without using the
lapelled internal stander. The best extraction solvent
recovery was the extraction solvent D was ranged from
90.1% to 113.6 %, Also the matrx recovery were mor
than 85 %, which corresponded to the European
Commission regulation [42]. The high percentage of
the formic acid and ACN increasing the ability of the
extraction solvent to extract the fumonisins from the
ground seeds, also the formic acid helping to avoid the
interaction between the active site in the glass surface
and fumonisins.

3.1.2. LC Condition

In previous studies, there were many columns used
to separate FB1 and FB2 in LC-MS/MS with different
run Times. In Gazzotti et al. 2011 the column was
Waters XTerra MS C18 column (5 pm, 2.15 x150
mm) with a run time of 17 min [40]; In Bryta et al.
2016 the column was Kinetex PFP 100 mm x2.1 mm,
2.6 mm (Phenomenex, Torrance, CA, USA) column
with run time 55 min [41]; In Andrade et al., 2017 the
column was Gemini C18 analytical column (150 x 4.6
mm, 5 m) with run time 12 min[26]; in Franco et al.
2018 the column was BEH C18 column (2.1 x 50 mm,
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1.7 pm) with run time 10 min [33]; in Hu et al., 2019
the Phenomenex Luna C18 column (150 mm x 2 mm,
3 um) with run time 15 min [25]; While in de Matos et
al., 2021 the column was BEH C18 column (100 mm
x 2.1 mmi.d., 1.7 um) with a run time 4.5 min [34].
In the present study, LC analysis has been
performed on three different columns A:(Acclaim™
RSLC Polar Advantage 120 11 A column (75 mm x 3.0
mm, 3 um)), B: (Eclipse XDB-C18 column (150 mm
x 4.6 mm, 5 um), and C:(Poroshell 120 EC- C18
column (50 mm x 3 mm,2.7 um), at a flow rate of 0.3
mL/min. The column temperature has been set at
40-C, and the resolutions, separation efficiencies, and
the peak shapes of the target analytes on these columns
had been compared. The mobile phases were 10
mmol/L ammonium formate water solution (A) with
methanol (B) and the FB1 and FB2 were eluted with
an isocratic elution program. The separation of
analytes FB1 and FB2 in Acclaim column (A) was
about 1.5 min between FB1 and FB2 but the sensitivity
was less than in the other columns in FB1 and FB2.
Also, the symmetric of the peak cheap wasn’t good for
the FB2 figurel. In the Eclipse column (B) the
separation was less than in the other columns it was
about 0.44 min between FB1 and FB2. The sensitivity
was high compared to the Acclaim column but less
than the poroshell column. The symmetric of the peak
cheap wasn’t good for both of analyts FB1 and FB2
and the runtime was more than the other columns it
was 10 min figure 2. In the poroshell column(C) the
run time was 5 min and the separation was more than
the other columns it was about 2.45 min between FB1
and FB2. Also, the sensitivity was greater than the
other columns, and the peak cheap's symmetric was
great for both FB1 and FB2 figure 3. The run time in
the present study was less than all the previous studies
except de Matos et al., 2021 [34] it was so closed.
The condition for the finally selected Poroshell
column(C). It was programmed as follows: 3.0 min,
40% A2, and 60 % B2. The injection volume was 2
pL. The runtime was 5 min the retention time (RT) of
FB1 was 1.57 while FB2 was 4.02 as shown in figure
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3. To avoid the contamination of mass spectrometer.
The detection and quantification of the target
compound have been carried out using’s ALTIS-
MS/MS instrument, connected to HPLC via a turbo
spray ion drive electrospray ionization (ESI) interface.
The ESI was operated in positive mode ESI (+) by
using the following operating parameters:

Table 1: LC-MS/MS mas’ condition for determining FB1
and FB2.

Mas Condition

lon Source type (IS) H-ESI positive mode

Spray Voltage + 4000 V
Sheath Gas 50
Aux Gas 15
Sweep Gas 1
lon Transfer Tub Temp

°C) 350
Vaporizer Temp (°C) 400
Polarity Positive
Resolution (FWHM) 1.2
CID Gas (m Torr) 15
Chromatographic  Peak 6
Width (sec)

In previous studies, they used the precursor ion for
FB1 722 (m/z) with two product ions 334 and 352
(m/z). While FB2 the precursor ion for FB2 was 706
(m/z) with two product ions 336 and 318 (m/z)
[40,43]. In the present study we used 722.8(m/z) as the
precursor ion for FB1 with three product ions (334.2,
352.5, and 704.5) (m/z). According to the sensitivity
of product ions in the real sample, we selected 334.2
(m/z) as a primary quantifier it has high sensitivity
compared to the other product ions. While 352.5 and
704.5 (m/z) were used as a secondary to qualified
figure 4. Also, the precursor ion for FB2 was
706.7(m/z) with two Product ions 336.1 (m/z) used as
a primary quantifier as it has high sensitivity compared
to 318.1 (m/z) which is used as a secondary to
qualified figure 5.

TraceFinder™ 5.1 software was used for instrument
control and data processing and method acquisition.
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Figure 1:Extracted ion chromatogram of FB1 and FB2 by Acclaim column (A).
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Figure 2:Extracted ion chromatogram of FB1 and FB2 by Eclips column (B).
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Figure 3:Extracted ion chromatogram of FB1 and FB2 by Poroshell column(C).
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‘Figure 4:FB1 MRMs showing the quantifier ion and the two confirmatory qualifier ions.
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Figure 5:FB2 MRMs showing the quantifier ion and the confirmatory qualifier ion.
Table 2: MS/MS transitions and optimal operational conditions used for analysis.
Mycotoxin Precursor ion Transition ion (m/z) RT CE
(m/z) (min) V)
Fum.B1 722.8a 334.2 1.57 38
Fum.B1 722.8b 352.5 1.57 37
Fum.B1 722.8b 704.5 4.02 28
Fum.B2 706.7a 318.1 4.02 42
Fum.B2 706.7b 336.1 4.02 35

RT, retention time (min); CE, collision energy (volt); a product ion for quantifier peaks; b product ion for qualifier peaks.

3.2. Method validation

One purpose of this study was to confirm that
analytical results were fit for the purpose. Method validation
was tested following the Eurachem guidelines [39]. Method
linearity, LOD, LOQ, percent recovery, repeatability,
reproducibility, accuracy, and measurement of uncertainty
have been measured.

3.2.1. LOQ and LOD

The sensitivity of the method has been determined
with limits of quantitation (LOQ) and limit of detection
(LOD). LOD has been valued according to Eurachem
guidelines as 3 times SD, where s’ is the standard deviation
of the lowest level has been divided by the square root of the
number of duplicates. LOD was 1.2, and 0.7 pg/Kg for FB1
and FB2 respectively. Also, LOQ has been estimated by
using repeated spiked samples at about the expected lowest
quantitation level and were 3.9 and 2.3 pg/Kg for FB1 and
FB2 respectively.

The values obtained herein for the LOQ were lower than the
values reported by Gazzotti et al., 2011 (10 pg/Kg for FB1
and FB) [40]; In Bryla et al., 2016 (12.5 pg/Kg for FBland
FB2) [41] in which evaporation and dissolution steps were
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used, as well as extract purification using SPE columns,
which were not applied herein in the proposed method. Also,
the LOQ was lower than the value reported by Andrade et
al., 2017 (19 and 8 pg/Kg for FB1 and FB2, respectively)
[26]; Hu et al., 2019 (28 pg/Kg for FB1 and 27 pg/Kg for
FB2) [25]. While the LOQ was closed related to de Matos et
al., 2021 which ranged from 1.3 to 6.59 pg/Kg for FB1 and
from 0.60 to 4.60 pg/Kg for FB2 [34]. In Franco et al. 2018
LOQ was less than the present method for FB1 (2.8 pg/Kg)
but highest in FB2 (2.5 pg/Kg) [33]. All of these methods
are based on the Dilute-and-Shoot technique with using the
lapelled internal stander in the injection on LC-MS/MS.

3.2.2. Instrument linearity

The multilevel calibration curve was plotted by
using seven-point levels (2.5,25,50,250,500,750,1000)
pg/Kg from intermediate solutions mixture of FB1 and FB2
(Img/L). By conducting recovery tests at three different
levels (20, 50, and 100 pg/Kg) linearity of the method was
demonstrated by test results that have been directly
proportional to the analyte concentration in the replicates for
FB1 and FB2. The method was found to be linear from the
2.510 1000 pg/Kg with r =0.9999 for FB1 and FB2.
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Figure 6: Calibration levels of FB1 ranged from 2.5 pg/Kg to 1000 pg/Kg.

W o= B A1EEalN RZ 0. SO0

IO

OO

25000

OO

L]

A S0
Rl ilitili]
SO0

E o

Fum. B2
T g

ne Foroe, W Equal; Area

oo ado

ado

¥ T ¥ L)
H&lﬂ T CHBCE L B=a il ]

Figure 7: Calibration levels of FB1 ranged from 2.5 pg/Kg to 1000 pg/Kg.

3.2.3. Recovery test

The recovery test has been evaluated by
performing three different levels of corn seed testing at 20,
50, and 100 pg/Kg. As shown in Table 3, the results ranged

from 90.1% to 113.6 %, which corresponded to the European
Commission regulation [42].

Table 3: Validation parameters: recovery, LOD, LOQ, and linearity of Fumonisin B1 and B2 in oilseeds

Mycotoxin Spiking Level (1g/Kg) LOD (ug/Kg)  LOQ (ug/Kg)
20 50 100
FB1 Recovery (%) 101.2 108.9 96.8 1.2 3.9
+ SD (%) 4.8 5.7 49
CV% 4.7 5.3 5.0
FB2 Recovery (%) 104.6 105.1 100.1 0.7 2.3
+ SD (%) 2.8 14 1.2
CV% 2.7 13 1.2

SD, standard deviation; CV, Coefficient of variation; LOD, limits of detection; LOQ, limits of quantitation.

3.2.4. Uncertainty

Measurement uncertainty sources have been estimated using
precision (within-lab reproducibility) and bias data,
according to Eurachem guidelines Table 4. When the

combined and expanded uncertainty results were computed,
the expanded uncertainty was found to be 25.2%. This low
uncertainty can be justified by the method's high precision
and robustness.

Table 4: Uncertainty measurement components of FBs in Corn seeds.

Description Relative Standard Uncertainty
Standard Preparation (%) 0.7%
Bias (%) 2.4%
Sample Processing (%) 10.0%
Precision (%) 7.3%
Combined Uncertainty (%) 12.6%
Expanded Uncertainty (%) 25.2%

Egypt. J. Chem. 65, No. No. 12 (2022)
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3.2.5. Method accuracy

The method recoveries of spiked samples were 90.1% to
117.9%. Also, the validity of this method has been
determined by participating in Proficiency Tests organized

Table 5: Result of the FAPAS Proficiency Tests (PT).

by FAPAS. The result accepted Z-score should be between
+2. Table 5 displays the result of the FAPAS Proficiency
Tests (PT). These findings provide more evidence for the
method's performance in terms of high accuracy and
robustness.

PT 04418 Maize (2021) FB1(pg/Kg) FB2 (ug/Kg) Total Fumonisin (ug/Kg)
Found 330 385.4 805.9
Assigned 420 414 720
Z-Score 1.4 -04 0.7

3.2.6. Method precision

Repeatability and reproducibility were applied to measure
the precision of the obtained results. Six replicates from the
same corn sample have been used to calculate the
repeatability. The coefficient of Variation (CV) percent was
5.3% for FB1 and 1.3% for FB2. Reproducibility has been
calculated at the intermediate precision using 20 different
samples of corn as recommended by the Eurachem
validation protocol (more than ten replicates). CV percent
were 5.42% for FB1 and 4.10% for FB2.

3.2.7. Matrix effect

25 pl of standard solution with a concentration level of
Img/L has been added to 475 pl of blank matrix extract to
get matrix standard with the concentration of 50 pg/L, the
dilution in the matrix will be only 5%.The matrix effect
recovery in corn was more than 85% which corresponded to
the European Commission regulation [42].

Table 6: Summary of the analytical method parameters used to analyze FB1 and FB2.

Method Extraction Solvent Assay time  Column Run Time LOQ
Gazzotti et Me OH :water (80:20) >50Min Waters XTerra MS C18 column 17 Min FB1: 10
al.2011[40]. (5 pm, 2.15 x150 mm). FB2: 10
Brylaetal.  ACN : Me OH :Water >50Min Kinetex PFP (100 mm x2.1 mm, 55 Min FB1:12.5
2016 [41]. (25:25:50) 2.6 mm) column. FB2:12.5
Andradeet  ACN : Water :Acetic 45 min Gemini C18 analytical column 12 Min FB1:19
al.2017[26].  acid (80:20:0.1) (150 x 4.6 mm, Spm). FB2:8
Francoetal. ACN : Water :Acetic 95 Min BEH C18 column (2.1 x 50 mm, 10 Min FB1: 2.5
2018 [33]. acid (80:20:0.1) 1.7 um). FB2:2
Hu et al. ACN : Water :Acetic 35 Min Phenomenex Luna C18 column 15 Min FB1: 28
2019 [25]. acid (70:29:1) (150 mm x 2 mm, 3 pm) FB2: 27
de Matoset ~ ACN: Water: Formic 20 min BEH C18 column (100 mm x 2.1 4.5 Min FB1: from
al.2021[34]. acid (75:24:1) mm, 1.7 um). 1.3t0 6.59
FB2: from
0.6t0 4.6
Present ACN: Water: Formic 25 Min (Poroshell 120 EC- C18 column 5 Min FB1:3.9
method acid (79:20:1) (50 mm x 3 mm,2.7 um) FB2:2.3

LOQ, limits of quantitation
3.3. Real samples

The test method has been used to quantify FB1 and FB2 in
300 samples taken from different seed retailers, fodder
shops, and fields in various governorates of Egypt (i.e.,
Cairo, AL-Giza Al-Qalyubia, Al-Gharbia, Al-Bahira, and
Al-Menoufia) in 2020 and 2021. All 120 samples of corn and
white corn were contaminant by FB1 and FB2 .levels
ranging in corn were from 9.7 to 8483.1ug/Kg (mean,
2136.4) pg/Kg for FB1 and from 1.8 to 1463.9ug/Kg (mean,
407.5ug/Kg) for FB2.while in white corn levels ranging was
from 1.4 to 5557.5 pg/Kg (mean, 1140.9) pg/Kg for FB1 and
from 0.6 to 987.7 pg/Kg (mean, 213.2 pug/Kg) for FB2. 28%
of corn samples and 20% of white corn samples exceeded
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the maximum permissible limits of the Sum of FB1 and FB2
which was 4 mg/Kg according to the regulation of Eu. 72%
of corn samples and 80 % of white corn Samples were less
than 4 mg/Kg. The highest infection from FB1 in corn was
8483 ug/Kg and it was in the Al-Gharbia governorate, while
in white corn FB1 was 5557.5ug/Kg and it was in the Al-
Bahira governorate. Also, the highest infection from FB2 in
Corn was 2084.3 pg/Kg and it was in the Al-Giza
governorate also. While in white corn FB2 was 987.7ug/Kg
and it was in the Al-Gharbia governorate. The highest
concentration of the sum of FB1 and FB2 was in corn
10034.9 pg/Kg and it was in Al-Gharbia governorate while
in white corn was 5821.3 pg/Kg and it was in Al-Bahira
governorate.
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Table 7: Contamination range and the occurrence of FB1 and FB2 in some seed samples collected from some Egyptian

governorates (data in pg/kg).

Governorate Seeds FB1(pg/Kg) FB2(1g/Kg) Date of detection
White corn <LOQ - 4327.2 <LOQ - 825.1
Corn 13.1-8072.1 3.1-1424.7
Cairo Soybean n.d.-14.3 n.d. August 2020
Sesame n.d. n.d.
Sunflower n.d. n.d.
White corn <LOQ - 4442.3 <LOQ - 965.1
Corn 37.2-8483.1 9.6 —2084.3
Al-Giza Soybean n.d. - 157.3 n.d. - 46.6 October 2020
Sesame n.d. n.d.
Sunflower n.d. n.d.
White corn <LOQ - 4828.9 <LOQ -542.6
Corn 18.2 - 6881.8 3.5-1435.9
Al-Menoufia Soybean n.d. - 66.3 nd.-136 September 2020
Sesame n.d. n.d.
Sunflower n.d. n.d.
White corn <LOQ - 4962.2 <LOQ - 8824
Corn 98.7 - 5397.4 145 -10715
. Soybean n.d. - 276.3 nd.-51.6
Al-Qalyubia Seé’ame o N August 2021
Sunflower n.d. n.d.
White corn <LOQ - 5557.5 <LOQ - 928.8
Corn 9.7-7229.2 <LOQ - 1312.7
Al-Beheira Soybean nd-47.2 nd.-86 September 2021
Sesame n.d. n.d.
Sunflower n.d. n.d.
White corn 4.6 - 3492.3 <LOQ -987.7
Corn 39.7-8571 6.6 - 1463.9
Al-Gharbia Soybean nd.—41.79 nd.—11.2 October 2021
Sesame n.d. n.d.
Sunflower n.d. n.d.
White corn <LOQ - 5557.5 <LOQ -987.7
Corn 9.7-8571 <LOQ -2084.3
Soybean n.d. - 276.3 nd.—51.6 2020-2021
Total range
Sesame n.d. n.d.
Sunflower n.d. n.d.

n.d., not detected; LOQ, limits of quantitation. = 3.9 pug/Kg for FB1 and 2.3 pg/Kg for FB2.

In soybean, 77% of 60 samples were free of FB1 and
FB2.while 23 % of samples were contaminant by FB1 with
levels ranging from 14.3 to 276.3 pg/Kg (mean, 12.2) ug/Kg
.20% of samples were contaminant by FB2 with levels
ranging from 8.6 to 51.6 pg/Kg (mean, 2.7) pg/Kg. The
highest infection from FB1 was 276.3 pg/Kg and it was in
the Qalyubia governorate. While FB2 was 51.6 and it was in
the Qalyubia governorate. Also, the highest concentration of
the sum of FB1 and FB2 was 321.9 pg/Kg and it was in the
Qalyubia governorate. In sesame and sunflower seeds, all
120 samples were free of FB1 and FB2.
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These findings have been compared in corn to those from
other countries The results were close to Thailand, where
FB1 and FB2 were detected in 89% and 67% of the samples
at concentrations going from 63 to 18800 g/Kg (mean, 1790
g/Kg) and 50 to 1400 g@g/Kg (mean, 251 g/Kg),
respectively[35]. Also, In Iran, The research was divided
into two places Mazandaran and Isfahan. All the samples
from Mazandaran had been shown high levels of
contamination of fumonisin with FB1 levels between 1270
and 3980 pg/Kg, and FB2 levels between 190 and 1175
pg/Kg, While the samples from Isfahan had been shown
lower contamination levels of FBs. Eight of the eight
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samples had detectable FB1 (10-590 g/Kg), and two of the
eight samples had detectable FB2 (50-75 g/Kg) [36]. In
China, Except for one sample, all were 99.6% positive for
FB1 at levels going from 3 to 71,121 g/Kg, with average and
median levels of 6,662 and 1,569 g/Kg, respectively. 43.6
percent of samples had FB1 concentrations less than 1,000
o/Kg, while 25.2 percent had concentrations greater than
5,000 g/Kg [37].

Also, this investigation reveals that compared to the previous
study in Egypt in 2009 [38], the level of contamination by
Fumonisin in Egypt has been reduced during the past decade.
This improvement in Fumonisin levels could be attributed to
the improvement of the food control system of Egypt and the
continuous monitoring of local markets in Egypt.

4. Conclusion

An LC-MS/MS analytical method for determining FB1 and
FB2 in oilseeds has been optimized and validated in this
study. The fumonisin determination sample treatment
method was direct, relying on solvent extraction with fast
shaking without any need for clean-up steps. The method has
been validated to characterize the analytical parameters and
confirm that the test method under consideration had
performance capabilities that were consistent with the
application's  requirements according to Eurachem
guidelines. Also, The Finish Accreditation Service (FINAS)
has granted this method international accreditation for
meeting the requirements of the ISO/IEC 17025:2017
standard. Furthermore, the proposed method applied for
analyze 300 oilseeds samples, and the results indicated that
more than 27% of the corn and 20% of white corn samples
had been exceeded the regulation of the EU. So, It is
necessary to take action and set relevant preventive measures
by conducting periodic analyzes of incoming corn shipments
before entering the Egyptian market.

5. Acknowledgments

During the creation of this research, the authors gratefully
recognize the use of the Agriculture Research Center -
Central Laboratory of Residue Analysis of Pesticides and
Heavy Metals in Food facilities, equipment, and resources.
Prof. Dr. Hend Abdella, lab director of the Central
Laboratory of Residue Analysis of Pesticides and Heavy
Metals in Foods - Agriculture Research Center, is also
thanked by the authors. Also, the authors would like to thank
Dr. Alaa Eldin Fathy of the Agriculture Research Center's
Central Laboratory of Residue Analysis of Pesticides and
Heavy Metals in Foods lab.

6. References

1. Daou R, Joubrane K, Maroun RG, Khabbaz LR, Ismail
A, El Khoury A. Mycotoxins: Factors influencing
production and control strategies. AIMS Agric Food.
2021;6(1):416-447. doi:10.3934/AGRFO0D.2021025

2. Al-Jaal BA, Jaganjac M, Barcaru A, Horvatovich P,
Latiff A. Aflatoxin, fumonisin, ochratoxin, zearalenone
and deoxynivalenol biomarkers in human biological

Egypt. J. Chem. 65, No. No. 12 (2022)

10.

11.

12.

13.

14.

15.

fluids: A systematic literature review, 2001-2018.
Food Chem Toxicol. 2019;129:211-228.
d0i:10.1016/j.fct.2019.04.047

Bessaire T, Mujahid C, Mottier P, Desmarchelier A.
Multiple Mycotoxins Determination in Food by LC-
MS/MS: An International Collaborative Study. Toxins
(Basel). 2019;11(11). doi:10.3390/toxins11110658

Coppock RW, Dziwenka MM. Mycotoxins.
Biomarkers Toxicol. Published online 2014:549-562.
doi:10.1016/B978-0-12-404630-6.00032-4

Edite Bezerra da Rocha M, Freire F da CO, Erlan
Feitosa Maia F, lzabel Florindo Guedes M, Rondina D.
Mycotoxins and their effects on human and animal
health. Food Control. 2014;36(1):159-165.
doi:10.1016/j.foodcont.2013.08.021

Zain ME. Impact of mycotoxins on humans and
animals. J Saudi Chem Soc. 2011;15(2):129-144.
doi:10.1016/j.jscs.2010.06.006

Murphy PA, Hendrich S, Landgren C, Bryant CM.
Food mycotoxins: An update. J Food Sci.
2006;71(5):51-65. doi:10.1111/j.1750-
3841.2006.00052.x

Marrez DA, Ayesh AM. Mycotoxins: The threat to food
safety. Egypt J Chem. 2022;65(1):353-372.
doi:10.21608/EJCHEM.2021.80490.3987

Voss KA, Riley RT, Waes JG van. Fumonisins. Reprod
Dev Toxicol. Published online 2011:725-737.
doi:10.1016/B978-0-12-382032-7.10053-0

Rheeder JP, Marasas WFO, Vismer HF. Production of
fumonisin analogs by Fusarium species. Appl Environ
Microbiol. 2002;68(5):2101-2105.
doi:10.1128/AEM.68.5.2101-2105.2002

Dutton MF. The African Fusarium/maize disease.
Mycotoxin Res. 2009;25(1):29-39.
doi:10.1007/s12550-008-0005-8

IARC. International Agency for Research on Cancer
larc Monographs on the Evaluation of Carcinogenic
Risks To Humans. larc Monogr Eval Carcinog Risks
To Humansarc Monogr Eval Carcinog Risks To
Humans. 2002;96:i-ix+1-390.

WHO (World Health Organization). Environmental
health criteria: Fumonisin B1. World Heal Organ.
Published online 2000:174.

European commission. Commission regulation (EC)
No 1881/2006 of 19 December 2006 setting maximum
levels for certain contaminants in foodstuffs. Off J Eur
Union. 2006;2006(1881):5-24.

Oliveira MS, Rocha A, Sulyok M, Krska R, Mallmann
CA. Natural mycotoxin contamination of maize (Zea
mays L.) in the South region of Brazil. Food Control.
2017;73:127-132. doi:10.1016/j.foodcont.2016.07.033



SWIFT AND ENHANCED-SENSITIVE ANALYTICAL METHOD FOR DETERMINATION OF FUMONISINS FB1553

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

Martins FA, Ferreira FMD, Ferreira FD, et al. Daily
intake estimates of fumonisins in corn-based food
products in the population of Parana, Brazil. Food
Control. 2012;26(2):614-618.
doi:10.1016/j.foodcont.2012.02.019

Queiroz VAV, De Oliveira Alves GL, Da Conceigdo
RRP, et al. Occurrence of fumonisins and zearalenone
in maize stored in family farm in Minas Gerais, Brazil.
Food Control. 2012;28(1):83-86.
doi:10.1016/j.foodcont.2012.04.039

De Girolamo A, Lattanzio VMT, Schena R, Visconti A,
Pascale M. Effect of alkaline cooking of maize on the
content of fumonisins B1 and B2 and their hydrolysed
forms. Food Chem. 2016;192:1083-1089.
doi:10.1016/j.foodchem.2015.07.059

Savi GD, Piacentini KC, Marchi D, Scussel VM.
Fumonisins B1 and B2 in the corn-milling process and
corn-based products, and evaluation of estimated daily
intake. Food Addit Contam - Part A Chem Anal Control
Expo Risk Assess. 2016;33(2):339-345.
d0i:10.1080/19440049.2015.1124459

Kebede H, Liu X, Jin J, Xing F. Current status of major
mycotoxins contamination in food and feed in Africa.
Food Control. 2020;110:106975.
doi:10.1016/j.foodcont.2019.106975

Stefanello J, Arruda Bachi LM, Luiz Gavassoni W,
Mayumi Hirata L, Alvaro Pontim BC. Incidéncia de
fungos em grdos de milho em fungdo de diferentes
épocas de aplicacdo foliar de fungicida. Pesqui
Agropecu Trop. 2012;42(4):476-481.
doi:10.1590/51983-40632012000400014

Philippines Corn Imports by Year (1000 MT).

Bangladesh Soybean Oilseed Production by Year (1000
MT).

Pakistan Sunflowerseed Oilseed Imports by Year (1000
MT).

Hu L, Liu H, Yang J, et al. Free and hidden fumonisins
in raw maize and maize-based products from China.
Food Addit Contam Part B Surveill. 2019;12(2):90-96.
doi:10.1080/19393210.2018.1564371

Andrade PD, Dantas RR, Moura-Alves TL da S de,
Caldas ED. Determination of multi-mycotoxins in
cereals and of total fumonisins in maize products using
isotope labeled internal standard and liquid
chromatography/tandem mass spectrometry  with
positive ionization. J Chromatogr A. 2017;1490:138-
147. doi:10.1016/j.chroma.2017.02.027

Nathanail A V., Syvéhuoko J, Malachova A, et al.
Simultaneous determination of major type A and B
trichothecenes, zearalenone and certain modified
metabolites in Finnish cereal grains with a novel liquid
chromatography-tandem mass spectrometric method.
Anal Bioanal Chem. 2015;407(16):4745-4755.
doi:10.1007/s00216-015-8676-4

Egypt. J. Chem. 65, No. No. 12 (2022)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

de Oliveira GB, de Castro Gomes Vieira CM, Orlando
RM, Faria AF. Simultaneous determination of
fumonisins B1 and B2 in different types of maize by
matrix solid phase dispersion and HPLC-MS/MS. Food
Chem. 2017;233:11-19.
d0i:10.1016/j.foodchem.2017.04.091

Berthiller F, Brera C, lha MH, et al. Developments in
mycotoxin analysis: An update for 2015-2016. World
Mycotoxin J. 2017;10(1):5-29.
d0i:10.3920/WMJ2016.2138

Berthiller F, Brera C, Crews C, et al. Developments in
mycotoxin analysis: An update for 2014-2015. World
Mycotoxin J. 2016;9(1):5-29.
d0i:10.3920/WMJ2015.1998

Turner NW, Bramhmbhatt H, Szabo-Vezse M, Poma
A, Coker R, Piletsky SA. Analytical methods for
determination of mycotoxins: An update (2009-2014).
Anal Chim Acta. 2015;901:12-33.
d0i:10.1016/j.aca.2015.10.013

Nomura M, Ishibashi T, Komoriya T, Nagahara T,
Chihara T. Development and inter-laboratory study of
a method for quantification of fumonisin B1, B2and
B3in pet foods. World Mycotoxin J. 2015;8(1):55-61.
doi:10.3920/WMJ2013.1691

Franco LT, Petta T, Vendrametto ME, Oliveira CAF.
Performance and Application of a “Dilute-and-Shoot”
LC-MS/MS Method for Determination of Mycotoxins
in Food Products in Sdo Paulo, Brazil. ETP Int J Food
Eng. 2018;4(3):206-211. doi:10.18178l/ijfe.4.3.206-
211

de Matos NAV, de Moraes MHP, Sartori AV, do Couto
Jacob S. Optimization and Validation of an Analytical
Method for the Determination of Free and Hidden
Fumonisins in Corn and Corn Products by UHPLC-
MS/MS. Food Anal Methods. 2021;14(8):1611-1624.
doi:10.1007/s12161-021-01984-8

Yoshizawa T, Yamashita A, Chokethaworn N.
Occurrence of fumonisins and aflatoxins in corn from
Thailand. Food Addit Contam. 1996;13(2):163-168.
doi:10.1080/02652039609374394

Shephard GS, Marasas WFO, Leggott NL,
Yazdanpanah H, Rahimian H, Safavi N. Natural
occurrence of fumonisins in corn from Iran. J Agric
Food Chem. 2000;48(5):1860-1864.
doi:10.1021/jf991196t

Gong HZ, Ji R, Li YX, et al. Occurrence of fumonisin
B1 in corn from the main corn-producing areas of
China. Mycopathologia. 2009;167(1):31-36.
doi:10.1007/s11046-008-9146-8

Casterton PL, Curry LL, Lina BAR, Wolterbeek APM,
Kruger CL, Hayes AW. Safety evaluation of a refined
arachidonic acid-rich oil. Toxicol Lett.
2009;189(2009):5235-S236.
doi:10.1016/j.toxlet.2009.06.876



554

Atef A. Elsayed et.al.

39.

40.

41.

42.

43.

Magnusson B, Ornemark U. The Fitness for Purpose of
Analytical Methods A Laboratory Guide to Method
Validation and Related Topics. Vol 2nd ed.; 2014.
doi:10.1016/S0014-2999(99)00500-2

Gazzotti T, Zironi E, Lugoboni B, Barbarossa A, Piva
A, Pagliuca G. Analysis of fumonisins B1, B2 and their
hydrolysed metabolites in pig liver by LC-MS/MS.
Food Chem. 2011;125(4):1379-1384.
doi:10.1016/j.foodchem.2010.10.009

Bryla M, Roszko M, Szymczyk K, Jedrzejczak R,
Obiedzinski MW. Fumonisins and their masked forms
in maize products. Food Control. 2016;59:619-627.
doi:10.1016/j.foodcont.2015.06.032

Standards. Commission Regulation (EC) No 401/2006
of 23 - sampling methods for MYCOTOXINS in
foodstuffs. Off J Eur Union. 2006;70(401):12-34.

Cendoya E, Monge MP, Palacios SA, et al. Fumonisin
occurrence in naturally contaminated wheat grain
harvested in Argentina. Food Control. 2014;37(1):56-
61. doi:10.1016/j.foodcont.2013.09.031

Egypt. J. Chem. 65, No. No. 12 (2022)



