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ZRECV . BEAEFHECCVRE. BERMANGE, ZZFRERR.EO . PHEEMEERBREE A
WGE T, V(ZEE) ¢+ V(6 mmol/L BB #) =50 : 50 WBEWES , LHLIE. MG.CV ZHER WA 4.0 ug/L
FRERERENE RFREEXR , MG.LMG.CV M HBRH 0.01 pg/kg, LCV WK H R K 0. 06 pg/kg.
EEEREG PRI 0.25.2.0 pg/kg B AIREBE A 2.0 pg/ke WIRE R BEAT I LB, V35 Wl 42
7 81.4% ~97. 8% 2 Al , M X AR AR 2 RSD(n=6)7E 5. 9% ~11. 2% Z [Al . Xt 109 LR LFr A rEFITRI
4 HYRBAEAFBENKRE ., XHREEREER. TRENNE AP MG.LMG.CV.LCV 3% &, Ak
Ki=RFHFE REREAR TS BT RESERE.

KGR BN - BB RIE (UPLC-MS/MS); LA A B (MG ; RETLEA S (LMG) ; 4 B E (CV);
R g g (LCY

hESZEE.0 657.63 XHEFEEB:A XEHS:1004-2997(2013)05-0294-06

doi:10. 7538/zpxb. 2013. 34. 05. 0294

Determination of Malachite Green, Crystal Violet
and Their Metabolites Contents in Fishes by UPLC-MS/MS
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(1. Guizhou Center for Diseases Control and Prevention, Guiyang 550004 ,China;
2. Ghouzhou Normal College , Guiyang 550018, China)

Abstract: Malachite green(MG) , leucomalachite green(LMG), crystal violet(CV) and leu-
cocrystal violet (LCV) residues in fishes were determinated using ultra-high performance
liquid chromatography-mass spectrometry (UPLC-MS/MS). Samples added with internal
standard were firstly extracted and centrifuged in acetonitrile, and then degreased through
neutral alumina column, dried in nitrogen, volumed by solution of acetonitrile-5 mmol/L
ammonium acetate (50 : 50,V /V). MG, CV and their metabolites have great linearity rela-
tionship in the concentration range of 4. 0 pg/L. The detection limits of MG, LMG and CV
are 0,01 pg/kg, and the LVC is 0. 06 pg/kg. Method recovery is made by addition of 2. 0
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1g/kg internal standard solution and mixed standard solution at concentration levels of 0. 25

and 2.0 pg/kg, respectively. The results show that average recoveries are between 81, 4 %
and 97. 8%, and relative standard deviations(RSD, n=6) are between 5. 9% and 11.2%.

These four substances in 109 batches fish samples are detected in different degrees. This

method is sensitive and reliable, which can provide reference for market regulators in aquat-

ic fish products breeding, using and circulation,

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

MS) ; malachite green(MG) ; leucomalachite green(LLMG); crystal violet(CV); leucocrys-

tal violet(LLCV)

L4 A 4t (malachite green, MG) F14%5 i &
(crystal violet, CV) ¥ 8 FHitk =K B pe 2K u
k. MG 5 CV fe48BEA5 8 B K878 B, 10 il 48
M4y 34, T 7= A R AP AR AR, B R
HRORBAF M B BB E R BRI 2ETE R
BTN TR REERNIG. SRR
EEHH MG 5 CV BKH, MG 1 CV &l 3 8%
ARG M HE EENAY, AR PRRAR
R FEE M IR B R 6 FL 4 A 4 (leucomalachite
green, LMG) fl1[& 845 f & (leucocrystal violet,
LCV) , i AR 3 ¥ 72 UL 4 40 43 o 9 5% BB A ) 4%
K. MG # CV R HRUBHY B A R R B M
R B B RESERANT. KE.BASHE
ROEMREKTFETERAILEARME
M JEREK R ILEAGMEREA K
o 2002 4 5 A | E LMK HIACRE B
WERAN S REASYE RIS, 25 T A
ERGsY . Bk FEHABREANIL,

Bl . &aFlEa8 . ERELEREYH
W58 7 Y6 OB B 15 s VR A5 B
TR AR VB R - TR T TR A VA L - R K R
BRI A B R A bR ER
& SMES-RES N REILE
S WM - R B RN R AR,
A RE< | R0 R B8 | I R B, W) B A A 1R R
F AL FT BB XT 43 B8 2 B T4 B Ak 4ok
B ERESBER, 5B RHE. AN
FEFUR AN F AR, 5y i B 0 3R, T E AR
FE MR AL A BB R L 5 UG e A o i 4%
BARBIRE G AL B AR R . AP M
AR 2 I AR , SR B R R0OBAR 6835 B8 Bk
# (UPLC-MS/MS) i [F] it & f ¥ & o MG
LMG.CV.LCV 3 8 , 3 % K #b vk & # # JLA
HAHATHW .

1 XWEse
1.1 5 A

Ultimate 3000 #8 B & ¥ A @ 3% 1L, TSQ
Quantum ultra = P AT R i% 1L : 35 E Ther-
mo-Fisher /R FHE AR A 7™ &, B A BB E
B FIR(ESD ;Sigma & 2 & # &0 #l; TTL-DC
IT 28 & R A 5 3C R0 A8 2k AL s ok R AL 45 [ A
FBUMEG6 mL/1 g),

LERG. RABILER G IKER
(100 mg/L) : 14 B R FRIFE R R 45 &
LhRUE S (S >98. 9%) (B3 45 & & (Hi fE >
99.7%) AT EIT BRI EH R B D FLER
SRR R bR UE S A DR 7L 4 B SR AR
(BEFE>99.7%) : W H Sigma 2 A ; B MR 4% (4
Bre, LB (ks , B (aigd) . A Xt
T Bk 2 BR AL 2 W A R A A .

P E TS WA L - A B ME R BUE B 45
E.ROAERE.D-RALEAZRN D;-ILEA
FERRGTER D LEABORER  HLHF
FC AL 1 000 mg/T #x ¥E 25 W 5 b ME T 25 WK
(CV., LCV, Ds-MG, D;-LMG) f1 MG, LMG
(100 mg/L) A LB R R 10 mg/L ¥ H )
0PI BR H BV 5 4350 BROGTE B B o R D YRR S AR
H A, F B R R 100 pug/ L AR HESE FH WK .
1.2 #HRNE
1.2.1 Bmifl&5RR Wiy EBEAF
AP L, 2R R KR VB A BE B R
POk, A B3 & A HLITBUER, T —20 CR7,
SR

W B MERTRI S eOF#E| 0.1 939
SRS T 50 mL BBE LB H L BN 100 pL IR
AR EPARBERW . MA 25 mL Z i, iRIRIE
s]a% FIRAT, LA 10 000 r/min BS.L> 10 min, IEE
FEBRTEBE D, L.
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1.2.2 #E&E HFHS5 ol ZEEhFHEEL
fR/EE, S mL EER TR HEELSEADAE L,
A 10 mL ZEK B WA I, A 5 mL ZJE#HK
e/ KU R IR R FI R VEVRIR 8,40 TR A
REET.HVZHE) + V(5 mmol/L B R &)
=50 50 WS TR IA FR SR 3 0. 22 pm IR B, WK
JR R ARSI

1.3 ZB&EG

1.3.1 @i  @igs . Hypersil Gold-C18
(150 mm X2, 1 mmX1,9 pm) ;48 30 C;3
BEART 10 pL; F A :5 mmol/L ZBR& (H 2
BRI pH 4. )AL s i 0. 4 mL/min; 15 BE
Ve &5 F R 1,

1.3.2 JRiE&MH ESIHBEFE,.BEHRE
3000 V,BHEREE 350 C,ELKEE 450 C,
WS E S 276 kPa, 5B S E S 104 kPa, Bt S
(A EF 0. 2 Pa, SRM LS5 F & 2.

x®1 BEEBEH
Table 1 The conditions of gradient elution

5 mmol/L

At [8] /min ZiE/% Al
7% (pH 4.5)/% ’
0 95 5 1
1 95 5 1
6 10 90 5
8 10 90 1
8.5 95 5 1
2 RiESH
Table 2 MS parameters
WWETF e BER
*EY
Xt (m/z) g/V E/V
329.1>>208. 3 34 103
leas
329.1>313.4* 36 103
331.1>239. 3* 30 98
ReFLEAS
331.1>316.4 21 98
334.1>213.3 36 90
Ds-fLEAS
334.1>318.4* 37 90
336.2>>239. 2* 32 94
Ds-BREfLE A%
336.2>321.3 20 94
372.2>>340.6 53 95
Y
372.2>356.6* 38 95
374.1>239. 3 33 80
SRSRTTE S
374.1>358.5* 32 80
E:x hEEBT

2 Z#REITiE
2.1 REE&SK

MG.CV 7 fa JL A 4 1R th A R
LMG.LCV, ey BEE RGN EEE, A&
JUL P i R A o B 4, A BRI R E R
FIFERYRNERRS S, EZWESB T 54
BT O, B AR Bk R ER AR R AR R B T
RS REE. ZBRESTRBNE
HEE(REEILE. PHEELE . WAL
O EEREEN B, HCEE LT
B BR M B L8R A R AR T B AR LB W R
B B 7 AR 55, T Bt AL AR X MG A — S TR
B 5 BT LA 24 S 30 38 B 1 rh e AL AR BB A B 5 B
e 7 By B An & W By W R . ZE 4R O 38 BURD
iR, ME K LMG.LCV # &k K MG,
CV, SCER B I AR JEfE BB Y R REA
B Ak IX R B B R AR T A S2 56 0 SR A AR
SE 1 TR0 28 P9 4 0 TR R 42 1R T s M YRR 4
2.2 LC-MS/MS % #t

it ESIEBFHERXN 4 M B EY X
2 AL BT 2R, R TR TR
(M+HI, 3% B LA T8 7 e b 88 74T
HEMYREER R 2 MESBRBRNE R
BEFHRENEFNGE2)., ERERFET
RIREE R TR 1, AT AR 8, 45 &% m/z 340
#1356 BIANBR RS F R WA B {F 5 80 , LLX A
BB TR 4y T B A B AT B T . B
B EF R FRRYCENE S — R AR
HEA R AT R R B TR R
AL, IR TR R REE . 45RE
SFETFEEREMRAMEZMER B FhEGE
B fbi&nR THE 2,

TEDL BhAE HOIN A E & A PR L L BRI YR R
MEREZWRESTFAIBPRIAEMNESR
BB FRE AR B BB T , 48 = U e ) R,
LA T SNAHAF A 5 mmol/L BEER %, H
ZERVEYpH 4.5, KB RIFAMHR. LU SRM
KT RE I 1T 5 B R A AT, IR B AR HE T W
SRM B/~ FH 3.
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Fig.1 Mass spectrometer of quasi-molecular(a) and fragment (b) ions of CV
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Fig. 2 Optimizing curves of quasi-molecular ion tube lens(a) and fragment ion collision energy (b) of CV

100F MG 6.22 100F LMG .00
501 329.1>>208.3 50F 331.1>>239.3
0 = 0
100f 622 Loor .00
sok 329.1>313.4 sok 331.1>316.4
0 0 + L .
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
t/min t/min
e 100f o 100t
N CcV 6.71 N LCV 7.86
[*) 2
z sof 372.2>340.6 £ 5ol 374.1>239.3
=] -
E sl 1 E 0 N al
100F C
§ en ; 100 7.86
z > . Z :
g 501 372.2>356.6 5 s0f 374.1>>358.5
[} [}
o 0 9 N
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
t/min t/min
0OF - M6 621 1000 p.LMG o8
S0r 334.1>213.3 50F 329.1>>313.4
0 0
100 a1 100F 7.98
50F 334.1>>318.4 50k 329.1>>313.4
0 0
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
t/min t/min

3 RAVAEARBHRIETAEE

Fig. 3 Ion chromatogram of extract in mixed standard solution
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2.3 IfEH&MBHR

B 100 pg/L B AP HE TAERANR A FALER
WARTAEW, H V(Z ) : V(5 mmol/L B R
#)=50 * 50 K% W AC ) B 0.0. 25.0. 5.1, 04
2.0.4.0 pg/L RN EE B, KT NIz & &Y
H 2.0 pg/L, 3% 1.3 #4TME . 45 H MG.CV
¥ TE RS Ds-MG Ry % | R L E 1 LMG,
LCV i HE A5 D;-LMG 4 1 1 # L 1E A
AR, LABR & YR BE O B AR A 4 i T4 i 2R
MG: y=0.219 72— 0. 011 1(+* =0. 999 1);
CV:y=0.245 72— 0. 006 4 (+* =0. 999 6);
LMG:y=0, 443 72 —0. 011 4(+* =0. 999 6);
LCV:y=0.083 8z+0. 004 1(+*=0. 999 3), LA
S ERYESEAESTR S/N=3 TEBZFE
B % BR, MG, LMG., CV # i FE & 0. 01
1g/kg, LCV K i BR & 0. 06 pg/kg,
2.4 AEMEKEREZELR

R BT 235 0. 25.2. 0 pg/kg B
BARER WA 2.0 pg/keg WIRTE W, TR,
BB R, 1 12 PR IE A F AL, B AL
JE, BN R EAEHES TR 3.

R3 OMERBEEEXBER (=6

Table 3 The results of recoveries and precision

wE/ e/

&Y ElWx/% RSD/%
(pg/kg) (pg/ke)
0.25 0.22 86. 3 9.1
MG
2.0 1. 87 93.7 5.9
0. 25 0.23 92.1 6.8
LMG
2.0 1.92 96. 2 8.7
0.25 0.22 89. 6 11. 2
cv
2.0 1.63 81.4 7.3
0. 25 0.22 86.7 10. 6
LCV
2.0 1.96 97.8 9.5

2.5 SEERERBNE

7P I 5 A I T B B 109 HE AR S, Ho
LEAGHMEES 1B, FEHR 0.57 pg/ke: &
BILE A G HERE M 15 47, F & 7E 0. 65~10. 6
pe/kg Z W M EAMHBERESS B SEE
0.56~1.19 pg/kg ZIH ; PSS %K AR5 1
B, &&H0.65 pg/kg, LRI, THENAKE
i PR M AL A NS R B L

3 &ig

A FLE S T UPLC-MS/MS | 58 £+ &
FIEAR GRERERBEYRERN T,
& MG.CV RER Y EER BRI
AL T B SR AL B B, MR AR E R R W
PRIEATALIE , REAREE R D IR0 . 7E2S HAR G
AV AV BE 7K ST B4 A HE VA, BT IRCER K 9 B
RIF &R K. s R TN
s rh MG.CV X R 5RE, eIk
PRI B M AR T G R E RS
WA .
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