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Rapid determination of the residues of malachite green, crystal violet and
their leuco metabolites in fish by ultra performance liquid
chromatography-tandem mass spectrometry

TU Rui-Ying, CHEN Dong, LIU Wei, FAN Sai’, ZHAO Rong’

(Beijing Center for Disease Prevention and Control, Beijing 100013, China)

ABSTRACT: Objective To establish a method for the determination of malachite green, crystal violet,
leucomalachite green and leuco crystal violet in fish by solid-phase extraction (SPE) combine with ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The sample was subjected to protein
precipitation and extraction with acetonitrile, followed by pass-through purification using an HMR-Lipid SPE

column. The analytes were then separated by the BEH shield C;3 chromatographic column using a mobile phase
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gradient with acetonitrile and ammonium acetate. The positive ion mode of the electrospray ionization source was

used for multiple reaction monitoring (MRM) scanning, and the internal standard method was used for quantification.

Results The linear ranges of the 4 kinds of target analytes were 0.20-10.00 ng/mL, with correlation coefficient (r)

more than 0.999. The limit of detection was 0.05 pg/kg. The recoveries at 3 spiking levels (2, 5, 10 pg/kg) were

80.1%—-105.2%, and the relative standard deviations were 1.2%—14.3%. Conclusion The method is rapid, sensitive

and accurate, and is suitable for the determination of malachite green, crystal violet and their leuco metabolites in

fish. It can provide support for quality control and market supervision.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; malachite green; crystal

violet; leucomalachite green; leuco crystal violet; fish
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GEAmEERDEIR . AR IREERUSR, 7R AT AR
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Elxt bR, ABFSTE AR HMR-Lipid SPE F:gE
1o A3 M A2 o R M IR S BRI AR AR 7, T+ IR
WA, AL T P RS, RS
TR . I HAELBRIE BT IR R, A2x) HbR
B w 7 I . R, ABFFROLAE TR B R, R
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% (ultra performance liquid chromatography tandem mass
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1.1 #MR5RF

SEG I S A0 2SRE S T AL BT T KT T . B A
FEMZY 200 g, YITEJa SIS, S50k, &M,

NG (g4, Jba Dikma A F]); ZERE(ZHEE K 98%,
% Sigma Aldrich A w]); @A TaE, EZERIMEY:
A FRA R,

FRAESh: FLAE A B (HEE>99.9%, CAS 5 2437-29-8)
R (o, FLAE A7 4 (Ll EE>97.3%, CAS 51 129-73-7). 444l
FE>93.0%, CAS 5 548-62-9), [afh 2 5y 48 (4l fF>99.8%,
CAS 5 603-48-5). fL#Ef14%-d5(4liE>98.4%, CAS 5
1258668-21-1) , Fa o £L £ 47 & -d6( 41 F >99.8%, CAS 5
1173021-13-0)( " [E TMstandard 2> 7l); 45 iH45-d6 (100 pg/mL,
CAS 5 1266676-01-0), Btz if48-d6 (100 pug/mL, CAS
1 1173023-92-1)(K #: First Standard 23 A])
12 UFE5EE

R ASKCTROR £ 3 = O AR AT AR T 5 A [Xevo
TQ-S gAY, At Acquity I AH (], BEH shield Cg
@A (2.1 mmx100 mm, 1.7 pum)(3E[E Waters 723 #);
JA2003 RF-(&HE 0.0001 g, KSR H]); 318K ¥
e D HL(EE Sigma 23 H]); MS3 487 % (2 Tka 2%
F]); 8011S LHL A3 HL(ZE [E Waring /A wl); KH 250DE A
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W UE RS (R L AR A/ ]); HMR-Lipid SPE (300 mg, 3 mL,
JL5 ANAVO A #)).
1.3 WAL
1.3.1  AR/AEZER 69 B

KRR AEAL 45 0.0100 g, 2> B ISR EA
% 10 mL, JERKIE Y 1000 mg/L, —18 °CokA P RTE., 52
AR TR 2, T S RH i VA 35 1 VR T 1 Dy 244 3k B 1Y)
o YA VAR -
132 #Homara#E

FREL S g(fETRE 0.1 g)¥I5IkEME] 50 mL B0,
HER A 500 pL JB-A AR TAEW(100 ng/mL), fIA 5 mL #
AliK, WHERI 1 min, FEHIA 20 mL 2, #RHE | min, J&%%
$RHC5 min, ZJSANA 2 g @ALEAER AT 412, LA 10000 r/min
HEE 4 °CEL> 5 min,

HEREE 4 mL G2 BB, AT HMR-Lipid
SPE HErf, WA, B 1 mL A EE IR P
UPLC-MS/MS 437
133 BBEMH

UPLC 45{44: BEH shield Cyg (Bilf#:(2.1 mmx100 mm,
1.7 um); FiBhA: ZIE(A). 5 mmol/L Z sk /KW (B);
FEVEIRAR UL 1; WE: 0.30 mL/min; #EREAFH: 5 L.,

®1 REEREERIERF

Tablel Gradient elution procedure of the mobile phase

At ] /min A% B/%
0 25 75
4.0 100
5.0 100
5.2 25 75

MS Z&{F R B TR B85S B T U (electrospray
ionization, EST)IE & T2 ESI(+); A A= 2 s Wil
(multiple reaction monitoring, MRM); B4 HLE: 3.19 kV;
BRI 150 °C; JBVASINRLE: 500 °C; LI T ini -
1000 L/h; ZAEA, AT SIS A URAE AR R
SR A AR, B S AR e TR E
X, HEfLHE X R R R LR 2.

1.4 HiELLIE

P B3R 0 3 WA T SE B i P21, 12 WPS

FAE(11.8.2) 1M HHE, LhlEIER,

2 GRES

21 GIEXGNHE

L ASE . &5 5 AR ik &, B
BEH shield Cg (43%41:(2.1 mmx100 mm, 1.7 pm)Z) &5 5508
BUF, R I ) BERSTE 6 min NSELE

(AR L ABRSEIEA 1.7 ym SUNEOR IR, 4RSI,
WL
R2 FLERZRSUAYNEEMS 8%

Table 2 Main MS parameters of compounds such
as malachite green

Bk A4 B sk 1) R HEFLHL R e Tl 42 LR
/min 1A% /eV
R 208.2 32
LA 5k 3.4 329.3 50
313.3% 32
Feaflee 239.3% 28
; 45 3313 66
ZeES 316.3 20
fLEALE-d5 3.4 334.2 44 318.1% 34
famflEa
*
5t-d6 45 337.1 58 240.1 28
340.2 60
Lt T 42 372.1 30
356.1%* 40
. 3 342 55
[SRERETTES 4.6 374.1 25
358.2% 38
25 fh45-d6 42 378.2 78 358.1%* 38
[ fa gk
4.6 380.2 18 258.6* 28
fh45-d6

TE: R E T X)

H ZIEVE R i shAl, A b P i o o vy, i i i
B A BRSO A PR B A P aE B R,
BB E R GE oh, RTLAATY pH et b SR,
PR RBED, AR T 5 mmol/L ZEREHARAN S
0.1%H 21 2 mmolVL ZFRERVE RIS, 25T
TR R 5 B AR B O FLAE A SR AN R B 2 2R ) S i o B A
JIT s, (AR BTV IR A R B R o S mmol/L TR BV I
BELE, HILEAZMEHEMEaISsREE S, S6%
&, P 25%2 0, 75% 5 mmol/L ZIRSIERAE NP AT
AR, JEERE BT, (bW AR E, retg
KBRS o 4 PG R AFR MRM BT
FILE 1,

2.2 ARCIBEEHAIMMK

BT Ab B o3k A & T HMR-Lipid SPE A Al
HLB-P/HMR-Lipid SPE #i: 2 Fiuir i i g fb k. 3% 2 Fils
SPE FEX s tere s st I RBRIRIT . WGy
. B1F 2 F SPE H#RIE A LR IBOR LR, B A sT
— BT 100%ZEF1 80%Z IR BUR Y _E R L BUR,
HoHr 100% 2 HEHEBURGE LA S AL ER T 43 2 H & o I iE
TR AT S, ABFEIR LS T GB/T 19857—2005 SR
Aok AR ERAT, TSR IR AR A TR AL B, A5 TR e
WCRBCH DL IR 2. 25 W, 100% 21532 BURE 1 HMR-Lipid
SPE AEEMHEAURILY, R E D, 5ICER271IE —
#, % #E HMR-Lipid SPE FEAE o RE S LA
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Fig.1 Chromatogram of target compounds and internal standard
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#:: 1 25 HLB-P/HMR-Lipid SPE H: 100%Z 5 HHGH _H4E; 2 R
HLB-P/HMR-Lipid SPE £ 80%Z. i 2tk F4%; 3 5 HMR-Lipid
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Fig.2 Recovery rates of different pretreatment methods

23 ERMN. ZMSeE MK SR

EST IR BTG /AT il B vh, 52 2 SR S0 S A B 2 ] 64
LB S8 PN 2 5 R RE RO, SEHRE TES
B B SR B G, PETTS R E f Mr i vE R . AR
TN, B4 P SR A TR0 3R N B I 1 AR T
LN 2 v v [P Fud AV S A fat 7/ RS RE R i X7
AL EEAL Ak o, b H B SR N 3l 2 i o
(o FH 2 R o s R 2, ABABLSE PR il R L ST PR 5T
A7 L is ] F R WA IE Sk FH B fh PR i
MR 131 BRI a5 BL B DU RC A bRk £k, RTINS SR R 67 3%
NARIZIE, BEA R0 L UL B 50

PA% BAREA P B A B AR AR (X, ng/mL), HAR

Al 145 568 07 AR W T AR AR R DAAR B (Y), 405122 il b
WETAERMZE R, 76 0.20~10.00 ng/mL £8 1% 2 BT, 4
KRBT 0.999, FIZs FIFESBOMARSZ 50, DIEME:H
(SIN)H 3 ik R, DIMERE HL(SINYR T 10 AV B ff
ERR, 4 FEHBRE SRR 0.05 pgke, & RN
0.20 pg/kg, W 3.5 GB/T 19857—2005 J5 3% flk: Hi FRAH
(0.5 pg/kg), A7k ke i BRBEAIS, HAT S 471 R

®3 BIRMLEYELEE. HXRBMGHIR
Table 3 Linear equations, correlation coefficients and limits of
detection of the target compounds

R g TRRE IR ERR
(n /(ng/kg)  Hpglkg)
fleeist O IONDE 0999 0.05 0.20
Wata fLAE ik Y;odggg(;?;ze 0.999 0.05 0.20
o Y(:)l(égng 0.999 0.05 0.20
Kafags e Y OT12982X g 699 0.05 0.20

0.0157429

2.4 [EIRRFIBEER

FE28 FARESE TR AR SIS IR BE R 2. 5. 10 pg/kg TR &
FRUEATR, AR E KT AT 6 YOFATIE, 1 BhlieR,
4 F HAMES P [BICRTE L 80.1%~105.2%, AHXSARfE
{24 (relative standard deviation, RSD)JELFEA 1.2%~14.3%,
SR NLER 4. FEAATT L BAT RAT 0 IS R RIS 2
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F4 4 FBEFYROEIEF RSDs (n=6) I I -
Table 4 Recoveries and RSDs of the 4 kinds of target
compounds (n=6) LA fisk, S s BRI PIE R I8 . SRR R
) 2 pgke il 10 pgke A 8 5 2 T R A 4 P 222,
IO B o, UOR oo PO Rspg  BFSCR B IIEROO, EATRh SE BOK A

WELSE 954 40 924 44 932 e Hio AWFIEH, 25T HMR-Lipid SPE 4L G AH H
BT PRAL S W) o3 e BAF BOCR, (ER AR ST S 56 5

P 848 62 80.1 14 832 1.2 SCHRARTE, B AR S I RAE S T 5 R A R, DRI
i L A AL R (]

% 1052 8.1 100.5 42 985 3.1
W e WA GB/T 19857—2005 L%, 2457k
iy 826 77 923 141 940 143 Ve, WRAESELIR, MR TR AR, R T R R
SRR, K BR(0.05 pe/ke) i % T AR E 7 95(0.50
2.5 EPRMESRMNE ng/kg)o AT SCHR R I IR T R, AR S B

T AWRIT £ 7 (7 3 ST LR G 40 7, AT A R R 1T 38 5 41 R SRy i A XY B
A AVRE S HEAT AR TN, B R ke th LA T G R4 5 2 % HE, ELRERS RGN 4 LA £ xS WIoe, FFah At 3
B B LR B 220 mL), R AL FRES ] 546 (12 min).

x5 AFESEMFELR
Table 5 Comparison of this proposed method with other methods

. . . BT ATAbE 5 Ko bR E =
e e S N, [ /% o
Pt i Rk CHEPRES  Wfmin BSEERUML gk e itk
, fleaast, R
AR 2.0 PLC-M -MGCN (1 2 : .80~105. 12
AR 20 g P UPLC-MS/MS S-MGCN (15 mg) 5 5 0.075 88.80~105.90  [12]
fLEAs. R
HMANREEE 5.0 fLEALE, 458 UPLC-MS/MS  QuEChERs (1100 mg) 27 10 0.500 99.71~112.86  [18]
%, REeshE
flEens, Be
IMER 20 FLAEASE. 45 UPLC-MS/MS  QuECHERS (100 mg) 65 9 0.320~0.440  90.70~119.70  [21]
£ REgihg
LA, R
AR 5.0 PLC-MS/M PE 40 36 0.030 84.30~100.70 22
AR 50 g AT 5 UPLC-MS/MS S 7 [22]
LA, R
KRR 5.0 fLEEALR. 455 UPLC-MS/MS SPE 34 37 0.500 61.50~119.00  [24]
%, REeshE
AR 05g  BRaflEAs% UPLC-MS/MS OA-MNB:s (6 mg) 40 25 0.100 7120~112.60  [29]
fLEast, Be
HaPRES 5.0 - .500~0. .90~102.
WL 50 g PP HPLC-UV MMIPs (50 mg) 167 21 0.500~0.600  88.90~102.00  [30]
et N
ARG 50 g {Lfﬁ‘a,\i‘ — UPLC-MS/MS  QuEChERS (500 mg) 43 17 1.000 68.40~77.00 [31]
LA
wAHG . B
fadFFER 5.0 g %Léa,f* - UPLC-MS/MS  QuEChERS (140 mg) 1080 51 0.100~0.200  70.00~120.00  [32]
L ALk
EA%. B
R 20 g }Léﬁ,% f & UPLC-MS/MS dSPE+SPE 30 12 0.450~0.490  98.30~103.10  [33]
LA
LA, RE
ARG 5.0 fLAEALE. 45dh UPLC-MS/MS SPE 12 20 0.05 80.1~1052 Ak

£ Rash g
1¥: HPLC-UV: 80 {659 - 28 MG %5 (high  performance liquid chromatography-ultraviolet detector); S-MGCN: fiff FR £k i M & Ak i
(sulfonated magnetic graphite carbon nitride); OA-MNBs: i {02 /B M 494 K i B (oleic acid coated magnetic nanobeads); MMIPs: #1443
T35 3 4 (magnetic molecularly imprinted polymer); dSPE: 43 [% #1 £ B (dispersive solid phase extraction),
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AW 5T R F fa R RE S, 2 2R BUS — b i i
HMR-Lipid SPE #, M IWIEG LA mE TG0 Rk Fk
WA UR, ELUACAE A o I 7 e 40 BRI B4 L WL R,
TSR T FE ARG R R AT 808/, BB 8 A J R N SE R
HERE SR AR . AL T AR PR ASE, A R
LRVE . MERGRE . RSN SEBRRE SN, B T ik el
itk e AJrEar DI . msioh st s p i fLAE A o . &5
fn S MR A T . BT, WAL AR
ZEARER | BREILE A SRR 2 S R X 2 B 2B B T 4R
BETHA S HE.
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