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ABSTRACT

High performance liquid chromatography (HPLC) and liquid chromatography mass spectrometry (LC/MS) have been
widely used to quantify aflatoxins in food, but these methods are expensive, time-consuming, unsuitable for analysis
of the routine screening of large sample numbers and require derivatization and high level techniques to perform. The
objective of this study is to detect aflatoxins in a large number of foods by a high efficient analytical system of combined
enzyme linked immunosorbent assay (ELISA) for screening and LC/MS/MS for confirmation. The samples spiked
individually with aflatoxin B, (0.5 and 1.0 ng/g) and total aflatoxins (10 ng/g) were analyzed by ELISA and LC/MS/
MS, and the recoveries for ELISA and LC/MS/MS were 71.8~119.2% and 70.8~135.3%, respectively. A total of 378
samples (grains, nuts, soybean and fermented soybean foods, pepper and fermented pepper foods) were purchased from
the six major cities in Korea and analyzed by ELISA-LC/MS/MS system. Twenty two (5.8%; peanut: 11, pistachio: 2,
walnut: 6, almond: 1, pepper powder: 1, pepper paste: 1) out of 378 samples were screened as aflatoxin B, positive by
ELISA, but, 4 (1.1%; peanut: 2, pistachio:1, pepper powder: 1) out of the 22 samples screened were confirmed as
aflatoxins positive at levels of 1.02~52.79 ng/g by LC/MS/MS. ELISA-LC/MS/MS system provides a more rapid,
accurate and cost-effective method for the detection of aflatoxins in large number of samples.
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Table 1. LC/MS/MS conditions for the quantification and confirmation

Instrument Parameter Conditions
Column Agilent ZORBAX SB-Aq C,5 column (Agilent, 4.6 x 150 mm, 5 u particle size)
LC Mobile phase Water : Acetonitrile : Methanol = 6 : 2 : 3 (v/v/v)
(Agilent 1200 series, Flow rate 1 mi//min
Agilent Technolog.)  Injection vol. 20 ml/
Elution seq. Aflatoxin M,, G,, G, B,, B,
Curtain gas 20 Mpsi
Nebulizer current 5
MS Interface heater On
OVH;E :;I,E:pzigg Q Vaporizer temp. 450°C .
Biosystems) Ton source GS1, GS2 60, 50 Mpsi
Ton source Atmospheric pressure chemical ionization(APCI, heated nebulizer) positive(+)
Mass spectra range 100~500 m/z
Standard Q1 Mass Q3 Mass EP” DP” CE? CxXpY
(amu) (amu) V) V) V) V)
MPN Aflatoxin B, 313.1 285.2 9 61 33 10
(Multiple Reaction Aflatoxin B, 315.5 259.2 4 46 45 16
Monitoring) Aflatoxin G, 329.1 243.1 6 51 37 14
Aflatoxin G, 331.1 313.3 8.5 61 35 12
Aflatoxin M, 329.1 273.3 12 41 31 16

“EP: entrance potential, "DP: declustering potential, °CE: collision energy, ?CXP: collision cell exit potential.

SB-Aq Cj3 column(Agilent, 4.6x150 mm, 5 um particle 2.5
SiZe)% 01%3}04 O]’%ﬂ‘%ﬂ M, G, G, B, ];‘l BIT'}—:

o REAzen, 7 AET 20 wE FYske 24 207
s}tk E3F jon source= atmospheric pressure
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WAlg- o] 83193, Ao 48 93l curtain gas
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Fig. 1. Standard curve for the detection of aflatoxin B, by
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Fig. 2. LC/MS/MS results of standard aflatoxins(B,, B,, G;, G, and M,); LC chromatogram (A), LC/MS/MS spectrum (B).
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Table 2. Results of aflatoxin B, analysis in various foods by 2(83%), OFEE(42%) 0 2 AEH|80] & o=

FLISA SRIFYT. Chun 5199] Apels g, 35 53
No. of No'..of Ratio(%) of 7o AFE E 858 A|EE ELISAROZ 7AAs A
Classification examined EZ;I;;\;Z/ positive 34 F 3l7<4 (36.5%)°]1 YIAFEZE FERIFNSH, Aydin
samples samples samples SWe. 1271E 1007 oA 687 (68%)°] ol =ZEHE
Grain Ao 2095101 sk Aoz wusiltt. ool ELISA
Rice 60 0760 0 HolA ol ZEHE4l B, o= ERIE 2279] AlEe
Barley 2 0/24 0 LCMSMSH ez A 5l AjeiQlshs 432 35t
Brown rice 24 0/24 0 ATt
Corn 30 0/30 0
Wheat flour 24 0/24 0 3. LCMS/MSe| M A xfERQl
Malt 24 0/ 24 0 FRE 5, AF 5 37839 AlE F ELISAW
Nuts o FAAEZ HAE 22890 tha] LC/MSMSHES
Peanut 24 11/24 458 Agate] F ol ETEAY LTS BH8I 1
Pistachio 24 2/24 8.3 A3}, Table 304 Hi= vie} o] F 227¢] ,\]L =
Almond 24 1/24 4.2 HE(2), HZERRO (1) B I3 7}T(1)oﬂ»\1 430]
Walnut 24 6 /24 25 O}EE}E/\IOH Q=] A= AoE IRIE O] A Al
Soybean and fermented soybean food = 1.1%Y 2.980] elLct. E3] 449 AR
Soybean 24 0/24 0 ]/ﬂ o} =#EA B 7} B9ro] 24zt 1.02~48.42 ng/egh
Soybean paste 24 0/24 0 437~5.01 nglg TFOZ 74;5]}}\__111 Z ol =gEA
Pepper and fermented pepper food o ZME oF 1.02~52.79 nglg = ngE]OiE]- 2]
Pepper powder 24 1/24 42 THEdEEEs SR, 25 2 1 7]-4—WO1]A1‘— o)==
Pepper paste 24 1/24 42 Alo] AR GARN TETFM= 488 = 14
Total 378 22/ 378 5.8 (2.1%), AZF2 FF3} XX Q= 2484 5 72
271(8.3%)% 13(4.2%)°04 oFZetEale] e A
A ZhzE 1834, T 2239] AETF FEAER oM AENErE /M 2 Ao ERIFEY &
;I=NeH, HAA A& F oF 5.8%7F oFEEHEAl B, 8] A#Fe A, AFE edgEel Sl - 2le] 7]
ol 2¢Ele] Y Aoz IH 5o, ARFE & FH@FoRETEA B-10 pgkg, CODEX:E o}
AR A PR F oF oLe%T ARl S TeEALIS ke, BUSE OFEBEA4 ugkg B U
AL AN OH, HF45.8%), TF(25%), F|=EHA] T oRETEAL20 pekg)e Ebehs AoE UEhd

Table 3. Quantification and confirmation of aflatoxins using LC/MS/MS for presumptive positive samples by ELISA

. . Incidence Range of total aflatoxins levels (ng/g)
Classification
(No.) AFs? AFB, AFB, AFG, AFG,
Nuts
Peanut 2/11 1.81, 32.16  1.81, 27.15 5.01 ND ND
Pistachio 12 52.79 48.42 437 ND ND
Almond 0/1 ND” ND ND ND ND
Walnut 0/6 ND ND ND ND ND
Pepper and fermented pepper foods
Pepper powder 171 1.02 1.02 ND ND ND
Pepper paste 0/1 ND ND ND ND ND
Total 4/22 1.02-52.79 1.02-48.42 4.37-5.01 ND ND

YAFs: total aflatoxin was represented by summation of aflatoxin By, B,, G, and G, levels.
®ND: not detected.
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Fig. 3. LC/MS/MS results of positive peanut (A) and pistachio (B) sample; LC chromatogram (a), LC/MS/MS spectrum (b).
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