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W OE: BN #—Fh SO G iE k- B B R %5 (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS)MllE /K™ fh hfLE A MBaflE AR B Rt k. Ak 29RH
Shiseido Cys (4i5%4E(2.0 mm=150 mm, 5 um), FsIHH A B2, WahAH B 24 5 mmol/L ZFR#: (pH=4.5), i 8hAH
Ll A:B=75:25(V:V), SEEPEME . FE: 0.2 mL/min, #Ei: 35 °C, R HBEZS 2 T IR 1E B 7 Hli(electron spray
ionization, ESI"), 22 ) v Wi 425 26 S #4748 ) (multiple reaction monitoring, MRM), &R fL4& A STE
1.152~23.04 ng/mL ¥REEE I LRAE RAF, AHCRE - 7 0.999; B fLAEAT4R1E 1.216~24.32 ng/mL ¥k &5 [l
WML RAF, MCEREL r 9 0.999. AJ7ikIBCRTERITE 89.1%~105.7%, WHELE 2.9%~3.9%. HiHiRA
0.2 pg/kg. L5 W IEHTAL PR SAAREE, RO, KD RUAS AR, S5 RERG T EE, LS AT A LA
AR EFLE A SRIINE

KB FROBA s ERER S, A7 fLE S, RvEfLE sk

Determination of malachite green and leucomalachite green residues in
aquatic products by high performance liquid chromatography-tandem
mass spectrometry

WANG Bei-Bei', LI Er-Chun, WEI Xing-Hua, LI Min, ZHANG Ya-Feng

(X7’ an Institute for Food and Drug Control, Xi’an 710054, China)

ABSTRACT: Objective To establish a method for the determination of malachite green and leucomalachite green
residues in aquatic products by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).
Methods Shiseido Cig column(2.0 mmx150 mm, 5 um) was used for analysis. Isocratic elution was performed with
acetonitrile as mobile phase A, 5 mmol/L ammonium acetate (pH=4.5) as mobile phase B, mobile phase
A:B=75:25(V:V), and mobile phase flow rate was 0.2 mL/min, column temperature was 35 °C. The samples were
detected by electron spray ionization(ESI") and multiple reaction monitoring (MRM). Results The relationship
between logarithmic peak area and logarithmic of malachite green concentration showed good linear over the range of
1.152-23.04 ng/mL, with a correlation coefficient (») of 0.999. The relationship between logarithmic peak area and
logarithmic of leucomalachite green concentration showed good linear over the range of 1.216-24.32 ng/mL, with a
correlation coefficient (r) of 0.999. The average recoveries of the method were between 89.1%—105.7%, and the

precision was between 2.9%-3.9%. The detection limit was 0.5 pg/kg. Conclusion This method is simple sampling
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preparation, rapid, sensitive, low detection cost and accurate, which is effective and suitable for the detection of MG

and LMG in aquatic products.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; aquatic products; malachite

green; leucomalachite green

1 51 &

L4 A1 4 (malachite green, MG) X & fLAE 4, . B4R,
JE—Fh SR H R e k), R R B, R T
FYRYT a2 al B0 ) 75 2 L B e A kg, (R AA
WK fEEYE, BASUR ., SO mEms e A, AL
48 A B AE i 255 A i A N AT R A R L2 A
(leucomalachite green, LMG), HEpEHE KB, 2583
KBERSTELEASMBREAILEARNK™ R, RES
SUEROIE . BF. B R SR R U R

KT, EE. R, AAREZEOZIELEAR K
AR Ak R D, R E T 2002 ARKEAL
BABIINT CEhsh A RS2 R HAL S W8 ) (R
B 193 501, (H iy FHLAE fr S AE 107 2K B0 o
WOR B E, HNARIERE, (A K R0 B AR AN L

H A K 7= o LA A R B e LA R T ik
B RORARERER S O - T R U
Je A 4 g JE MY | R e )| OB (3 Sk
Kk . BAE k% HATK DI MG Fl LMG # [
FRITEA GBIT 19857-2005 (/K7™ i R FLAE A G2 i %
BRE R E ) U7 GB/T 20361-2006 (K7~ i fLAE £
LRANZE TR BRI OB RS DA I ) 1L
P TR0 55 i 1 O A, HE PR ARG, R A T IR
SEREETAE M, BRKARRYE . BRI Sl
A O T - R 7 WA, {H GB/T 19857-2005 1% J7 ¥ERTAL
FUEIR L | o RREE, RIAARE . RERHG . Affgy EE
FXT GB/T 19857-2005 RiAbH 5 kit AT 004k, FFitAT ik
SE0TIE, ST — ol e AR 3 1k - R ISR R v I A K
o LA fr B f LS B AR B B 0k . DA O S
25 R ARG I (3t — ol bl | VR ARG I 7 i AR AR S

2 MRERE

2.1 X5

Agilent 1200/6410B ARG H L (EE Agilent
A F]); ME204E 4301 KT G- AR -2 R 203 PR
Al); iswix MV 28 R EIR S #¥(32[E neuation technologies
A w]); HC-3018 i B O ALCLBUh AL b AR =AU A R
23Hl); KQ-700VDB R US4 i 7 i v vt (RS L s i
LA BRA ), Milli-Q 14l /K AL (3% B o [ A R )
N-EVAP11250 %M (3% E ORGANOMATION 23 #]); R215

e 28 AN [ B S50 5 R 45 52 5 (AT B Wl ]

FLAELGFRIESR (IR 100%, BIEEk TRC AH); K
LA SRR E S (4B 99.63%, ff[E Dr.Ehrenstorfer 7%
fl); [A AL 2 AR AR L 4E 1 4% ((leucomalachite green-DS5,
MG-D5, 4l 99.7%, f[E WITEGA 22 a]); i 2 AR
R 8 fL4E £ 4 (leucomalachite green-D6, LMG-D6, #fifF
100%, fEFE WITEGA 23 w]); 0.22 Lk R HE HE s 52
A BRA o

N LR (54, 8 E Merck 23 wl); UKESER (4>
Praf, FEE Merck A dl); sPYEAEALERAE, SR HIK
4lisK .

SIS ETRE ARt fidn | W40 | B A SERAORIET
VG T A DX R R 30 B bR R i
22 WA
2.2.1  AREIER G B

K mBLE gt REfLE S RMERS 10 mg T
10 mL #Eibih, MBIt E R 2208, %5, 1Fh
TR A BRI 55 VS TR N AR R UE G AV 43 RS 5 R B |
IR PR MERR IR MOE B T 50 mL &8I, HZBER
B2 AR A AR AR R 2 W A o o ) v R
PIBR PR VA TROE B, 2 PR R T 5 R B — R 41 1
YRV

LEAGARE, TErRAHE PSR LMG,
SCHkFE BA AR T RE 0 5 K4 ) T B A A Lk 3 I B
RN T R A i, AR SE I 6l [ R R
eBE R R . REERBURARRAILEAL . T
fLEALE 10 mg T 10 mL AEIF, HOEERAERE
ZIE, &M e B2 THEA R TSRS bR
% 2 ng.
222 HoudE

(DFE A 28

WA 30 HEk S SRR K b, BT & FHER 4
i R B A BEIR, R E, &

Q)FESLRYHREL, ¥k

AL RITAE S AL BT 3294 18 GB/T 19857-2005 FR&ETE /K
77 B R UR AL A IR T

D5 FEEFRIBEEM 5 g(HZE 0.01 o) T 15 mL B
FEZI BT, A 200 pL, 100 ng/mL R4 N FRARER
W, 08 mL N, 57, 3 b e 5, 1800 r/min 1R
BENRZFEE 10 min, FEALMEEZAZE 10 mL, F 8000 r/min
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FEARERE, A WTIHR LD K™ i L A R AN L A8 £ 2R K i 1829

TR 5 min, BRI 0.22 pm A LR ERL, BUER
FATFE
223 RABEELM

shiseido fAif#:: (2.0 mmx150 mm, 5 pm), FzhtH A
KN, WEhH B 5 mmol/L Z Rk (pH=4.5), W aAH I
Bl A:B=75:25(V: V)5 B VEML . W 0.2 mL/min, #1i:
35°C, fFEfEE: 2 ul.
224 AN

FH, % 28 B 1 U5 OE B 7 F1 4 (electrospray ion source
positive ion®, EIS"), ZF LWL : 350 °C, 55 ki
12 L/min, 445 HE: 4000 V, B =: £ 6
(multiple reaction monitoring, MRM). & FZHIEILE 1.

3 ZER59%

31 tRET{EfhEZ&GH R &M

R R B A i R — i s 3 2 R A X B BR 43 BT
K25 52 . FE 5 2H 4 e B S R gl o B AR BT
T A G R R R, AT P R I 4 SR v
Wtk RRBIAE RS AT, LRV R H 5

AWFRAE R — W B ACE T, R W s AH A B2
A EE TR AR, FF43 A% LG T LMG (14 i Loz i T AR X
tb, SR L S HEFXT LMG i 7 6 T ARG 8 R i 48
o FrLICRFZS A 2 0 I b v Hh 2 o

ARSLIAERRLI MG Fll LMG bRl &0 12 LB e
HLUFHEE: MG: 1.152,5.760.,9.216, 11.52., 17.28 , 23.04 ng/mL;
LMG: 1.216. 6.08, 9.728. 12.16. 18.24, 24.32 ng/mL, &
223,224,221 222 #470E, hltriEli, debk
8105 )y 8 S AH DG R ER 1.

32 KUHRSE=ER

MG il LMG Frfi i 3% B4 E 1 s, MG. MG-D5S
4 B B} (8] (retention time, RT)43-%!°4 2.672 min 1 2.667 min,
LMG. LMG-D6 {#8Ei}A] RT 2354 4.100 min FI1 3.858
min 3% FACALIE T i FAE i, LIS MR LU (S/N) A 3:1 88 2:1
AR, o B B AU B R S AR T R, LAMB R LB (S/N) A
10: 1 B 1 9 BE B A SRR ) s B 8 8 PR

Sl BEARTEABR A 02 pgke, EHE R
0.6 pgrkg. FUARME PA6 HBR(0.5 ng/ke) i —1% 2, Ui
AR B R
33 HEESH

FER i BE R RS N, B — MR B A AR A,
F/ME 6 Y Ias ST T I o W 5 R IBURE Rz o T o V5 VR
2L, ELLRE 6 1K, IO EIE I OR B IR AT AR,
£ H AT H5R E R 22 (relative standard deviation, RSD), %%
WETHAR Y RSD 2N 2.91%, {REEAFE]H RSD M 0.64%, RSD
EY/NT 3%, ULHIRE® R AT, 455 0% 3.

#z1 RiTsHE
Tablel Mass spectrum parameter table
F5 HFR 1 4 5} 18] /min BB (m/z) F BT (m/z) il 1 BE 1/ V ey At AY

N 313.0° 40 135

1 L st 2.672 329.0
208.0 40 135
316.0° 20 145

2 FR o FLAE f 4 4.100 331.0
239.0 30 135
3 AL A 4 2.667 334.0 318.0 40 165
4 AR LA A 4% 3.858 337.0 322.0 20 135

AR T

*2 KMEPEAFEUARBXRY

*=3 BEENITRERMN=6)

Table 2 regression equations and correlation coefficients Table 3 Precision of the experimental results (n=6)
s (] 55 A LEBSE S ELRE) e T A LR I8} 8] /min

MG Y=3.0703X-0.4709 0.9989 1 207773 2.849

LMG Y=3.1646X-1.8815 0.9996 2 211858 2.859

3 206910 2.869

3.4 FRiTZSLE 4 207781 2.884

6 PR T R ST K SR CH 1 BYRERR I 3 S 109109 5 886

T 2K 50 R A BEARTS, #208 2.2.2 ()75 1643 Ak A . 196228 5 808

nh, PR 2230 2.2.4 BEATINGE o BEALIGINAR T <Z- 1L
PRI, Z WM AR Zox-Yio, 11<2, Wits: R A min S
X it 0 22 (RSD)/ % 2.91 0.64

WS, 4RIk 4.
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x10°  +TIC MRM (**->*¥) B4.d

d JAA N

+MRM (337.0->322.0) B4.d
x10* Noise (PeakToPeak)=115.00; SNR (3.858 min)=83.9

i

LMG-D6

A

+MRM (334.0->218.0) B4.d

x10* Noise (PeakToPeak)=78.00; SNR (2.667 min)=246.9 MG-D3

| 4

fiid +MRM (331.0->316.0) B4.d
E x10*  Noise (PeakToPeak)=130.00; SNR (4.100 min)=587.7 LMG
+MRM (331.0->238.0) B4.d
x10° Noise (PeakToPeak)=108.00; SNR (4.112 min)=2084.1 LMG
gl Al
+MRM (329.0->208.0) B4.d
x10¢ Noise (PeakToPeak)=93.00; SNR (2.672 min)=925.7 MG
5 k }GK
+MRM (329.0->313.0) B4.d
x10° Noise (PeakToPeak)=166.00; SNR (2.672 min)=1522.0 Mg
2 i 2
T K
02 040608 10121416 1820222426 2.83.03234362384042444648505254561586.0
Fsf 1] /min
Bl 1 MG Fl LMG H#5 T i (i ]
Fig.l1 The chromatography of quantitative ions of MG and LMG
R4 2MEEMNEREERER
Table 4 Two kinds of different method to determine the result of quality control sample
W53 B2 /(ng/mL) 5B (nglkg)  FYME x/(ngkg)  IREME X(ngkg)  BRAEZE o/(ug/ke) Z1H
MG LMG
4.2201 11.9931 121.9
FEl AR 7 i 4.0044 11.5793 117.2 0.51(il§ %)
4.3433 11.6543 120.3
154.0 67.5
3.9997 9.6655 102.7
ATk 4.1604 10.1184 107.4 0.73(il§ 2%)
4.2355 9.6210 104.2

TE: 8 ABRIE 2L 3 th Bt il B, Hohflengue DLEa g R alenszfit.

3.5 MNAREYEEIE RIEZE

Tva) L 2600 BH I 1) 5 £ R B PRI 2 AN OR R K - e
MG. LMG FRiEEW, IIARHERE W3 5, IR 2.2.22) %k
SRR TEAE S, FRIR 2.2.3. 2.2.4 HEATIIGE, 45 L3 5.
3.6 H&ENE

e R AR K AL T (P Rt B, 6| Wi
SrBRA0)45 6 LR, FRIEA T e AT AL BRI B LN E, A
— LK LMG, Hp ke MG f1 LMG. iR
JRPERE SN E 45 RIS GB 27404-2008 § 52562 T ah i

il BT £ PR A T b o ) PORRE
3.7 ERIFEHMNE

RIS FL 22 A 2 B ARG i B AR T %A GBI/T
19857-2005 1 GB/T 20361-2006, H:H GB/T 19857-2005 Rij
WL REZ | TUK, TRy, EAGI S AR bl R
A B A5 Bl s Y A R B IR Ak, AR
MOIEIRG M, w0k B AL, Ana s, B
AT LA A ) R FAR G vy T B RO 3 2 el i D7
TR IRE, 584 R SR A A A 25K
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Table 5 Spiked recoveries and precisions of malachite green and leuco malachite green in samples
MAFYR I /(ng/mL) bR BE/(ng/kg) /% FERE /% P i /%

MG LMG MG LMG MG LMG MG LMG MG LMG
4.8948 7.6662 85.0 109.6
4.9991 7.2363 11.52 12.16 86.8 102.5
B 4.6727 7.1257 81.1 100.7

FE bRk 3.8 44 85.8 102.7
10.7038 11.7765 90.9 96.8
10.2489 12.8509 23.04 24.32 87.0 105.7
8.9253 12.2252 84.2 100.5
5.5604 6.1511 96.5 101.2
5.2485 6.2363 11.52 12.16 91.1 102.6
5.1294 6.9452 89.1 97.8

ENVIR7S 2.9 3.9 93.0 100.8
10.2714 12.8510 89.1 105.7
11.1248 12.1135 23.04 24.32 96.6 99.6
10.9825 11.9628 95.3 98.4

T SR A SRR L E sz fit.

3.8 FHAEHBRER

H A PR SLIG A5 R AT, AT 0 E 1) MG L LMG [
[ RAE 89.1%~105.7%, FIXHARMEMMZETE 2.9%~3.9%, i
PERE R BRI SE 5R 104.8 pe/kg, Z fHN 0.73, M diBR N
0.2 pg/kgo FRAEJIEMER MG, LMG R [BHCR 7
81.1%~109.6%, FHXTHREMZETE 3.8%~4.4%, JHEH MY
K 2h o 119.8 pg/kg, Z fH8 0.51, ¥HFRK 0.5 ng/kg.
A JE B IR 125 1 [l i SR T s i 25 SR T LS 31 S
TR EER, HHA R R, o R A

4 &

ARSI HPLC-MS/MS 7 2 2 7K 77 & o (1)
MG fl LMG 7% 8 & . BEdh 19 MG Fl LMG B2 H 2 R
iR E, B0 B B W EAL, 5 E % (GBIT
19857-2005)AH b, A5 iy A T AL B 7 2, AG N ok B e, AG:
WA, HA DT SRR, RS2 R, &
R BRAG o [ s 3 3o S A B SR IRIE, R 4 v L T
B, REUER . FTUAE LA HPLC-MS/MS A&l 7
22, AT AR LA A R e L A S i 1
SERAEIN, NSRS Kt VB IR AL T R BB
HER P T
& 30k
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