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Extraction Methods for Recovering Malachite Green
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Malachite green (MG), a triphenylmethane dye, is carcinogenic, mutagenic, teratogenic, a respiratory toxin,
and causes chromosomal fractures. It is not permitted for use as an aquaculture veterinary drug in a number
of countries. Sensitive extraction methods for MG and leucomalachite green (LMG), which have long residence
times in fish tissues, were developed. For LMG, the average recovery of liquid extraction (LE) ranged
from 41.71 (yellowtail) to 71.60% (snakehead); the recovery of liquid-liquid extraction (LLE) was between
67.68 (yellowtail) and 83.68% (snakehead); and the average recovery of solid-phase extraction (SPE) ranged
from 84.16 (yellowtail) to 92.92% (shrimp). The recovery of MG was less than 30% with SPE. However,
the dye is found primarily as the colorless reduced leuco form in fish tissues.
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(Clemmensen et al., 1984; Srivastava et al., 2004). W&} HA|
S-EYeks vEs v, EU F o2 S7tellA ibsE

ol MG#] AH-& B8kl 9}1:}. A, MGE ol Rl ARg-3HA
Ho A W) G40 o3t s FA9] leucomalachite
green (LMG)o] o] ojAld] ZFste ROoR2 BRiuH on
o179 LMG HEEL ALFF 9&& e Jer Hu
At} (Plakas et al., 1996). MG2] ] &7 %= (pK)E 6.9°]H
pH 4.09141& 100% ©]-&3H5 1L pH 6.9914 50%7} o] 2314
t} (Goldacre and Philips, 1949). MG ¥ LMG= Z}7} 620 nm,
265 nmo) A HNFFIEE 7HAE T EZE A0 #A
37) Yt Ashg vHe-71E AMEEe] LMGES MGE 4hs}
XA EAE §t} Bergwerft and Scherpenisse (2003) 4201,
Aol Sof tdte] LMGS AF3HA| A A HPLCE 418t 1
Scherpenisse and Bergwerff (2005)%= ®|7], 40}, et o},
F-2)7) ojell A MS detectorS AHE-SE] MG 2 LMG ¥4%
A =3 W), £ FeA tsted GC-MS B LC-
APCI-MSE A28 BAT A% E K (Turnipseed et al.,
1995; Valle et al., 2005). Z12] I Andersen et al. (2006)- A3l
WF&-7)9)] 4= o] &Il peak broadeningl.F Aste] =7t
trolx]= AL Hesl7] Y3t 2,3-dichloro-5,6-dicyano-1,4-

A=
benzoquinone (DDQYE ©]-&-3ted ks ¥H-&-7] §lo] LMGE
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Malachite green oxalate salt (FW: 929.00) 2 leucomalachite
green (FW: 330.48)< Sigma Chemicals (St. Louis, MO, USAE
$H PRSAN 2] HEse] HEEAS HPLCR
methanol®l] =59} 100 mg/Le] T=& ZA3t] -20Co] R#3}
WA AL A AL A2 MG B LMG EE
Ag EFEA 0.1, 02, 0.5, 1.0, 20 mg/Le] TEZ A 235
AH8-8F4 Tt SPE cartridge (60 mg, 3 mL)E Waters Corporation
(Milford, MA, USA)AF2] OQasis MCXR2H-& 19031 A}4-3)
%TH  N,N,N'N-tetramethyl-1,4-phenylenediamine ~ dihydro-
chloride (TMPD) % 3,3',5,5"-tetramethylbenzidine (TMB)©] 1
mg/mL7} ¥ % & methanol2 A28 Mellvain solution
(pH 3.0) 0.2 M Na,HPO, 18.9 mL¥} 0.1 M citric acid 81.1
mLE E&ated #2892 Mellvain solution (pH 6.0)&
0.2M Na;HPO, 62.5 mL¥ 0.1 M citric acid 37.5 mL-& &38}
o Az APl AHEE ZE #7148 Burdick &
Jackson (Muskegon, MDAFS] HPLC S3F& ARSIy om o
o9l AHg Aok B EE HPLC FE-S AH-SHAlTh

=M717]

HPLC ¥ quat pumps (G1311A), degasser (G1379A),
auto sampler (G1329A), column oven (G1316A), UV detector
(G1315B)7} 3= 0] & Agilent 1100 series (Palo Alto, CA,
USA)E AHE-3FTh Column oven2 T 35CE -§-XA|AL
o 4297832 620 nmo] At} ¥44 columne shiseido Cis
(4.6 nm LD.x150 mm, 5 pm)E AHE-31 0™ Akshg whe-7|E
FEA A PO, columng £ column Fol] dZ3}e] A
3t th 042 0.1% hexanesulfonic acidE 3335} 0.05
M citric acid ® 0.05M sodium acetate®] Eg-8-<8 (AT}
acetonitrile (B)S AHE3IA L o] B4 717+ ABY} Z7)9
60:4091 4 1887t A £ 15% Fetol] 257502 FAAH L
o g APFE A5 BE 4092 7EL THFAC

MG 2 LMGS| ot& A
0.1% ascorbic acid-a- & 7}gF methanol2 AH&-31%] 100 mg/L
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o =2 A7 ZA% MG % LMG EF LA L £F3)

0.1, 0.2, 0.5 mg/Le] EF &AL WeE F, 24 vialoll &L
4T BASEA MG 2L LMGS ¢HEAS aw Rt
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& A AMSE AlEs AR AEo] FYEE Al
-, 72, gEtgol, o], Fo, WolE Felste] S8R
9k #3lo] homogenizer (HMF-985, Hanil, Korea)Z 733} &}
Aot 2A" Al S+ polyethylene tubedl] o] 20To|A B
st A9 ol oA =2 F MG E LMG -89
(10 mg/L)& A 20| 100 uLOZ spikingste] 34 24 &
A2 ARES T
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Liquid extraction (LE)

Sanders et al. 2005)2] ol whe}l Al 2 g8 S0mL ¥4AH
o ¥il ZFHF 08mL, 0.5% hydroxylamine HCl 2mlL,
acetonitrile 8 mL& H 715t 102 T ket ThE, 3,400xg
M 5EL AAEYE G GHEYE AN AS 0.2
um syringe filter2 &J3}3F 3 HPLC] EXo] AFE-319 ).

Liquid-iquid extraction (LLE)

Choi et al. (2006)2] HE HESI A 10 goll Mcllvain
solution (pH 3.0) 10 mL, 1-hexanesulfonic acid (1 M) 400 xL,
TMB (0.1%) 200 1L, acetonitrile 30 mLE #7131 108 E<F
WRESE T 3,400xgoll A 5E3F D4R EE dlo] A5de
EAo]Fo #H3ta @] E Mcllvain solution (pH 6.0) 10
mL, acetonitrile 30 mLE 3 7}3Fe] wul 2 QAR S 3o
FFNe BT F F, 31 4 E4 40 mL, dichloro-
methane 60 mL, 75 100 mL-S 7}3}4] dichloromethane =
g 22390 o] FEAL NAZY FE7)2 FEen
methanol 2 mL= ¢, 0.2 um syringe filter® 433t & HPLC
o] EAo AREstATh

Solid phase extraction (SPE)

Bergwerff and Scherpenisse (2003)] WH-E ¥ slo A7
2 goll Mcllvain solution (pH 3.0) 1.5 mL, 1-hexanesulfonic acid
(IM) 100 L, TMPD (0.1%) 50 L, acetonitrile 9 mL2- & 7}3}
o 108 Tk wHHEE Th, 3,400xgol A 5EZE YAEHE
Bl &8 A 22 polyethylene tubed]] BT} ZhodEof
Mcllvain solution (pH 6.0) 1.5 mL, acetonitrile 9 mLES & 7}3}
of wyt gl AR E 3t AS5HS F &, dichloro-
methane 4.5 mL& H7Fete] adk @ AAEEE SHTE 94
E2]7F Byt 4ZE 9] acetonitrile-dichloromethaneZ-S 3 mL 2]
acetonitrile/dichloromethane &3 (80/20, v/v) 2.2 43} A
71 MCX SPE cartridge®l] EZAIZ T A5-fo] ¢713] S35t
%, cartridgeE acetonitrile 3 mLE A28} 1087 AxA7]
T}= 4 mLY] acetonitrile/ammonium hydroxide (25%) &3}
(90/10, viv)S ©]-835} cartridgeZRE ABEE §-SA)ATL
2298 40CAAN AAx =271 tF2, 1 mL methanold] =
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o], 0.2 um syringe filter® 73t 3 HPLCY] B¢ AFE-314
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ojFol W& MG 2 LMG) 35823} EAA2E SPSS
A Z2IYE o] 83l EAR o thI F 2 FFRUXE
T3 21o] AL Duncan®] WM AE p<0.05914] A
#Are] F994¢ AAsA

H

A
I

_7I'_C_
MG 2 LMG9] &3 §98 47t
2.0mg/Le] w52 34 HPLCE
WE peak HHH]F ]85l RFEFHS
RZEE 09993, LMGS 099972 ull-$- %3531
Atk (Fig. 1).

MG % LMG2| otE M

Fig. 2= ascorbic acid F7} f-5-0 & MG 2 LMG F38-)
9] AL VERNITE Ascorbic acid7} BIUTE A 9k MG
9 B, Tt BEFE A wE Pl Bgon
ascorbic acid”} H7FE MG 4%, Fxol A#gle) A=
SHH & T LMGE ascorbic acid H7F £5 2 o] B4l
o] 16Xt oY= AR e Aoz eyt
Mitrowska et al. (2005)< ascorbic acid® 3 7}3}%] & MG
2 LMG®] working solutione A|7Fo] 7 }3te]| wa} 7kAstc}
I A ol ¥ Aslo] 93 A& 2 de-methylationdl]
oste] WA= Ao Hyton ol#F A s wHsy)
#18ke TMPD ¥ ascorbic acidE #7}sted R4S al¢r).
T3 Working solutiondl] ascorbic acid”7} 718 722, LMGX.
o MG7H Bl RHAEE MG 2 LMGE 4TC, ¢ Hadtg-S
o 4% F<F AR sH Tk B3 ascorbic acid7} H7HE
MG % LMGS Yojoll 10 ug/kg® spikingdte -20°C, Al o)
A 12788 & Zashd o) w7t 10% Rt = s}
© o2 B} Berwerff and Scherpenisse (2003)S

15

MG ® LMGE FA]7)] $-ofl 50, 500 nghkg 5= spikings}
o HE2E (20T, 4C)oll b2 Y AES ARtk MGE
20T BA3IH 67l gholl 20%9] A4S HPOoW 50
1g/kg L TRE 500 1g/kg7} Ul QPASIAO™ LMGE 20T A
6719 Bt F B3k} gIAAN 4CAl A BEa3e MG 9 LMG
= 4Y ol 60%9 A BAval sty weka W
o3 fGA AstEw= MGY S, ascorbic acidE #H7ishH
RS 5Y F g Ao AT

H bt
==

Table 12 LEY] €3} o] MG 2 LMG®] 3588 e}
W Aol MGE 49.87 (o)l A 72.53% (M%), LMG=
417108l A 71.60% CFEAHE YERG =, A2 LMG
ok MG 3l5&o] A4 et 3 o 35eES
AR, A o] Bt oFUFE g0 T4 Ve
o}, Sanders et al. (2005)-2 LEY] &J3}e] 4o, "o},
W7]e] 348S AHE A3 MGE 44%, LMG= 100%2
B3ty

Table 2-> LLE®| 93 oJ5E MG ¥ LMGY] 348
Uebd Aotk MGE 68.65 (o)l A 87.96% (7HE X)),
LMGE 67.68 (‘dohyoll A 83.68% (7222 Yelst) LLES
A9 A Z, LEX T 3l9-80] &7 U om MG 2 LMG
9] F4go] %E 3T} Choi et al. (2006)E= LLES]| £]a}e]
5o, dof, Ao} 488 HAHE FAi MGT 84-98%,
LMGE 88-98%% HI3FITE Andersen et al. (2006) A+3bd
H-8-715 o834 &1l DDQE ©]8-3l4] LMGS MGE 4ts}
AA BFeS #9l 3 A3, wl7] 85.9%, FX7N40] 87.8%,
galajo} 93.9%, $10] 92.7%, AH-$- 89.9%F RBilatgor 4
Ay Foll A& AAs7] 918t A5 alumina®] %
I LLEO A 3 & Azt 3<pdol d3s vAe AR
Hustg o)

Table 3> SPE°] 93 o]&¥ MG ¥ LMGY 58S
e AT MGl 3582 9.68 (Lol A 18.52% (A5,
LMGE 84.16 (Lohol A 94.92% (A-$)E VESTH LMGE
g 4=go] AWkA 07 ST PR MG I58-0] 30% ©|

-
o

2000 100 .
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Fig. 1. Standard calibration curve of MG and LMG.
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120 120
LMG added ascorbic acid
0.1mglL 6 0.1 mg/L Y=0.4749X +98.6003
_______ 992 B o2~ — . _ % o o o
. — T T WO — —0-0O—pe _——— e
90 o ° 1 e - S
—_ MG added ascorbic acid —_ .
X = X LMG
< Y=0.3575X +95.9872 < Y=0.7441X +95.4889
O 60k S 60}
8 8
= =
© )
@ a0t @ 301
o Y=5.6050X +90.1742 0
0 4 8 12 16 0 4 8 12 16
Time (hr) Time (hr)
120 120 - -
LMG added ascorbic acid
0.2 mg/L . 0.2mg/L, ° Y=0.1622X +97 $403
Fo—-———-__2_08_°°__ T S WS NUN B
9} o © 8 90F PP —
= MG added ascorbic acid = . ° L
X . Y=0.1737X +98.4717 = LMG
= R = Y=0.2902X +93.2758
T 60 S 60}
2 o
= =
[0} bl |} Q
@ 30+ MG 2 30k
Y=3,1492X +79.2323
0 1 1 1 0 I 1 1
0 4 8 12 16 0 4 8 12 16
Time (hr) Time (hr)
120 - - 120
MG added ascorbic acid <]
0.5 mg/L Y=0.0603X +99.4043 0.5 mg/L °
° | ° o
e LLm Bl - ——o S o & .
90 ° . gof % 32 8 =
e : S B A ‘
X ‘? X LMG added ascorbic acid
= G =~ Y=0.2299X +99.1964
© L © L
3 60 Y=0.3148X +82.5398 B 60 LMG
= = Y=0.3886X +93.2936
& @
30 12 30}
0 L i L 0 1 1 L
0 4 8 12 16 0 4 8 12 16
Time (hr) Time (hr)

Fig. 2. Retrieval of MG and LMG whether added or not added ascorbic acid stored at 4C.

Table 1. Recovery of MG and LMG of aquatic animals by Table 2. Recovery of MG and LMG of aquatic animals by

liquid extraction (LE) liquid-liquid extraction (LLE)
Aqua_t|c animal No. of MG (%) LMG (%) Aqugtlc animal No. of MG (%) LMG (%)
species samples species samples
Snake head 3 69.20 +2.29° 71.60 +2.68° Snake head 1 87.96 +17.53° 83.68+11.13°
Shrimp 3 72.53+0.81°  63.89+151 Shrimp 8 83.80+7.15°  81.4147.23%
Tilapia 5 63.12+2.71° 54.37 +1.38° Tilapia 9 7221 £14.55° 7586 +7.17%°
Yellowtail 3 56.04 + 0.93° 41,71 £1.05° Yellowtail 6 68.65 +8.42° 67.68 + 9.06°
Salmon 3 64.33+£055°  45.92+0.39" Salmon 10 73.36£9.02°  71.35+11.89%
Trout 3 49.87 + 0.86° 43.58 + 1.04% Trout 9 70.66 + 7.67° 69.13+13.41°
Superscripts with different alphabet's in commons are Superscripts with different alphabet's in commons are

significant different at the p<0.05. significant different at the p<0.05.
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Table 3. Recovery of MG and LMG of aquatic animals by
solid phase extraction (SPE)

Aqua_tlc animal No. of MG (%) LMG (%)
species samples

Snake head 10 17.97 £ 7.80° 88.76+ 7.83°
Shrimp 8 18.52 £ 9.76° 94.92 + 11.04%
Tilapia 8 15194537 87.19+ 8.18°
Yellowtail 10 9.68+4.42° 8416+ 13.79°
Salmon 8 17.10 + 5.66° 93.28 + 12.09%
Trout 8 17.06 £ 6.56° 84.81+ 8.48°

Superscripts with different alphabet's in commons are
significant different at the p<0.05.
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el €] 3 Malachite Green#} Leucomalachite Green 3] 5=& 17

st A YEbwtth MCX SPE cartridges &34 19l
okol & waky)ol] &3] A7) BAL AHAo T vE ;}___
g BEE A7 pHOl oste] HEFS etk MG 3]
o] WA vl AL FE49] pHol| 2 cartridge®] ™ F-

A7k MGE) EebgAddl 9% Ao g AlgHrL, Bergwerff
and Scherpenisse (2003)-> T8k F4bEE) A SPES ©] &5}
o MG ¥ LMG9] 3|85 AHE T MGE 43.8 (F-A 0
%01 - 67.7% (WA NE YEE O LMGE 7B, 86 (A]-F)
A A 105% (BANZE UEFEST spikingdt &, WF A

AlZre] webs] MGY] 34E2 Akl (14, 15%, 304,

120

- MG
== LMG

a Shrimp

Retrieval (%)
S &

w
o

LE LLE SPE
Extraction method

120
- MG
= LMG
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Retrieval (%)

SPE
Extraction method

LE LLE

120

- MG
m LMG

Trout

Retrieval (%)

LE LLE SPE
Extraction method

Fig. 3. Recovery of MG and LMG from aquatic animals by extraction methods. LE, liquid extraction; LLE, liquid-liquid

extraction; SPE, solid phase extraction.



18 w15k

A

)

G AT

Ho

1XZF B 2217 A 3 S48 81, 63, 60, 54, 45%) LMGS]
Sl 82 2 W Yle Aoz BuslYtt Mitrowska et
al. (2005)-2 SCX SPES ©]-&3}4] visible/fluorescence detec-
tion® = Yoo MG ¥ LMG 348< A¥E A7 MGE
62%, LMG= 90%% B33tk 2 AFtoA], SPES AM&-3H
MG 3582 B e AT IMGY] 3482 %7 Ut
S MGE 7 589 23 oA LMG FHE EA3}7)
Tl LIMGE MG B4 ARg-9] EXEAZ o]§sla ik
SPEE o]-&3te LMGE F&3}9] F45h= AL #7838 Y
o2 AzHE

Fig. 32 o] & oj3d 3582 AvHIT LE,
LLE A 7}H&X], 92 MG 2 LMG 35-8&0°| T2 oj&n
o =4 vERsen o, $ols B Ykttt o]8§ xjo]
= ojFo] 7HA5L Ae /Y matrix B4 L FEUY
W Zo)|Z AR HT A9E cartridged] T2 MG 2 IMG2)
3rEe tSHA RaHal 9o o] cartridgeE A S}
1A o] S AP 2o Aol& sty 3429

HAE Aoz AZE)

MGE HEEA 17, 27 5 g Aol tEdow
ARgEo] gtom ol IE, AFTE T, VAEo=E ofy)
e A 37} e Ao SEAHA FARE R0 ok
A= g AMEEolA St} (Schnick, 1988). L&+ MGS]
THFS A0 S AEA ALE-o] AFH AT MGl 9§
AZE, €5 2 Fxo] oJsix Fr)ste urel
of, AAAl W, &7 Bl & Fuse Ao
A=, MG =217 o179 oA Wsetz <l
(Srivadysvr et al, 2004) B 218 714 @k 2 E¢do)
Meyer and Jorgense, 1983)¢] Rt} B AT A&

Aol A AHE-E MGYF ol EAjslE LMGE &
HH e g FZ-Hsty] Y93t LE, LLE % SPE W& o)%
HE AHEYTh LET HaehdA wE A)zhe Hxje )
7hsdHAIRE B4go] WA Yo LLEE MG ¥ LMG2
gl5-g0] FA JehgdA T ofF) & 358 Ajolr} Vel
ok SPESIA= MG9) 3]48-9] 30% H|Tko] X9k LMGE 80%
ol’Fo 2 Jehth wela SPES AHE3dle] LMGE &3l
AL AT H18-0) £4E Fo|dA hhsld A Axpdoz
O olFolA HHe 7} e Aeg Algdr)
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