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Abstract; Objective To investigate the natural occurrence of hexadepsipeptides mycotoxins, including beauvercin
(BEA), enniatins (ENNs) of enniatin A (ENA) , enniatin A, (ENA,), enniatin B (ENB), and enniatin B, (ENB,)
in corn and corn-based samples collected from Shandong Province in 2017. Methods One hundred and fifty-eight corn
and corn-based samples were collected from the east, west, south, and central district of Shandong in 2017. The samples
were extracted with acetonitrile-water (85: 15, V/V), cleaned up with solid phase extraction column, followed by high
performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS ) detection of the concentrations of
5 mycotoxins. Results BEA was the predominant mycotoxin in 158 samples, and the positive rate and the average level of
BEA were 82.3% (130/158) and 65.26 pg/kg. The positive rates and the average levels of 4 ENNs were 55. 1%
(87/158) and 0.28 pg/kg for ENA, 8.2% (13/158) and 0.62 wg/kg for ENA,, 3.8% (6/158) and 1. 19 pg/kg for
ENB, 56.3% (89/158) and 0. 13 pg/kg for ENB,. The average levels of the 5 mycotoxins in corn kernels, corn flour and
corn flakes were 46. 96, 86.45 and 0. 17 pg/kg for BEA, 0. 13, 0.35 and 0. 06 pg/kg for ENA, 0.14, 0.76 and 0. 00
wg/kg for ENA,, 0.23, 2.15 and 0. 00 pg/kg for ENB, 0.21, 0.15 and 0. 08 wg/kg for ENB,. BEA was the most
predominant mycotoxin in samples collected from east district, and the positive rate and the average level for those samples
were 87.0% (87/100) and 95.75 pg/kg. The positive rates of 4 ENNs in the east, west and central districts were lower
than those of BEA, but not for the positive rates of ENA and ENB, in south (both of 91.3% , 21/23). The average levels
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of 4 ENNs in the 4 districts were lower than BEA. Conclusion

Corn and corn-based products collected from Shandong

were contaminated by 5 hexadepsipeptides mycotoxins, especially for BEA, and there were mycotoxin kinds and geographic

distribution differences for mycotoxin contamination. It wa necessary to conduct a wide range of monitoring especially for

BEA in corn and corn-based samples collected from eastern seaboard of Shandong.

Key words: Corn; corn-based samples; beauvercin; enniatins; hexadepsipeptides mycotoxin; food contaminants;

risk monitoring

H 18 % Z ( beauvericin, BEA ) FI B 4 7l 5§ &£
(enniatins, ENNs) J2 th 6 71 7 /8 1) 2 ¥ 6 (2 o
K NEERYE AW AR AT AR O
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BT G AL, PR TR N B A R R K
il T 2 A B LD AR A AT A . IR A B R
P P e A R R S DR A 2017 A OK
KL KRy A B R AL A, 2RI 158 4y, IF X AR
BEA _ENA (ENA, ([ENB I ENB, (175 4 1% & #4770
Br, 4 W0 v i 2 B 2% 10 By U6 R4 ) B A4 R Al S0l

1 #MBEF®
L1 M
L1 HaEE

AR LU AR 48 0 M PR B O 2R R A DL,
FEIZR A B AR PG 0 1 BRI rh o 4 A4 3 X O A
FEHRAE A o I RAE I R A i AR R A, LR
DX o3I e 4% 3 a4 A M 9 i AR O AR BF 5 9 0 SR A

a o B8 DB A 70 SR R T 8 0 R T R R AR
MR AT R il R 3R 4 2017 472 FOK KL 71 iy
KK 68 13 Al EOK A& 19 i, Sbit 158 £y KERL(S
SO 1o FEah R E R BB A EARN, %5 IR
F, THB SRR

F 1 ARBETORAE M K B A (1))

Table 1  Corn and corn-based samples collected in this study
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1 801.4 .244.1 1 262. 1; ENA 4 699.5 .210. 1 Fi
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657.5,196.2 Fl 214.1; ENB, } 657.5. 196.1
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1.2.4 diasab e
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19. 0 B APFHEAT 5

2 HR549H
2.1 IR FOK K H A 5 BEA Fil ENNs [y 75 44
&5

2% 2 AL, ER 40 oK K HC A At bR Y BEA AT
ENNs, it A K it A 5 33 K 46 i ENA, T ENB,
WA, B A RE S BEA BSE U] B T 4 Fb
ENNs (-2 {8 o 5 Fag 2 09 BH M2 i B AR IR
i BEA (82.3% , 130/158 ) . ENB, ( 56.3% , 89/
158) . ENA (55.1% , 87/158) . ENA, (8.2% , 13/
158) \ENB(3.8% ,6/158) , FHYERE S 5 FhE: E 1
I BRI A BEA (65.26 pg/kg) \ENB
(1.19 pg/kg) .ENA, (0. 62 pg/kg) .ENA(0.28 pg/
kg) \ENB, (0. 13 pg/kg) »

K2 2017 AR I ZR A R KA & P BEA F1 ENNs §5 3¢5 20 (n = 158)

Table 2 Natural occurrence of BEA and ENNs in corn and corn-based samples from Shandong Province in 2017
T oK B HL il HER FRAE R/ % A/ (pg/ke) MR/ (pg/ke) H i 50/ (pe/kg)
BEA 85.9(61/71) 0.06 ~1 006. 56 46. 96 3.22
ENA 2.8(2/71) 0.09 ~0.17 0.13 0.13
ESP N/ ENA, 4.2(3/71) 0.09 ~0.16 0.14 0.16
ENB 4.2(3/71) 0.05 ~0.37 0.23 0.27
ENB, 4.2(3/71) 0.10 ~0.32 0.21 0.21
BEA 95.6(65/68) 0.04 ~860. 16 86. 45 7.32
ENA 97.1(66/68) 0.06 ~16. 61 0.35 0. 06
ok ENA, 14.7(10/68) 0.02 ~6.29 0.76 0.15
ENB 4.4(3/68) 0.86 ~3.21 2.15 2.37
ENB, 98.5(67/68) 0.08 ~3.33 0.15 0.10
BEA 21.1(4/19) 0.10 ~0.20 0.17 0.17
ENA 100.0(19/19) 0.06 ~0.07 0. 06 0. 06
KA ENA, 0.0(0/19) 0. 00 0. 00 0. 00
ENB 0.0(0/19) 0. 00 0. 00 0. 00
ENB, 100.0(19/19) 0.07 ~0.13 0.08 0.09

T1 A5 B RRAE b, BEA 19 B 5 O3 {E Al ep
N8I T 4 B ENNs, H E R BLHE & BEA i fie K
{HE KT 4 Flt ENNs i K{H, AT 3k 1 006. 56 pg/kg.
68 iy KKy HE it ENB, \ENA 1 BEA (1) fH P 5 14
B, 4k 98.5% (67/68) .97.1% (66/68) Fi
95.6% (65/68) ; H 7k} ENA, (14.7% ,10/68) , 5 ik
4 ENB(4.4% ,3/68) ; AR FHMERE G b S FhEE R 1)
2 {E = B AR K ) BEA (86.45 pg/kg) \ENB
(2.15 pg/kg) \ENA, (0.76 pg/kg) ENA(0.35 pg/kg) .
ENB, (0.15 pg/kg) . 19 1y K a5, ENA Al
ENB, 1 FHPE 2 5 5 3 8 100. 0% (19/19) , H ik K
BEA(21.1% ,4/19) , ¥4 #H ENA, 1 ENB, K
1k BH P £ v BEA (ENA Fil ENB, ()75 YL 95 Fl -1

(B 5 T 5 K F0 KB BH AL &
2.2 N [A] M X Ok VR Y E K K H S BEA I
ENNs [75 3¢

122 3 AT, Ll 2R 48 A S R ep 35l X oK B
5 Rt BEA R ENNs, 75 3 F pg 36 M X 9 £ K
FHAH S R ENBL R X A ok K
JL 5 BEA 1 BH P 28 P B A b B0 i F
TR FA TR A P R M X, M ML X 4> A A, BEA B FH
SRS H4 A0 v 7 Bk s B AR IR R AR LG L
TR AR A X o 2R X R T Y Ly T RORE AR
t BEA 1Y% fEfR R, 35 1 006. 56 pg/kg; 53 A 20 1y
ok [ BT AN 2 4R AR T A R K B ]
BEA [y & it 100 wg/kg, Hor 17 43 £ KBy b
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il S 03 o EOKKLRE Al o U L g A A RS s X BT AT
EoK K H A A BEA /Y B R TS B K CF g3 i R

20. 58 .28. 63 F19.46 wg/kg, Hm A T 4 #H# X (1
006. 56 wg/kg) .

F 32017 AR 1L AR A A [a) M DO R A4 K KRG A BEA FIENNS {54822 5% (n = 158)

Table 3

Geographic distribution difference on natural occurrence of BEA and ENNs in corn and corn-based samples from

Shandong in 2017

Hi X R [ 44 %/ % U/ (pe/kg) FHME/ (ne/ke) i/ (pe/kg)
BEA 87.0(87/100) 0.09 ~1 006. 56 95.75 9.05
ENA 47.0(47/100) 0.06 ~16. 61 0.45 0. 06
P ENA, 7.0(7/100) 0.02 ~6.29 1.06 0.16
ENB 3.0(3/100) 0.86 ~3.21 2. 15 2.37
ENB, 48.0(48/100) 0.07 ~3.33 0.18 0.21
BEA 81.3(13/16) 0.04 ~20.58 4.35 1.03
ENA 62.5(10/16) 0.06 ~0.21 0.09 0. 06
PigY ENA, 12.5(2/16) 0.08 ~0.09 0.09 0.09
ENB 0.0(0/16) 0. 00 0. 00 0. 00
ENB, 56.3(9/16) 0.07 ~0.09 0.07 0.07
BEA 65.2(15/23) 0.10 ~28.63 3.34 0. 64
ENA 91.3(21/23) 0.06 ~0.17 0.07 0. 06
& ENA, 8.7(2/23) 0.06 ~0.08 0.07 0.07
ENB 0.0(0/23) 0. 00 0. 00 0. 00
ENB, 91.3(21/23) 0.07 ~0. 13 0. 09 0. 08
BEA 78.9(15/19) 0.16 ~9.46 3. 15 2.34
ENA 47.4(9/19) 0.06 ~0. 12 0.08 0. 06
g ENA, 10.5(2/19) 0.16 ~0. 16 0. 16 0.16
ENB 15.8(3/19) 0.05 ~0.37 0.23 0.27
ENB, 57.9(11/19) 0.07 ~0.33 0. 10 0.12

AN T 3t DX oK K HEAf] it i ENAASY B 230 A
MM N A8 (91.3% ,21/23) (P4 & (62.5% ,
10/16 ) . H & (47.4% , 9/19) . & # (47.0% ,
47/100) 1< . JIr A3 BEA4E oK K H A rh ENA Y F-
YRR B 35 B 7K1 DA s B YK Oy < 38 (0. 45 il
16,61 pwe/ke) .73 (0.09 A 0.21 pwe/ke) .ot 3
(0.08 1 0. 12 pg/kg) Fd B (0.07 #10.17 pg/kg)
HuIX o ZRER PG A R ER R b R b XY K A H:
i ENA, B B S22 ) A R (3R
3) o VO ERFIE &R M DAY T oK K H ) i 2 OR A
ENB, g #f M X oK K H il dh b ENB, g B PR R
(91.3% ,21/23) & T &8 (57.9% ,11/19) | 75 &
(56.3% ,9/16) F1 45 (48.0% ,48/100) # X, 4 4~
3 X1 B A% 0K B A i ENB (9 1 249 6L A AR A3
Wz AR, P Y 23 i 0.07 ~ 018 Al
0.07 ~0.21 pg/kg,

2.3 INARAE TR B o BEA AT ENNs 5 B3 7]
LEE S ERUN

BF5E IS, BEA il ENNs & ph 46 71 5 ) 1 2%
fil g 7] B ( Fusarium oxysporum ) . F& 2% 8 J] W
(F. avenaceum ) 55 2 Fh ik 7] B 7E ¢ 5€ 2510 F 72 2B 1Y
NS Ik 2K BB A % JESTOT 4 % Bl BEA AN
ENNs 754 80 2 i BA 5 8841 8] /9 5 IR 1L & 9,
41 D-2-FR LS IR AT S WERR (ATP) /Mg™™ | S-Jig
F H i & 2 (adenosyl methionine , AdoMet) #1125 12 A9

AW A R S R A 2 BEXT 5 R R 0 P RS g
LT AT, 3 4 AT EAN R Y 3 R 5 4 4l
G, Ak 3 FhEE 205 gL R SRR UL, o BT A A
Ay 38. 0% (60/158) ; HOR My 1 FhFl 2 R R 75
YU BE B, 4 9k 34.2% (54/158) F 15.2%
(24/158) ; HA 6.3% (10/158) F1 1. 9% (3/158) 1y
FESH A B 5 Fh 2R R P A AT ] — IS e A i
SHEERIGY.

MAE T BLE  AAE5E R 4R 19 5K B A1 K it
FEMZEDREG 2 M UL LRI Y. ERMFE R
OB 3 M EERTG AN RZ (76.5%,
52/68) , 404345 BEA-ENA-ENA  ; [Rl 0} 4 4 Fi 5 £
TSYL B RE R 10.3% (7/68) , 4H 4 BEA-ENA-
ENA,-ENB; [a] i #¢ 2 F 8 R 75 QL 9 K 5 O 8.8%
(6/68) , 4 & 1145 BEA-ENA, (2.9% ,2/68) . BEA-
ENA(1.5% ,1/68) F1 ENA-ENA, (4.4% ,3/68) ;{¥
F4.4% (3/68) [y E KM AL R B 4% 5 Fh R R 5
geo FORRERE A, R B Bk 2 Bh g 2= TS G B9 AE S IR
£(78.9% ,15/19) , 2 & ¥ &y ENA-ENA, ; [7] B+ 9%
3REER ISR R 21 1% (4/19) 5 KAt [A] 1)
B 4 Fhal 5 FhEE R V5 4 EOREFE & o ERRIAE i
LBk BEA V5 0 i £ (76. 1% ,54/71) ;14. 1%
(10/71 ) BORE i R B AT o] 35 22 75 % 5 W] B 4 2 Fol A
3MBRIGYEMFESN TR 4.2% (3/71) F1 5. 6%
(4/71) 4044045 BEA-ENB, (4. 2% ,3/71) |
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Table 4  Co-contamination of BEA and 4 ENNs in corn and corn-based samples from Shandong Province in 2017
. 55 S A E N) KAt et
MR/ % FRUAG (%) PR/ % HFBRAB (%) MR/ % FRAG (%)
0FhiEEZE 14.1(10/71) — 0.0(0/68) — 0.0(0/19) — 6.3(10/158)
1 Fh#E % 76.1(54/71) BEA(76.1% ,54/71) 0.0(0/68) — 0.0(0/19) — 34.2(54/158)
2f#E  4.2(3/71) BEA-ENB, (4.2%, 8.8(6/68) BEA-ENA,(2.9% ,2/68) 78.9(15/19) ENA-ENA, (78.9% , 15.2(24/158)
3/71) BEA-ENA(1.5% ,1/68) 15/19)
ENA-ENA, (4.4% ,3/68)
3FI#E  5.6(4/71) BEA-ENA-ENA,  76.5(52/68) BEA-ENA-ENA, 21.1(4/19) BEA-ENA-ENA, 38.0(60/158)
(1.4% ,1/71) (76.5% ,52/68) (21.1% ,4/19)
BEA-ENA, -ENB
(2.8% ,2/71)
BEA-ENA-ENB
(1.4% ,1/71)
4 FhEEZE 0.0(0/71) — 10.3(7/68) BEA-ENA-ENA,-ENB 0.0(0/19) — 4.4(7/158)
(10.3% ,7/68)
SFEEZE 0.0(0/71) — 4.4(3/68) BEA-ENA-ENA,-ENB-ENB, 0.0(0/19) — 1.9(3/158)

(4.4% ,3/68)

R A R AR
BEA-ENA-ENA, (1.4%, 1/71 ), BEA-ENA, -ENB
(2.8% ,2/71) F1 BEA-ENA-ENB(1.4% ,1/71) .

3 itig

BEA .ENA ENA, .ENB F1 ENB, {E Jy £ & 147
B W NTRIR K & R, CEmPE A
BEW A e e Rt Y e A E R
(9234 J L b kG . EFSA X 26 5 25 9 KU
PEAG R P 48 R W RS W R NG B R R
PR R M EE R AR, At T 5 e 98 A 5008 fn 8 v
BIEH T 2AR, HIATHHEERERN RS
A

H i, F& ¥ % JC BEA Fl ENNs 5 4« 45 ¥y I Ho ikl
i O AREE A 2 v 2 b A 11 B H AR /N R
TR R A G Y A . HU %Xk 60 b 2444
o' BEA 1 ENNs (8 £ % 30, 25% 09 25 44 vh 2 /b
TAMERER TR 1A BEA K ) R m o 20% ,
Al ik 124.8 wg/kg; ENNs 9 1 22 8415, 2o
1 FENNs [ R0 Fl o 6. 7% ~11.7% {0 & &
¥ ,ENA ENA, \ENB #1 ENB, (¥4 & & &4 5 7]
ik 354.6.252.5.290.5 F1 40.2 pg/kg, 2016 4F
YOSHINART %2 M 11 5 H A% 14 v 8/ 772 /N 22 8
it BEA F1 ENNs, {H 3C o o $2 {5 3 40 5038
SGRENSEN 27 Ji 25 2005—2006 4F F} 2% W 3k 1
73 fir oK F 20 fy E K F IR R BEA Fi 4 Fb
ENNs /75 4% & 31,2006 4F 5K (19 £ K FE & b BEA
B K5 G K F (73 pg/kg) AIRT 2006 4F W04K 7Y &
KA ENB B 5 K5 LK F (2 598 pe/kg) 3 5
EN o WS SR S VAN EN/ 4 5| s S S 1o = Tl
BEA i1 4 Fft ENNs 19 iz K5 4L KA ] 5 e 4h, A
UH A TR KR i K o BEA A9 FH 1 %

(85.9% .95.6% 1 21.1% ) W] & @& T SERRANO
24 22N Ml v L X 14 ) K RN 22 47 KA o
BEA W BHYE (14% F1 4.5% ) , (B 4< ¥k i 25 vh jir
W1 3 A ENNs 78 BT A £ K B I i) 5 i (9 B v R
(ENA,:8.2% ,ENB:3.8% il ENB,:56.3% ) {§ T
UHLIG % "4 38 19 2000—2002 4F #F )8k /= 228 {53
ZJ 3 B ENNs 19 B ¥ % (ENA,:67% , ENB;
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