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B OE: BM TR X E WA EDE i L S R S JE ik ) B 4 B (deoxynivalenol, DON)AI
T K IR (zearalenone, ZEN)AITSYLE ML . Foik  FETFRI T XN 4 ) Hb S BEALR S B 2540 m L 5
350 1y, MR G W % (enzyme-linked immunosorbent assay, ELISA) Il DON . ZEN 1 &, ARIEE L4
E Z bR GB 2761-2017 £ 5 P EL I 87 R R XA R BI04, 885 50 iy FESh o, DON Al ZEN [k 243
B2R 90.0% . 76.0%, HFRRHIN 48.0% . 16.0%, HAIEHIH 975.0. 39.2 ng/kg. 12 (34 & AL S
38 I E AhALBEHE S FORE AL P, DON AR RN 518 33.3% . 52.6%, ZEN #BFREAT 510 8.3%. 18.4%, 2241y
TG L (DON: X*=1.361, P=0.243>0.05; ZEN: X’=0.144, P=0.704>0.05), DON. ZEN #H5R7EA [/ RAt:
SR TEG 5 L (DON: X°=2.985, P=0.225>0.05; ZEN: X’=1.453, P=0.484>0.05). TEZ 24 W i A1
FEEAWHIE D, DON BRI 225 JE 5t 1124 & X (P=0.749>0.05), ZEN i ARR 122 547 Gt 2% 5 X
(P=0.010<0.05), £&i&  Trrg il Joh DX BN B 4 fin il it vh AF7E — E R DON | ZEN y5 4%, Hrf DON 5 ¢
S, XA Y B0 R AR T AR TR . TR A E R ORI A SOAN IR B S s i A il e R
TF A L XA 0 T DON . ZEN V5945 50 5 A 6 W LA RO FE A0
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Contamination status of deoxynivalenol and zearalenone in cereal products
in parts of Jinan city

LI Dan-Di, ZHAO Li, JI Jing, LIU Na, QIN Ze-Ming*

(School of Public Health, Shandong University, Jinan 250012, China)

ABSTRACT: Objective To investigate deoxynivalenol (DON) and zearalenone (ZEN) contamination status in
cereal products in parts of Jinan city, so as to provide scientific basis for the supervision and administration of food
safety. Methods A total of 50 ready-to-eat grain processed products were randomly collected from four different
locations in Jinan. The contents of DON and ZEN were detected by ELISA, and the results were analyzed according
to GB 2761-2017. Results Among the 50 samples, the detection rates of DON and ZEN were 90.0%, 76.0%, 48.0%
and 16.0%, respectively, with median values of 975.0 and 39.2 pg/kg. Among the 12 samples with food package
batch numbers and 38 samples without food package batch numbers, the DON exceeding rate was 33.3%, 52.6%, and
the ZEN exceeding rate was 8.3% and 18.4%, respectively, with no statistical significance (DON: X*=1.361,
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P=0.243>0.05; ZEN: X’=0.144, P=0.704>0.05). There was no statistically significant difference in the exceeding rate
of DON and ZEN at different sampling points (DON: X*=2.985, P=0.225>0.05; ZEN: X’=1.453, P=0.484>0.05).
Among snack cereal products and staple cereal products, the difference of DON exceeding rate was not statistically

significant (P=0.749>0.05), while the difference of ZEN exceeding rate was statistically significant (P=0.010<0.05).

Conclusion There is a certain degree of DON and ZEN pollution in ready-to-eat cereal products in some areas of

Jinan, among which DON pollution is more serious. This kind of pollution exists in two kinds of packaging forms,

snacks and staple food, and food sold in different places. It is suggested that the pollution of DON and ZEN of cereal

products in jinan should be paid more attention to.
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1 Hi

LR B 2 (Mycotoxin) 2 B B 7™ A2 195 B2 Ik G A
Pt BT L 300 AR A EEEE, R HA R
FRHEMAFEEMEEER . FAREBIRI ., PRGN % E
. MMEER . REHRE, XEERTZAETH
BRI TP A B A R B TS A s R R
YhEEsh, A E0E . SR . BORAER, XS K
BRI

i 48 5 JE ik ) T M B (deoxynivalenol, DON)JE: i ELT#
TP RTIRBACT ), PR AR 8E R (Vomitoxin), FEI5
PoNAE . KFE . M TR, R . R AR R
B R Tk S BB A W P A KR B, A R
DON (W2t h# R si .o . ek, W5 . iR . k&
A 20 i KR R A T RE S S R KB, 5
5 b A U0, Bk B A ok = g som L,

K IR B M Bl (zearalenone, ZEN)J&—Fl B 15 14 7~
Y, XFRF2 R, RAYRIIH R ZEN (32 dE bk,
ZEN FEAFETF TR B H Tl & rp, Wrlfafe T/ |
L KoK, ZEN BB A BR8N s, e
175 DNA K ILgbty | il gnpasg s>,

BT RS SL A S M X A5 DON | ZEN 7E 14
FIEMBERERRM. NER . RSN ARFRRRER
Ve Y, TR SRR T, dVE RSk RIPE.
L RS R R A Tl & . T a iR
AHENEE, BT O A WA R S E AN, X
i RSt R o PRk, A D B A 0 L] o DON L ZEN
B, TR AR TS TR A T A G TR A R TS Y O,
HAFENIMITE S, AW AL T R T80 XORAE 2
JE REE WS 50 48 il S VE AR, 43 510 %€ DON
ZEN W&, 701 2 MR B misgeR o, FHxEREZE
RUMRE ST LU, B TR H 8 A0 T & i) DON.
ZEN V594500, SHAH G B B TR SR MR

2 MRERE

2.1 HEAKIR

R JH TS BEALAIAE, BE SRR T e R T R X R
Rl A (R PR RO ) . Brma i T F X SCAR AR B K &
T (RTARCFE ) B B T e A B (TR R e A B )
LR K2 B 58 SRR X 2 AR T (TR 2 A R T )4 L,
SKAEMFE A 2019 4 1 H 9 HE 2019 4 1 A 12 H, it
50 FESh, ARk . BV, MY, BE. T
THT 4545 JSRE A
22 EERFIEH[M

HOBE (40 M g, U e i AN AR W) BB AT R HD s
AgraQuant™ X it 75 216 I 175 £ (R 1 Bl 0.25~5 mg/kg)
AgraQuant® T K 7 B Js B AS I 3 500 £ (RS I Y R 25~
1000 pg/kg)(ROMER 7 7l ); Synergy2 #U g 45 1X (3% H
BioTek 22 Fl).
23 ZXWHE
23.1 AEeETAE

BRI TS0 S, AR AD, BRI 20 g F AR 40 5 1)
Yygia% ., Ml%E DON B, HEL 100 mL 258 T /K s Z% 18K
FHF4sd; WE ZEN B, FEH 100 mL FiECHIK) 70%H
P T Hm4S s . YIAT 430 t/min IR4) 2 min.
232 H&HHER

B2 s fIR-A Y, 3000 r/min 5.0 5 min, 345
IEW . W FVEWGE S Whatman#] JELRIT IR TR,
IfpbRid, &k
2.3.3 4445 DON = ZEN #9463

P18 AgraQuant ™MK it 2 Z A IR 5 £ Al AgraQuant™
FORTREE A I & 205, XHIEWGHAT ELISA
W FAREARCFE 450 nm K 2 630 nm 7 22 KT &
AR R G REE A, 2 RIARMEIIZR, DIRRUE ST
B BN RE AR bR, BE KRR Logit B/Bo(A/40) WONAEHR,
2 lbRE 2R, MRS TFIRE SR CE 4 A, 3 BIFRRE
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PR, S GER RS L XA P ah P AR

JE5 IR 0 B M T S 5 K IR s T 14 75 R O 8083

oh R AR EL R SR R AR, AR S DON il ZEN
1T (ng/kg)o B3 3R /INT AN foc (IR JEE AR il RV A
SRR P, N A SRR . BERIRIER
TG 5z v PR R g A 7 R T B A

GB 2761-2017 { &S L& EZME BN ERTR
BEE ) DT R 45 S T & i DON B
<1000 pg/kg, ZEN BR1E <60 pg/kg. A4 AR ) WERE
7 DON } ZEN J2& 75 #¥5 .

24 GritFALE

FIrE B st 28 SPSS 17.0 TRAFALFE . WIREACR K Eb i
R ZZAREA R IR R R, #6580 7K M a=0.05.

3 HBR55H

3.1 DON 1 ZEN #rfEfh%k

DON FRifEVA R e BE A X BUE 5 8- e BEXT IO B Logit B/B
HEREEME LR, TN Y=-08456X —-0.04674 ,
R*=0.996. ZEN BV ik B BT BU(E 5 45U FE XY Logit
B/By (HEEZME R R, MEFFERN Y =-0.9247X +1.8396 ,
R’=0.998,
3.2 A4HEIES DON M ZEN BB RIER

50 (AHiklL R, 45 (3% DON, RN 90.0%, 24 4y
DON & iniBtn, WIR%E N 48.0%, DON Ziniifl R 0.0~
4150.0 pg/kg, FEfth 4150.0 pgkg, FPAECH 975.0 pgkg; 38
K ZEN, #H3h 76.0%, 8 #y ZEN Sty WhrEN
16.0%, ZEN S EEEH 0.0~188.4 pgke, FEvily 1884 ugke,
FROIECH 39.2 pg/kg, EARZER I 1,
33 AEREXMtESNMERERE KNS &
1 DON & ZEN RIS 218557

16 12 5 £ S A 24t 5 0 38 4y o ik 2 4 S 1y
AWl &R, DON R84 5 740.0 pg/kg
1085.0 pg/kg, HFRFIINHR 33.3%F 52.6%, LK,
PR AW S h DON BAirRm 22 LFE % E X
(X*=1.361, P=0.243>0.05), MAfEINNAE T ORHS
B4 By 1) 0 G £ A AL 2 B B S Wy i B ) DON B AR

BN ; ZEN B AL 5 25.4 pg/kg F41.5 pg/kg,
BARR A 8.3%F 18.4%, K5, PI2sAHi b+
ZEN 8 br R [ 2 5 43 ¥ B L (X°=0.144,
P=0.704>0.05), ¥ ANREINHAT B G B #5145 P il
AT E ARSI A6 5 ZEN BARE RS ]
RS R 2, £ 3,
3.4 ATEXRHESAFIES DON K ZEN KIS RIER
TERGEA . KA, M, AR 4 RS H,
DON &R A5 51 840.0., 1020.0. 1670.0., 535 pg/ke.
e RAE . KU E . A AR AR I A Wil iy b s Il
DON & & AR, HARRSN 40.0%. 50.0%. 83.3%, £
Ko, DL 3 NREESANBIRENZINTEIT 28X
(X’=2.985, P=0.225>0.05), “FA T KA YHIh - DON
& AR BB AR; ZEN & iy a5l 46,2 38.8,
36.2. 323 pgkg, WERGH ., KiK. RCEHERENS
Prfildb ARl ZEN (& SR, BRI 30.0% .
13.3%.16.7%, 25, LI L 3 SRR AEBER R 2 RITC8E
T2 L (XP=1.453, P=0.484>0.05), 4= T RAE A
S ZEN B S R I B AR . HARZEIR R 4, £ 5,

35 FRS5FR/AAABYFIMF DON K ZEN HY
SRIER

AR AN ER—H =/ ERNE
Y, oy WEEAMEEPARS, Hoh w2 A RE
U2, SOHERRAE ELACTE I o 4 IR IR AR HEA 4028, &
RAEYHIA R 16 6y, FEEAEE ST 21 fho 7
TP E LAY &, DON B A 555
9 1110.0 pg/kg 1 1200.0 pg/kg, HFREDHIH 56.2%7F
61.9%, L%, WZEAWHlEH T DON #ARR M 25 5
i12# 2 Y (Fisher KEHIKGE, P=0.749>0.05), M AFEIATE
RPN F R Y DON bR A,
ZEN [ H 57 50535 H 49.3 ng/ke F136.8 ug/keg, MFRZEAS R
H 31.2%H10.0%, ZAGK, WiZEAPrl i ZEN BFREM
22504 Ge i 5 L (Fisher FE#KI3, P=0.010<0.05), HAH
BT EEREWHN, ZEEEYHGE ZEN @BireE
wo HARGEIRILK 6, £ 7.

=1 50 B4+ DON & ZEN 554157

Table 1 DON and ZEN pollution situation in 50 cereal products
RRMKE I (ng/kg) T U/ (ng/kg) B K17 Kt 2/% AR IR/ %
DON 0.0~4150.0 975.0 45 90.0 24 48.0
ZEN 0.0~188.4 39.2 38 76.0 8 16.0
%2 AEREZNSHTRERERMSHAYHE TS DON ENER
Table 2 Results of DON in cereal products with and without food packaging lot number

Al 2 51 By F L B/ (ng/kg) LA (ng/kg) ARy AR/ %
A At S 12 0.0~1900.0 740.0 4 333
Tt iRt 5 38 0.0~4150.0 1085.0 20 52.6
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Table 3 Results of ZEN in cereal products with and without food packaging lot number
Bl ah ) FE B oYL/ (ug/kg) HP AL E (ng/kg) AR/ PR/ %
EEREN Ok 12 0.0~93.8 25.4 1 8.3
TS 38 0.0~188.4 41.5 7 18.4
F4 4 DREMSHNAYHISS DON MR
Table 4 Results of DON in cereal products at 4 sampling points
SR HlL RS GRS G R/ (ne/ke) H s/ (ng/kg) PR E/ AR/ %
ROt 10 0.0~4150.0 840.0 4 40.0
K& 30 0.0~1800.0 1020.0 15 50.0
B 6 0.0~2610.0 1670.0 5 83.3
1B T 4 0.0~760.0 535.0 0 0.0
F5 MONREMSHBYHEIEP ZEN 8N R
Table S Results of ZEN in cereal products at 4 sampling points
KA PS8y i B/ (ng/ke) F AR (ng/kg) BTG AR/ %
ROk 10 0.0~188.4 46.2 3 30.0
K& 30 0.0~93.8 38.8 4 13.3
L e o 6 0.0~93.8 36.2 1 16.7
L= T 4 0.0~50.1 323 0 0.0
6 FEEE5FEBMARAAYFRD DON HENER
Table 6 Results of DON in snack and staple cereal products
AWl ) RS E iy R/ (ug/kg) FRAL R (pg/kg) AR E/ FHEAREE/%
E Sty 16 0~4150.0 1110.0 9 56.2
F& 21 0~2610.0 1200.0 13 61.9
*7 FR5TLAMAAAYHET ZEN HENLER
Table 7 Results of ZEN in snack and staple cereal products
AW 25 RSy T (ng/kg) F AL (ng/kg) HEARE AR/ %
ety 16 0~188.4 49.3 5 31.2
Ecy 21 0~54.1 36.8 0 0.0"

= 5EEHARFEAM L, P<0.05,

4 ¥
BYPEEERERE R RIS Z, R
R, R R R 4 A AR A, A
AR 030 5 L PO A 1 T AR K B 8, T
HUNE | FORSR A RN TR A B e s Y K, A
WITERERCIIA], 2704 TR sl i f7 7 202k 24, ol fig
BEE R A FIAT, S Rl P R 2 5 e DA
FIRADNAL, FEE R AL R, S
T, A REEAY 25%IAREYZ B H T RIS, 2%

AR e TEZMAREEH. IWARE ZLILKE, N EM
TR R Y SRR, HIE, TSP DON,
ZEN [5Gt B0 1 i Wa s o it o R et R oA v
FEA . BNXTEESEESENIMRZLER . 8H
TMEEVE I BIETE AT G2, T AR S50 I SR A BB 43 0 n il &k
X%, LIS 3] AR & A DON F1 ZEN i &
a2, AT SN O M T A A ok 2 P R L TS
T

R R EL TR R 0 O A SO . SR
T I G e W SRR A, L G G e W A T | R
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T ) B B AR T 5 R 085

AR, &SRS P AT SIS . ma
TRORE €003 S5 T v P RN R B A s, (HRAR I A
FHEEF ELISA Rl BB, ANGE A I AE i iy PR 43 b7
Rrt>191 ) ELISA Jr it 8 R B b 40 R R, #RAE R
W R HPRE R, EE R, RN, R TER
e AL, I, ARSCEOHERE ELISA Rl Jr ik f
S Bl A A DON il ZEN A4 i 5 92

ERIR, TEGFRTH 4 A REESCREER 50 44l
fh 71, DON 1 ZEN £ i 2343 51l /& 3k 90.0%7F1 76.0%, Hr
RAMGNEIE 48.0%F1 16.0%, % DON K ZEN 154+ ik
Fe RAE SR [ AR ERR LAY 4.1 G5R0 3.1 6%, R LB RE 6
ST Bl ESYIN T &S fAE—ERER DON, ZEN
5y, HEAR™E, Ho Ll DON {5 YL %8, 2017 4£7K
IEAEZNIXTNA S S PR DON & S ilb A7 R 43#r,
FRAER 339 Oy e b A th 38l 57.5%, (A 5 Gyt E
FARERR A i 5 A 2SR A T 2013 4E P E/NEZ B R DON
BITE YetE B, LR AR X K RN 83.7%, HARE N
8.8%,2015 AFZEWT 45 It 1 4335 43 i X & P A0l ZEN
VYR BLIES TR A, ZEN K H 3 72.1%, #BEREN 6.0%.
AAFFE R, DON | ZEN i H SR8 bR 36 5 Ho At 7 A5 2%
MR, TTRERYIRIAAE LAR JLA . ASBFZ8 K80 FE &
INFERY L KR B A SRR A R AR, AR T AR A A
Bl DL —FP TR Ry JEURMR S A RE B, T RE S B0 R
B B0 s SR BRI )y i 22 5, AF5CR A ELISA
Tk, SKIEAEZEUCR ] BLISA 35, Filiffh 0% il w s
Mfa G, 207407 R F ELISA ¥, ELISA {Eh—#i ik
A (1 0 2 3%, PRI B — o R B ARBF SR AR 1
FEAR IR SE TR M, o 2870 (%, — @ R b
AHB X B2 P65 0 DON | ZEN J5 A5 i, {BREA A1
XTI, AT RAEA R — 2 I .

TEA AR5 A TC & A AL L S R i
DON HEFRRS> 3K 33.3%F1 52.6%, ZEN FIHEARR S50
8.3%A 18.4%, ZHIMITGHEITFE XL, W WAL, EWF4
Pyl b oF DON 1 ZEN BRI DU . 2015 4E2Er 4517
XF L AR i X AS [l f e ) & RS i R ZEN T5 49kl
PEATRAE, B A i h ZEN B FR R 22 51 o5
TFER S ARFREEE R, 7ETCE At S i A Pyl
H1, DON PO B0 AR, Hfs KB R E AR R R 4.1
£ A B A ALREAE S B A P ) R 0 R AR, L
F AN FE FEARAERR R0 1.9 /%, M ZEN RE, A
AL A A Pl ) B KA [ AR MERR 521 1.6 4%
TG B i AL 5 A 23 400 il i F) F5 RAL Ay ) A PR R 11
3.0 £ BAKEBIRRZH G T2, (AL bR
TRICEE S LA S A P 2 A S S R )
il G Y, RS R ER ., SRS s Yl
i EEE R R AdA, RZIEREE, B ARE,

A R OB, LA A 2, (L R e LA E
PR

X 4 A RAE S A DON. ZEN @ br% 5371
PR, 2RI L T REJE TR A B AR R
B, AETERRE AL IR IR, S BURR S WIS TR, &
RAF S FEACREAR R, FLREAS S (/N5 2 P RB A SR

U TR O = /il | B o = e 7 R
DON ., ZEN kR34 B4 T He 4 % B, DON bR 1 22 71
TG =8 L, ZEN #hrENENE 5% E Y, HEE
FH BN ZEN BARE R R HE W AR B E R R
B, MEEMIEAE 22 F, I Z P B R Y
B AT RETE S

SRR, AW AR AR R B NEAN R ZAb, 7]
P RBEA T, ShIBGHR 73 FE AR U A A Iy v 001 725 SR 56
TE, DA GF b AR 23 P )l e o R T R S YR,
HE R R e & R BR A .

5 & i

25 FRTIR, BT ER A M X B S i k] TR AR
—EFEE ) DON Fl ZEN V5%, JUHJE DON i5 Y25l ™ &,
[FE ZEN S EZ ER S TR EHRE N 1k, REH
i A T T R R SRR A (A 22 %) L)Y DON | ZEN FR
R, MR KRB EREFENBYILMERTEE
FAUST, DRIk, 3 0 07 o e o 8 e B e A AR 38 2 Ll PR o
3 7 107 A O e s, ol S R 3 AR R
XSSy NN 0N N AN TR ) M R S O
Rirs T4 9% 25 I 24308 48 PR IE 00 AT R RO Aol 2B 7= B9 HLP B AR IR
HRENE S, R A2 50617, R KI5 Yy,
WEEFHR T 2 D) 56 T RO VS e W R A i, LR NR
ARk T S S50 A 25 XU 75 e L X, 07 2 % L 7 H AR 1 %
SHC T o il R A R
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