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ABSTRACT

Aflatoxins G1, G2, B1 and B2 are carcinogenic metabolic products of the funqgus Aspergillus, that often
contaminates cereals and millets, causing serious safety concerns for human consumption. A sensitive
and selective analytical method for the determination of aflatoxins in Sorghum and Pearl millet has been
developed using the Tandem LC/MS Triple Quadrupole Mass Spectrometer. The method uses a sample
preparation technique involving dispersing the sample in acetonitrile water mixture (9:1 v/v), followed by
centrifugation and cleanup using a Solid phase extraction (SPE) cartridge (MultiSep number 228). The
cleaned-up extract of the sample is then analyzed using LC-MS/MS. The developed method showed
linearitycorrelation coefficient > 0.997 in the concentration range of 0.1 ug/1l- 50.0 ug/1 for all four types
of aflatoxins with a limit of detection of < 0.02ug/kg. The lowered detection limit was achieved through
concentrating the sample solution (5 times) compared to other conventional methods. Compared with the
conventional methods, this new method has unique features such as (i) differentiate different types of
aflatoxins quantitatively (ii) very low limit of detection. This method would be a boon for routine analysis
of different types of aflatoxin residues in Sorghum and Pearl millet.

Key Words: Aflatoxins, Sorghum, Pearl millet, Liquid Chromatography with Mass Spectrometry, LC-
MS/MS.

Received 23.12.2018 Revised 16.01.2019 Accepted 17.02.2019

CITATION OF THIS ARTICLE

I Sen,D Shrivastava,M Aggarwal and R K Khandal. Development of a Robust Tandem Mass Liquid
Spectroscopic Method for Aflatoxins in Cereals and Millets: Differentiating Aflatoxin Types..Int. Arch.
App. Sci. Technol; Vol 10 [1] March 2019 : 166-176

INTRODUCTION

Generally, aflatoxins are found in tropical regions with high humidity and temperature and
they accumulate post-harvest when food commodities are stored under conditions that
promote fungal growth in the food products.Aflatoxins belong to the group of mycotoxins,
which are secondary metabolites produced by the fungus Aspergillus (mainly the
Aspergillus flavus, and Aspergillus parasiticus). They are of four types: Aflatoxin B1 (AF B1),
Aflatoxin B2 (AF B2), Aflatoxin G1 (AF G1) and Aflatoxin G2 (AF G2); AF B1 being the most
abundant, toxic and carcinogenic amongst them. Aflatoxins M1 and Aflatoxins M2 are the
hydroxylation products of AF Bl and AF B2, respectively and they are found in milk and
milk products.Aflatoxins are highly toxic; having genotoxic, mutagenic, teratogenic and
carcinogenic effects and can cause both acute and chronic toxicity in humans. They act as
hepatocarcinogenic in human body, mainly when conjugated with chronic hepatitis B virus
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infection, and cause aflatoxicosis in episodic poisoning outbreaks. In animals, these toxins
also impair growth and suppress the immunity in body.

EnzymeP450, in the liver, metabolizesespecially AFB1 into a reactive oxygen species (AFB1-
8,9-epoxide), which may then bind either with proteins to cause acute toxicity (aflatoxicosis)
or with DNA to induce liver cancer [1-7]. AF B1 8,9-exo-epoxide gets introduced more
promptly into DNA, yielding higher levels of adducts for a given dose. AF B2 and AF G2 are
normally considered to be far less biologically active due to the absence of an 8,9 double
bond and subsequently 8,9-epoxide formation is not possible here cases.World Health
Organization (WHO) and by the U.S. Environmental Protection Agency (USEPA) have
classified aflatoxins as human liver carcinogens.To avoid excessive exposure to aflatoxins,
therefore, maximum residual limits (MRLs) for various aflatoxins in different food products
is fixed as 4ug/kg by WHO and many other regulatory authorities for total aflatoxins [8-14].
Several analytical methods have been reported for the determination of aflatoxins in
different raw and processed food products [15-23]. Thin-layer chromatography (TLC)22, High
performance thin-layer chromatography (HPTLC) and liquid chromatography (LC) with
fluorescence detection (FLD) in combination with both pre-column derivatization and post-
column derivatization are the most commonly used techniques for this purpose [24-30].
While TLC is only a qualitative technique, HPTLC and LC with FLD, are both qualitative as
well as quantitative techniques. Analysis of aflatoxins, at trace levels using HPTLC or LC-
FLD, is known to suffer from interferences from complex food matrix. Hence, there is always
a need to have a selective and sensitive method for this. A significant number of analytical
methods involving hyphenated techniques of liquid chromatography such as LC coupled to
mass spectroscopy have been developed and applied to the residual analysis of aflatoxins in
food. However, there exist no method that is sensitive enough to meet the regulatory
requirements as prescribed by USEPA and WHO [31-38].

Therefore, a selective and sensitive mass spectrometric detection method with the high
resolution of LC is attempted for qualitative as well as quantitative method of analysis of
different aflatoxins present at trace levels of < 0.02ug/kg. A sensitive and selective
analytical method for the determination of aflatoxins G1, G2, B1, and B2 in Sorghum and
Pearl millet using the Tandem LC/MS Triple Quadrupole Mass Spectrometer has been
developed. The suggested technique is not only highly sensitive but also shows a linearity
in wide concentration range, 0.1 ug/1 to 50.0 ug/l, besides being able to separate different
types of aflatoxins.

MATERIAL AND METHODS

Chemicals:

The reference standards of: a) Aflatoxins G2 (AF G2), b) Aflatoxins G1 (AF G1), c) Aflatoxins
B2 (AF B2), and d) Aflatoxins B1 (AF B1) were obtained from Sigma Aldrich, Mumbai India.
The purity of these compounds was greater than 99%. HPLC grade Ammonium acetate,
acetonitrile and methanol were procured from Merck Chemicals Delhi, India. Purified Milli-
Q (Millipore, Tokyo, Japan)water of 18.2 MQ resistivity.

Sorghum and Pearl millet grain samples were procured from local market. The grains were
finely ground in an electric grinder and flour was used for all studies here.
Instrumentation/ Equipment:

LC-MS/MS system: An LC-MS/MS system consisting of an Agilent 1290 Series vacuum
degasser, binary pump, well-plate auto sampler, thermo stated column compartment, the
Agilent G 6460 Triple Quadrupole Mass Spectrometer with an electrospray ionization (ESI)
source. The separation of the different aflatoxins was carried out on Agilent Zorbax Eclipse
plus RP C18, 150 mm X 2.1 mm, 1.8 um analytical column.The Mass hunter software was
used for data acquisition and processing.

Procedure:

Sample preparation for Analysis by LC-MS/MS:

Approximately, 20 g of homogenized samples of flour(Sorghum and Pearl Millet) was taken
in separate 250 ml Erlenmeyer flask and to this 20 ml of acetonitrile-water (9:1, v/v) was
added. This mixture was shaken for 30 minutes, and centrifuged for 5 minutes at 2000
rpm. The supernatant was filtered through a glass microfiber GF/B grade filter (pore size:
0.2 ym, Whatman International Ltd, UK). The residue on the filter was discovered while the
filtrate was used for further studies. The filtrate (10 ml) was passed through MultiSep
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number 228 cartridge column for the cleanup at a flow rate 1 ml/ min. The elute was
collected and evaporated to dryness at 40°C under the gentle stream of nitrogen using
solvent Nitrogen evaporator (Rapid Vap, Labconco Corporation, Missouri, USA). The residue
remaining in the evaporator was dissolved in 1 ml 5 mM ammonium acetate in methanol:
water: acetic acid (10:89:1, v/v/v) and 5 mM ammonium acetate in methanol: water: acetic
acid (97:2:1, v/v/v). To this way, the extracted residues were recovered after extraction
followed by cleanup for further analysis. In the previous methods, normal SPE combined
with normal absorbent has been used [32, 36, 38-40]. However, the process of clean up in
our method is very simple, easy to handle and allows an effective as well as intensive
solvent-matrices separation

Sample preparation for Recovery:

For recovery studies, 20 g of Sorghum and Pearl millet flour were spiked with 0.1ug/kg, 0.2
ug/kg and 0.5 pg/kg of aflatoxins reference standard and the procedure of extraction,
cleanup and reconstitution was followed as per the same procedure as described above.
Reference Standard Preparation:

Preparation of calibration Standard and Matrix-matched calibration solutions:
Accurately weight ~ 10 mg of aflatoxins standards (AF G2, AF G1, AF B2 & AF B1) was
dissolved in acetonitrile and made up the volume to 100 ml in volumetric flask. This was
taken as the stock solution used for preparation of calibration standard and matrix match
calibration solutions, was stored at 4 °C in the dark until use.

Appropriate aliquots were taken and further diluted with mobile phase so as to give a series
of calibration standard solutions having AF G2, AF G1, AF B2 and AF Bl concentration
range of 0.1 ug/1, 0.50 ug/1, 1.0 ug/1, 2.5 pug/l, 5.0 pg/l, 10.0 pg/l, 25.0 ug/land 50.0 pg/l
respectively. Matrix-matched calibration standards were prepared by fortifying the extracted
pre-analyzed sample solution (Sorghum and Pearl Millet sample) with known concentration
of standard working solution at 8 levels in the range betweenO.1 pg/kg, 0.50ug/kg,
1.0pug/kg,2.5ug/kg, 5.0 ug/kg, 10.0 ug/kg, 25.0 ug/kg and 50.0 ug/kg and final
concentration. A mixed standard of aflatoxins of 0.1 ug/l concentrations was prepared for
estimation of Limit of detection (LOD) of the instrument. We spiked 0.02ug /1 concentration
level of aflatoxins mixed standard into the 20 g of Sorghum and Pearl Millet sample for
determination of LOD for the method. Extraction procedure was followed as illustrated in
and final concentration was made 0.1ug/kg. All solutions were stored at 2°C to 8°C until
analysis.

LC-MS/MS conditions:

The analysis for determination of the different aflatoxins was carried with two mobile
Phases, A = 5 mM ammonium acetate in Methanol: Water: Acetic acid (10:89:1, v/v/v) and
B = 5 mM ammonium acetate in Methanol: Water: Acetic acid (97:2:1, v/v/v) were prepared
whereas Methanol: Acetonitrile: Water mixture (25:50:25 v/v/v) was used for flushing. Flow
rate was 200 pl / min and Mobile phase gradient for separation of AF G2, AF G1, AF Bl
and AF B2 in Sorghum and Pearl millet sample is listed in Table 1.

Table 1: Mobile phase gradient for separation of AF G2, AF G1, AF B1 and AF B2 in
Sorghum and Pearl millet sample

Sr. No. | Time (min) | %A | %B
1 0] 100| O
2 1 100| O
3 2.5 50 | 50
4 7 0 100
5 9.25 0 100
6 9.3 100| O
7 10 100| O

Mass Spectrometry conditions:

Instrument: Agilent 6460 LC /MS Triple Quadrupole was used in present study and the
concentration of aflatoxins was determined in Positive ESI mode. The Drying gas flow was
12 L/min with Nebulizer pressure of 35 psi. The analytical condition (Drying gas temp: 350
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°C, Capillary (V) at 4000 V, Scan range between m/z 100 — 550 and Fragmentor variable
120 V) was maintained during the analysis.
Multi Reaction Monitoring mode transitions for the analysis are given below Table 2.

Table 2. Data Acquisition Parameters of MRM Transitions for Each Aflatoxin

Sr. Mycotoxins RT (min) Molecular Precursor Product Ion | Collision
No. Weight Ion (m/2) (m/z) Energy (V)
1 Aflatoxin G2 6.655 330 331 245 30
2 Aflatoxin G1 6.835 328 329 243 30
3 Aflatoxin B2 7.055 314 315 259 30
4 Aflatoxin B1 7.235 312 313 241 30

RESULT AND DISCUSSION

Liquid chromatographic separation:

A comparatively simple, sensitive and an accurate method was developed for the
determination of AF G2, AF G1, AF B1 and AF B2 residues in Sorghum and Pearl millet
using positive ESI LC-MS/MS with optimum chromatographic conditions. In the previous
methods, aflatoxin compounds were co -eluting with each other and therefore, the base to
base peaks were not separated well [41-43].In order to develop the optimum condition for
better peak separation in LC-ESI-MS/MS, we eluted aflatoxins in different proportions of
mobile phases and with different flow rates. We also ensured that optimized
chromatographic conditions provided short retention times, adequate peak shapes and good
base to base separation of aflatoxins peak. A well resolved and separated peaks for AF G2,
AF G1, AF B1 and AF B2 were obtained at retention time of 6.655, 6.835, 7.055, 7.235
minutes respectively (Figure 1). The optimum separation condition was achieved using 5
mM ammonium acetate in Methanol: Water: Acetic acid (10:89:1, v/v/v) (A) and 5 mM
ammonium acetate in Methanol: Water: Acetic acid (97:2:1, v/v/v)(B) at a flow rate 200 ul /
minin the ratio as given in LC program (Table 1).

Mass Spectrometric detection:

The reference standard solution of AF G2, AF G1, AF Bl and AF B2 were infused separately
using both positive and negative ESI mode of the mass spectrometer detector for the
purpose of evaluating the fragment ions and the intensity of the signals. The positive
ionization mode, compared with negative ionization mode, produced a high intensity signal,
which in turn allowed us to detect AF G2, AF G1, AF Bl and AF B2 residues up to the
concentration levels of 0.1ug/l. In addition, MRM transition for each aflatoxin was carried
out using single-MS (ESI-LC-MS) positive full scan mode followed by MRM mode using
aflatoxin standard mixture at 0.5 ug/l. The mass spectrum of each aflatoxin in full-scan
mode exhibited a protonated molecular ion [M+H]* as the base peak ion m/z331 for AF G1,
m/z 329 for AF G2, m/z 315 for AF B2 andm/z 313 for AF B1 [15, 38, 39|. The mass
spectra were obtained for the standard mixtures in full scan mode and MRM mode and are
shown in Figure 2, 3, 4 and 5.

The optimum collision voltage is compound dependent; therefore, it was varied from 5 to 40
V using a step size of S5V to establish the optimum collision voltage for better identification.
A distinct optimum intensity of the product ion of each aflatoxin was observed at 30 V in
this study. The product ions that indicated the highest intensity were m/z 245 (AFG2), 243
(AFG1), 259 (AFB2), and 241 (AFB1), respectively. Table 2 shows the parameters of MRM
mode of each aflatoxin.

Method Performance Characteristics:

The method was validated as per SANTE guide lines*'to establish specificity, linearity,
precision, accuracy, limit of detection and limit of quantitation for our new method.
Specificity: The chromatographic interferences from the Sorghum and Pearl millet
samples were investigated by comparing the chromatograms of sample free from
aflatoxin (Blank), sample with aflatoxins and the spiked aflatoxins into blank
sample. It was found that the presence of interferences did not have any effect on
the quantitative results of the analyte of interest (Figures 1-5) thus providing
reliability of the LC-MS/MS method for determination of Aflatoxins.
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Figure 1: Total ion chromatogram of Aflatoxin G1, Aflatoxin G2, Aflatoxin B2and Aflatoxin
B1
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Figure 2: MRM transitions showing Aflatoxin G2 from analysis of spiked samples (Aflatoxins
standard at 0.5ug/kg)
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Figure3:MRM transitions showing Aflatoxin G1 from analysis of spiked samples (Aflatoxins
standard at 0.5 ng/kg)
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Figure 4: MRM transitions showing Aflatoxin B2 from analysis of spiked samples (Aflatoxins
standard at 0.5ug/kg)
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Figure 5: MRM transitions showing Aflatoxin B1 from analysis of spiked samples (Aflatoxins
standard at 0.5ug/kg)

Linearity: Eight calibration standards evenly spread over the concentration range of interest
and encompassing the concentration levels reflecting EU regulatory limits!! were analyzed.
The calibration standards were run in six replicates. The calibration curve prepared using
the pure standards was found to be linear in the range of 0.1 ug/1 to 50ug/1 with correlation
coefficient of >0.9985. Further, the linearity of the matrix-matched calibration standards for
the concentration range of 0.1pg/kg to 50ug/kg, was checked in six replicates. The
calibration curve for the matrix-matched standards was also found to be linear with
correlation coefficient of >0.9974. The linear equations, correlation co-efficient and RSD
values of calibration standard and matrix matched calibration for both Sorghum and Pearl
millet samples are presented in Table 3.

Limit of detection (LOD) and Limit of quantitation (LOQ): LOD was determined by considering
signal to noise (S/N) ratio of 3:1 for the strongest mass transition with respect to the
background noise obtained from the blank sample whereas LOQ was determined similarly
by considering signal to noise ratio (S/N) ratio of 10:1 (Table 2). Based on the mean noise
level for the ten injections each for the matrix blank of Sorghum and Pearl millet samples,
the detection limit of the instrument was calculated as 0.1ug/kg and lowest detection limit
for the method was calculated 0.02 ug/ kg for both matrices (Sorghum and Pearl millet) and
confirmed using standard solutions of aflatoxins mixed with concentration of 0.1ug/l. The
lowest concentration level that could be quantified with reproducible values for Sorghum
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and Pearl millet was determined as 0.5 pg/kg for the instrument and limit of quantification
for the method was calculated 0.1 pg/ kg. The results were further confirmed by injecting
matrix matched standard solution of having concentration of 0.5 pug/ml.

Precision: The data of measurements of precision for both intra-day and inter-day repeatability
and reproducibility by measuring the concentrations in seven replicates are presented in (Table
4). Samples of Sorghum and Pearl millet were spiked at different concentration levels i.e. 0.1
ug/kg, 0.5 ug/kg and 1.0 pg/kg respectively and the solutions were injected on the same day
and on three subsequent days by three different analysts. Relatively low relative standard
deviation (%RSD value of < 4.2%) were obtained for both the samples. Overlay of
chromatograms for different concentration of AF G2, AF G1, AF B1 and AF B2shown in Figure
0.

Accuracy: The recoveries of AF G2, AF G1, AF B1 and AF B2 in spiked samples were
calculated to study the effect of matrix on the determination of aflatoxins. The recovery
studies were carried out at spiked level 0.1 ug/kg, 0.5 ug/kg and 1.0 pg/kg concentrations of
aflatoxins in Sorghum and Pearl millet sample respectively. The solutions were injected in
seven replicates on three different days and then extracted and determined by the same
method as mentioned earlier. The recoveries of aflatoxins from the Sorghum and Pearl
millet samples were found in the range of 87% to 105% Table 5.

Table- 3: Fragment ions produced using + ve ESI mode, Selectivity, LOD & LOQ of

Aflatoxins
Solvent Matrix (Sorghum) Matrix (Pearl millet)

. olven atrix (Sorghum Calibration (R2 LOD LOQ
Compounds | R.T (min) Calibration (R?) Calibration (R?) alibration (R?) (ug/kg) (ug/kg)
Aflatoxin G2 0.937 0.9992 0.9989 0.9991 0.1 05
Aflatoxin G1 1.110 0.9987 0.9981 0.9985 0.1 0.5
Aflatoxin B2 1.324 0.9985 0.9974 0.9980 0.1 0.5
Aflatoxin B1 1.660 0.9994 0.9991 0.9992 0.1 0.5

Table- 4: Intra-day and Inter-day precision data for the proposed method for Aflatoxins G2,
G1, B2 and B1 residues in samples of Sorghum and Pearl millet.

Day 1 Day 2 Day 3 Intra-assay
Concentration Concn*. Concn Concn Concn
ug/keg Sample obtained % obtained % obtained % obtained %
(ng/kg) RSD (ng/kg) RSD (ng/kg) RSD (ng/kg) RSD
n=7 n=7 n=7 n=7

Aflatoxins G2

Sorghum 0.0962 4.18 0.0957 2.89 0.0901 2.65 0.0889 2.69

0.1 Pearl 3.66 3.71 2.38 3.55
millet 0.0951 0.0925 0.0967 0.0958

Sorghum 0.4920 2.11 0.4890 2.55 0.4715 3.92 0.4780 2.71

0.5 Pearl 2.45 2.87 3.15 2.62
millet 0.4975 0.4945 0.5005 0.4915

Sorghum 0.9970 2.85 0.9980 3.42 1.0270 1.25 1.0020 3.35

1.0 Pearl 2.51 2.64 2.11 2.16
millet 0.9600 0.9330 0.9760 1.0110

Aflatoxins G1

Sorghum 0.0982 3.82 0.0891 4.07 0.0953 2.39 0.0936 1.83

0.1 Pearl 3.75 2.88 3.17 2.89
millet 0.0949 0.0879 0.0991 0.0954

Sorghum 0.4535 1.88 0.4735 1.52 0.4880 2.22 0.4915 1.96

0.5 Pearl 2.97 1.99 2.86 2.34
millet 0.4770 0.4905 0.4975 0.4985

Sorghum 0.9930 2.83 0.9830 3.05 0.9890 2.34 1.0260 3.56

1.0 Pearl 3.59 3.00 2.45 3.95
millet 1.0290 0.9980 1.0150 0.9920

Aflatoxins B2

Sorghum 0.0957 3.89 0.0978 3.09 0.0899 2.70 0.0951 3.32

0.1 Pearl 2.96 3.19 3.11 2.13
millet 0.0939 0.0903 0.0897 0.0949

Sorghum 0.4585 2.18 0.4850 2.61 0.4745 2.95 0.4895 2.64

0.5 Pearl 3.73 3.26 2.61 3.16
millet 0.4480 0.4725 0.4840 0.4785
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Sorghum 1.0250 1.80 1.0200 2.97 0.9990 2.93 0.9890 2.77

1.0 Pearl 2.11 3.58 2.54 3.06
millet 1.0170 1.0130 1.0060 1.0080

Aflatoxins B1

Sorghum 0.0959 2.81 0.0937 1.86 0.0981 3.87 0.0959 2.91

0.1 Pearl 3.19 2.33 3.19 2.43
millet 0.0946 0.0949 0.0997 0.0947

Sorghum 0.4995 2.47 0.4930 3.56 0.5105 2.54 0.4955 2.08

0.5 Pearl 2.86 2.17 2.93 2.13
millet 0.4930 0.4890 0.4920 0.4945

Sorghum 0.9980 1.95 0.9980 3.62 0.9960 1.09 1.0210 2.17

1.0 Pearl 1.87 2.54 1.12 2.77
millet 0.9860 0.9990 0.9740 1.0270

* Concentration

Table- 5: Percent recovery of aflatoxins G2, G1, B2 and B1 from Sorghum and Pearl millet
samples analyzed on different days (n=7)

Day-1 Day-2 Day-3 Intra-assay
Concentration pg/kg Sample %
Recovery % Recovery % Recovery % Recovery
Aflatoxins G2
0.1 Sorghum 96.2 95.7 90.1 88.9
) Pearl millet 95.1 87.6 96.7 95.8
0.5 Sorghum 98.4 97.8 94.3 95.6
) Pearl millet 99.5 98.9 100.1 98.3
10 Sorghum 99.7 99.8 102.7 100.2
) Pearl millet 96.0 93.3 97.6 101.1
Aflatoxins G1
0.1 Sorghum 98.2 89.1 95.3 93.6
) Pearl millet 94.9 87.9 99.1 95.4
0.5 Sorghum 90.7 94.7 97.6 98.3
) Pearl millet 95.4 98.1 99.5 99.7
1.0 Sorghum 99.3 98.3 98.9 102.6
) Pearl millet 102.9 99.8 101.5 99.2
Aflatoxins B2
0.1 Sorghum 95.7 97.8 89.9 95.1
) Pearl millet 93.9 90.3 89.7 94.9
0.5 Sorghum 91.7 97.0 94.9 97.9
) Pearl millet 89.6 94.5 96.8 95.7
10 Sorghum 102.5 102.0 99.9 98.9
) Pearl millet 101.7 101.3 100.6 100.8
Aflatoxins B1
0.1 Sorghum 95.9 93.7 98.1 95.9
) Pearl millet 94.6 94.9 99.7 94.7
0.5 Sorghum 99.9 98.6 102.1 99.1
) Pearl millet 98.6 97.8 98.4 98.9
10 Sorghum 99.8 99.8 99.6 102.1
) Pearl millet 98.6 99.9 97.4 102.7
CONCLUSIONS

From the studies presented here, following conclusion may be drawn: (i) Positive ESI LC-
MS/MS method developed for AF G1, AF G2, AF Bl and AF B2 is found to be a rapid
method with excellent chromatography separation, lowest limit of detection and limit of
quantification reported so far in. (ii) The method yields high precision, accurate and
sensitive quantification by using simple extraction procedure in a wide array of matrices
and is advantageous. (iii) Aflatoxin G2, G1, B2 and B1 shows the precursor ions m/z 331,
329, 315 and 313 with product ions 245, 243, 259 and 241. (iv) In spite of using a
simplified extraction procedure, no interferences were observed from the matrix
components during the determination of aflatoxin residues reflecting the robustness of the
method.

Although in the current study, the method has been demonstrated to be usefulfor routine
analysis of aflatoxinresidues in Sorghum and pearl millet, the chromatographic separation
and results indicate that the method can be used for measurement in other matrices food
products like cereals, nuts etc.

IAAST Vol 10 [1] March 2019 173|Page ©2019 Society of Education, India



Sen et al

Aflatexin B

Aflatoxin G1

R T - -
latoxin G2

Allatoxin B2

A ;‘

|
ll'll I"!, If \\ - )
: Al AR

56 57 52 59 [ [3¢] 82 g3 B4 ES

68 B9
Counts vs. Acquisition Time (men)

5 78 71 78 7% &

Figure 6: Overlay chromatograms for different concentration of Aflatoxin G2, Aflatoxin G1,

Aflatoxin B1 and Aflatoxin B2

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Alshannaq A., Yu J.H. (2017). Occurrence, toxicity, and analysis of major mycotoxins in food.
International Journal of Environmental Research and Public Health, 14, 632. DOL
10.3390/ijerph14060632

Sarvtin M.T., Hedayati M.T., Abastabar M., Shokohi T. (2014). Debaryomyceshansenii colonization
and its protein profile in psoriasis. Iran Journal of Dermatolology, 17, 134-7.

Chang H., Kim W., Park J.H., Kim D., Kim C.R., Chung S.(2017). The occurrence of Zearalenone
in South Korean feedstuffs between 2009 and 2016. Toxins (Basel), 9,E223. DOI:
10.3390/toxins9070223.

Wood L., Jaspan H., Sodora D. (2013) Infant immune activation, HIV susceptibility and
ochratoxin A exposure in Khayelitsha, South Africa (P6159).The Journal of Immunology, 190, 118.
Pfohl-Leszkowicz A., Manderville R.A. (2007) Ochratoxin A: an overview on toxicity and
carcinogenicity in animals and humans,Molecular Nutrition & Food Research, 51, 61-
99.https://doi.org/10.1002 /mnfr.200600137

Wu F., Khlangwiset P.(2010). Health economic impacts and cost-effectiveness of aflatoxin
reduction strategies in Africa: Case studies in biocontrol and postharvest interventions,Food
Additives & Contaminants Part A,27:496-509.DOI: 10.1080/19440040903437865.

Wild C.P., Gong Y.Y. (2010). Mycotoxins and human disease: a largely ignored global health issue.
Carcinogenesis,31:71-82.DOI: 10.1093/carcin/bgp264.

Duarte S.C., Pena A., Lino C.M. (2010). Ochratoxin A in Portugal: a review to assess human
exposure. Toxins (Basel), 2, 1225-49. DOI: 10.3390/toxins2061225

Chen C., Wu F. (2017). The need to revisit ochratoxin A risk in light of diabetes, obesity, and
chronic kidney disease prevalence. Food and ChemicalToxicology, 103, 79-85.

DOI: 10.1016/j.fct.2017.03.001.

Action Levels for Poisonous or Deleterious Substances in Human Food and Animal Feed. Industry
Activities Staff Booklet. U.S. Food and Drug Administration, Washington, DC, 2000.

Commission Regulation (EC) No 1881/2006 of 19 December 2006. Setting Maximum Levels for
Certain Contaminants in Foodstuffs. Official Journal of the European Union 2006, 49, L364, 5-
24.

Indian Standard, Method for yeast and mould count of foodstuffs and animal feed. IS5403:1999
Wu. F., (2004). Mycotoxin Risk Assessment for the Purpose of Setting International Regulatory
Standards, Environmental Science and Technology, 38,4049-4055.D0I:10.1021/es035353n
Kumar D., Barad S., Sionov E., Keller N.P., Prusky D.B. (2017). Does the host contribute to
modulation of Mycotoxin production by Fruit Pathogens, Toxins (Basel), 9, E280

DOI: 10.3390/toxins9090280.

Andrade P.D., Dantas R.R., Moura-Alves T.L.D.S., Caldas E.D. (2017). 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.
Journal of Chromatography A, 1490, 138-147.

DOI: 10.1016/j.chroma.2017.02.027

Tittlemier S.A, Drul D., Roscoe M., McKendry T. (2015). Occurrence of ergot and ergot alkaloids in
western Canadian wheat and other cereals,Journals of Agriculture and Food Chemistry, 63, 6644-
6650. DOI: 10.1021/acs.jafc.5b02977

IAAST Vol 10 [1] March 2019 174|Page ©2019 Society of Education, India



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sen et al

Dehghan P., Pakshir K., Rafiei H., Chadeganipour M., Akbari M. (2014). Prevalence of Ochratoxin
A in human milk in the Khorrambid town, Fars province, South of Iran. Jundishapur Journal of
Microbiology, 7,e11220.DOI: 10.5812/jjm.11220.

Igbal S.Z., Asi M.R, Jinap S., (2014) Natural incidence of aflatoxins, ochratoxin A and
zearalenone in chicken meat and eggs. Food Control, 43, 98-103.
https://doi.org/10.1016/j.foodcont.2014.02.046

Liu Z., Gao J.B., Yu J. (2006). Aflatoxins in stored maize and rice grains in Liaoning Province.
China.Journal of Stored Products Research, 42, 468-479. D0OI:10.1016/j.jspr.2005.09.003

Naseer R., Sultana B., Khan M.Z., Naseer D., Nigam P. (2014). Utilization of waste fruit-peels to
inhibit aflatoxins synthesis by Aspergillus flavus: a biotreatment of rice for safer storage.
Bioresource Technology, 172, 423-428.

DOI: 10.1016/j.biortech.2014.09.017

Wood G. (1992). Mycotoxins in Foods and Feeds in the United States.Journal of Animal Science,
70, 3941-3949. https://doi.org/10.2527/1992.70123941x

Klich M. A.(2007). Environmental and Developmental Factors Influencing Aflatoxin Production for
Aspergillus flavus and Aspergillus parasiticus.Mycoscience, 48, 71-80. DOI:10.1007/s10267-006-
0336-2

Scott P. M., Lawrence J. W. and Van Walbeek W.(1970). De-tection of Mycotoxins by Thin Layer
Chromatography: Application to Screening of Fungal Extracts.Applied Microbiology, 20, 839-842.
Campos W.E.O, Rosas L.B., Neto A.P., Mello R.A., Vasconcelos A.A. (2017). Extended validation
of a sensitive and robust method for simultaneous quantification of aflatoxins B1, B2, G1 and
G2 in Brazil nuts by HPLC-FLD. Journal of Food Composition and Analysis, 60, 90-96.

DOI: 10.1016/j.jfca.2017.03.014

Abastabar M., Akbari A., Akhtari J., Hedayati M.T., Shokohi T., Mehrad-Majd H., et al. (2017). In
vitro antitumor activity of patulin on cervical and colorectal cancer cell lines. Current Medical
Mycology, 3, 25-9.

Mitchell N.J., Chen C., Palumbo J.D., Bianchini A., Cappozzo J., Stratton J., Ryu D. and Wu F.
(2017). A risk assessment of dietary Ochratoxin a in the United States. Food and Chemical
Toxicology, 100, 265-73.DOI: 10.1016/j.fct.2016.12.037.

Gifford F.J., Gifford R.M., Eddleston M., Dhaun N.(2017). Endemic nephropathy around the
world. Kidney International Reports, 2, 282-92.DOI: 10.1016/j.ekir.2016.11.003.

Karami-Osboo R., Maham M., Miri R., ShojaeeAliAbadi M.H., Mirabolfathy M., Javidnia K.,
(2013) Evaluation of dispersive liquid-liquid microextraction-HPLC-UV for determination of
deoxynivalenol (DON) in wheat flour. Food Analytical Methods, 6, 176-180. DOI:
10.1007/s12161-012-9428-0

Lee N. A,, Wang S. W., Allan R. D. and Kennedy I. R., (2004). A Rapid Aflatoxin B1 ELISA:
Development and Vali-dation with Reduced Matrix Effects for Peanuts, Corn, Pistachio, and
Soybeans.Journal of Agriculture and Food Chemistry, 52, 2746-2755. D0OI:10.1021/jf0354038
Jaimex J., Fente C. A., Vazquez B. 1., Cepeda A., Mahuzier G. and Prognon P. (2000) Application
of the Assay of Aflatoxins by Liquid Chromatography with Fluorescence Detection in Food
Analysis.Journal of Chromatography A, 882,1-10. DOI:10.1016/S0021-9673(00)00212-0
Karami-Osboo R., Mirabolfathi M. (2017). A novel dispersive nanomagnetic particle solid-phase
extraction method to determine aflatoxins in nut and cereal samples. Food Analytical Methods,
10, 4086-4093.

Maor U., Sudharsan S., Zakin V., Prusky D., Sionov E. (2017). The effect of ambient pH
modulation on ochratoxin A accumulation by Aspergillus carbonarius. World Mycotoxin Journals,
10, 339-48.

Sohrabi N., Gharahkoli H. A.(2016). seasonal study for determination of aflatoxin M1 level in dairy
products in Iranshahr, Iran. Current Medical Mycology, 2, 27-31. DOI: 10.18869/
acadpub.cmm.2.3.27

Nazemi L., Kordbacheh P., DaeiGhazvini R., Moazeni M., Akbari Dana M., Rezaie S. (2015). Effects
of thiamine on growth, aflatoxin production, and aflr gene expression in A. parasiticus. Current
Medical Mycology, 1, 26-34.DOI: 10.18869/acadpub.cmm.1.1.26

Xue X.F., Selvaraj J.N.,Zhao L.,Dong H., Liu F.,Liu Y., Li Y. (2014). Simultaneous
Determination of Aflatoxins and Ochratoxin A in Bee Pollen by Low-Temperature Fat Precipitation
and Immunoaffinity Column Cleanup Coupled with LC-MS/MS.Food Analytical Methods, 3, 690-
696. DOI: 10.1007/s12161-013-9723-4.

VahlM.andJgrgenson M.(1998). Determination of Aflatoxins in Food using LC/MS/MS.European
Food Research and Technology, 206, 243-245. DOI:10.4236/nr.2011.24032.

Stroka J., Anklam E., JorissenU.and GilbertJ.(2000). Immunoaffinity Column Cleanup with
Liquid Chromatography Using Post-Column Bromination for Determination of Aflatoxins in
Peanut Butter, Pistachio Paste, Fig Paste, and Paprika Powder: Collaborative Study.Journal of
AOAC International, 83, 320-340.

IAAST Vol 10 [1] March 2019 175|Page ©2019 Society of Education, India



38.

39.

40.

41.

42.

43.

44,

Sen et al

Galvano F., GalofaroV.and Galvano G.(1996). Occurrence and Stability of Aflatoxin M1 in Milk
and Milk Products: A Worldwide Review.Journal of Food Protection,59, 1079-1090.
https://doi.org/10.4315/0362-028X-59.10.1079

Riswahyuli, Loise R.S. and Nemara N. (2016), Multi Mycotoxins Analysis in Rice Using LC-
MS/MS.Media Pharmaceutica Indonesiana, 1, 77-84.DOI: 10.24123 /mpi.v1i2.189.

McDanielA., Holmes W. E., Williams P., Armbrust K. L., Sparks D. L., Brown A. E. (2011). Effect
of Matrix Clean-Up for Aflatoxin Analysis in Corn and Dried Distillers Grains.Natural Resources,
2, 250-257. DOI:10.4236/nr.2011.24032

Sameni M., Dtiebecke A. and Weber JF. F. (2014). Simultaneous Multi- Residue Determination of
Mycotoxins in Foods Using LC-MS/MS.Journal of Environmental & Analytical Toxicology,5, 1-
6.DOI: 10.4172/2161-0525.1000259

Sulyok M., Berthiller F., Krska R., Schuhmacher R. (2006). Development and validation of a liquid
chromatography/tandem mass spectrometric method for the determination of 39 mycotoxins in
wheat and maize. Rapid Communications in Mass Spectrometry. 20, 2649-2659.DOI:
10.1002/rcm.2640

Delmulle B., De Saeger S., Adams A., De Kimpe N., Van Peteghem C. (2006). Development of a
liquid chromatography/tandem mass spectrometry method for the simultaneous determination of
16 mycotoxins on cellulose filters and in fungal cultures. Rapid Communication in Mass
Spectrometry, 20, 771-776. DOIL: 10.1002/rcm.2373

Guidance document on analytical quality control and method validation procedures for pesticides
residues analysis in food and feed, SANTE/ 11945/2015, Implemented by 01/01/2016.

IAAST Vol 10 [1] March 2019 176 |Page ©2019 Society of Education, India



