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ABSTRACT: Objective To investigate the contamination of aflatoxin B; (AFB)) and sterigmatocystin (STC) in
food from China. Methods A total of 1137 food samples collected from mainland of China and 315 rice flour
samples stored at room temperature for 1-2 years were detected for AFB, and STC by high performance liquid
chromatography-tandem mass spectrometry. Pearson level correlation was used to analyze the correlation between
the two mycotoxins. Results The detection rates of AFB; in cereals and cereal based processed products were
0.2% and 7.8% respectively, and the content range was 0.03—6.40 pg/kg. The detection rate of nuts was 8.7%, two
of which exceeded the limits and 0% for beer was contaminated by AFB,. STC was detected in 12.9% of all
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samples with average content 0.39 pg/kg. Compared with samples from supermarkets and farmer-market, the

detection rate of AFB, and STC was higher with 4.4% and 84.8%, and the mean levels were 0.84 ng/kg and

2.38 ng/kg. Conclusion The detection rate for STC in food from mainland of China is higher, especially in

storage rice flour samples for many years. It is necessary for relevant departments to strengthen supervision and

stipulate the limit standard of STC

KEY WORDS: storage rice flour; aflatoxin By; sterigmatocystin
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#; | %5 2 % (aflatoxins, AFs)J2 i # i % (Aspergillus
flavus) . 274k %5 (Aspergillus parasiticus)&s B 38 7™ A4 1A
gAY, Hrh# a5 # K B (aflatoxin By, AFB))
2 EREEF IR0 1A ZERBUEY), HEra
SRR FTALEI 68 f5A1 10 521, 2020 4, W £r 52
4 JR)(European Food Safety Authority, EFSA)XS £ il 1 5
Fli #5125 % £ (AFB, . AFB,. AFG,. AFG,. AFM))ili17 T
WGPl 5 2B, SR PIAEA T AFB, XA [FAE I
HAFE R B R TR R, HIRSYIR R BEZL B &b
& AFM, 2 EE 0 FEAAN . DFRER R, DR N R
RGN AR AFLE WA T AU i g D (9 2 i o AFs BV
FERE IS,

# f 2% 2 (sterigmatocystin, STC)+& AFB, fil AFG, fi¥
B BT, ) Ay s A 2% 6 M 25 (AL versicolon) 3 3R )
T, STC HATEUfME, Bz A G s A T 2
58 HHE O VE Al B v, B AT E B 9 IE OF LA
(International Agency for Research on Cancer, IARC), ¥
HA 530 2B R BUREY, 25 FE AR E £ b STC Y75 4
B, ATIIAIE S A& BRU-S, B A A E gl 2 s iy
RN STC BN AT G R, SECUS YL
Frh S A BE STC, T4 B it 25 7027 A= ih 5 15 G i) Ak
BT AL AR STC, HARKRIR BTl AFs. B3
PN B, AFB, il STC dL/Emf, — 3% %) HepG2 4
JEL A5 B A IR, BRI 2 R R AR AE I, RTaEOR
FOXS AR BEPERON o AR5 R I DRASTZH Ri7 409 22 57 1) /8
SO T BRI Ik, X IR E KR IX L STC M
AFB, & aRHESFAT 4007, HIRE & STC 1Y 2 8 174l
PR S

2 MREREE

21 REAZR
e E AT X K 4, e E R AR

Ak, e, B TR . TUdb-EAN X TR AR, B
b DX AL 35 B A 40k T AT R A o R A SR R ROK |
INFE L HEFE . BRI . Ak FEAD RN,
RHYEEIE A TR 7=, IERT 4 B X B kAT
FEXT FIHERE, SR 5 70 4% 5 2= X B R o X F U RE i,
TR AT . FEARIBORE B S 1137 3, Hodpni
TRES 101 4y, FESTELIE B L3 1. 2015 45/ 2016 4F
KAEMITERFESIL 315 4y, BRI = iRAE A7 o
22 MRS

AFB, Rt . STC Frifl il (LEEE>99%) . HI R (4l
=98%)(F [ Sigma A Hl); ZEMHPLC 2%, #E Merck
N, HRRER (A6 =99, EIBTRL T A W), N-INIEZ
Tz (primary secondary amine, PSA)(K I IH 44 L AR
Al AL TOOK B R BE (o Al L 2 A A AL A ]
FEN /NI
23 UEEEREF

LC-30AD =3 AH %1% . LCMS-8050 — & PUZ AT
JE A Gy HUIBE 55 3 TR )(H AR S HEA FD); Milli-Q K+
K A2 (32 [ Millipore 23 F]); H2050R w57 & LALLM RS
WAL W), AL204 HLF 43 BT 1 G RR - FE ) 228 WD),
QL-866 = B i BEAL ([ 1 ILAKR DLIR 23 ] ); HU20500B 8 74
NGRS NG DN
24 TWHE
241 EigE

F 75 i 3 F] XR-ODSII Cyg £ 154 (75 mm=2.0 mm,
1.6 pm); WA A: 0.1%H BRIK(V/V)+5 mmol/L HIfREL;
WA B: Z0E; B 0.3 mL/min; AEIR: 40 °C; #ikEH:
5 puL; GREhAE Bk B A L3R 2.
242 kit

SRR IR B IE B A, B U SR S T
K= 22 O Wi, 57U LREE: 300 °C; BisHl
TREE: 250 °C; INPRIREE: 400 °C; EALS I #E: 3 L/min;
JHAEFLE: 10 L/min, TS EE: 10 L/min.
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Table 1 The detailed information of samples collected
FE AR
KAt AW Tk w9 [
HbIX N N L e A5
Jok it EZ Zﬁﬁi‘ :’Ué; BF AR iﬂ‘i BEE KR Tk NE E A UHE
BH1 10 1 6 6 0 6 2 8 4 3 5 30— 1 — 55
Hlr2 8 7 5 2 3 4 2 4 3 22 9 1 — 1 — 71
a3 8 7 11 3 3 4 1 3 4 - — 17— — 3 54
sy 4 2 5 2 0 0 5 2 1 — - — 5 — — 6 28
HBhrs 3 7 9 3 2 4 2 3 1 — 2 3 —  —  — 39
Bhye 7 9 5 2 1 2 3 3 6 — 13 17 236 — — 304
‘a7 — — — — — — — — — - - - — — 6 6
B8 12 7 10 2 3 4 2 5 1 6 3 - -  —  — 55
(R - — — — — — — — — - - - — 3 — 3
E10 8 7 10 — — 3 1 6 - — 2 12 — 10 — 59
HH1L 4 11 — — 3 7 3 6 1 — 1 2 - —  — 38
Bhr12 3 8 5 3 2 4 3 5 1 - — 10 — 3 — 47
By 1311 9 9 6 4 5 4 5 — 7 20 — — — — 9
By 14 9 6 20 2 3 5 2 4 — 8 4 — — — — 63
B 1s — — — — — — — — — - - - — 5 — 5
“hr 16 4 7 11 3 2 3 2 5 — — — 9 —  —  — 46
Bh17 6 10 9 3 3 — 4 3 — — 5  —  — 5 — 48
Hh 18 — — — — — — — — — -_ - - -  — 25 25
A 95 101 112 35 29 56 33 61 21 56 64 69 236 28 40 1036

T RN ARRIEZIETIE M

R2 RIERBERRES
Table 2 Conditions of mobile phase and gradient elution
HsJ 6] /min 7K/ % &%
1.00 90 10
4.50 5 95
6.50 5 95
6.60 90 10
243 MHRATAET *

(WA, AP0 T dh B S B i Ak P 9%

HERFREURE SRR 5.00 g, BT 50 mL .08, 45
TR ZJE KA 25 mL (95:5, V:V), WEERA) 1 min J&,
AR 3 min, WA 1 g OKBRREER | g BAksh, i
€ 1 min, 2.0 5 min(4500 r/min), AEHWE FIFH K 5 mL
BT 10 mL B0, MIA0.05 g PSA, #HHERES 1 min 5,
PL 4500 r/min (W3 PR EGARE, B 1 mL BIER, &

0.22 pm JEMEREIE BAESIRS, mRCRAR (5 IR T
(high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS){ i€ .

()M ik T %

PR 15 min, BUEFE S AR S mL BT
50 mL .04, A S mL ZJE, W€ | min, #7 3 min,
A 1 g ToKBEREER 1 g &AL, WHE 1 min, B
5 min(4500 r/min) B _FIEW, JHA 0.05 g PSA, iRjiE 1 min,
5.0 5 min(4500 r/min). B EWEW, 28 0.22 pm JEARRIIE R
B S0 US , HPLC-MS/MS il 22
244 HIESHT

(D)2 FhEE R T5 G-I B T H R AR Ty vk

RIISMbRIEA £ thth AFB, FI STC & BTS2
RFR N kg EAFEM TP E A EERER pg 2

@geitEor

T 2 R RIS KPR (R e/ MEL, 391H,
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DA M BAPE RS20, ] SPSS20.0 #Abx 2 FhdE R A5 Y
IKEFEATGE 08, F Pearson ZE4AH Xt AFB, 1 STC Ky
AT 0T

3 HBR50H

31 REXMHXEMET AFB, BT

T K b X AN [R) 28 280 £ AFB V5 Y 1B 00 L3R 3.
B AP FN T A R GRS H R AR50 0.2%,
7.8%, 8.7%F1 0% AR LI RIAER YIRS, 425 47, WA
— IR HRKE & AFB,, SN 0.2 ng/kg AN T
e, NER R R R, A E 25%, HGEE N
0.04~0.12 pg/kg; HUCN EKHK, KrthFh 21%, F &
43314 0.03~6.40 png/kg. HEZEH, BARIE, HAFAY)IL
WA LB S P B RAG H AFB, S R AE A A RN 21%,
Hdr 2 R AFB, & &5k 187.19 pgke M
63.32 pg/kg, MARABAIBIEEE G A4 th AFB, . 28GR R,
2016 4R AE IR [ KBl i DX £ 5 f AFB ) BVACKS H S AIK,
N 43%. REFH &N 5.3 pgke, HEFHANREMRERE
A R RTE Ye KT, 3O R A BRI R R AT 2 4
AR AFB, W& EW S, 250 187.2 ngkg
63.32 pg/kg, VCILHEH TR FE AT AFB, FOBR bR EN

XoF AN ) 2t DX 11495 G5 D0 3 W7 I e BARG: H 236 e v 1) 2 2
A3 AT VU R R R R A X . T —SE A X TR AL i X
HIKTH R 0, AR SRS B, TRHSFNIMIRES
HA—E2 MR & S AFBy 194341 R AE AT A3, 7EIE
WAELESAET, i AFB, (G H RARARAR . 25 3 £
MRy . IR . 1AL, AP LE SRR RN
0. (HRGALAE XL EMAE S B &, WMRERE R, (i
SR, WA ATRER L AFB, M= H IG5 Y . ALK, R
BACAERESCRESEE D, HERHERTE 21%, =757
SRR T 197 NMEAEREA T AFs 975 et i, o AFB,
B R AT 35 58.38%, “EHIWKE N 77.77 ng/kg. 2006 4E,
ARSI EA R, 8 & (X . IR & AFs 1K
H 64.58%, MASLIHAERPILKH AFB. X5
PR R R TR LE Y E R AR C, AFB, B R EUR IR
FVAF A B A, 0 PR R R e T b DX L 1) 5 e 3 1
T, Al 7 B R B FUK G 14050 30~33 °CHlT 0.99 aw,
JZRAET HIE L Y. b, R RAE, R RIR ARG
N EAGHIOE 2 Sy IS SIS Sy /W O ¥ 23 | < RE PR NI B2/
ks i R R AW R Y], AFB, #
AFG, Zixmimgtkh 2543y, Kb 1NgEE58
BERERL sh Ay B B T A AR

#3 BREAMBXAFEXBEERPEAMESE B, IRHSRISEER

Table 3 Natural occurrence of aflatoxin B, and sterigmatocystin in different types of food samples from mainland of China

AFB, STC
BeARY FEIE T Ya ik BEYE Exy SRR A Bk
/(ug/kg) /(ng/kg) lng/kg) H/% /pgkg) Angkg)  /Anegke) /%
N 69 — — — — — — — —
. Eok 64 — — — — — — — —
7W)(425)
WA 236 — — — — 0.1 0.1— 0.10 0.42
TEA 56 0.20 0.20 0.20 1.7 091  0.09—2.04 0.73 16.0
INZE Ky 33 0.06 0.04—0.12 0.05 25.0 0.08  0.03—0.31 0.05 56.0
e Fy 21 — — — — 037 0.04—1.78  0.14 50.0
T KM () 61 0.74 0.03—6.40 0.13 21.0 026  0.03—0.8 0.22 19.0
Kok 95 0.15 0.03—0.37 0.14 13.0 039 0.03—2.76  0.16 24.0
. =
/) ;m»jc
wprin | 29 _ _ _ — 004  0.04— 0.04 3.23
[ §h(543) I
PEF 56 0.05 0.03—0.1 0.04 7.0 0.62  0.04—3.99  0.26 68.0
Tl 101 — — — — 0.09 0.03—0.52  0.06 32.0
AL LA 35 — — — — — — - —
wY)
b 112 0.84 0.03—4.35 0.16 5.0 027 0.04—1.39  0.10 18.0
MYE (101) 101 — — — — — — — —
Rk 40 — — — — — — — —
2 (68)
A 28 4243  0.04—187.19 1.98 21.0 417  0.17—933 3.0l 10.0

T <R AR BRI AT R

—ARERE R, WEBEET <.
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6] R it il DXAS [R) R v STC 5 Y i 0 W26 3.
EAYIRES P, INEREARP AR STC 155, it
KAL) 236 (MRS, A — MR &4 STC, &t
0.1 pg/kg, SHAMAYEAMILE, FEH T STCH £,
K AT 5 16%, 3 E8 0.91 pg/kg XF4P00 10,
PEFH STC K th R fwm, 53] 68%, H & &y
0.04~3.99 pg/kg; JLIR K/NER RIS Hn, Hor th 2R 5050
56% 1 50%, & hryli AN 0.03~0.31 pgkg A1 0.04~
1.78 png/kg. HIE, FORFTFE R HE)H 19 STC kit Z A0k,
SR 32%. 24%H1 19%, FEYVEESh 0.03~0.52,
0.03~2.76 1 0.03~0.8 ug/kg. 5 AFB, MR, &% 4L
B RKH STC, ¥ FIRERES, fEEH STC WK H =
9 10%, 1€ AFB, &1 187.89 ng/kg MRS, STC & &
ik 9.33 ng/kg, BBk ARAG H o TR AR I M AR 5 rp R
ki E] STC,

STCAE WA KA ) F 25 Y, HAe &t BkTs
RN 12.9%, FHIEEHN 0.39 ng/ke, #1413 E KR
X B A STC V5 YL i, (AR A STCTEYHT
FIAS H Z ] =ik 68%, X A AESE T B 5F T s & 24,
LFGHE Y, PR, SRR AE, R [REOR o sy
FETEE R FEE 5L . Serrano 251 7000 #ly P b [X 114 4 S5
A A HR TR A R R A R BT P LR R R TS YR ik
67%, J& T RN SRR RS R = 1 . STC 7E/NEE
PR ORI /INZE B R A BRIk 56%; [RIEL,
236 (p#eERY T HA — il STC, {H 27 MEE ¥ h
STC (K H RN 50%, X5 EFSA (13 A 45 FAl— a8,
I LIS 2 FhATRE, H— T REE N T R iR,
DR, EH. OHE . ZEE M S RN T AR
B RN HAEE/EMH . Bullerman Fl Bianchini L
M Kaushik , Bertuzzi 55 X3 £ i i 72 o BL R 8 2 i FRE
PEERT T 2508, SCHREHR R B R ZHUH 00T & hbm 1T &
FEWW e R EEERRE, HEIATRESE
[%el1921  sRTHT, Versilovskis 25221 & B, STC 78 {2 il /E
R AR R e, S R R S WA B AR
Burger ZPIWEST T3t £ IR DR | LA S Ik
0 TR M TN K AR s T 1 e R S, R BB A T A AR
DERPEEEER . MAN, B UFIE R BT R
pH BRI B (8] 6F F B0 08 75 38 0 0 13 e B A
(A 2 T R AR 1 /N2 9y FIAHE 22 oy T BB A7 I TR A K
AAEAERMA Y FEEWHERTGY. T ARMX STC
1SYAENL, 5 AFB, MR ZE A —3, Bk A 3% & i
ETEHL X S STC MUK H AR . ILAh, PR
Fedh . 25 SC-24, SC-25, SC-26, SC-27, SC-28,
SC-29, SC-30 437l LT AR . Bk . EAH . Bk,
MRS A FIER 2R, A3HTI R IIX 6 FiFRSh b 4304

STC, HHifE SC-24, SC-27 Hl SC-30 o1 [ B4 A A
AFB, . LA, XS il 1 HLA 55 i PR e A i 4%
ZATEW, BENKEHEN REEH, HT R
TR TG P AT IR, IRBEE G4
33 ERMEERERKMERTD AFB, f STC 5%
R

BT AT BB K KA T AFB, I STC #5543 51y
4.4%F 84.8%, YN 0.84 pg/kg Ml 2.38 pg/kg. HA
2015 4 200 S IR RE L K & AFB, I HA 10
3, KR h 5%, WEVLRER 0.03~4.6 pg/kg. Kl &H
STC MK &R 156 iy, KRR 78%, Wk G H N
0.02~0.96 pg/kg, 7€ 156 4y HMAE S, Horh & it Fh b
F(limit of detection, LOD)~0.5 ng/kg HIFESHECH 153 17,
Bl STC 5 A T4t BR A 2 B =22 [ 1) A9 98%, i i
FERRI BN 2%, XFF 2016 420 115 TR KM HE
i, K S AFB, IR 4 0, KRN 3%, W
A 0.17~2.11 pg/kg. M & STC MEERN 111 £, #iih
Ny 97%, WEETLFN 0.02~474 ngkg. HPERMAT
LOD~0.5 pg/kg MIFESR I ECH 62 £3, Bl STC & FHith
B S 2 B 2 1a) 4 EE A0 R 54%, 1 e T o BRAY e A5
46%, FHAG 4 RS T STC 8T 5 pekg.

KRN E R R FEREZ—, BFSA M5 kW
KAKEE G STC 153, HAF A2 HLAT e i 2 XU ™).
Giorni FEP 6 A [RJ I AF 43 FILAR [F] S FRS 45 H STC 35 B
FFEde i, ANFEFPHAEG X REAS T STC /Y& 0 8 E M
Wi, {A STC FEREA P BB E A= KRG I, FH7E i ik
B o IAN, RIS T2 315 Ak ke
i AFB, F STC WY& i 3647 T 434, AFB, #1 STC Sk ks
A5 4.4%F1 84.8% . FH T HESh B M) 5 — B = T ARAT,
REER I ER . EIHFAC AL T & G AR T AR Al
FRMAMERTLIEH, RE STC & AFB, BRI,
AR = Z (R AR AAAE B A OGP, T2 B F T e
S PR R LA . TR L )T faEKR,
AAERELSMEFEAEY T, ey . W, B0, K5
B WAL SR BT, R R AT, ATl
ISR R AR AR AR, S
fo T NFB R R A 4.
3.4 B&H AFB, #1 STC #[Ei5%

MK EE AT (R 4), TEARRIIHT 1468 HyFEdh
48 RS RS B T AFB, Ml STC [RIBAETE, o SkE
Bh i 3.2%, 3@ 115 A 15 Pearson A R B N—0.003, H
THEGRZIAAE, HADCHER S . R TTAL, [
Kt & AFB, f1 STC WIFEMR B FA R AR EH S .
A, T FE K il b DX AT ] i X HR 0] REAFAE 2 FhaE K )
A5 Y i 15 5L o
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Table 4 Simultaneous occurrence of aflatoxin B, and sterigmatocystin in the same sample

=3 FESLASE 25/ (ng/ke) B FE SR A5 R (ng/ke) BE N FE A 25 R (pe/kg)
% AFB, STC 4% AFB, STC % AFB, STC
GZ-8 0.37 1.25 sC-27 0.30 0.46 GY-31 0.05 0.10
Gz-12 0.04 0.03 SC-30 0.09 139 0 0.19 0.14
SZ-12 0.13 0.39 GX-7 435 0.10 116 4.60 0.46
SG-2 0.04 0.36 GX-15 0.07 0.03 119 0.06 0.03
MZ-8 0.22 0.13 GX-18 0.10 0.41 124 1.95 0.10
WH-7 0.04 0.09 GX-19 0.92 0.06 132 0.04 0.03
XG-15 0.21 2.76 GX-21 0.12 0.05 133 0.03 0.04
BT-11 6.40 0.03 GX-23 0.09 0.04 136 0.03 0.05
77-34 0.07 0.03 GX-24 0.32 0.28 139 0.11 0.04
QD-6 0.10 132 GX-33 0.18 0.28 146 0.04 0.04
SC-8 0.04 0.08 HZ-30 0.03 0.35 195 0.10 0.04
SC-9 0.05 0.09 XJ-8 0.03 0.98 602 0.17 39.02
SC-10 0.06 0.11 LN-2 0.04 251 651 0.21 1.58
SC-11 0.04 0.04 XA-18 0.14 0.04 68 1.93 0.13
SC-24 0.22 0.58 XA-30 0.04 0.23 595 211 474.00
SC-20 1872 9.32 SC-26 3.86 0.17 77-16 6332 3.00

4 mESiie

ARG LR AR A TR E KRR X 18 AN B
AFB, fil STC &=k, A 2 MEARER 1) AFB, &4
LT E Kb, BARE, FRE KX R STC /K H
REw, RHEMEA AN R MR —HF AFB,
M STC & B Z B AAETEASCHE, b7 /27 8 3 TR AR AS [F)
BT A, DRI AT BT B AL & v e B K R A T R A O
58, ERPEERPIERREWIEAREN, WU R
B AR BE R S A SR L R, NER PP EER
HI5 YR AR S 3 . e Ah, I BEARLE STC I BR fhrR
i, PAS IR A X STC AHSCHRME R g HoA SR

SE R
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