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A Survey of Total Aflatoxins in Food Using High Performance Liquid
Chromatography-Fluorescence Detector (HPLC-FLD) and Liquid
Chromatography Tandem Mass Spectrometry (LC-MS/MS)

Mi-Ran Jang, Chang-Hee Lee*, Sung-Hye Cho, Joon-Shik Park, Eun-Young Kwon,
Eun-Jin Lee, So-Hee Kim, and Dai-Byung Kim
Test & Analytical Center, Busan Regional KFDA

Abstract A survey for total aflatoxins (aflatoxins B,, B,, G,, and G,) was conducted on 245 cereals and processed cereal
products, and 148 nuts and processed nut products in Korea, for a total of 393 commercialized samples. The total
aflatoxins were quantified by the immunoaffinity column clean-up method with high performance liquid chromatography
(HPLC) - fluorescence detection (FLD), and were confirmed by liquid chromatography tandem mass spectrometry (LC-
MS/MS). Total aflatoxins (AFs) were detected in 37 samples (9.4% incidence), including 2 millet samples, 1 mixed cereal
(sunsik), 1 powdered malt sample, 2 processed cereal products, 6 peanut samples, 22 peanut butter samples, and 1 sample
each of almonds, adlay tea, and a processed nut product. The contamination levels were 0.04-2.65 pg/kg for aflatoxin B,,
and 0.04 -5.51 pg/kg for total aflatoxins. Finally, LC-MS/MS analysis of the contaminated samples was conducted to
confirm the detected aflatoxins, and all 37 samples showing aflatoxins by HPLC-FLD were confirmed by LC-MS/MS.
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olZe}E4l B, B, G, G, IFE2L SigmaAk(St. Louis, MO,
USAYPIA 7]isted Abgslgon 23 BMo] AMREE ace-
tonitrile, methanol®- HPLC&-(Merck Co., Darmstadt, Germany)S
AHE-SFHTh Sodium chloride(Merck Co.), trifluoroacetic acid
(Sigma Co) 5 Ag| AlgE RE AL EF 9 1 olig]

2L A AT

Homogenized sample 25g

Il
Extraction with 70% Methanol
(containing 1% NaCl) by mechanical shaker for 20 min.

LL
Filtration (by Advantec No. 1)

Dilution of filtrate 10ml with D.W. 20m|
Apply 15mi mixture solution on top of
immunoaffinity column (Aflatest, VICAM) (1drop/sec)
1l
Wash column with 10mL D.W.

{7

Elute 3mL acetonitrile

Ll
Evaporation with rotary evaporator (at 40C)
Ll
Derivatization

Test Solution
S
HPLC-FLD analysis

Fig. 1. Flow diagram of sample preparation for analysis of total
aflatoxins in cereals, nuts and their processed products.

Table 1. HPLC conditions for the determination of aflatoxins

Instrument HPLC (Shiseido SI-2)
Column Capcell pak C,; MG-II
Mobile phase Water : Acetonitrile =90 : 10
Flow rate (mL/min) 0.5 pL/min
Fluorescence detector

Detector Ex. wavelength: 360nm

Em. wavelength: 450nm
Injection volume 20 uL

Mg gy

Ao AlE olETEA AAE 2L immunoaffinity column
(AflaTest, Vicam Co., Watertown, MA, USA)S ©|-&3l%.0H o]
ZH42 I mL syringeo] oFEEHEAlY Eo]A-S Ad monoclonal
antibody”} 525 sepharose’t ZZ® Zo7 gzdoz AR
Ao H2oM 137 ARg-e] 7HE3HT(18).

AE 3o =X

AR U olZelE4le] & E A P 20059 AEF
REIAA AT BRIAN9N B e A3t
(Fig. 1).
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ol ZelEAlS AFEAE] A3l fluorescence detector”t 2}
H HPLC system[Shiseido(SI-2), Tokyo, Japan]& A8t} of
ZepE2 B0 Aed 89 " 7171272 Table 19] YERA
T} T3k HPLC-FLD ¥AR o2 olZelEale] ego] #eld A
BEE LC-MS/MS[UPLC ACQUITY™/Micromass Quattro Premier
XE API triple-quadrupole mass spectrometer(Micromass, Manches-
ter, UK)JE o181 B3kt BEAge) 489 4] 2 7]
Z71& Table 29} Zt}.

AE & BolE2RLe &8

olZ2}EA B, B, G, 2 G, °l W3 A3 (limit of detec-
tion, LOD)= EZEFENS A T2 343HA HPLCFLD
2 BY&] Ha ZEHGignalnoise=3)S Tk oz 4
Astgiom, ztzk o} ZeEAl B3 B,e 001 pgkg, oFETE4
G2 0.15 ughkg, G, 0.02 pg/kgolth. A #3A|(limit of quantifi-
cation, LOQ)= zHt o} &&184] B3} B 0.03 ngkg, oFEeksE
A G2 045 ugkg, GE 0.06 pghkgelth FolZelE4le] 348
2 o}EEEAle] HAEHA @& AR F B, BIHE, nxt
T, 54 2 WHEE MAs A& olEgE4l B, B, G,
2 G, 9 &Y ZFENE AFFEE 3 gkt HER AU
immunoaffinity columng AME-gF A& A s SY3A ¥
At ol FelEsle] AEEE FEE AL d5g AY
A3} olZEAl B2 728100.1%, B,= 80.8-100.5%, G,&
75.8-97.1%, G 642-922%2 W2& J53 AAS BYoH,
oY EA FolA o} EFHEA G AU Fgo] ¥
L& AFS BHAed o)¥ immunoaffinity column®] antibodye] 1
518 zjolof] 7|Qlske ALR FFETH20).
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Table 2. LC-MS/MS conditions for the confirmation of aflatoxins

Instrument Parameter Conditions
Column ACQUITY UPLC™BEH C,,
(Waters, 2.1 x 50 mm, 1.7 pm)
LC parameter Mobile o 0.1% Formic acid in deionized water
%%C{E’TY UPLC obile phase 0.1% Formic acid in acetonitrile
) Flow rate 0.3 mL/min
Injection volumn 10 uLL
Polarity ESI+
MS parameter Capillary 32kV
(Waters, Micromass Cone 3345V
Quattro Premier XE) Source Temp. 120°C
Desolvation Temp. 350°C
. 313 >241.1 (Quantification)
Aflatoxin B, 313 > 269.0 (Confirmatory)
. 315 > 259.1 (Quantification)
MRM , Affatoxin B, 315 >287.1 (Confirmatory)
(Multiple Reaction 329> 242.9 (Quantification)
Monitoring) Aflatoxin G, 329> 310.8 (Confirmatory)
Aflatoxin G, 331.1 > 245.0 (Quantification)

331.1>313.1 (Confirmatory)

Table 3. Incidence and range of total aflatoxins(AFs) levels in cereals, nuts, and processed their products

Incidence Range of AFs levels (pg/kg)
Type of food
No. % AFs AFB, AFB, AFG, AFG,

Cereal and processed cereal products
Rice 020 0 ND ND ND ND ND
Glutinous rice 017 0 ND ND ND ND ND
Rough rice 0/25 0 ND ND ND ND ND
Black rice 0/5 0 ND ND ND ND ND
Millet 2/38 53 0.15,2.14 0.15,2.14 ND ND ND
Barley 0/26 0 ND ND ND ND ND
Indian millet 0/15 0 ND ND ND ND ND
Italian millet 0/14 0 ND ND ND ND ND
Maize 0/6 0 ND ND ND ND ND
Maize products 0/13 0 ND ND ND ND ND
Wheat flour 0/10 0 ND ND ND ND ND
Buckwheat 0/7 0 ND ND ND ND ND
Mixed cereals (Sunsik) 1/17 59 0.12 0.12 ND ND ND
Powdered malt 1/6 16.7 0.25 0.25 ND ND ND
Cereal products 2/26 7.7 0.06, 0.50 0.06, 0.40 0.10 ND ND
Total 6/245 2.4 0.06-2.14 0.06-2.14 0.10 ND ND
Nut and processed nut products
Peanut 6120 30 0.04-0.42 0.04-031 0.10-0.11 ND ND
Peanut butter 22/26 84.6 0.09-5.51 0.09-2.65 0.04-0.65 0.13-2.21 0.21,0.30
Pine nut 0/31 0 ND ND ND ND ND
Walnut 0/18 0 ND ND ND ND ND
Almond 1/14 7.1 045 0.39 0.06 ND ND
Pistachio 0/6 0 ND ND ND ND ND
Mixed nuts 0/11 0 ND ND ND ND ND
Adlay tea 1/9 11.1 1.45 1.45 ND ND ND
Nut products 1/13 7.7 0.07 0.07 ND ND ND
Total 31/148 20.9 0.04-5.51 0.04-2.65 0.04-0.65 0.13-2.21 0.21,0.30

Total 37/393 9.4 0.04-5.51 0.04-2.65 0.04-0.65 0.13-2.21 0.21,0.30
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Fig. 2. HPLC-FLD chromatograms of aflatoxin B,, B,, G,, and
G, at 3 ug/kg (A) and contaminated with aflatoxins in peanut
butter containing aflatoxin B, (0.81 pg/kg), B, (0.23 pg/kg), G,
(0.57 pg/kg), and G, (0.21 g/kg) (B).

AZT 7HEE(1487)S WAoo R FolEEEA SHAUE 24}

A3, QLEFFL o} ZTEAN BLEA 0.04-2.65 pgke, FolE}
Exlo 24 0.04-551 pgkg HHE JERETH(Table 3). & d74F
Fox Azg olZHEAY LPFFEL T elEEEN BRE
A, 10 pghkg ©13H) 2 AlF G ESEA R, 20 ngkg ©13})
7 CODEXEGEoFZEE4102A, 15 ugkg ©)8he] 71&F4& =
Fake AL gl Aoz Yeigth

O} ZHENS] AENAE AAHRT F7H) vl ARFAN A
ZHls @ Q95Fo) HwE A Jebgth. 53 BFHE}
wZo A 27t 846%%F 30%E T2 AEWEE RAY 1 F
GIHE 270 SolEHER 4F0] BFE AFFHNOH, F
olE@ENo 2N HI 551 pghkg AEHIT. 0FE FTHH
o thg HPLCFLD % LC-MSMS AZvtead-g 747} Fig 2
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AL B wFolA AL 282 ngkgZbA HEHJTIL BIEG
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Fig. 3. LC-MS/MS chromatograms of aflatoxin B, B,, G, and G, at 1.5 ug/kg (A) and contaminated with aflatoxins in peanut butter (B).
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R g Be7EE 627 5 47000A 8-11 pgkg HAEEHoH,
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FF 2D THE YE 29% FAF AFolA] FZulE 107904
oFEEHEAl B 22A HA 259 ugkg AEHAULH, IHANN=
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