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Simultaneous Determination of Malachite Green and Leucomalachite Green
in Fish Oil by LC-MS/MS

Toshiichi KOMORIYA"

(" Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department)

An analytical method for determination of malachite green and leucomalachite green in fish
oil using liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-
MS/MS) was developed. Malachite green and leucomalachite green were extracted with
acetonitrile-acetic acid (19+1) and hexane (saturated with acetonitrile). = The extracts were
purified by Bond Elut SCX (Varian) column, and subjected to LC-ESI-MS/MS for determination
of malachite green and leucomalachite green. A recovery test was conducted using refined fish
oil and non-refined fish oil spiked with 2 and 100 pg/kg of malachite green and leucomalachite
green. The mean recoveries of malachite green were in the range of 8§9.9~101 % with the
relative standard deviation of within 10 %.  These respective values were 94.6~112 % and 3.9 %
for leucomalachite green. A collaborative study was conducted in eight laboratories using
refined fish oil and non-refined fish oil spiked with 5 pg/kg of malachite green and leucomalachite
green. The mean recovery of malachite green in the refined fish oil was 87.4 %, and
repeatability and reproducibility in terms of the relative standard deviations (RSD, and RSDg)
were 6.8 % and 13 % respectively, and HorRat was 0.60.  The mean recovery of leucomalachite
green was 108 % with RSD, of 3.8 %, RSDy of 8.2 % and HorRat of 0.37.  For the non-refined
fish oil, these respective values were 85.9 %, 2.5 %, 12 % and 0.56 for malachite green, and
101 %, 4.2 %, 6.2 % and 0.28 for leucomalachite green.
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Malachite green (MG) chloride Leucomalachite green (LMG)
N-[4-[[4-(dimethylamino)-phenyl] 4,4'-benzylidenebis(N,N-dimethylaniline)
phenylmethylene]-2,5-cyclohexadien-

1-ylidene]-N-methylmethanaminium

chloride
Cy3HysCIN,  MW: 364.9 CysHasN, MW: 330.5
CAS No.: 569-64-2 CAS No.: 129-73-7
Fig.1  Chemical structures of MG and LMG
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1) MG EHERIR
MG ¥ = VA HE S, (Sigma-Aldrich 8, #iE 97.2 %) 12.7 mg Z IEf#EIZ &> T 100 mL @
BRI TAIIZAN, AX ) —AEMZTENL, BITERE CRREEZINZ T MG DOREHE
iz L7 (Zo 1mL X, MG & LTC100pug (£~0972) #&H35. ) .
2) LMG %R
LMG HEHE g, (PRl T2EH, S 99.9 %) 10.0 mg Z IEFEICE > T 100 mL D& 7 7 2=
IZARL, AZ 7 — VBN TENPL, BICTHERE CTRESZINZ T LMG OfEHERR 4 8 L
72 (ZO# 1 mL 1%, LMG & LT 100 pg (£~0.999) #&HT5. ) .
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3) MG-ds (ZE RN IEHRIETR MG) WAEE R
MG ¥ = VR -ds BEVE S (ARAISE T2EH, HE 97.5%) 6.4 mg % EfglZ& > T 50 mL O4
B7 I 23l A, A —NVENZTHENML, BICERE CRESEZ N Z T MG-ds OFE %
Bz L= (Z 0 1 mL %, MG-ds & LT 100 ug (£~0.975) #&495. ) .
4) LMG-d¢ (22 RN AR ICH IR LMG) AR HE R
LMG-de FEHE OBGMSE T 368, S 99.9 %) 5.0 mg # IEfEICE > TS50 mL DR ~7 7 A
ICAIL, AZ ) —VEMZTENL, BICERE CRBEE A N2 T LMG-ds OFEHE K 4 705
L7z (Z0#E 1 mL X, LMG-dg & LT 100 ug (=0.999) #&HT5. ) .
5) IRGWIEMERR
EHIZER L T, MG-ds & O LMG-dg REEHE#E4A 1 mL % 100 mL O &7 T A 2 (T
AR, BIERETTE =M AEMMAZT, | mLFIZ MG-ds X N LMG-dg & L T4 1
ug AT HIRA AR ER 2 R L7z,
6) IR EARAERHEEHEIR
EHIZEE LT, MG KT LMG AR NTIRANIEERO —E®&%2 7 =KV
Jb—ok (1+41) TEMICHRL, 1 mL FI2 MG KONLMG & LTZnEh 0.1, 0.2, 0.5,
1, 5KkO20 ng #&HL, 7D MG-ds T LMG-dg & L TZENTN 5 ng 2 E5AT 55K
AR AR R 2R L 7.
7) WEEERIARA Y h= b U Lid LC-MS H, EHEERH A % ) — LV RO b= F Ui
HPLC HlZ& W7z, FFet LTV 2 LIS O FRIEIZ DWW TRtk 2 VN 7z
23 HEROSGE
) k7~ 77745057 2RERSHE (LC-MS/MS)
LC 5 : Agilent Technologies # 1200 Series
MS B : Agilent Technologies # 6410 Triple Quad LC/MS
) WEIHIMW: #A4T7 v LTy = —H—SR2W
3) OB - ARHERERTR 5200
4) m—% Y —x KL —%—:BUCHI & R-200
5) NoBAAFR=AT RV YT Y SV =0T 5 (500 mg)
Varian 2 Bond Elut SCX (U #— "—F&3mL) (Z10mL OV F— "—%@iE L7zt 0
24 TEEIFE
n
SIHTEEL 1 g Z IEREIC & > T 100 mL @ defe i DILEAF I AR, IREWEEMERR 50 uL % EfE
Wiz 7. o7t b= MU V—EERE (19+1) 40 mL X OV7 & b= kU L fafi~F 4> 10 mL
ZINZ 7=, 10 3 ME VIR 7=, 2,600 rpm (1,300xg) T 5 izt L, ~x¥ 8 (k
J&) ZEBAE Ny hTEREL, TR F=FULVE (THE) 2REhER:E L.
2) 1 M
RUyBUANKR= AT oV YN Y BTN I =T LT =YL — KR
(19+1) 5 mL Ty L7z, REHAK 4 mL 2 =07 AT IEMIZMZ, BRFE T CRRE NS
TAHRID EUIciET S E T SE2. HIc7® b 25mL K7 h=F VUL 5 mL %JE
WI=HT L%, REERICHRE ST,
S50mL DR THT T Aa%2I=NTLDOFIEEZ, TEM=F I AL=—TE=T/K (19+1)
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10mL % 2 =47 A2 TMG K ONLMG A H S w7,

R % 40 °C LT ORI TR E A CHL[E T 5 & CRUERRME Lo, EERT A% %o Tl
L. 7 b=tV =K (1+1) 1 mL % EREICINX THEREWEENL, 77 AF v 7 Wmis
WEE (A& 1.5 mL) IZA#, 10,000 rpm GOMVg)TTS SREEOYEE L, BRI A RR
vma~ h7 77807 MVEESHEFHC X A2MEICHT 23 BHER & LT,

3) Wik u~ 7T 77X 0T MRVEESHTFHC X 2HE

BHA R K VSR AR 5 uL 2@k a~ N7 o727 ZAVE &SN (LT
[LC-MS/MS | & 9. ) IZHEAL, Table 1 & O Table 2 OHIEFMAIHE > TG H 7
=R NN =Y

Table 1  Operating conditions for LC-MS/MS for analysing MG and LMG
Column Agilent Technologies, ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5 um)

A: 0.3 v/v % ammonia solution-2 v/v % formic acid solution-water-acetonitrile (10:81:

Mobile phase B: 0.3 v/v % ammonia solution-2 v/v % formic acid solution-water-acetonitrile (10:9:8
B(v/v%) 30 v/v% (1 min)—7 min—100 v/v% (10 min)

Flow rate 0.25 mL/min

Column temp. 40 °C

Ionization Electrospray ionization (ESI)

Nebulizer N, (340 kPa)

Drying gas temp. N, (350 °C)
Capillary voltage 4,000 V

Table 2 MS/MS Parameters

Substance Mode Precursor Product Qualifier Fragmentor Collision
(m/z) (m/z) (m/z) V) (eV)
MG + 329 313 208 100 40
MG-d; + 334 318 — 100 40
LMG + 331 239 316 100 25
LMG-dg + 337 240 — 100 25
4 F R

BoNFBBIRKIOHE 7 a0~ 87T L0765 MG, LMG, MG-ds X LMG-dg D ' — 7 Hif& %
RO THEEERICLIVBRERZIER L, BEtdh o MG KON LMG &2 F H L7-.
B, EEEOHEZE % Scheme 1 {IZ/R L7-.
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Sample 1 g

——add 50 pL of mixed internal standard solution
add 40 mL of acetonitrile-acetic acid (19:1)

add 10 mL of hexane (saturated with acetonitrile)

— shake for 10 min

— centrifuge for 5 min at 1,300xg

remove hexane layer with pipet

Bond Elut SCX (prewash with 5 mL of acetonitrile-acetic acid (19:1))
apply 4 mL of sample solution

wash with 2.5 mL of acetone

—— wash with 5 mL of acetonitrile

— elute with 10 mL of acetonitrile-ammonia solution (19:1)

—— evaporate to dryness under 40 °C

dissolve in 1 mL of acetonitrile-water (1:1)
—— centrifuge for 5 min at 5,000xg
LC-MS/MS

Scheme 1  Analytical procedure for MG and LMG in fish oil

3 RENE

3.1 s
MG ETOVLMG & LT 1 mL #1iZ2 0.1, 0.2, 0.5, 1, 5 %020 ng #&HL, 7>, MG-ds X
LMG-ds & L TENEN 5 ng 250 T HHFEAEERZFAHL, 2 DDA 5 uL % LC-

MS/MS |

IEAL, fBonc@ROsmE 7 v~ 77 L0056 MG KON LMG & MG-ds KT

LMG-d¢ D ¥ — 7 gL & RO THRERZER Lz, ZOREE, RERIE Fig. 2 X Fig. 3 0 &
BV, MG KTYLMG & LT 0.5~100 pg O #iH CERMEZ R L.

Malachite green - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

5,
4.5
4,
3.5
3,
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2,
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Relative Responses

y=1.2327 *x - 0.0447

R*2 =0.99876376
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Relative Concentration

Fig.2  Calibration curve of MG
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Leucomalachite green - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 0 QCs

51y =1.1537 *x - 0.0212
45 R2=0.99973227

4
3.5+

34
2.5+

Relative Responses

2
1.5+
14

04-02 0O 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 4
Relative Concentration

Fig.3  Calibration curve of LMG

3.2 WiEWE OB
R 4 LR ORERAN 6 s OV TARIEICH > GRIKGHRI 7 o~ 7T A& 1B
L, MG K" LMG ODE&ZHETLHE—7 OFEZHFI L. TORE, MG KU LMG OE
BEET O IFRBOLNR)NoTz.
3.3 EHEN AT X DK ERAE O B O A HE
TR H—IETIEI =N T 2B ARBRICEB N TT & h= b MVIRHZ IR 2 i s
DI-OICERA AL DR EIT ) 2L Lo TOD N, IIEWE ORFRCNIEREYE O
[EULENAMEL 72D (10 %LLF) HBS RS-0 T, L, AREEEFITbRnZ & & L.
34 =0T AAFIZIIT D HE S ORERE
=4 T AALEIC XD MG, LMG, MG-ds & U LMG-dg D ¥ R I % feRd L 7=
FERIMIHIZ MG KOV LMG & L CENZEN 100 pgkg Y ETSEIFML, REICI0BIEL
7, 2=07 LHEEZITV, MG, LMG, MG-ds & OV LMG-dg IR IR 2 TR L 7=,
ZOFRER, Table 3 DEBVTER=FY =T 2rF=7K (19+1) 10 mL TIRIEHEH S,
WAZHEME b RO F & 2 R"T 2 &0 D, IWHIKREIZ10mL THoTH D L Bbhi-.

Table 3  Elution pattern from Bond Elut SCX

Fraction volume (mL) 0~10 10~12 12~14 14~16 16~18 18~20
MG area (arb. units) 443,558 2,249 1,083 969 758 773
relative value (%) 100 0.51 0.24 0.22 0.17 0.17
MG-d. area (arb. units) 190,314 1,045 448 360 316 320
relative value (%) 100 0.55 0.24 0.19 0.17 0.17
LMG area (arb. units) 162,683 1,271 859 371 443 658
relative value (%) 100 0.78 0.53 0.23 0.27 0.40
LMG-d, area (arb. units) 74,077 623 382 160 228 331

relative value (%) 100 0.84 0.52 0.22 0.31 0.45
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3.5 WRINENRERER K O T RR

AVENZ X 2 B e OSR UKSJE 2 fesB 3 2 72 80, IRINENNGERER 2 S0 L 7-.

R B A I 2 AR L OVARRE Bl 2 S MG K OVLMG & LCTERZEI 2 KON 100 pg/kg #H34
BEFOZTM L= E 2 VT, RIEICRES T3 AT 21TV, Z ORI ER K O UK &
R 7.

ZDOfES, Table 4 XN Table 5 D& BV, MG OFHIENLHEIE 89.9~101 %, Z Dl UKL
FAAHE R 7= (RSD) & LT 10 %L FTH-o7=. F7z, LMG O FEHEILHEIL 94.6~112 %, D
MR UK IZRSD & LT3.9%LL FThHo7z.

F7m, WEHEL L THRIMLZ MG-ds I22OW T, E—ZHENOHRD - AT EORIROKK
EEMEIE, 67.8 % Toho7=. FEEIC, LMG-dg ICOWTIX, 41.8 % Th-o7=. 7ok, @hENE
BR O3 DAV RAOHIC B T 2 BIROSHRI 7 v~ N 7T A O—fl% Fig. 4 IZ/R LT,

L EDORERMNS, Kiklx, AHEOERAEE D MG KON LMG O SHHiEORK I FIRTH 5 alk
H2 ng/kg Y EA AMICB W CHRRICHRIATETH L LB 2 b,

Table 4  Results of recovery test for MG

(%)
Slplkeld refined fish oil 1 refined fish oil 2 non-refined fish oil 1  non-refined fish oil 2
eve
(ng/kg) Recovery® RSD® Recovery” RSD”  Recovery” RSD”  Recovery” RSD"
100 93.3 ( 1.8) 89.9 (3.1 91.8 (2.1 94.2 (2.5
2 97.4 (59 98.0 (33 98.1 (10.0) 101 ( 4.6)
a) Mean recovery (n=3)
b) Relative standard deviation (RSD)
Table 5  Results of recovery test for LMG
(%)
Slp ikeld refined fish oil 1 refined fish oil 2 non-refined fish oil 1  non-refined fish oil 2
eve
(ng’kg) Recovery” RSD® Recovery” RSD® Recovery” RSD® Recovery” RSD"
100 99.5 ( 0.5 103 (3.9 94.6 (1.7 99.4 ( 1.6)
2 107 ( 3.0 112 (3.1 97.7 ( 1.6) 105 ( LD

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)



50 EAEHIFZES S Vol. 34 (2009)

(A) + MRM (329.0 -> 313.0) WorklistData02.d + MRM (331.0 -> 239.0) WorklistData02.d
£ x10 3+ 8.370 £ x10 2| 13.743
c - c
§ 1.4 Malachite green 3 6+ Leucomalachite green
&}
1.2+ 54
1 4
0.8+
3,
0.6
0.4 21
0.2 19
0 04
T T T T I | | |
7.5 8 8.5 9 13 13.5 14 14.5
Acquisition Time (min) Acquisition Time (min)
(B) + MRM (329.0 -> 313.0) WorklistData08.d + MRM (331.0 -> 239.0) WorklistData08.d
£ x10 34 8.366 £ x10 2+ 13.788
3 0.9+ Malachite green 3 454 Leucomalachite green
© 08 ° 4
0.7+ 3.5
0.6 34
0.5 2.5+
0.4 24
0.3+ 1.5+
0.2+ 14
0.1+ 0.5+
0 0
75 8 85 ) 13 135 14 145
Acquisition Time (min) Acquisition Time (min)

Fig. 4 Chromatograms of standard solution and sample solution
(A) Standard solution (The amount of MG and LMG are each 1 pg.)
(B) Sample solution of refined fish oil spiked MG and LMG at each 2 pg/kg

3.6 JL[ARAER

AIEOHBIEE ZRET S0, Llplehe & 2 LR % FhE L7-.

s AR M OVRRE R I MG OV LMG & L TENEN 5 pg/kg A2 & 23000 U7z ol adsh
ZRAWT, 7PV b 727 0P —KKX&tET7 7V r—va vk ¥ —, RS A
JUPT, MENEANEMBRBERA B RO EERT, HEEAN B AR PR SR R R o 2
—, MEENRARE RS2 —FEERT, MEEA B ARG A A S st o 2
—, MNTATEOE NERMOKEER R 2N v ¥ — B2 2RET L ORILE % — (8 R
) ITRBWT, RIEICHE > TH R % i L7z,

MG O I [FERBROFE R Table 6 D LBV TH Y, AT 2 FHEIEIL 87.4 %, <
DN MRIR RS K OV [R] R BURS B 1A AR R 722 (RSD, X OV RSDR) & LT 6.8 %M T 13 %,
HorRat /% 0.60 Tod o 7c. RKEHMAINITI T 2 FHEIHEIL 85.9 %, T b DEPNMHK UK E K
OV W HUR E X RSD, X OVRSDg & LT 2.5%M& N 12%TH Y, HorRat 1% 0.56 TH-7=.

LMG OILFRIFABR OFEFRIL Table 7 D & B0 TH VY, FHBRLAHICI T 2 FHEILEIL 108 %, €
DN R U RS B M OVEE ) i BURS EE XA AR YE (R 22 (RSD, X TF RSDR) & LT 3.8 %Mkt
8.2 %, HorRat 1% 0.37 Th o7z, FRFERMAMIZTIT 2 FEHEIEIL 101 %, THOENBEUKR L
K HE K VR B RS S 13 RSD, X OV RSDg & LT 4.2 %M1 6.2 %TdH Y, HorRat (X 0.28 TH -
7.
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B, BEOD, FREBR=ETHH L7 LC-MS/MS OREFEZ % Table 8 [Z/R L7-.

Table 6  Collaborative study results of MG

(ng/kg)
Sample
Lab. No. - -
Refined fish oil Non-refined fish oil
1 4.95 4.04 4.21 4.35
2 4.39 4.18 4.02 4.13
3 4,57 4.54 4.50 4,57
4 5.10 4.81 4.86 5.03
5 3.86 3.62 3.82 3.88
6 3.58 3.36 3.47 3.31
7 4.70 5.27 5.05 4.74
8 4.55 443 4.38 4.40
Spiked level 5.00 5.00
Mean value ¥ 437 4.30
Recovery (%) 87.4 85.9
RSD, ” (%) 6.8 2.5
RSDR? (%) 13 12
PRSDy ¢ (%) 22 22
HorRat 0.60 0.56

Mean value (n=16)
Relative standard deviations of repeatability within laboratory
Relative standard deviations of reproducibility between laboratories

Predicted relative standard deviations of reproducibility between laboratories calculated from the
modified Horwitz equation
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Table 7  Collaborative study results of LMG
(ng/ke)
Lab. No. - -
Refined fish oil Non-refined fish oil
1 5.80 5.47 5.07 4.73
2 4.78 5.38 4.48 4.80
3 5.33 5.53 5.18 5.20
4 6.19 6.02 521 5.20
5 5.05 5.05 5.61 5.17
6 5.02 4.95 4.85 4.74
7 5.34 4.96 5.28 4.75
8 5.85 5.90 5.35 5.44
Spiked level 5.00
Mean value ¥ 5.07
Recovery (%) 108 101
RSD, ” (%) 4.2
RSD:? (%) 6.2
PRSD; @ (%) 22
HorRat 0.28
a) Mean value (n=16)
b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 8 Instruments used in the collaborative study
Lab. No. LC MS/MS - Lecolumn
(i.d.xlength, particle size)
Shiseido
Wat t
! Alzlii:Irlie2695 Kiirfrilass Quattro Premier XE CAPCELL-PAK C18 UG120
(2.0 mmx150 mm, 5 um)
. . . . Agilent Technologies
Agilent Technologies Agilent Technologies .
2 . . ZORBAX Eclipse XDB-C18
1200 Series 6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
Agilent Technologies
3 X?;:;ie2695 Xiiiﬁzorlilass Quattro Micro ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)
4 Shimadzu Applied Biosystems IC;I;ITSS(;II%ISJ SS_3
LC20AD API 3200Q (2.1 mmx150 mm, 5 jum)
Chemicals Evaluation and Research
5 Agilent Technologies Agilent Technologies Institute
1200 Series 6410 Triple Quad LC/MS L-Column2 ODS
(2.0 mmx150 mm, 3 um)
. . . . GL Sciences
6 Agilent Technologies Agilent Technologies Inertsil ODS-3
1200 Series 6410 Triple Quad LC/MS (2.1 mmx150 mm, 3 um)
Agilent Technologies
7 X?;:;ie2695 Xiiiﬁzorlilass Quattro Micro ZORBAX Plus-C18
(2.1 mmx150 mm, 3.5 pm)
. . . . Agilent Technologies
Agilent Technologies Agilent Technologies .
8 . . ZORBAX Eclipse XDB-C18
1200 Series 6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
4 FED

it oO~IT A N7 V= RO A a~T 04 TV —Z20T, mirkt s ¥ —iEx i,
ks a~ v77 74807 MUEEGITEZ VT2 ERIEO R B HE~ O H O Al I 20T
MEtL, RORBREHE.

1) MG K ONLMG O &R IE 0.5~100 pg O#iH CEMRMEZ R Lz,

2) EHRIfN 4 SR ORISR 6 AV, RIBICHE - TRIBUSHREZ v~ N 77 AEERL L
el ZAh, MG AU LMG OFE®EZIET L —7I1TD bknoT.

3) =7 LFIZED MG, LMG, MG-ds X' LMG-d¢ DIEHE 3 # R LT- L 2 A, IR
#HIL10mL T+ ThoTe.

4) RESIfh 2 R K ORRE A 2 FEIC MG K OVLMG & LT, ZREh 2 KTV 100 pe/kg FH
METOZRML, RIMENGRERZFEE L= 25, MG O FE¥EILERIL 89.9~101 %, < DMK
URS BT AR MR ZE (RSD) & LT 10 %L T, LMG O BRI 94.6~112 %, T D L
FEEEIX RSD & LT 3.9 %LL FORAEN S 57z,

5) AFEETEEH O MG O LMG % 2 ug/kg THRIHARETH > 7-.

RE, ARIEIE, FRK21F 5 A 1 BATT CRIE AT MBI S 7.

B £23
FREIRBICSBIM LU TCTHEWET L b 77 2 aP—RAR 77— gt %—, WA
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A EHE NS AL IE T, M REIE N B BRI 2 HOFEPT, (EHE AN B AR R S B gt
WMot % —, MEENBARER O > % =R, WEITEN B ARG A iR A S il
B2 —0BEOXICEHHOBEERLET.
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