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Effects of four cooking methods on the reduction of malachite green, crystal
violet and their metabolites in Ctenopharyngodon idellus muscle
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ABSTRACT: Objective To investigate the effects of cooking methods, such as boiling, steaming, frying and
microwaving on the reduction of malachite green (MQG), crystal violet (CV) and their metabolites in
Ctenopharyngodon idellus muscle. Methods Malachite green, cryptochrome malachite green, crystalline violet and
cryptochrome crystalline violet were added to the blank grass fish and respectively cooked in 4 ways. The content of
the drug was determined by high performance liquid chromatography tandem mass spectrometry. Results The
results showed that the 4 cooking methods of frying, microwaving, boiling and steaming reduced the drug
concentrations of 79.8%-93.7%, 69.4%-91.2%, 72.0%-86.2% and 69.6%-77.8%, respectively. The degradation rate of
the prototype drug was higher than that of the metabolites in the same cooking method. The order of the drug's

deceleration rate was: frying>microwaving>boiling>steaming. Conclusion Cooking with high temperature can
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accelerate the degradation of MG, CV and their metabolites.

KEY WORDS: cooking mode; reduction; malachite green; crystal violet; fish muscle
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Tab.1 Mass spectrometric parameters for target compounds

el EEB T /(m/z) TETF/(m/z) WA RE L/ V BN NETAY
fLEARMG) 329.0 313.2%,208.1 50,50 90
Ko fLAE A 4 (LMG) 331.2 239.1%,316.2 30,30 90
2 (CV) 3723 356.3%,235.2 45,54 92
Fe .25 f 25 (LCV) 374.3 358.3%,238.2 50,54 91
STACFLAE A 54 (MG-D5) 334.2 318.2 54 90
AR B L2 £ 4 (LMG-D6) 337.3 3223 32 90
SARES T (CV-D6) 378.2 362.2 47 92
SR B £ 45 48 (LCV-D6) 380.2 364.2 45 91
T * N ERE .
F2 2MAEMELE
Table2 Comparison of two methods
- 1A % AR A AR 2 /%
WiReS AR (ng/kg)
MG LMG cv LCV MG LMG cv LCV
1.50 95.2 95.6 102 98.3 3.2 2.1 4.0 2.9
Ak 2.50 90.3 97.6 98.6 92.6 2.6 2.9 3.9 3.0
4.00 95.0 95.3 100 95.1 3.0 2.1 3.9 42
1.50 85.3 912 123 135 4.0 2.9 10.2 112
bRk 2.50 92.0 86.2 125 140 2.9 2.6 7.8 9.2
4.00 98.6 81.2 142 129 32 4.6 10.9 13.2
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Fig.1 Quantitative chromatogram of mixed standards
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Table 3 Effects of supplementation of LMG, MG, LCV and CV
in fish muscle

W E B/ (ng/kg) . .
&4 FHIME(pg/kg) F i
1 2 3
MGl  5.02 500 4.92 4.98
6.7
MG2  5.06 5.16 4.87 5.03
LMGl 510 495 4.90 4.98
9.0
LMG2 506 5.01 5.03 5.03
CVl 491 5.09 492 4.97
4.0
CV2 512 508 5.00 5.07
LCVI 501 495 4.90 4.95
3.3
LCV2 500 485 5.06 4.97
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Ti) B9 R SR ) 355 7, A S A T 45 3 5 R 5 38 AR AT
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HRIER S
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HBEE MG 8 e

*4 ZEIIFE&EAALD LMG. MG, LCV # CV EREEFEMN=3)
Table 4 Absolute quantities of LMG, MG, LCYV, CV residues in fish muscle by cooking(n=3)

o MG LMG cv LCV
T L e L A R L
/(ng/kg) W 22/% /(ng/kg) Wi 22/% /(ng/kg) i 2/% /(ng/kg) W 21%

2 1.48 3.5 2.11 39 1.96 3.8 1.78 4.2

" 3 1.13 4.0 2.01 3.1 1.57 3.2 1.60 3.9
4 0.980 35 1.75 2.6 1.27 2.5 1.49 3.9

5 0.690 42 1.40 3.2 0.720 2.6 121 3.0

3 1.95 3.9 225 26 2.35 2.6 1.84 29

e 4 1.56 5.0 2.04 3.8 1.7 2.8 1.61 3.5

- 5 1.41 3.1 1.85 2.6 1.54 2.4 1.56 3.8

6 1.20 6.2 1.52 2.9 1.11 3.5 1.26 3.0

1 121 2.6 1.56 3.1 1.24 4.6 1.37 4.8

‘ 2 0.723 5.6 1.16 3.0 1.05 4.0 1.19 5.0
k? 3 0.501 2.8 0.812 29 0.732 49 1.01 4.0
4 0.314 4.3 0.644 3.6 0.421 4.0 0.832 39

3 1.01 5.6 2.55 3.4 2.10 3.6 2.31 3.6

4 0.820 4.3 2.10 6.4 1.62 3.1 1.91 53.4

Tkl
5 0.621 2.1 1.79 2.6 1.08 3.0 1.76 2.9
6 0.441 3.2 121 2.9 0.82 2.9 1.53 2.1
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Table 5 Reducing pattern equations of LMG, MG, LCV and CV by cooking
ey MG LMG Ccv LCV
. Jrt=X Y=-0.2432X+0.8819 Y=-0.1369X+1.0644 Y=-0.3216X+1.3844 Y=-0.1229X+0.8392
r 0.976 0.925 0.934 0.949
L TR Y=-0.1558X+1.1105 Y=-0.1274X+1.2129 Y=-0.2349X+1.5374 Y=-0.1168X+0.9658
= r? 0.978 0.965 0.964 0.924
Jr gt Y=-0.4414X+0.6076 Y=-0.3011X+0.7389 Y=-0.3601X+0.6721 Y=-0.166X+0.4937
& r? 0.996 0.994 0.946 0.995
s it Y=-0.2764X+0.8729 Y=-0.2396X+1.691 Y=-0.322X+1.7277 Y=-0.1318X+1.2117
o r’ 0.988 0.956 0.993 0.977

AR Y=kX+b EZR BB 2 AT 5 f P AL
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Fig.2 Reducing percentage of LMG, MG, LCV and CV in fish
muscle by cooking
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