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(beauvercin, BEA) , RURAITHZE A, BRI E A, RURARHE B MRASEREZ B BN k. Bk
bR G-k - R (84:15:1, V:V:V)$RE . %85 Oasis Prime HLB [HIAHZERUA: k)5, Waters BEH C,g a4}
(100 mmx2.1 mm, 1.8 pm)43#5, fEIE T, L5 mmol/L ZBRE K- 2 A i shARIES TAR HE DRI, 78
22 SN BT AT 1 A I A, FETIC AR EI &SRk g . a5 BEA M 4 Fh R R TE
% BYLR ARG B P HAT R RZRPE S 2R (r>0.999), 746 HBR M 0.02~0.05 pg/kg, ERPFREN 0.05~0.15 pg/kg.
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Determination of beauvericin and enniatins in oat flours and millet flours by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an ultra performance liquid chromatography-tandem mass spectrometry
method for the determination of beauvercin (BEA), enniatin A, enniatin A;, enniatin B and enniatin B, in cereal food
oat flour and millet flour. Methods The sample was extracted by acetonitrile-water-formic acid (84:15:1, V:V:V),
purified by Oasis Prime HLB solid phase extraction column, and separated by Waters BEH C;g column (100 mmx
2.1 mm, 1.8 pm). In positive ion mode, gradient elution was carried out with 5 mmol/L ammonium acetate aqueous

solution-acetonitrile as mobile phase, qualitative and quantitative detection and analysis were carried out in multiple
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reaction monitoring mode, and the matrix matching standard curve external standard method was used for quantitative

analysis. Results The results showed good linearity (r*>0.999) in the respective linear ranges of BEA and 4 kinds of

enniatins, with the limits of detection of 0.02-0.05 pg/kg and the limits of quantification of 0.05-0.15 pg/kg. The

accuracy of the method was evaluated by conducting a recovery test at 3 spiked levels: The lowest, middle and

highest concentrations of the linear ranges. The average recoveries for oat flours and millet flours were
83.6%—105.2% and 88.5%—104.2%, respectively, with the relative standard deviations of 1.3%-8.2% and 1.3%-3.2%

(n=6). The 5 kinds of compounds were detected in different degrees in 10 samples of oat flour and 10 samples of

millet flour collected in Beijing, among which, the detection rates of enniatin B and enniatin B; were 100%.

Conclusion The method is quick, easy, accurate and sensitive, which is suitable for the accurate qualitative and

quantitative determination of beauvericin and enniatins in oat flour and wheat flour.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; beauvericin; ennitatin; millet

flour; oat flour
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M fE & % (beauvericin, BEA)FI B Al B8 R & — 2850
MR R, EEME RN, Ra syl
AR AR TS Y, SR P BATRR 3 4 N-
RS MR RN 3 A R s B R A B /K 4 & AL I ) 7S B oA
MW, B R BRI R AT 29 By, Hesz A
FEREBEARAIE E A (enniatin A, ENA), BRAIEE A,
(enniatin A;, ENA,), B X B (enniatin B, ENB)FIJA
R 2 B, (enniatin By, ENB)1®, {8 B 25 1 BLUGRF0 14 2%
EA Mo, SPARARMETG 77 . (k20 i s 45 . 1
JZAR B T AN P AR AR AT AT R e R A AR
HEARfEY, EHE A EAREZAM, TTEE L TR
FEPERIFTE Y, — B2 TS YR AR SR A )
W NS, e AN BB A s R, X
ORI AR RN B A SR RS H #5527 3060

HAi, 7ERRSESE E 5 AP B Hh & L A L B
UG FRL AR AR LA RE S b ORI 3] AR R R RN R e
BRI BAN, e . RE KRR S I )
AT S ol D0 T 2 2 A (s A R R s T
IR PAN k3 SRCE S Sy e S E N RO )
N4 B e TR R N & ST R T 2 4R KU AL . i T
IR R R ERERE N PTG IR, REE N LA
DRSS PP-Ak b IR T TR 2 RN R T R A DGR A,
TR IR A T/ NZ L EORFIE A SR R M
AL TR 2 A0 TS YK A T T W02 it s R A
TEACERER S, AT T B R, Sz e a4
FE e R BE R AR IR, WK, RS, YR
AR AT, BT RS & i, Hh
. PETAE, ATHE SRR YR R . S K
TERGI R G BT e, T MR 2458 R AL /N KA
BT5 g O, X PEAL TR R R K - B

il

TR EE ANy A W S i) W g™ |
UELLAMEREIRY | A (1T TR PO B €0 - B K
3% 7% (liquid chromatography-tandem mass spectrometry,
LC-MS/MS)PF 214 Hrt LC-MS/MS T2 M 2 B 1,
BRI P A A S A P 2 i R 1. (BRI H
BT i BB A TR AN S G4 o, iske by
FUINANG PIZRAT Pl it LE B N 4 5 b A PRI,
KT ARV N P RE R BRI T BT . ABIESE
TR IR s RO A (0 % - FR B BT ¥ (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
ST AR TR 2R OSBRI Tk, TRl e s Y
By AUINAKR FEATATI, DL T X SR R B R AE LT
AR TS G L, S — 2B TR R R
R AL TR 2R 0T e [ R A RS o) g A SR A AR s

1 #R5ERE

1.1 MR5RF

HEFZ YA/, T A LR

BEA FRAEAI(100 pg/mL), ENA FRAEEW(100 pg/mL).
ENA, ARE M (100 pg/mL). ENB FRAEZ (100 pg/mL).
ENB, FrUEE R (100 pg/mL)(INE K TRC 2 Fl/ K H /R
BHEA RS 7)); Oasis PRIME HLB [& A#HZE UM (200 mg/
6 mL, 3E[E Waters A H]); HEE, ZIEFikdk, SR+
FRATD); HER(I%K, AiE>99%, £E Acros 2AH); H
R . REE (2%, 35E Thermo Fisher Scientific /3 #]);
SIS FH K i Milli-Q A&tk Ak Ak TR 4 il 45
1.2 UFE5E%

ACQUITYTM #B = S A 3% Y -Xevo®TQ-XS HAEK
JEREAY . Waters ACQUITYUPLC BEH C¢ #£(100 mmx
2.1 mm, 1.7 um)(3E [E Waters 2% 7l); Allegra X-30R
Centrifuge ¥ 4 &5 .0 HL(3E [E Beckman /A A]); Vortex-Genie 2
R #e (32 E Scientific Industries 2] ); Milli-Q #i4lizk
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#5(32[# Millipore /A F]); Mettler Toledo XPE 105 H, K-
(K5 0.01 mg, Fi L HFRRE)-FE R Z4E M)

1.3 XWFE

1.3.1 R A B

S BIMERR L 100 pg/mL BEA, ENA. ENA,. ENB,
ENB, #RER% & 0.1 mL, HZIEE A% 10 mL, i
1 pg/mL IR ARUEZ I, -20°C B HHRAT
1.3.2 #enaras

HERFREL 5 g A 2 0.01 @RERE T 50 mL B 8.0
B, A 20.0 mL ZIE-ZR-KIRATR(84:1:15, V:VIV),
TR HE 30 s, 180 r/min $R¥FHLHL 30 min J5, 8 000 r/min &
L 5 min  FEFFE 10 mL _EER T 55— 50 mL &0, i
A 20 mL B4k, IRGS, ik,

4 5 mL 5 L FERIHE BB A $ Oasis PRIME HLB [
ZERHE . LS mL 40% I - /K WAE ke i, K5
2 mL ZREGEM (AP REEN, A 1 mL), A 15 mL
RN B OERELTTRBR, ZFEHET 40°CKE
PFTRAWRT, BEH 1 mL ZIEE I, WE 30 s, FEAL
i 0.22 pm FLIERE, ¢ EALSHTRAI
133 MBELH

(O

IE B A @ik Waters ACQUITYUPLC BEH
Cs #:(100 mmx2.1 mm, 1.7 pm); #3hAH A: 5 mmol/L Z R
BRI, WahAE B: ZN0E; HEE: 30°C; Jfiik: 0.3 mL/min;
PR 2 pLo BREEVEMGREF: 0~1.0 min, 70% B; 1.0~
5.0 min, 70%~100% B; 5.0~7.0 min, 100% B; 7.0~7.1 min,
100%~70% B; 7.1~9.6 min, 70% B.

Q)i A

M 25 8 IR, IE S A 2R e T A 4T
i, BHEHEIE: 25 kv; #EfLHBEE: 35 V; BFIEEE:
150°C; JBRVAFISIRIE: 450°C; BEAFRI (N TiE: 1000 L/h;
M8 2= % J7: 3.2¢ mbar.

1.4 HIELIE

Fi|F Masslynx4.2 #4745 dE 4 A AL B, Origin Pro

2021 SEATHAE T IR R 2

2 HER5HH

2.1 FUigSFMEEAaL

FSERCH] 5 R IR EE R APMERR, RIS TRUT
XERRE o BEAT — TS 49, AT HARYI 9B 5 1 F0
7 bE(miz); ZJ5 FEHEAT T8 i, B 2 R i
IRASE RTE T B TV AR R E TERNE BB 1 TE2 R
PR T, Ui RE R, TRANBUE SRS Bk 1
PR

22 BIEFHHML

WIFEH# T Waters ACQUITYUPLC BEH Cig #(100 mmx
2.1 mm, 1.7 pum)#l Waters ACQUITY HSS T3 #:(100 mmx
2.1 mm, 1.7 pm)X¥ 5 FOREMH 53 & RBCR Lo pifE, 1EA s
WERIR W 9 5.0 pg/L. 455RFEW, 5 MERBFRL Cp
o Ja, VTR 50T, (8 & .

BEAh, WSS T WA o B s . 2552 T HIEE-K
ZNiE-7K . 5 mol/L Z1R%E-Z AT 5 mol/L 2 FR%k-H fiEdt: 4
PR Z 5 HARI0 e it S8R 1 iR, SlioKAE %
TR & BUAF e (i I AN RE 58 240 B RS L, T ELK -2 06
7K - R A A 2R 15 38 g 0 i 5 B S AR T B AR 1
AR, UL S Rl B 25 [M+NH,] 055 i iy (5 2 o 5
[M+H] FI[M+Na] W 5 5 W NAE, 7EEERAEEMARIET,
B AR, T R 5, T LAASHI 5T ok R R
WA B PR T REER O, g
W, R ZNE-5 mol/L ZFREIKIATREEE VL, HARPIA
M 17 (E R 438 BE i o FEDRARUF T B RS S A0 4 18 R
Wil BB R BRAR,, FFA BT Bk (B 1),

23 MBS
231 RIUEF HGHEA

B R R NE- KR RA R TAYH BEA.
ENA ENA, .ENB #l ENB, f$HC, /Mg 2 A i 2200
IR TR T 85%00 25 - /K A T3, A 3 2z 4500
KT 50%0 - KW Hr T XOKFITE A H BEA
ENA. ENA,. ENB il ENB, M5 J¢& 0L, AMF5EHRAZ
KA RIERE R, HR T O S5KMRA BT

F1 sHEBRKAMNRIESH

Table 1 Mass spectrum parameters of 5 kinds of target compounds

HEHR B B85 F (m/z) TETF (M) Tl fg/eV {4 B4 Bt ) /min
BEA [M+NH,]" 801.8 244%/262 33/33 3.72
ENA [M+NH,]" 699.8 210%/228 35/30 4.61
ENA, [M+NH,]" 685.8 210%/228 30/35 421
ENB [M+NH,]" 657.7 196%/214 30/30 3.36
ENB;, [M+NH4]+ 671.7 196*/210 30/30 3.80

MR T, T
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1.8E+6 -
1.6E+6 | — LK 6E+6 - — HIELK
1.4E+6 | S5E+6 |-
1.2E+6 L 2 aErs
5 1.0B+6| g
% 8.0E+5 | % 3E+6 -
6.0E+5 - 2E+6 |
4.0B+5 |
2.0E+5 | Uk IE+6 | L
0.0E+0 L i La . 0E+0 __ N\ . . . .
0 2 4 6 3 10 0 2 4 6 8 10
4 B s} 6] /min 4 B4 Bt 8] /min
SE+7 -
3.5E+7 L
—— 5 mol/LZFR%%-2 i N e
a7k 3.0E+7 L 5 mol/L R - I
2.5E+7 |
§ 3E+7 + §_
P %( 2.0E+7 |
B el = 15E+7 |
1.0E+7 |
1E+7 F
b L 5.0E+6 - u UUL
0E+0 L | . L | 0.0E+0 L | . | .
0 2 4 6 8 10 2 4 6 8 10
P B4 Hs} ] /min £ 83 Bsf 1] /min

1 IEETERENT 5 R R 2N R R SRR R T 1988 TR

Fig.l1 Total ion flow diagrams of 5 kinds of mycotoxins in different mobile phase systems under positive ion mode

BEA. ENA. ENA, . ENB Fll ENB, EI 1800 . IL4h,
A ERA BT A R 4RI, Br AR g o, R
TiEE BEA. ENA, ENA,. ENB fl ENB, l{2ECK, 7642
BUARIIRINT 1% R, SCIasRanE 2 PR, 25585%
B, 5 FhECHRE 2R 84%H) LI R SR I R 8 F
50% & 1R R R SR UG B iR, H ok, A5k
84%Z N 15% 17K, RIS I 1%09 ZRRAVE Ry 5 Fh LI 2¢
ESISEi: 6

10 [ ZhE-/K-Z8(50:49:1)
I 2 fiE-7K-Z B (84:15:1)
100 -
|
=
Bl g0}
70 -
60
BEA ENA  ENA, ENB ENB,
AFHEFR

B2 SRIAAE G- L BOE I, BEA, ENA. ENA;,
ENB Fl ENB, iy Fl % (n=3)
Fig.2 Recoveries of BEA, ENA, ENA,, ENB and ENB, using
different acetonitrile-water ratio extracts (n=3)
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25 [ B PERE A AP AGE B TR A PR EE TR (100 pg/L)o
JbRRE 48 O /K- R BUS T A B Oasis PRIME HLB
AR, 203 S mL (9 2 - /K VB0 Uk [ AR 2L BOH:,
WEEM LT 20%. 40%F1 60%ZE-/KIA R, WititE 5
RO IR IESCR, AR BE RO LR 520 o 25
R, S AR TSGR FEE 87.9%~101.7%(1& 3)-
40% 1) ZE - /K AR B TSR a5 K, (ELBRE 8 2L 1 ELA9,

120 - C_120%ZJiE7K
110 C140%ZJiEK
" I 60% 2. JiE 7K

100 |

N

s 90+ E3 T

%ﬁ 80 |-
70 -
60 |-
50

BEA ENA ENA ENB ENB

NGRS
B3 SRAIRIFZIE-/K ISR BEA, ENA, ENA,.
ENB #il ENB, 8 % (n=3)

Fig.3 Recoveries of BEA, ENA, ENA,, ENB and ENB, using
different acetonitrile-water ratio lysates (n=3)
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5 FRRRIN A B IETCRAG BT REAIG, X2 R BB A HLAH
TR FT AR S BER A R 7, PRSI T — 25 Ve,
FEAR 2 IR . I, T8 40%1E R ik R TR
2.4 FFIEUEIE
2.4.1 EFE P RN

FE ROV (matrix effect, ME)J&48 3037 H 34 %F B
T B 3t R 1 ) B 8 R B RN, ME. 7 S 43 A v
WAETE, SR AT aE A e tE . AR, Y
BITTHE AR ME=(28 (A BE & 36 T 2 0 A0 B S AR )
oA B 14 e T L/ 2 R L I A o 4 A5 ) g 0 T AR
-1)x100%. [ME|<20%, 3%BHIGHA (1 3EI00N ; 20%<|ME|
<50%, FUIILTTHL 5, IME>50%, RN HRES
YA B S TN o SHESE R IR I RN AE 2.5%~47.8%,

WS R R AR AR, IR VCECAR R LR, AMRIE R, 4
N 3 TN 4 iR, 5 FRFINIFE S B 0 Y 1l N S B
RAFIIZMEC R, MOCRE(r)>0.999. 7125 [ M ALN
KRR A FP R ARG, DUE SRS F SNy 3 51 10 B9 it
e FE 43580 8 O RS B BR (limit of detection, LOD)FIE
12 fR(limit of quantification, LOQ). 4JEikeZ K}, 1k
J7¥:HY LODs 24 0.02~0.05 pg/kg, LOQs 7 0.05~0.15 pg/kg,
MILT /NI, AR LODs A 0.02~0.04 pg/kg,
LOQs K 0.05~0.12 pg/kg, 53CHk[6,20,29T % A+ A
LA R R A TR 2 1 A L, AR T ) R A A AN )
.

F 2 FREMFNKM A0 E B
Table 2 ME:s of oat flours and millet flours

IINKA B FE TN TE 0.8%~34.8% (K 2), MEA MY AY I TR AL R He UM
NP % N N 2]
B3 T/NKH, 5 R LA E RS AT o T v o o
LRV S0, AR R AL 57 25 11 S IO e A o SEA .y e
R SN gy A Eh A ' '
242 FHWEMIEE . AR R FR ENA 306 12:5
3 31 JHHE 2 oy /N KM 1149 25 10 68 S5 T o Joi o e J32 0 ENA, 25 0.8
=l
24 0.01, 0.02, 0.03, 0.05, 0.06, 0.10, 0.50, 1.00, 5.00, ENB 183 10.5
10.00. 20.00 F1 40.00 pg/L M RINESIRMERK . &
§ = R —~ . ENB 47.8 34.8
UPLC-MS/MS lI5E, DA it B F Ui bR, PUT R :
*3 HREVPAEBERMBRAERNEESEREXERK
Table 3 Linear equations and correlation coefficients of beauvericin and enniatins in oat flour
HWHER SRy LOD/(ug/kg)  LOQ/(ug/kg) MERE( KR/ (/L)
BEA Y=109320X-3709.84 0.03 0.07 0.9994 0.03~40.00
ENA Y=239035X-7996.95 0.05 0.15 0.9995 0.06~40.00
ENA, Y=187147X-5457.19 0.05 0.15 0.9991 0.06~40.00
ENB Y=224061X-6943.08 0.03 0.07 0.9997 0.03~40.00
ENB;, Y=153252X-4698.36 0.02 0.05 0.9990 0.02~40.00
x4 MRBPAEERMBRANERNEESEREXER
Table 4 Linear equations and correlation coefficients of beauvericin and enniatins in millet flour
HWHER kTR LOD/(ug/kg) LOQ/(ug/kg) MXRHE) LR/ (/L)
BEA Y=11640.3X+127.909 0.02 0.05 0.9990 0.02~40.00
ENA Y=51564X-501.524 0.04 0.12 0.9991 0.05~40.00
ENA, Y=44918.2X-3228.7 0.04 0.12 0.9995 0.05~40.00
ENB Y=66718.2X-3166.48 0.02 0.05 0.9997 0.02~40.00
ENB, Y=28112X-1115.36 0.02 0.05 0.9996 0.02~40.00
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T5 Ik BIVERR RE SR RIS TEAS, AN B AR ez
B R/ IN K FEA 23 BIHEAR MR B2 (LOQ BT /KSF) o i) o
(5 pg/kg) MR mEH 16 pgke) 3 MKCEBEATIRESE
5y, FEARIEBE 6 AT, S5 RUEE 5 R, 5 Rl
THBE R AE 3 ANVR KOV 090 bR B S S 3 [ iR oy
83.6%~105.2% 2 [A], JFRAFE bh DU 45 5 B A A 70 vt 25 7E
1.3%~8.2% I, FIUL, [ISCRISFE 60%~120%E I, 7
& GBIT 27417— 201 7{ BAEVEE A2 E BT 7 EE A RN e+
R ) PUAHSCELR, AT LR RAF AR T ROk 2

2.5 SCRREE SRS
JAA T BT AL BT R AR 20 AW s 5 B

RIFL AR AT, o ds 10 H#EE B 10 f3/hK
M, SEEREEIRANER 6 B, i, A 4 /KRR AL 10
Iy FEFMEEN PG T BEA, WeEEVE 2 0.48~2.08 pg/kg,
H 6 U /INKRRESL A T ENA, HREEVE I 0.17~0.31 pg/kg,
4 /KB 10 (RHEE RS R H T ENA,,
e FE T Bl 2 0.49~2.58 pg/kg, A 8 /N KABIRE AL 10 153
MBS T ENB, WREVERRE 0.16~22.70 pg/ke,
H 8 M/NKBFERA 10 H#EEMFER PR T ENB),
e FEFE 2 0.05~20.30 pg/kg. W UL, 38 3 A RS Y 5 vk
TR BG5S FheE 2, R BRAb 5 T B A JHE 22 4 AN
KA AN [FIFRBE (75 e, M2 M is e R B T vy, N e
Tz R

RS MEBRFUKY DB ERERNERBAEROMIREWEREEE (n=6)

Table 5 Spiked recoveries and precision of beauvericin and enniatins in oat flour and millet flour (n=6)

M INAF
HE#RER
TFREE A(ng/kg) Il e /% HRFRER2E/% IR EE(ng/kg) B R/% HES AR i 22 /%
0.07 83.6 2.5 0.05 88.5 2.1
BEA 5.00 98.2 2.7 5.00 101.2 2.9
16.00 100.2 1.3 16.00 99.5 2.3
0.15 92.5 5.5 0.12 94.2 2.1
ENA 5.00 98.5 5.0 5.00 99.5 2.8
16.00 102.3 3.1 16.00 103.4 2.9
0.15 97.2 8.2 0.12 90.4 1.8
ENA, 5.00 99.5 4.5 5.00 100.6 2.7
16.00 99.1 3.6 16.00 103.2 22
0.07 95.2 6.9 0.05 88.6 22
ENB 5.00 98.6 52 5.00 102.3 32
16.00 99.4 1.8 16.00 96.2 1.3
0.05 88.6 6.8 0.05 90.2 1.3
ENB, 5.00 105.2 4.1 5.00 104.2 2.1
16.00 101.5 2.5 16.00 103.2 1.6
*6 ZFHERFSHERSEREER
Table 6 Occurrence of 5 kinds of mycotoxins in actual samples
HEZZ M (n=10) INKHF(N=10)
HEHR
i 1 13 5 i MR B/ (ng/kg) o B 4k i H MR BE /(ng/kg)

BEA 10 0.62~2.08 4 0.48~1.40
ENA 8 0.22~0.42 6 0.17~0.31
ENA, 10 1.07~2.58 4 0.49~1.01
ENB 10 1.79~22.70 8 0.16~1.22
ENB; 10 0.79~20.30 8 0.05~1.27
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