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T . A Mk Wi ( EAs) /2 B 22 M TR ( Claviceps) F=/E N — KRBT R Y AR AL EAs 15 Y (45 1) S i
B, T RE S A2 M M s 2 e TP EE DT S B A, T I, AR SR T R v AOHRAH €2 3% - B 386 T 3% ( UPLC-MS/
MS) #57 T A4 B 11 Fh EAs B9 R0 s e 5k, SR A 20 mL 2 15-200 mg/L i i 5 1  (80: 20,
v/ V) R4S B RS Y 11 Bl EAs HEATERE, 78 10 000 t/min T £5.0> 10 min, H158 53 7, Captiva EMR-Lipid %L
M B T4k, SRA ACQUITY UPLC HSS T3 ¥4 (100 mmx3 mm, 1.8 wm) 438, L 1 mmol/L Z k%
VA Z NG A TSI TR EE VR . 7 WSS LS (EST) 1E B FAX T, SR 22 IS B W ( MRM ) 458 3R 45 4530
FHRL R VC F bRl ph AT ORI B, IR IAER W 11 Fh BAs 7645 [ RIS B N B RGP E R M
KZE(r)H0.9933~0.999 9 K R4 0.006~0. 2 wg/kg, EmFRH 0.02~0. 6 ng/kg, LI/NEH B~ /M2
3 b A0 R R LR S, AR P R 3 AN INAR KR, 11 AR EAs 19 [T EE Sy 80. 1% ~ 118% , A X i 1 i 2=
(RSD) 4y 0. 2% ~ 13. 3%, K i gt Jy v FH 11185 45 9 B LA it (240 3 /IN22 83 .80 3 T Kby (30 13 KoK (30 3 3 i1
J 146 fy/NZ2 ki) o EAs & B E, 45 R W, AR R A EAs K il 11 PP EAs 1R F R 0. 57% ~
20. 3%, %k EA T PO R SR A S T 2R EAs PR [ B

SRR . W R BORA (T - R IR LTS 5 A B L o 5 22 A A I B R R

hESES 0658 XEKFRIEAD . A

Abstract . Ergot alkaloids ( EAs) are mycotoxins produced by Claviceps and are present in ce-

reals and their products; their residues pose significant threats to human health through food
consumption, resulting in ergotism and sickness. Herein, a sensitive and rapid method for the
determination of 11 EAs in cereals and their products using ultra performance liquid chromatog-
raphy-tandem mass spectrometry (UPLC-MS/MS) were developed. Eleven EAs were extracted
with 20 mL acetonitrile-200 mg/L ammonium acetate solution (80:20, v/v) for 15 min using the
vortex shock method followed by 15 min of ultrasonication. The mixture was subsequently cen-
trifuged at 10 000 r/min for 10 min, and the supernatant was purified by a Captiva EMR-Lipid
column. Target analytes were separated on an ACQUITY UPLC HSS T3 chromatography column
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(100 mmx3 mm, 1.8 pm) at a column temperature of 40 C and a flow rate of 0.4 mL/min
using an injection volume of 5 pL. Gradient elution was performed using 1 mmol/L ammonium
acetate solution and acetonitrile as mobile phases. Data were collected in electrospray positive-
ion (ESI") and multi-reaction monitoring (MRM) modes, and quantified using matrix-matched
standard curves. The 11 EAs exhibited good linearities in their linear ranges, with correlation
coefficients (7*) of 0.993 3-0.999 9, with limits of detection (LODs) and limits of quantifica-
tion (LOQs) of 0.002-0.2 and 0. 006-0. 6 ng/kg, respectively. Recoveries and relative stand-
ard deviations (RSDs) of the 11 EAs in matrix samples of wheat flour, coix seed, wheat flour
products, and corn flour at low, medium, and high spiked levels were 80. 1%—-118% and 0. 2%
—-13. 3%, respectively. The established method was used to determine EAs in 240 wheat flour,
80 corn flour, 30 rice, and 30 coix seed samples, as well as 146 wheat flour products, with the
detection rates of the 11 EAs of 0. 57%-20. 3%. A maximum total content of EAs of 56. 7 ng/kg
was recorded for a single sample. The sample pretreatment process used in this method is simple
and fast, and the detection method is highly sensitive, with accurate and reliable results ob-
tained. This method is suitable for simultaneously determining various EAs in cereals and their
products. The results of this study provide valuable information for future EA risk-assessment
studies.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/

MS) ; cereals and their products; ergot alkaloids ( EAs) ; mycotoxins
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ARAMEEH Bz R RTEHSAE EAs
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EAs 8551 A& A W 4a , $F 1052 i 25 v g 1) %8 57
W, 2 BEAs MR T 2 447 wg/kg B, 4RE
AR &2 8 Y EAs & 580 T4
LR EHUEEE S IK=R e NI AL) =B WS L R 1IN
REUON D MBI R T RAKER EAs B, HEE
o B EFRARY AL EAs W2 X134 Y 4 77 BE
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KT I v 2 XUBS: S, T B RS 2R I 2 A S S R
Wi, 2021 4F BEA ERE SR04 41 (FAO) Attt
TAEHZ(WHO) BG4 iE v EAs 1Y% H AT TR 32
AR (TDI) %K 0.4 pg/kg bw; CBRE AR
HERZHTJ712) (GB/T 5009. 36-2003 ) ' HiL 7 A £
FEMAARE B 0.1 g/kg; (5 264 [ % bR
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H HI, VOAH €03 - BRI T 3% ( LC-MS/MS) B )
2N T4 B S BEAs B S A o
WCH TR 6 R M it e WROR 3i%- i/
JFRE) (SN/T 4524-2016) 7RI 15 Rk
VUm0 R A € - B B BT 75 ) (NY/T 2769-
2015) " R A LC-MS/MS 43 513 5€ T A Y 6
i EAs R EE ) 8 Ff' EAs, Cherewyk %512 %
STAREE i — 2 (LSD-D ) 1 R [l 26 e, 2 57
T R SCRORE €53 5 1K i ( HPLC-MS/MSS ) I 22 /)N
A ZFh EAs & 5 1Y 775, 1% 07 B ALER A PR
(LOD) 4 0. 008 93 ~ 0. 225 pg/kg, fE/NEFF |
12 Fh EAs BYFE RN N 101% ~ 113% , Huybrechts
DI F HPLC-MS/MS, #3577 —F 2 LA Y& i
H EAs BV S Ao A0 O vk O BE S SE I 6
Fi EAs 192 2 0 5 , B 3K 45 19 LOD 4 0.5 ng/g.
R K 28 2 I fiE MycoSep 150 [ AH A% BUR:
5 QUEChERS FiAb ¥+ AR, ZIfig MycoSep 150
RS EAs 1% 2R UM, Lk Bk, (3%
FERTZEEUA EAs Fh25 0 HAFAE AL B AR S8 FE
K25 ) 5, QUEChERS ¥ A Pk, (H R
() A A5 P WA 56 550 7 WA o 2% JBie 19 ) i 0, 2 8% R A< 3
Y W R M BRI T T A I Y EAs APE, UL, A
— PP | R R B A S A e 2 P EAs
SYHTINE T

HT IR R, AWK Captiva EMR-Lipid
FE Ak 5 e 50 A €0 % 55 3K 5T % ( UPLC-MS/
MS) 456, #E57 T [R) B 45 B FL A v 11
EAs (£ 4% 7 Ff S A RUFN 4 Fh R WD) B9 )54k, %07
T LA A v 1 R AR R A B R o i AL B AR
TF RHE, A S A EAs 14 RURE TEA iR
B B ) i s B T R R SR

1 SLIEEH

1.1 & GKF 568

ACQUITY™ UPLC # = 808 HH 2115 XevoTQ-S
I RV ( 35 [E Waters 23 7)) ; Heidolph £ 59
ek (145 Heidolph 23 7)) ; Legend Machl. 6R 5
AR EOAL(  E Thermo Fisher 23 7)) ; KN295
Knifetec™ JJZ0FE i B (£} % Foss 23 7] ) ; BJ-800A
EH AL EFARAT)

11 F EAs SAREAI . 22 /7% 7 (100 pg/mL,

R ALY A SM T (25 pg/mL, SH) FM¥
(100 pg/mL, R &) M7 (25 pg/mL, SH) |
AR (100 wg/mL, S8 2 i 5 (100
pg/mL, RAY) & 5 (100 ng/mL, R #Y) #
FASETEHE (25 pg/mL, S &) BUA M T (100
pg/mL, R ALY E MM (100 pg/mL, R ) F15 3%k
PR A2 fA 98 (100 wg/mL, R %) Il [ ¥4 F] Romer
Labs A W], HE . CNE . WM R (HPLC 9%, 1&
[ Merck 2~ H]) ; R &% . W IR % | Bk FR %4 ( HPLC
%%, % [# Sigma-Aldrich 2% 7] ); N-IN 3 2 %
(PSA) W [ 51, C g W B 5 (50 pm) , Bond Elut
EMR-Lipid #+{ki %) £2 1 Captiva EMR-Lipid &4k
F(3 mL, 300 mg) ( 3 [H Agilent 23 7)) ; Oasis
PRIME HLB [& #H # B (3 mL, 150 mg) ( 3£ [H
Waters 23 A ) ; 52560 HI/K 34120 Milli-Q 2l /K HL (3% =
Millipore 2 ] ) il & FU#BZE7K (18.2 MQ - cm) ,

B B (AR /N A ORI E
Kk EoKKy Bk B F R B R SRETA
BRI T,

1.2 LIO&H
1.2.1 Ao 75 0 AN B )

HERRSIGE 11 Fh EAs Bbpfit 2 0 TR O %
SO, R 2, Be il IR A AR v R, Hh
200 5 O A RS 2 A T A A R TR
R E A 100 pg/L, RUEFEE fTT 22 fa i bl 22 £
BT SR BLBUR 22 A I Y T R R Dl 200
g/ L, 27 F1-F R Ey SR R 27 £ 8 B o 2 vk 3k 1 000
png/L, FHZJE-200 mg/L kR e 1AW (80 :20, v/V)
5 E L AN TR A5 1 FH VAR, T 1) 2R 90 o VAR )
TRAIRE TR, Forb 22 f S sl &2 M less 2 A
S TORNZE AR SR TR R MR SR 5.0 wg/L, WL
[AEMIT FMT A% T M5 R R
Fa I () B 44 10. 0 wg/L, 22 £ 9 1 1L SR iR
2 SRR BT v FE YO 100 pg/ L,

122 HEXELHH &

TEARA T RAR B2 T 37 2R SR 45 W) SN 22 3 ol
i, BRI AT 500 g o RO R 1A 4
TURLRE i $4 28 7] SR S S H T TR ST s /NS B ol i
it (WL TR AL AR ) BAETE-20 CUKAE
TR R R B SR SR PR TR TR AT, SR
FHVY SR K A 0 J5 O RE i 2 LR A (T i f g
WY, 53500 2 N B i AR v, 2% 5 5 AR 10 4T S
S I T -20 C Uk R
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1.23 HEaraE

STERAFREL 5.0 g (KEHAF] 0.001 g) b iRk
FEF 50 mL .08 H, A 20 mL £ J§-200 mg/L
BRIRARZ VAR (80 :20, v/v) , IR HENETS 15 min, FFi#
FHEE 15 min, 7E 4 C F LA 10 000 r/min .0 10
min B FIF R 25 50 mL BO0E Y, HO
Ji5-200 mg/L BREREA T (80:20, v/v) K FiRE K
i B2 20 mL,IRAJ 5 HL 3 mL Lt Captiva
EMR-Lipid ¥4ttt , A 1 /s B3 B2 IR IR, I8V
LAY (RC) 1185 , it UPLC-MS/MS 7347,
1.3 SHEE
1.3.1 f&iE&

{6354 . ACQUITY UPLC HSS T3 £ ( 100 mmx
3mm, 1.8 um) ;F30IA A & 1 mmol/L & FREL %
W, WA B A SN s i - 0. 4 mL/min; SRR
5 pL; AR 40 T M ERE 10 T, BREETERE
J¥:0~3.0 min, 40% A~75%A; 3.0~4.0 min, 75%
A~10%A; 4.0~5.0 min, 10% A; 5.0 ~6.0 min,
10% A~40%A; 6.0~8.0 min, 40% A
1.3.2 Uik &%

BT U LGS B B (EST) YR, IF B T AR
R, BAERIE: 1.5 KV, B FIHRIRE . 150 T, fiiE
IR 500 C 3 B 1< - 1 000 L/h fifi <
(MRM) , HABFTESHLE 1,

2 ZERE5TE

2.1 UPLC-MS/MS &4k
2.1.1 AR
A3 N EC ) 2280 o BE Y 11 Fh EAs 1A AR

TAEW, LA Z B 1 mmol/L Z B Sl i R shAe
KRR R SR 78 BSL IR T3S s F R
ST ET . SREW 11 F EAs A9 M+H ] i Jy {5
B T M+NH, | *FI[ M+Na]*, B, i 5E 43 1
BT M+H ] A i~ P T R T T
(R4, e IO (0 o3 8 A 25 1 AR b
BT HEM S T, I IntelliStart 2 fE 717 1%
SR, A T 11 MR i+ 5 1 HE LR
FERRAE e, TR 1,
212 BEANMML

SEI AR WIS T ACQUITY UPLC HSS T3( 100
mmx3 mm, 1.8 pm)  CORTECS UPLC C (100
mmx2. 1 mm, 1.6 um) F1 ACQUITY UPLC BEH
C,,(100 mmx2. 1 mm, 1.7 pwm)3 Ff (it o 135 0
Y153 B B S (B (R S, 25 SRR BR 2 o
FE SRR 2 fa s st , HoAth 9 Fh EAs 7E ACQUITY
HSS T3 a4 iy i {E % T CORTECS UPLC
C,H: A1 ACQUITY UPLC BEH C, % i i 43
Pl F. ACQUITY HSS T3 (% ik it HURE UKL BE 55
K AR, Rt A T 25 B Wyt ASLBR, Of HOH:
XA A Y HA A R AR . L, SE5 i
2% % ACQUITY UPLC HSS T3 #F (100 mm x 3
mm, 1.8 pm)/ERHr:,
213 mE Mg

SR T AR S AR R (KA 0. 1% H R
KW 1 mmol/L £ FRE YW .1 mmol/L H iz 4%
U 1 mumol/ L Bk R 4% 3 W, A MLAR Il G ) X
11 Fl EAs 3% 40 53 B2 RGN R A5058 A5 i), S8
SEIRFW M TS KA R 0. 1% H BR K 5 WA, 22
75 T 52 A ST A R R IR L S R T

&1 117 EAs R EREMRIESEH
Table 1 Retention times and MS parameters of the 11 ergot alkaloids ( EAs)

Compound Retentio.n time/ Parent ion Product ions (m/z) CE/eV CVs/V
min (m/z)

Ergometrine maleate ( b3k iR £ 575 ) 1.01 326.3 223.2%, 208.0 38 24, 28
Ergosine (% f{1°F) 1.89 548.4 223.2*%, 268.2 34 32, 24
Ergotamine ( % ffifi%) 2.20 582.4 223.2*, 208.1 36 30, 44
Ergocornine ( % %) 4.59 562.4 268.2* , 208.1 40 26, 44
Dihydroergocristine ( ;A fA7T) 4.70 612.4 270.2% , 168.1 40 30, 60
Ergocryptine ( % ffi [Z52) 4.79 576.4 223.2*%, 268.2 40 35, 26
Ergocristine ( % ff 755%) 4.83 610.4 223.2%, 208.1 40 36, 48
Ergosinine ( 2% ffi~F7°) 4.97 548.4 223.2%, 277.2 40 32, 26
Ergocorninine ( 2 54 7k ) 5.17 562.4 277.2%, 223.2 38 26, 34
Ergocryptinine ( 27 ffi 5 HLA# ) 5.30 576.4 223.2* | 305.2 40 36, 28
Ergocristinine ( Z ffi 5 700)) 5.34 610.4 305.2", 325.2 40 28, 28

* Quantitative ion; CE: collision energy; CV: cone voltage.
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XU H o3 B B 5 25 5 MU s AHZKAHA 1 mmol/L &
MR i 7% W R, 11 AP EAs A9 e B E BH B & F
1 mmol/L B RELAE ; VA 1 mmol/L Bk R % VA TR N
Wsh A K A, 11 b EAs 0 i B (B B T
Il mmol/L Z MR % % W, B %X 11 F EAs 7E
1 mmol/L i % & V5 W Hh HL A T8 e ) R (R
TR Z2 FR BT ILAT 16 € 135 e Joe 58 A4 B I B 42, i A
1 mmol/L LB AT, 11 FhRs il oy i) 3%
W AR B HLXPAR . PR, S B0 e 44 5 1 mmol/L
TRV ORI S A KA, BEAh, SE % 58 T AN W]
WeRE(0.5.1.2.5.10 mmol/L) W Z FRE VS Wi % 11
i EAs Fill RO A2, 250 R, 2 SR BT
THTE A 0. 5 mmol/L B, Th 5 i 4 £ 8 B AE {033
HELIEOR B PR B EHE A 0. 6 min; >4 2R B W
WEERSNZ 1 mmol/L B, 11 F EAs Bm R {44
P, H IR R 22 R B e i £ B4 B (1 3 m &2 1. 01
min; 4RSI 2 TR B VR FE 43 1 & 25,10
mmol/L i}, 11 Fl EAs {0 i (E 287 F B, HE L
PR BV MR B 10 mmol/L B B ek, R, i
E LR A 1 mmol/L . H)m, SEK: 4>
I T R Z X 11 Fl EAs #0057 6505 1 5%
Wi, 5 S0 | bR 22 = A1, Hofth 10 F EAs 76 H i
TSI N R AR T 06 %8 1, e AR SR
HIR A TR S AR 228 1 mmol/L 2 R %k 1% W 1l
NG AEFAE S 445 F, 11 Ff EAs A MRM (713
BN 1 s,
22 HRELEEGHMRL
2.2.1 #HEGEFIHEE

CHCRE 1S P A Dm0 R - HR I 5
LY (NY/T 2769-2015) 25 % ] 2 Ji5-200 mg/L
BRBR BRI (50250, v/v) $E BB R 8 15 Fh A9
Bl TEAR AR R NG -7K (84116, v/v) #EBUR A
1 9 Fh % £ B ; Huybrechts %> I Poapolathep
212157 20 15-200 mg/ L B R B 15 W (84 ¢ 16,
v/v) 43 R BB LB AR Y BEAs, BFST R
W1, 22 falie A 7% T 2 FBas s ey
1 AR E | 7E G G - W R A v T P AR
T, HAR S KA S fe > 454 11 Fh EAs #9fk
MR R DB R R IBUA R, S0 DS 3k
TR I 9 KR 5 T RE & R ) (I 2 AR R
Bl A2 FBR S 2 A0 TR AR SR B b
7 0.4 pg/kg, WAL MTT 5ol 2% T 4
A 5 FUREORN 22 A1 e i IR % f2 o8 0. 8 pg/kg, &

100
80 9
60

40 11

Relative abundance / %

20 ]

0:""\""\/‘\‘“\“"\““\““

0 1 2 3 4 5 6
¢/ min

1 11 # EAs B &#r/E TIERA MRM &iZ%E
Fig. 1 MRM chromatogram of the mixed standard
working solution for the 11 EAs
Peak identifications: 1. ergometrine maleate; 2. ergosine;

3. ergotamine; 4. ergocornine; 5. dihydroergocristine; 6. ergo-
cryptine; 7. ergocristine; 8. ergosinine; 9. ergocorninine;
10. ergocryptinine; 11. ergocristinine.

The mass concentrations of compound 1 and 2 were 1.0
ng/L, the mass concentrations of compound 3, 4, 5, 7 and 10
were 0.2 ng/L, the mass concentrations of compound 6, 8, 9
and 11 were 0.1 pg/L.

FA S FUE R TR 22 AR B bR & &2 4. 0 pg/kg) ,
I EET CE-K (80:20, v/v) LNE-L BRER T
T (80:20, v/v) L NE-5% 2K H W (80:20, v/v) |
JiE-200 mg/L ik 2 2 75 e (80 :20, v/v) Fl L )E-
400 mg/L BRFRER VAW (80:20, v/v) %] 11 F EAs 4%
BUSCR A, SLE0 45 R W], #6845 EAs 78 O Jif-
7K (80:20, v/v) L M- L TREE WL (80 :20, v/v) |
IE-5% FOK W (80:20, v/v) H A7 AE Il 245
RAPLS . Y1l 2 5% %4 7K 75 W A7 B BT
TR T BB 1) € O B, T BE R DR A e
SAF R E KM )t B L BRI, R R S S
fRALEE, PRI, SCBG H 0 AR T 4 H5-200 mg/L ik
TRECH IR (80:20, v/v) FI ZIE-400 mg/L ik IR £ %5
W (80:20, v/v) X 11 Fl' EAs AR EBUICR , 450 5%
B, 11 Fl EAs 76 WG 42 B0 770 rb 9 Tl e 3243331
77.0% ~118%F1 71. 0% ~ 117% , JL-F- 7/~ 52 T TR e 145
W B2, 25 G s 2E i S AR SCE B 2
J5-200 mg/L SRR A WA T IR SR L5050
W8T LS 200 mg/ L kR S WY
AR (80:20 .65 :35 .50 :50) XF 11 Fff EAs 42 Busk
RysEm, SCEGE5 R, 80:20,65 :35 il 50 :50
1) ZHE-200 mg/L Bk RS X 11 Fh EAs 1)°F-3%
[R50 K 80. 3% . 55. 8% Fl 50. 9% , AH X s 1 i
#(RSD,n=3) 4350 3. 55% 4. 28% Kl 4. 50% , 4%
HZR g 20 15-200 mg/L Bk 2 % %5 ik (80 : 20,
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v/v) HEATHEEUET , EAs BE T 25 5) b MR i 3 o v 2
HUHR ot | PR I e 28 o 42 BV 1) 2 216200 mg/L
WRIBR BRI (80:20, v/V)
222 HMAFAMEE

R T BRI SR 11 A EAs A3 R
I R T R A HER I | T AR S SR B A T R AL
B, AR SEEG DAAS R TINRR ) 6 R S B TR
(HA 11 #h EAs Bmas & i\ 2.2.1 95) 405l %5 52
T C WM PSA 1} 5]  Oasis PRIME HLB [#] 4
#HkE Bond Elut EMR-Lipid ¥k i£ 714251 Capti-
va EMR-Lipid 4k #1455 Figefk )5 Xt 11 FF EAs
ISR ) 52, o, C W B 7 PSA W Bff 551 F1
Oasis PRIME HLB [ AH A U4 B SCHR [ 9 ] Hi3E Jr
BT L 5256 Bond Elut EMR-Lipid ##fk 3251
WS RUL B TS, 258 R 2 PR, Y
K C MR 7RI F PSA W B 7004 St B O R 1 75
LB, 11 F EAs /[ 35551 28 56. 7% ~ 132% i
48.3%~101%, RSD 7334 1. 4% ~4. 5% F 3. 2% ~
8.2% , b M EMET EMRM T, EM
SR BN ZZ £ 5 v B 1 T CR AR AR, T 2 Sk R 22
FABRLA [0 OR AR =, R ROCR AN B, YR
Oasis PRIME HLB [& 1 # B #1 Bond Elut EMR-
Lipid ki Fu4fL iF, 11 Fh EAs A9 [0 5% 55
TRA, 4350 17. 2% ~ 73. 6% Fil 16. 7% ~54. 4%, H
#1,Bond Elut EMR-Lipid 4+ ki 7] £ 7 #9 i 7k h
LAE A AR rp S R K I R A, 5 EORE
PRI 0 T T e o DR i R AR A B R A
YA, X2 5 80U S2 10 I AL BUE R 03k 58 4
HEAT s RIS, R AR 2 5 30 EAs B AR 1k 3
i, AT i EAs R, AR IR 4 Cap-
tiva EMR-Lipid b4k )5, 11 F EAs (19 [F1ficR

7 83.3%~108%, RSD & 1.3% ~13.2%., KNI, fx
140

A% P& Captiva EMR-Lipid ¥4k 4% T J5 22 ¥ ik
23 ERVMHER

FE IR 2.3 9O A ikt 4 s 1 2 SRR
(/NZZ R AT /N2 B il RN T KRy ) AT i Ab
B BRAFARN 1Y 25 PR B, F i as T
PRI TC ) 2 5] Jo1 2 vk 5 1Y B Jo DL C TR 5 b T
W, I LA, [EIET, B 2 06-200 mg/ L ik i 2 i
W (80:20, v/v) il AR BT 2 v BE s R B A it
VW, EALA M. R Besil 2510 i 4 3 A
N ( ME) $F4 75 7 (ME = (56 57 UG e A o il 28 104 &)
R/ R EI ZE R -1) x100% ) , % 11 Fif EAs
()3 N AT PR, 24 ME S IEfE R, 230k 3
JHETR AL ; 2 ME Ry B, 2% 30 A 58 5 410 1 2%
N5 HH T ME | >50% Sk i 3 FRLN , 20% < | ME | <
50% A HZE LR ALNE, | ME | < 20% A 55 35 i 2%
REPY S EERANE 3 iR, AE 4 FhRE S SE P, 25
EAs fA7ERC A ZE 300, | ME |24 0. 49% ~ 596% ,
R T RRATCARE ol 58 B 35 I e ok 1 T, AR S 36 R
FEFTUC TR A R e A T 5 250 5
24 FHEFWIE
241 L MEE BSHRMEER

1] 4 Fpas FLRRBURE Al (VN2 R /D
Z2 W AR KR ) SR BGRT 11 Fh EAs WIR & 5
HE T AW T2 00 T, TC 1l 1l 22 47 Jo o vk 32 1)
JEVC BT G AR EVS W, JT 4% 1. 3 15 S 4 (kA 7
DZE o AT DU 4 (%) 0 T R R AR A (), Joa o TR
HREARER (2, wg/L), el B DL e hn it 4k, &5
SR 4 FRILFRE S R 11 B EAs 7645 0975 N
HA RIS R R RS () N 0.993 3
~0.999 9, FE/NA K B /NE R AR R KR
4 Fhs (IR b A0 0l S I R B D e A v il Ze v

i [ Ergometrine maleate [ Ergosine =
120 [ Ergotamine [ Ergocornine +
] [ Dihydroergocristine [ Ergocryptine ‘1[ =
100 [ Ergocristine [ Ergosinine int —1[ =F
© [ Ergocorninine [ Ergocryptinine f-lt e, E = H -
E, 80 . [ Ergocristinine I
o ]
g 60 N
o~ ]
40
204
0]
Oasis PRIME HLB Bond Elut EMR-Lipid PSA Captiva EMR-Lipid Cis

2 ARSI 11 7 EAs BRI M (n=3)
Fig. 2 Effects of different purification methods on the recoveries of the 11 EAs (n=3)
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Table 2 Linear ranges, linear equations, correlation coefficients (r?), limits of detection (LODs) and
limits of quantification (LOQs) of the 11 EAs in wheat flour matrix sample

Analyte Linear range/ ( ng/L) Linear equation 7’ LOD/ ( ng/kg) LOQ/ (pg/kg)
Ergometrine maleate 0.01-50 y=2.80x10°x+4.18x10? 0.9969 0.06 0.2
Ergosine 0.01-50 y=9.24x10%x+2.12x10? 0.9988 0.06 0.2
Ergotamine 0.002-10 y¥=2.02x10°x-7.54x10" 0.9991 0.013 0.04
Ergocornine 0.002-10 ¥=2.99x10°x+1.64x102 0.9998 0.013 0.04
Dihydroergocristine 0.002-10 y=3.82x10°x+3.76x10? 0.9994 0.013 0.04
Ergocryptine 0.002-10 ¥=4.06x10°x+4.78x10> 0.9994 0.013 0.04
Ergocristine 0.002-10 y=1.63x10"1+4.98x102 0.9977 0.013 0.04
Ergosinine 0.001-5 ¥=6.89x10°x+2.43x102 0.9998 0.006 0.02
Ergocorninine 0.001-5 y=3.88x10°x+4.41x10? 0.9993 0.006 0.02
Ergocryptinine 0.001-5 y=4.78x10°x+5.23x10? 0.9995 0.006 0.02
Ergocristinine 0.001-5 y=2.10x10°2+6.04x102 0.9996 0.006 0.02

Y. peak area; x: mass concentration, wg/L.
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Table 3 Recoveries and relative standard deviations (RSDs) of the 11 EAs in four matrix samples (n=6)

Spiked Recoveries/% RSDs/%
Analyte level/ Wheat Coix Wheat Corn Wheat Coix Wheat Corn
(ng/kg) flour seed flour product flour flour seed flour product flour
Ergometrine maleate 0.2 91.7 93.9 106 103 2.2 0.7 4.1 7.0
40 83.5 88.6 90.2 102 1.1 1.3 1.3 1.2
200 96.3 93.3 91.8 97.5 0.2 1.6 3.2 0.7
Ergosine 0.2 90.7 90.8 81.7 93.0 1.2 0.8 5.8 1.5
40 98.1 101 95.9 96.8 1.2 1.5 1.4 0.5
200 94.3 98.8 105 90.7 1.5 1.9 0.9 1.5
Ergotamine 0.04 90.0 95.8 87.3 100 6.2 4.2 4.9 2.0
8 92.8 99.7 83.7 97.4 0.2 0.4 3.6 0.8
40 92.3 98.9 102 96.0 1.3 0.3 12.2 0.7
Ergocornine 0.04 89.7 94.7 87.0 92.0 5.5 9.9 1.1 4.7
8 102 98.5 118 96.7 1.6 1.8 1.6 1.0
40 101 101 115 92.7 0.7 0.8 0.8 0.5
Dihydroergocristine 0.04 98.7 80.1 102 92.9 1.4 7.0 2.1 3.4
8 89.1 99.1 103 82.9 0.4 1.0 1.6 1.1
40 89.4 80.8 97.4 100 0.5 5.4 1.7 1.4
Ergocryptine 0.04 87.3 90.7 86.7 80.3 4.8 5.7 1.3 3.8
8 95.8 84.8 111 90.5 1.2 2.0 2.2 1.1
40 91.7 82.9 103 83.1 1.0 1.9 0.4 1.7
Ergocristine 0.04 88.0 82.3 100 96.4 10.8 3.1 2.6 5.6
8 99.9 93.5 112 95.1 0.7 1.7 3.7 0.9
40 97.6 88.9 111 90.2 1.4 0.7 1.5 2.9
Ergosinine 0.02 86.7 102 107 85.0 12.5 1.6 2.7 5.1
4 83.3 95.1 104 89.9 0.9 6.9 1.0 2.9
20 82.0 87.8 99.4 82.7 2.2 4.8 6.9 1.7
Ergocorninine 0.02 110 103 107 82.9 6.6 2.2 1.9 6.7
4 115 82.0 111 89.1 1.5 10.4 4.2 2.4
20 114 83.4 105 94.9 3.2 7.2 13.1 1.6
Ergocryptinine 0.02 82.7 94.7 81.7 85.9 13.3 6.5 4.7 6.5
4 96.1 80.7 97.5 89.1 1.2 7.6 1.4 2.9
20 100 87.8 112 92.0 7.9 10.2 3.5 0.9
Ergocristinine 0.02 85.3 85.0 85.0 87.3 8.9 5.9 11.8 9.5
4 102 84.8 97.3 91.6 1.5 3.4 1.6 3.6
20 103 80.3 108 91.9 2.7 11.8 6.0 0.7
3 g B30k
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