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Figure 1. Chemical Structures of Malachite Green,
Leucomalachite Green, Crystal Violet, Leucocrystal
Violet and Brilliant Green
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Table 1. MRM settings for positive ion MS/MS analysis of MG, LMG, CV, LCV and BG

Precursor ion Product ion

Compound

Collision energy

Cone voltage  Retention times

(amu) (amu) (eV) ) (min)
MG 329 M]* 313+ 37 60 10.8
165 65
208 40
MG-d5 334 (M]" 318 37 60 10.8
LMG 331 [M+H]* 239+ 55 43 17.7
223 32
316 23
LMG-d6 337 [M+H]" 240 55 43 17.7
(% 372 (M]* 356* 37 45 12.6
235 50
340 48
CV-d4 376 (M]" 360 37 45 12.6
LCV 374 [M+H]* 358 32 45 17.9
238 35
253 30
LCV-d4 378 [M+H]" 362 32 45 17.9
BG 385 [M]* 341* 38 45 14.2
297 48
355 35

* Quantitative ion
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Figure 2. Chromatograms obtained in MRM mode for MG,
LMG, CV, LCV and BG standard solution at 10 ng/mL
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Table 2. Recovery of MG, LMG, CV, LCV and BG from spiked boiled eel #

Spiked level Recovery RSD"
Compounds (ng/g) (%) (%)
MG 2 100.0 6.1
LMG 2 99.4 5.6
Ccv 2 100.2 6.0
LCV 2 109.0 9.2
BG 2 93.2 7.0

* Means of 4-7 replicates.

° RSD = Relative standard deviation.
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Figure 3. Chromatograms obtained in MRM mode for blank
boiled eel
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Figure 4. Chromatograms obtained in MRM mode for boiled
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Table 3. The Japanese maximum residue limits of tryphenylmethane dyes in foods

Terms MG LMG CV, LCV, BG
N.D.
2006/5/28 (Detection limit 5 ng/g)
2006/5/29~ N.D. Uniform limit Uniform limit
2006/11/29 (Detection limit 5 ng/g) (0.01 ppm) (0.01 ppm)
N.D. N.D. Uniform limit

2006/11/30~ (Detection limit 2 ng/g)

(Detection limit 2 ng/g)

(0.01 ppm)
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Figure 5. Chromatograms obtained in MRM mode for 2.5 ng/mL LMG standard solution (a) and LMG positive boiled eel (b)
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Figure 6. Chromatograms obtained in MRM mode for 2.5 ng/mL LCV standard solution (a) and LCYV positive boiled eel (b)
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Determination of Triphenylmethane Dyes in Eel and Boiled Eel by Liquid Chromatography
Coupled with Tandem Mass Spectrometry

Miho SAKAMOTO", Kazue TAKEBA™, Takeo SASAMOTO™, Tomoko KUSANO™, Hiroshi HAYASHI ™,
Setsuko KANAI™, Maki KANDA"", Toshihiro NAGAYAMA"" and Ken'ichiro MORT"

A method in which liquid chromatography was coupled with tandem mass spectrometry (LC-MS/MS) was developed for
determining the residues of malachite green, leucomalachite green, crystal violet, leucocrystal violet, and brilliant green in eel
and boiled eel. Samples were extracted with citric acid-phosphate buffer (pH 3.0)-acetonitrile, and cleaned up by liquid-liquid
separation with acetonitrile and n-hexane, and SCX solid-phase cartridges. The compounds were determined by reversed-phase
LC using a C18 column with 10 mM ammonium formate-acetonitrile. Mass spectral acquisition was performed in the positive
mode by applying multiple reaction monitoring. The method was validated in boiled eel spiked with these compounds at 0.002
ng/g, and average recoveries were in the range 93.2%—-109.0%, with relative standard deviations of 5.6%-9.2%. The method
was applied to 62 eel and boiled eel samples. The concentrations of these compounds in all samples were lower than the

Japanese maximum residue limits.

Keywords: malachite green, leucomalachite green, crystal violet, leucocrystal violet, brilliant green, LC-MS/MS, eel, boiled eel
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