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FH By, By, By AIFKIREL MM (zearalenone, ZEN) 8 FIELIE#ER IS &, IERMINMB LR TS 04REL. BIERE R
FEAURTAL B XU ITAR G A B T 3R B TR R WU PG . S8R 7EFTIERY 67 GrKAErEA T,
fRERER B R % 46.27%, I K1H 285.0 pg/kg, KEHE By kit 5, i K{H 80.0 ug/kg, ZEN Kt 10 73,
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popcorn from Hunan Province of China in 2024, and assess the associated health risks. Methods A total of 67
popcorn samples were collected from 14 cities and states in 2024 from Hunan Provinces of China, the content of
aflatoxin By, B,, G, G, fumonisins B;, B,, B3, and zearalenone (ZEN) was determined by isotope dilution ultra
performance liquid chromatography-tandem mass spectrometry, the risk assessment was evaluated by the Nemerow
comprehensive pollution index method, risk assessment of chronic dietary exposure and carcinogenic risk assessment.
Results In the 67 tested popcorn samples, the detection rate of fumonisins B; was 46.27%, with a maximum value
of 285.0 pg/kg, fumonisins B, was detected in 5 samples, with a maximum value of 80.0 pg/kg, ZEN was detected in
10 samples, with a maximum value of 47.7 pg/kg, and no detection of 4 kinds of aflatoxin and fumonisins B; were
found. The detection rate of fumonisins B in loose packaging samples was slightly higher than that in packaged
products, but there was no statistically significant difference (P>0.05); the level of fungal toxin contamination in
popcorn across the 14 prefecture-level cities in the province posed no obvious risk to human health. Conclusion
Mycotoxin contamination is common in the popcorn sold in Hunan Province, and fumonitoxin B; is the main

pollution toxin, and there is a co-pollution phenomenon with fumonitoxin B, or ZEN. In view of fumonitoxin

pollution, it is recommended to pay close attention to the problem, timely traceability investigation, and take

%16 &

corresponding measures.
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SEKRAENE ] — R IR B A, RS2 ARG, U H = TE
SRIBE . RIRSE KRB AL BT, TH PRI . IR AR
TR A 7 KU AR AE 6 SRR} s T ARk
EFERAIME . A KR SCERTRERD, 1A TIER
KAEI JEA L, 5K 32 FLB 3 375 Y 1 ) — EA7 7D,
HWHFRBREEER RN EENERE T, 558K
PELmE . MBS a6, ERMFEA —EXR,
2T ¥ ih 55 7 K (aflatoxins, AFTs), MKt 3 | K5
77 2% (fumonisins, FUMs) . & >K 7 25 /% il (zearalenone, ZEN)
SFJURREL (AN H AR OK 6 P T 7 R 0 T YL 9 58 fef
FHIE .

BT R R e — IS 1 2R R A AR R 7 AR X
N SE AR K B BA LY R R G AR 9, 78 B AR
R WAL, TEFRE, HER W SR A AFTs, ZEN
FIFUMs %0, HCAE[] 8204 32 5250 DNA #1405 F4i i 22 1k,
R B2 B AT RN Bl ) R R i, HEE L AR
B i KA AT, R 2 A R AR i, MEREE, B
BRZARRIMTETY . BREs RN EEREAL, 3
ZARREE, MHEWET . Ao Mitss ke, 1w oA
Hexd i EE  BUR MBS SRR FE Y, B R &
] e BB DGV I B e A A TR L

B, FEXEEBFERGNHBINAR RS E T AR
L7/ 1< 5N 11 TR SO (b SN Fe e 1
R IEAR, ABIESE B TEX F A8 TS OK B vh L B K 75

RIS, e S RPAE SR S B
1 #MR57EE

1.1 #&EKIE

Fel (2024 AFEFE AL A KU W) ) SRAEE
K, G5 GRAE LR, REURHERSE 14 TN, A
67 1, s T 5 4y, BFFHTT 5 4, MENTT 5 43, HF
PHTT S, SREFTH 4 643, METT S0y, T S 0y, W
A4y, HWHETT 50y, ACNTE S0y, ZIRTH 440, #RBOTT 4403, %
W S By, WP R R AR M 6 13, SRAE ST AR
ML RN BRI LA ME, B e e aUE
i 2B I (A8 BAT 187 2 A2l FUAF R 1.
1.2 UE5RF

Thermo TSQ ACCESSMAX ¥ it 156 FAX (35 [& Thermo
Fisher Scientific 2\ #]); Waters BEH C,g 4 7%4E(150 mmx
2.1 mm, 1.7 pm)(3[E Waters 2\ #]); Multi Reax 20 iR ez
Vi (75 Heidolph A F]); K &3 2.0 HL(TEE Eppendorf
23a]); Milli-Q 2 8 F/K &2 A 4% (32 E Millipore 23 F)o

ZNE(fa 54, 35 Thermo Fisher Scientific A #]); &
fEh#E & HEE B, (aflatoxin By, AFTB)). &EM&EHEE B,
(aflatoxin B,, AFTB,). &% X G, (aflatoxin G,,
AFTG,)). #EMEFE G, (aflatoxin G,, AFTG,)IR-& Ut
R [STD#1088, R HEF(1.00£0.01) pg/mL, AR E
2024.9], ZJEH RS FEE B, (fumonisin By, FB)), fkh#
# B, (fumonisin B,, FB,) fk & # % B; (fumonitoxin B, FB;)
TRAPRHEZS R [STD#2012, 5 £ (50.00£0.90) ug/mL,
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Table 1 Information on popcorn samples collected from retail stores across the Hunan Province (n=67)

el
F5 FEARIR  REAREU Dy /R KRR BRI P i
FEHY R ER (& ER € FERY €
1 Kbl 5 2 3 - -
2 M BH 5 - 5 - -
3 RN T 5 2 3 - B
4 HRBH T 5 3 2 R R
5 R A 4 1 1 1 1
6 AT 5 1 2 1 1
7 5T 5 1 4 - -
8 W T 4 2 2 - -
9 WP 5 - 5 - -
10 TN T 5 3 2 - i -
11 KT 4 1 2 - - 1
12 25 P 4 2 - - 1
13 FRIN T 5 2 3 - - -
14 PG 6 3 1 1 - 1

T ARRIOREA,
BRI E 2025.10]. ZHEH ZEN ARifEIE K [STD#4010, 5
B ¥ (10.00£0.15) pg/mL, AR E 20254]. 2+
AFTB,. AFTB,. AFTG,. AFTG, [fl{ 2 NFRIE A R
[STD#1080U, Jii & ¥ J¥ (0.500+0.007) pg/mL, A %3 &=
2026.1]. ZJEH FB;. FB,. FB; [Afii & NARE GHRERR
[DZ-STDU, [k (20.00+0.40) pg/mL, AN ZE 2026.5].
I EAK ZEN RIS NARRHERS IR [STD#4010U, JiTitif
J¥(25.00+0.40) pg/mL, AEUNAZE 2026.4](7 & & Fi 3B A Al) .
1.3 HARLAE

A TEATIRAE, R R AL, A 3
20 °CRTRIRAE, ik, MR 2024 4602 4 U I
P25 e nRG T AEFME M), 454 GB 5009.22—2016( &
mh A EGARE i G EER B M G HIE ).
GB 5009.240—2023 ( &R ELEFnME TR D EE
HIIRE ) S ARG I 5 20, HERFRER 5 gCREHA %) 0.01 g)
REET 50 mL 204, A 20 mL ZiE-/K-F R (70:29:1,
V-V-VVEWE, B EIRTZ$RI 30 min, B 1.0 mL32UKZE 1.5 mL
O, 10000 r/min B0 5 min, HEFERL 0.5 mL HiERTH—
1.5 mL &8, A 1.0 mL 7K, IBEERA], 4 °C 10000 r/min
B0 5 min, FIEWGE 0.22 pm ERE ., WRHC 180 pL RESAUE
T 300 pL RFEEH, A 20 L R Z RS NAREIR,
b 1 P 2 o e I 1 7 1 2 7 N
1.4 UBEH
1.4.1 RABE S

WA ETER:: Waters BEH C g (0354 (150 mmx2.1 mm,
1.7 pm); FEif: 40 °C; YEFER: 10 pL; FiE: 0.25 mL/min,
WBIAH A AH: 5 mmol/L ZR%EE 0.1%% 7K [F M 55 171 25 158
. (electrospray negative ion mode, ESI-)]/0.2% H iR /K %51

[ HEL 8 35 1F B 742 (electrospray positive ion mode, ESI+)];
B #H: ZNE; BETRIBLRT 0L 2 fiEk 3,

*2 EBETFEAREGESERRER
Table 2 Gradient elution procedure of liquid chromatography
in positive ion mode

B[] /min i % /(mL/min) A /% B #H/%
0.0 0.25 75 25
1.0 0.25 75 25
4.0 0.25 60 40
9.0 0.25 30 70
9.2 0.25 0 100
9.8 0.25 0 100
10.0 0.25 75 25
11.0 0.25 75 25

®3 HBETFEXRBEEHERRER
Table 3 Gradient elution procedure of liquid chromatography
in negative ion mode

i 18] /min i /(mL/min) A /% B /%

0.0 0.25 95 5
1.0 0.25 95 5
1.5 0.25 80 20
5.0 0.25 75 25
5.5 0.25 0 100
8.2 0.25 0 100
8.5 0.25 95 5

12.0 0.25 95 5

142 LM
PR BSL HHG Ol B R i (single ion
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monitoring, SRM); Mf %5 B [ : 3.5 kV; B4IE IR E:

290 °C; ZEAIRIE: 390 °C; ¥ UEJ1: 35 psi; BRI

15 arb; 8 FhEL B J HF 07 2 AR 1 TS S 50O HA
HBR LR 4,

1.5 RigHFN

RIS R A 0, 7R A% (2024 A E R B
BTG YR DR KU W T AR T ) BSERE b, AR
WREMAEZS (L SFAT . IEREI . ARIERE A 4y 2k A
S el A RGN 48 LA T T
1.6 BEXKIF®SITHE

Fie HE S [ BSR4 14 AU DA D Ry a0 e
FHRRAC A B 2 5 KBS 1A, (D35 F R H
% A dit (average daily intake, ADI)[mg/(kg * day)]:

ADI=(CxIRXEFXED)/(BWxAT) 1)

K, ADI A% H ARG A [mg/ (kg « day]; C RERK
FER LA B R YW (mg/kg), U1 AFTs, FUMs, ZEN; IR
N HEKAL BB B (kg/day), A b s BB IR 518 R
ARV (2020 4F), AR AETE AR IR 2 0.05 kg/day,
JLE K AL A IR 7 0.03 kg/day™. EF Jy R
(day/year); ED Jy#:F&Hf[A](year); BW NEFE AR E
(kg), BN BW o 61.75 kg, JLE-1 BW Sl 32.75 kg;
AT AP35 5 4 i8] B (day) o ZEAHIFSE FR, AT=EDx365 d,
ED JyHh[E A3 F i 72 4

A Q)5 K AL R B — LR i R AR R

S A E R #(hazard quotient, HQ), FIH3)it5th ZFl

H 7 3 AR B0 1S FE R 8 (target hazard quotient, THQ)
nr:

HQ~ADI/RfD; )

THQ=3"_ HQ, 3)

o, i FoR P RAMGE T BB n FoRGFE RBRISE MRS
W R FUMSs i £ 22 XU PPA RTRRRE £ PR 5 e
Y E KR, FUMs (FB,. FB,)AYZ% 5|4t (reference dos,
RfD)>4 0.002 mg/kg, ZEN fi¥) RfD 4 0.02 mg/kg, KL, 4
R HQ Al THQ /NF 1, WA K FUIR 7 2% AR fil e & 4
Aiy P g AE XU 5 8 LR ] - (slope factor, SF)AT .
NENT S N RN W T =
Risk=ADI,xSF, 4)

3, Risk, J&—FhoaE S0 B 8 2 A TE AR, AR €
MRS E XG5 B A St (integrated risk information system,
IRIS)A[ 1, ZEN [HAPREUHEF SF 4 0.1 mg/(kg * bw * d).
M Risk< Ix10°° I, FARTCAE; 24 1x10°<Risk<1x107*
W, FRREE A7 4 1x10*<Risk Bf, FRKEAT
B,

RSP S, PR B A7 b 0 RS A e 4
o 5T RS TS YA e, SR B PR SRR UE, L
B ZHhi5 g R Bt S B . SR Py 15 B8 B0 4

x4 SHEARSERERMEARIIESHLEG TR

Table 4 Mass spectrum parameters and limits of detection of 8 kinds of mycotoxins and their isotope internal targets

P Esi%? WA ¥ e T T Fi R TR ﬁ~J‘I‘Eﬂ o i B
K (m/z) (m/z) /min /(ug/kg)
AFTB, + 313 285%/241 22/35 116 5.28 0.1
AFTB, + 315 287%/259 23/26 120 4.57 0.1
AFTG, + 329 243%/311 26/23 124 4.60 0.2
AFTG, + 331 313%/245 24/31 122 3.74 1.0
FB, + 722 334%/352 40/35 146 5.79 10.0
FB, + 706 336*/318 36/35 142 7.17 10.0
FB; + 706 336%/318 36/35 142 6.67 50.0
ZEN - 317 175%/131 24/30 122 7.69 5.0
BC-AFTB, + 330 301 23 121 5.28 /
BC-AFTB, + 332 303 25 126 4.57 /
BC-AFTG, + 346 257 25 107 4.60 /
C-AFTG, + 348 330 23 118 3.74 /
BC-FB, + 756 356 39 140 5.79 /
BC-FB, + 740 358 35 130 7.17 /
C-FB; + 740 358 35 130 6.67 /
C-ZEN - 335 185 26 121 7.69 /

T A ORE R T O R I, % 10 [
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K5 YW T YA, $R(5)~(6)X IR Wk 5, 15 YLE%L
4y H A, B, C. D\ E 3t 5, iR TisYy; 154
JERUR, SRR misy; Bas e, Ty ERETE Y,
P=Ci/S; ®)
P= B + Binax) /2 (6)
Kb, P EFE SR L RIGYARIR, Py WS AT
88 G WAL B R IR B (ng/kg), 41 AFTs,
FUMs. ZEN; S; Kb+ AFTs, FUMs. ZEN By
FE MR EEFRUE; Piave T Pimax 7379438 AFTs. FUMs. ZEN
1 Py (- B8 (A fe KA
£5 ERISRERBSEE

Table 5 Classification table of product contamination risk

Sax e e b RS
<0.7 A yREE ]
0.7~1.0 B T YRR, TR T
1.0~2.0 C B g
2.0~3.0 D rhEE S Y
>3.0 E GRS

1.7 HiELIE
2 ] Excel 2003 B4 HEA 15256 Hic b 51 K PRl e 2,
PA(Z, P<0.05) 05 HA & 25 5

2 HERE5HR

2.1 ERSREBER

IR, BRACNAE, HA A X FRAEAE A R FERE (95 e, H:
TP ERFHTH V5 Ye 1 Bl A 8, A RIAE] 100.00% (5/5),
HYCH W S H T, K3 80.00% (4/5), TERKID,
BEBH . R, . WP S MK A REA IR T 3 Fh
B FR(FB,. FB,. ZEN), M . M4k . I 3 ASHLIX AR A
PR 2 FPEE R (FBy, ZEN), BRI AN, HAH X HAS
HFB) | Mg R AR M B 5 R 22 FBy, &7
AREA P ESETS JY), FAEBCEAE AR % s T A
%, (IG5 (P>0.05)(F 9).

F6 2024 MEETERKED SHERSHEENR
i 1E 5L (n=67)
Table 6 Overall detection situation of 8 kinds of mycotoxins in
commercial popcorn from Hunan Province in 2024 (n=67)

HE ¥t FHEAEAS & JERE 0/ (ng/ke)
£ W R BUMA PRI PRk
AFTB, 0 - - -
AFTB, 0 - - -
AFTG, 0 - - -
AFTG, 0 . - _
FB, 31 285.0 11.2 499 29.1
FB, 5 80.0 10.3 35.2 34.8
FB; 0 - - B
ZEN 10 47.7 6.20 12.8 7.20

AV S A

®7 ERSEMEIFRER
Table 7 Co-contamination situationof multi-mycotoxin

[ =
El:i ﬁuu s sy A

WIRE AT B RKAE T 8 L 1 74 2 3 A YR 0 R B B4 Ko 2%
F6~7, AW, 1EIRAE I T EBORIEREA T R AG H - D FB 32.83 (22/67)
1 .
AFTB,. AFTB,. AFTG,. AFTG, fll FB;, 5{F Il 142 LAl 28/67 ZEN 8.95 (6/67)
X AL 9 R B I B P B R T Y A SR A SR . - o/67 FB+FB, 7.46 (5/67)
O T 1 X 45 KA LB FE R 5 e 3 8, S5 FB+ZEN 5.97 (4/67)
#8 TRMXERIEEESERLER
Table 8 Detection situation of mycotoxin in different areas
N i L NFI (K L 2R /0 Eﬁ‘#ﬁ%*‘/j\mﬁj\ﬁ($ﬁ:ﬂ$/%)
X FEARL o R B B (R 1 /%) B B, 7N
Kbt 5 3 (60.00) 3 (60.00) 1 (20.00) 0 (0.00) 1 (20.00)
A5 B T 5 3 (60.00) 3 (60.00) 0 (0.00) 0 (0.00) 0 (0.00)
R T 5 3 (60.00) 2 (40.00) 0 (0.00) 0 (0.00) 1 (20.00)
H B 5 5 (100.00) 4 (80.00) 1 (20.00) 0 (0.00) 2 (40.00)
i 4 2 (50.00) 2 (50.00) 0 (0.00) 0 (0.00) 0 (0.00)
AL 5 4 (80.00) 2 (40.00) 0 (0.00) 0 (0.00) 2 (40.00)
I B T 5 2 (40.00) 2 (40.00) 0 (0.00) 0 (0.00) 0 (0.00)
I 4 3 (75.00) 2 (50.00) 0 (0.00) 0 (0.00) 1 (25.00)
i 5 4 (80.00) 4 (80.00) 1 (20.00) 0 (0.00) 1 (20.00)
A T 5 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
BT 4 2 (50.00) 1 (25.00) 1 (25.00) 0 (0.00) 1 (25.00)
%5 BT 4 2 (50.00) 2 (50.00) 0 (0.00) 0 (0.00) 0 (0.00)
R Tl 5 2 (40.00) 2 (40.00) 0 (0.00) 0 (0.00) 0 (0.00)
JHEPE 6 2(33.33) 2 (33.33) 1(16.67) 0 (0.00) 1(16.67)

T RK Y 4 Bl AFTs REERHFFIH .



70 B 4 4 T e A 2 i %16 &
®9 FBAERBRSHETHRHIER(=67) 22 B—EETRE
Table 9 Detection situation of FB; between shaped . R s . .
packaging and bulk (n=67) LREER 6~8 MO, BRI OURE, T
AL o T 67 BYREAR, 8 FIECIHHE 2 1Bk 4 Fh AFTs Al FB, A H)
g i I O v e o AR L gh, HA 3R —ERE RS H, THRE FB,, TEFIA
R dh i R G . .
(ug/kg) /(ug/kg) AR 3R IR 46.27%, f 285.0 pg/kg(RRFH), HrhHp
2222024011 182.0 HH2024009 364 FHTH R A8 T AFEAS R H R GE - 80.00% (4/5), fefik k2
C82024013 655 2112024007 33.7 JETH 25.00% (1/4); 7ERV> . HEFH ., 48 28K, HPE 5 He
CS2024014 37.8 CS2024016 18.3 TRIREA IR 1 0] FB,, Hesfi 80.0 pg/kg(FRMA); 7E
SY2024008 17.2 €Z2024013 16.2 10 BAREAS RS Y ZEN, H il 47.7 png/kg(HBFR), K%
SY2024010 58.7 CZ2024014 47.4 5 A3 X AR BH T ARE T 40.00% (2/5)
SY2024011 285.0 SY2024009 15.1 23 HESZER
. VAR L= D]
z;fzz‘z;‘f SZ ;zgigzz sz HiiEA 7, 48 14 40Tl 67 DYREAS, (LR 2T
XT2024014 17'9 HY2024009 28.6 MEERE, GRAREMN 41.79% Q8/67; BRHER
: i (FB+FB,/FB+ZEN) [l 75 YL fREAS 1 13.43% (9/67); LA
YY52024025 147 2024011 203 — RIS, (LA FB, TSR MIPER 2, o A
YYS2024026 10.1 XT2024012 13.1 W 32.83% (22/67), IR BN ZEN TS uREA,
2132024009 152 €D2024027 276.0 8.95% (6/67), W WifhaE £ Pl Y (FB +FB,/FB +ZEN) 1
7772024011 182.0 CD2024028 37.9 1¢$§5&%1‘E%’|, 35 EF 7.46% (5/67)%[] 5.97% (4/67). e
Rl 601 CD2024029  29.1 JE B 2 S RS YRR 7 OB, R
i L s AR o TR S R . (A
G R /% 19.40 LD2024013 56.6 , oy .
i i (2, LERRTRNEE Z RIS Yeh 9 AMBEAS R, [FIE &5 FB, .
772024009 20.9
Ayl
772024011 463 24 RziFh
7772024013 23.4 T LR K AFTB,. AFTB,. AFTG,.
HH2024009 36.4 AFTG, L] FB;, LA FI H NHE D 25515 P8 50k
FHMA 43.4 P 1 8 DX TP 1 AR B0 1 XU 147 v o b K A Hp
SRR 29.1 o B L B 7 2T RO R XU iR 4T T 1A . R 10
Hr HH /% 29.85 AL, 4248 14 Ml ORI P B — L H R ) HQ Himim
Fz 10 #HfEE 4 HEREPHNERSZNERXKR TR
Table 10 Health risk assessment indicators of mycotoxins in popcorn in 14 prefectural cities of the Hunan Province
) e ADI/[mg/(kg * day)] HQ Risk
HhIX HE#&E . — — > E
A N LE R L& N L&
FB, 3.28x10° 3.71x107° 0.0164 0.0186 / /
K1t (n=5) FB, 9.04x10°° 1.02x10°° 0.0045 0.0051 / /
) ZEN 5.02x10° 5.68x10° 0.0003 0.0003 5.02x1077 5.68x107"
=¥l / / 0.0180 0.0204 / /
FB, 1.69x10°° 1.91x10° 0.0085 0.0096 / /
- _ FB, / / / / / /
b (n=5) 7EN / / / / / /
=X / / 0.0085 0.0096 / /
FB, 2.57x107° 2.91x107° 0.0129 0.0146 / /
B FB, / / / / / /
HEH i (n=5) ZEN 6.27x10°° 7.09x10°° 0.0003 0.0004 6.27x1077 7.09x1077
AN / / 0.0087 0.0098 / /
FB, 7.43x107° 8.41x107° 0.0371 0.0420 / /
PRI (15 FB, 6.48x10°° 7.33x10°° 0.0324 0.0366 / /
" (=3) ZEN 2.19x107° 2.48x107° 0.0011 0.0012 2.19x10°° 2.48x10°°
pavil / / 0.0366 0.0414 / /
FB, 1.98x107 2.24x107 0.0090 0.0112 / /
N B FB, / / / / / /
A (n=4) ZEN / / / / / /
eyl / / 0.0099 0.0112 / /
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= 10(8)
. ADI/[mg/(kg * day)] HQ Risk
HIX HE#E — - — - —
A JLE LN JL# LN JL#
FB, 2.08x107° 2.35x107° 0.0104 0.0118 / /
FB, / / / / / /
WAL (r=5) ZEN 5.13x107° 5.8x10°° 0.0003 0.0002 5.13x107 5.80x1077
g / / 0.0053 0.0060 / /
FB, 2.51x107° 2.84x107° 0.0125 0.0141 / /
FB, / / / / / /
T (n=5) ZEN / / / / / /
s¥ il / / 0.0125 0.0141 / /
FB, 1.25x10°° 1.42x10°° 0.0063 0.0071 / /
FB, / / / / / /
Sk v —
WL (n=4) ZEN 4.87x10°° 5.51x10°° 0.0002 0.0003 4.87x1077 5.51x1077
gl / / 0.0043 0.0048 / /
FB, 7.78%x107 8.8x107° 0.0389 0.0440 / /
B (15 FB, 2.82x107° 3.19x107° 0.0140 0.0159 / /
AT (n=5) ZEN 5.83x10°° 6.6x10°° 0.0003 0.0003 5.83x1077 6.60x1077
Joyil] / / 0.0425 0.0480 / /
FB, / / / / / /
. B FB, / / / / / /
M (r=5) ZEN / / / / / /
Jeyii] / / / / / /
FB, 4.58x107° 5.19x107° 0.0229 0.0259 / /
: FB, 8.33x10°° 9.42x10°° 0.0042 0.0047 / /
BRI (n=4) ZEN 7.78x10°° 8.8x10° 0.0004 0.0004 7.78x1077 8.80x1077
ps¥iil / / 0.0137 0.0155 / /
FB, 1.0x10°° 1.14x10°° 0.0050 0.0057 / /
B FB, / / / / / /
i B (n=4) ZEN / / / / / /
BAn / / 0.0050 0.0057 / /
FB, 2.72x107° 3.08x107° 0.0136 0.0154 / /
. B FB, / / / / / /
R (r=5) ZEN / / / / / /
g / / 0.0136 0.0154 / /
FB; 8.3x107° 9.4x10°7° 0.0415 0.0469 / /
M (=6 FB, 3.23x10°° 3.66x10°° 0.5162 0.0182 / /
! (n=6) ZEN 2.0x10° 2.27x107° 0.0010 0.0011 2.01x10°° 2.27x10°°
oyl / / 0.0501 0.0567 / /

AINF L SRR, W R R R ANEEE, &
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5 o N 5 LR THQ s KA 5124 0.0501 F10.0567, 3
it/ F 1, RILE 14 0 S-S5 LR @ oL B AL i
BANEEFE R FEEHEERBAEMRML. ZEN F
2017 A4kt 5 T A= 41 2R PR3 A I S LA 371 S B0 ) 5T
W, I ERSERAE P I ZEN I EUE M KU A
WAL o TR 10 AT, B T VS M AR FH AT HE, HoAth4
A 12 T Risk {EI/NF 107, FHIX 12 Hip A5 ) L# 8
TTERAE TR A ZEN JesoavE AU . v M s 5L
1 Risk {54350 2.01x1076 F12.27x10°%, BRFHTT A L3
1 Risk {43510 2.19x10°° F1 2.48x10°°, ¥R T 10°~107*
Hh, ORI PE M AR BE T A 45 L T R AL T A
ZEN KAl #2537, (BT Z B0 . il AR 5515 et
BRI BRAE A R I B B R T YR, AR 11 WA,

MR B EBR FB, LISN, P Py /N T 1, REEOKTE
o FB, Al ZEN 5L RN L 2R, FB) fEH—THHRM
TS YRR PAEN 0.115, BARMTSYLSEE Py ISR T
1, BFRMIGY, SHEFGSEPIHHREAEHEREY
RS PERE T 48 S —3. 3 12 A%, FB, 7675 A-F- 1y
YRS PABICR, 0513, XAl RER AT R RS
(AR AN B BEREAR, Pr R B0MPE M FB1 HHAh 13
HTIT (4 B — 75 G R A

R BRES IHARSRSERLTNER
Table 11 Evaluation results of 3 kinds of mycotoxins
contamination in popcorn

HHER P; Px FHA 5y
FB, 0.115 1.011 B e
FB, 0.013 0.283 P REE A
ZEN 0.032 0.563 FREES
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Table 12 FB, contamination situation in popcorn in 14 cities of
Hunan Province

Hh[X P;
WHTE M 0.513
Kb 0.203
B PH T 0.159
AREH T 0.459
WAL 0.128
HET 0.155
flr bR T 0.104
R T 0.078
T 0.480
AT 0.000
T 0.283
E AT 0.062
PRy T 0.168
RF A 0.122
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SRR TG Y R F BRI, BEE AT R
', A ATRRE T ASE . Sl mikig Ak, Eokr
HEHRSA —E MR, By Teihn 7.7 &
(A BB 7 R BR AR, 9 ANE AT LI dh 2 B ik, 52
it A R 4 1 it AR L TR 7 R 05 e e A U A T I B,
BN T K A )4 BRS04 PR AT A TR A L, SR
SLIA ] X BRI T FL R R R S I T IR AR, B E
TFIEA 5 P LA i R R AR B0 gk 1 AT, AR
WG REA IR /DN, 2k AT i, RN, IR
JE KM TEREAIE 10 6y, HASH Ok, Irafiad R
G T 8 FREH TR, MELMS R B RIT Y
FLEKT, S50 —a RBRYE, (HHRAER 67 ik (A
HIEE, BRI RS RGN RBIE AR 2N,
FURAHSCH I T R EMR ., it — 2w T, EREK
e B B R 0I5 Y s 0, JE BT IORFEE R, iR
B, MOk, WEY R R MM,

AR, FORAEEH RGP BEARFMX . RS
foe 2% 1 5 XMk o A B, R OB E K E 77 X FB
(FB+FB,+FB,) 1t #7E 28.00%~100.00%2, %t B fic
FRAECY), HARRZH 10.00%, X 5AMIE I 46.27%4H
—3, 2024 A T EBORIE T8 2 B RI5 4, H
HEZMERHFEB RIS, BREHEHTEEN, X4 2 #

a2 P B3R F I T A M ssh Mk, B Al aE R
R AR TN K LR, BRI o R )™ A2 WY A
R FIRY . R, SRORAE T Z R0 g R Y )5 Y F BLAE A
BYIRTE . A, IR AR E R E7 X, ORI K
EORASME, NI, DOMsEIRSGAEH, 7 TOKIE . AT
B A AR R A B — AP i, ELA e ERFEA R
FErP 22 0> LR BE R UEATHE DN, I X S A5 AR AE Y &
KBEAT WS, WP IE A OG0 T o 2 7 s A A A PR s v, )
FIPNRORAE P B R S K, Mg AR R T
R E RS, DTSR S (e

4 4 i

WA G RKE, A 14 MlifEAd, B
B AT A, AR PR T B ORI LA R TS Y B ™ T
AR R KRR, RO, AR A A
JITAT H DX g 1Y ARG AS I B B R £ 22 FB,,
BTABEAR R TE Y, AR A R T
TG (HICSE 2% 5(P>0.05), LB KRIEER S | 18
iy RAEARIA T BRI A2 R EE R T Y iy n] Rg 4
N, FEEE TR G5 YR 56, HLAh, X
FrPEfh A B, &8 14 Ml A5 JLEE 2L B K AL Tt
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