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W OE: By 257 OR s BYNE €% (micellar electrokinetic chromatographic, MEKC)I & 3 Fhaz 4 1 7%
K [ASHET I (alternariol, AOH) . AZ44 7 1 B8 FH it (alternariol monomethyl ether, AME) I A2 5470 1 i i (tenuazonic
acid, TeA)| ERA S EH M Fk. AE  URGEREAFEBNEH (S0 umx30 cm, 20 cm, i.d.) o E 4,
AL 3 A4 B 2% A T[40 mmol/L Na,B,0--120 mmol/L + ¢ 3L BR 4 (sodium dodecyl sulfate, SDS)(& &
TR ECH 5%B9 2 ). 30 mmol/L Na,B4O;-40 mmol/L SDS(F AT 50N 30% 1 F N ) FIl 60 mmol/L
Na,B,40,-180 mmol/L i & IHER4M] K 2 Fits 5 2% % R [8 mmol/L 810 (3 IR FHAT BN 57% 0 H B2 A T+ AOH il
TeA). 8 mmol/L BN (E AR AECH 57% 0 5 NEEH T AME)]53 8T AOH. AME il TeA I F 0 &1, 4R
AOH., AME. TeA M5k RE /354 0.05% . 0.01%F1 0.21%(n=>5), ¥R 5. 15 F1 0.5 mg/L. T,
O RATIN 99.94% .99.78%F1 97.28%, H. 5 SRR AH (411 (high performance liquid chromatography, HPLC)
f4E G B 22 5(a=0.05), 45 MEKC A {0 HPLC ¥E5E 3 Fhschl 40 4 2 5 o & iy vk i T AN )7
Tk, RESW L 3 Rl S HEA B EE R R O T EOK
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Analysis of the main component of 3 kinds of alternaria toxins by micellar
electrokinetic chromatographic
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ABSTRACT: Objective To establish a new method for the main component analysis of alternariol (AOH),
alternariol monomethyl ether (AME) and tenuazonic acid (TeA) by micellar electrokinetic chromatographic (MEKC).
Methods An uncoated fused-silica capillary (50 pmx30 cm, 20 cm) was used for separation. Three kinds of
separation buffer [40 mmol/L Na,B407-120 mmol/L SDS containing 5% (V/V) acetonitrile, 30 mmol/L Na,B,0;-
40 mmol/L SDS containing 30% (V/V) isopropanol and 60 mmol/L Na,B,0;-180 mmol/L sodium doexycholate]
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combining with 2 kinds of sample buffer [§ mmol/L Na,B4O; containing 57% (¥7/V) methanol for AOH and TeA,

8 mmol/L Na,B,07 containing 57% (V/V) isopropanol for AME] were used for main component analysis of 3 kinds of
alternaria toxins. Results The precision of the method of AOH, AME and TeA was 0.05%, 0.01% and 0.21% (n=5),

respectively. The limit of detection was 5, 15 and 0.5 mg/L, respectively. The main components of the 3 kinds of

alternaria toxins were 99.94% . 99.78% and 97.28%, respectively. There was no significant difference between the 2

methods of MEKC and high performance liquid chromatography (HPLC) (¢=0.05). Conclusion The established

MEKC is an alternative method to the HPLC, which can meet the requirements for the main component analysis of

the above 3 kinds of toxins.

KEY WORDS: micellar electrokinetic chromatography; alternaria toxin; alternariol; alternariol monomethyl ether;

tenuazonic acid

1 51 §

LB F (alternaria species) i 1594 /NAZ | PHLZLAISEA
Ve, HAR = W) A2 i 0 (alternariol, AOH) , ACHEF M}
P ik (alternariol monomethyl ether, AME )52 B 1 14 i /2
(tenuazonic acid, TeA)E F 2011 RS L2/
(european food safety authority, EFSA){IF 3275 8t 14 5 P AEL
ZEARPERY AT A A 2 W LT e R R 40 X
R AR ER, 1 b A A A TS Y R R —
ADEE AL T A (A,

B RAHEMBER ORI ik | BEPERFSE . KU P4 %
H BT A I TLAE [ N A B B S A, TITAG DU R 5 AOH.,
AME Fl TeA X5k B T E BREN 44 i b a0 2 w) BA
B B 5o Bt EE NS Ok AR 2, BT R R ik
3R EERE MRS, I M AT & S0 A 6 3% 2 (high
performance liquid chromatography, HPLC)IMI&XiE45, A
INUEAS F (B RE G5 1l 2 br HED) AR R W W BEoR, A7 i
35 HPLC 20 R SRR R i ik, Bk 3 FhdE R
PR e TR SR A H R . K TFFEAELRELSHY
HPLC J& ¥ 5¢ & KA [F /9 & 41 4 B 3K ¥ (capillary
electrophoresis, CE)}. T {3 #h T4l g U O A ks gyt
W RE(H, ATFRE S T R #3408 035 75 (micellar
electrokinetic chromatographic, MEKC)I 2 I i 3 Fh 341t
BER FMT TR, JF S ALY E ) HPLC 341l
TE G5 R S REBAR RS R AT H A, DO 2 3 Fhachk
R ER ERS ST EEK . 5 HPLC JrikAdth, 4
J5 138 FIE I MU T T A, i S S bR HED)
T A B A R AR A S

2 MREREE

2.1 5T
Beckman P/ACE MDQ B 54045 B ik AL (B W 14
GRS, 35 D v S R D, AR 50 um RIRJEHE

A T 2 A8 (TG A B 3 g0 B2 w)); Millipore
Milli-Elix/RiOs %! ## 4li 7K #% ( 3£ B % #H 1 2X A );
Vortex-Genie 2 iRHEIR G #%(3E[H Scientific Industries, Inc.);
Mettler Toledo XPE 105 HLFRKF-(43E{A: 0.01 mg, Hit-Af
R A 2 4EH).

+ k4 PUBIER £ (Na,B4O5- 10H,0, >99.5%, i [E EZy
Al A sCRG HER ), SR A (NaOH, gk at, dtatfk
TJ7); ke R A AR B (sodium dodecyl sulfate, SDS)(=
99%, 3 [ Sigma-Aldrich 2 F]); i % JIH B2 4 (sodium
deoxycholate, SD) (=98%, H REFHABRAR]);, HEE., &
5. SREE(ERSE, 3£ Sigma-Aldrich AF]); =ML
(trifluoroacetic acid, [ Merck KgaA %), 3 FisctEfIH:
FON R R A AR b SRR S A AR B S R
2.2 RKRECH

FESHZE WREA W 1: 8 mmol/L BINAD (5 AT EH 57%H)
HE), FTH# AOH Al TeA.

FE S22 s AR 2: 8 mmol/L BAP (5 IR TR 350h 57% 1
SENEE), FTFHH# AME,

fEA: 43 AFREL 1 mg AOH, 1 mg TeA F10.5 mg
AME T 1.5 mL & .0E S, A 1 mL HEE, F 40 °C
KB R F AR, BB TR 1 /L A 0.5
g/L {5, -20 °CLRAF o
2.3 HmETLE

TEME AT, 43I 10 L AOH., 10 pL TeA fif#3WFN
100 pL AME #4533 T 200 pL PCR &, ZEASH PR E
LT, AOH Hl TeA 143 B 100 pL FE 528 vhis i 1 71,
AME H 100 pL #5828 shids vk 2 VA, et 51 Rl BEARE
24 EWERITLIE

HBANETE 20 psi, 43314 1 mol/L NaOH % 20 min.,
Pk S min 4B G S IYE S min B BEFERT, 7E 20 psi,
433 1 mol/L NaOH ¥k 2 min, /K¥E 1 min, 435525 hVaTK
Pe 1 min, LAGRUETERS B[R] RIS IE 0 i AR A S B .
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2.5 HkSREEIEEY

R EIERG B (50 pmx30 cm, 20 cm, i.d.)5>
B HL S AOH il TeA ¥4 10 kV, AME 2 25 kV; Rl K
AOH #l TeA 7 275 nm, AME 4 263 nm; #EFEJE J): 3.448
kPa; JERERFIA]: 4 s; BEAEIREE: 15 °C; 4B R A : AOH
& 40 mmol/L Na,B,0- + 120 mmol/L SDS + 5% ZJif; AME
9 30 mmol/L Na,B4O; + 40 mmol/L SDS +30% 57 A i
TeA >} 60 mmol/L Na,B,0; + 180 mmol/L SD,

fEisH: JEP TG (Gemini, 6 mmx 150 mm, 5 pm);

WA A: 0.05% =3 R (trifluoroacetic acid, TFA)-7K;
JBhAH B: 0.05% TFA-ZJiE; WiE: | mL/min; #EHERE: 10
pL; R K AOH 1 TeA ¥4 275 nm, AME i 263 nm;
FEMA T B, BREEVRIL LR 1.

%1 HPLC BB RBERF
Table 1 Gradient elution program for HPLC

Aisf 18] /min JE#/(mL/min)  WZIAH A BB
1 0.01 1.00 60.0 40.0
2 10.00 1.00 60.0 40.0
3 12.00 1.00 20.0 80.0
4 22.00 1.00 20.0 80.0
5 25.00 1.00 60.0 40.0
3 HER59H

3.1 MR KRR
3 PACEE T R MR AN K 50 BUA ok, ZESY
JEHT, AOH 43 #I4E 218, 258, 302 #1330 nm ﬁ%ijzm%ml,

TeA 7ERRVEH BRI T, 43 BI4E 218 1 277.8 nm A 2 PR
Webd; FEHPE R BT, 16 240 nm A BOKRIE; 7R

PR, B IR I Sk 280 nml™) . 7E Z s -7K (B 0.1%E
FR)HPLC #ishtis, AOH il AME R KN 256 nm,
TeA FIAINE Ky 280 nm™, AHFSE 18 5T — J0 4 [ 51 A
FAELH CE BRI P 3 P fs 2 oMK
BOEREE, W 1, AOH, AME. TeA 4r3ITE 274, 264,
277 nm LA BRI, AELXTFE, SRR 275 nm R
AOH 1 TeA MR PE K, 263 nm Jy AME HIAGII K
32 HEmEHIEREIERE

TeA A% 25 % 50 pK, A 335", ] EPI suite 4.1 /4
{545 AOH, AME F1 TeA HY Log Kow 4351} 2.35, 2.91 Al
0.65, il AOH 1 AME MK E, IR E
H, B TANER, T TeA WEIETK., B EA L
VR BRI, R SR R DAL 6% £, RFE CE
Sy B RE R, AN HL 4 Al MLV AR S s T e i A

TCIEIEH TAEMBELG, Hom g HLE R0 om A SRS LA ke
SRR R, AT W S . A T -
LG -TRDRE S R wp I O 3 Fh A BE A B 2 I R, £
Ji - 2% oh i T 5 v A VA SR, SR BE R - 1R R
AR A . 24k, 8 mmol/L BN (S AT EN 57%
B HH ) T35 BE AOH Al TeA WIGGAIR, (HIZ%FE 2% i
W B AME B, 530 AME HIEATE . iR T FHEE
STES RN RS, B2 8 mmol/L BIRb (& IARFRA N
57%) 5N B AME HI66 5T

40 1R R AOH
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SR
Fig.1 Ultraviolet absorption spectrum of on-line scanning of AOH,
AME and TeA in MEKC separation buffer

33 PEBEPBRREARSRENIEE
YT TeA N33R, 1 AOH & AME N ib&4, ik
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Ve IS R B g bR 2R, L R A o 5 AN LAY o
P T[] 53 85 ) MEKC 23 BB o 4R B R AR 43 8 25 F,
AR Z AR . 2 G2 AR T 2R
S R 2K 22 (0] (0 AF 26 2 9 R AT B8 AR /D iR 06 U A7 31 i
4388 Ak 00 05 1 E % T CE e fd: 0 B8 4 PR AR 2160,
BB — b 2% RS 06 f 7 S50 v L P AT A 1) —
FPS2g et ik, il — Bk OB S Fok L HE S
i Fon DN g s i S B SR o O B A E R R G Y O .
W% B S S < ST, AN s S a] e, R
SIS AH E, 50 R R . HARL B R ©
TERMR R, R4 B 1) R B R 45058 3 A
SDS 1 Z /5PN EE)FI 2 A~ (RS FI SD); @ R L L, #—
FE TR N BERE 3 A B 2 R0 DR 28 A e J3 31 R A L v
PR 52 I8 30 A 5 DR 36 AR B K, AR 5 i) e o ks
T 6. 57 AR 0 dhaE M K ZKE Y 515
FIHATIRIG . PE5E Us (6%, Us(5)MI Uy (7H it 3 K fif
FZRUT ot 2 3 3 Mgk 4 BEATREG ik 2 thidk, 5
S YA BEZEPARXT AOH M B RUR A (WLIE 2). F5k
344k, 5B 2 HABER PR AME (43 B AR ity (0L
Kl 3). #edk 4 fifk, 55 6 415y B IS TeA 143 BIAL
R (B 4), 550 40 mmol/L Na,B40;-120
mmol/L + %R AR BR 4l (sodium dodecyl sulfate, SDS) (%%
BN 5% Z)). 30 mmol/L Na,B,0,-40 mmol/L
SDS (& R B4 50k 30% 1% 5 N B ) A1 60 mmol/L
Na,B,0;-180 mmol/L it S IRER AN 28 M Wi 43 25 AOH
AME 7l TeA.

R2 AOH MO EEANRRF AN REMRLE
Table 2 Optimization of the concentration of each component in
the separation buffer solution of AOH

ha=2 W5 /(mmol/L) SDS/(mmol/L) ZNiE%
20 100 9
2 25 140 15
3 30 180 7
4 35 80 13
5 40 120 5
6 45 160 11

R3 AME M BEEAMBREHSESIMARESR
Table 3 Optimization of the concentration of each component in
the separation buffer solution of AME

75 Hll#5/(mmol/L) SDS/(mmol/L) FENEE/ %
25 50 20
2 30 40 30
3 35 30 15
4 40 20 25
5 45 60 35

R4 TARSBENBERDEAFREMRUE

Table 4  Optimization of the concentration of each component
in the separation buffer solution of TeA
5 WIS /(mmol/L) SD/(mmol/L)
1 10 160
2 20 100
3 30 200
4 40 140
5 50 80
6 60 180
7 70 120
0.10
2
2 oos}
B
1 3 45
0.00 A A N fm,
5 10 15
At ] /min

:2: AOH, 1 Fll 3~5: Z4Jii,
&2 AOH 7 4388 2% vl i b i) e Uk Il

Fig.2 Electropherogram of AOH in optimal separation buffer solution
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1
2
& 0O01f
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0.00 i 1 1 1 1 L
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I [8]/min

F:1: AME, 2: 24,
3 AME TEdfE5) 8 22 b i W ity L ok ]
Fig.3 Electropherogram of AME in optimal separation buffer
solution

34 FEREESKRUER

# 1 g/L AOH FI TeA, 0.5 g/L AMEEWRGESEHERE SR, 7
153 #% B5F 8] 54 AH X3 A5 1 i 2 (relative standard deviation, RSD)434
H0.39%. 0.57%H 0.51%. A% 1IF 5 TR ) FE XA o Ot 22 4331 g
3.5%. 1.5%%F1 1.9%.

M5 AOH 46 H BR (limit of detection, LOD)ly



%o

W, A RORE SR AN @A T 3 R SRR R B R 1677

5 mg/L (S/N=3), &R (limit of quantity, LOQ)} 15 mg/L
(S/N=10); AME Ry HFR N 15 mg/L, EER N 45 mg/L;
TeA ¥ R H 0.5 mg/L, E&RH 1.5 mg/L.

0.10
2
E 0.05
0.00 b
1 ‘ 1 1 L L

25 5.0 7.5 10.0 12.5
A [E]/min
e 1 4200, 2: TeAo
4 TeA FEfe Al 85 52 vh s i b i i Yk (&1

Fig.4 Electropherogram of TeA in optimal separation buffer
solution

35 3MREBESEERSSENE

S FREL 3 R4 1 mg(AME FREL 0.5 mg), %
22 WMk T R, BORIR 3 MW ES R 1
g/L(AME 2} 0.5 /L)W R, & 2.3 BIKSA A7 E 3
Wo REEA T MR, FECRA HPLC 36174
Br, 3 FhEE R % T HIEZ, AOH Ml TeA MIREWKIE N 1
g/L. AME By HRIE N 0.5 g/L, HPLC ¥: % g A
H—fk e e, MEKC %5 2R FH AR I 0 TR BUH — 1k i e
U810 2 By e i 3 RSl d K E M S & 1
B0 25, SRR B B 25 5 (¢=0.05) (LA
5~7 IR 5)0

0.04 |
1
[ L
2 0.02
“_:.‘:
=
a h 2
1
b
0.00F q’L
1 | |
2 10 15
At E]/min

:a: AOH HLIK A, b: a5 FIHIKE .
1: AOH, 2: &),
5 AOH FE 443 Hr i i vk

Fig.5 Electropherogram of main component analysis of AOH
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Fig.6 Electropherogram of main component analysis of AME
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Fig.7 Electropherogram of main component analysis of TeA

£S5 3HERAERNERISBUELER(H=S)

Table 5 Main component contents of 3 species of alternaria

toxin (n=5)
Feih  HPCE%/% RSD/% HPLC /% RSD/%  HRiH&®/%
AOH 99.94 0.05 99.95 0.01 99.18
AME 99.78 0.01 99.83 0.02 99.98
TeA 97.28 0.21 97.26 0.04 99.28
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RABA BB @ik, PINAR 50 pm, ARLK

B 20 cm BYMERA BB, 76 20 min NEPATSERL AOH
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HillZE . T HPLC ¥, MEKC
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