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ABSTRACT - This study aimed to develop an analytical method for determination of 18 dyes in livestock and
fishery products by liquid chromatograph-tandem mass spectrometry (LC-MS/MS). The developed method was vali-
dated for linearity, accuracy, limit of quantifications (LOQ) and recovery based on the CODEX guideline (CAC/GL-
71). Target matrices (beef, pork, chicken, egg, milk, flatfish, eel, and shrimp) were extracted using acetonitrile (con-
taining 1% of acetic acid) and then, purified with C ; and primary secondary amine (PSA). Calibration linearity was
obtained (#>>0.98) and LOQs were 0.002 mg/kg in animal products. The recoveries of dyes were ranged from 63 to
112% and relative standard deviations (RSDs, %) were less than 15%. The residues of 18 dyes were investigated in
real samples (n=124) collected from retail markets in South Korea. As a result, a total of seven samples showed pos-

itive results for target analytes in fish samples. However, there was no violation according to the maximum residue

limits set by the Korean Food Code. The proposed method will be used for routine analysis of dye residues in livestock

and fishery products.
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Triphenylmethane dyes including brilliant green (BG),
crystal violet (CV), malachite green (MQG), pararosaniline
base (PB) and Victoria Blue are a group of organic dyes
widely used in industry for dyeing wool, silk, nylon, paper
and leather'™. Such dyes are banned from fishery products
around the world due to mutations and toxic effects.
Nevertheless, due to it is low cost and high efficacy, it is
widely used in aquaculture for the prevention and
treatment of fungal and parasitic infections of fish®”.
Littlefield et al.¥ and Culp et al.” reported carcinogenicity
was observed in rats fed MG for 2 years and in animals
exposed to CV for extended periods. In particular, MG and
leuco malachitegreen (LMG) can cause carcinogenesis,
mutations, chromosomal fractures, group formation and
toxicity in different animal species. CV can induce fish
genital abnormalities and found to be associated with an
increased risk of human bladder cancer'®'V. Moerover,
acridine dyes acriflacine (ACR) and proflavine (PRO),
have used to disinfectants during since 1918'”. The
rhodamine B (RB) is used as dye laser material and

herbicide sprays in water environment pollution
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studies™?. Nile blue A (NB) is known to localize
selectively from animal tumors'>. Methylene blue (MB) is
widely used in microbiology and medicine'®.

Aquaculture industry has continued to grow impressively
for fishery products consumption since the late 1980s. The
average per capita consumption grew about 1.5 percent
annually from 9.0 kg in 1961 to 20.2 kg in 2015'.
However, non-compliant samples in fishery products are
increasing due to the unintended and over use of
chemicals. In 2005, malachite green was found in imported
eel produced by China. According to the Ministry of
Health, Labor and Welfare (MHLW) in Japan, methylene
blue was detected in 0.013 mg/kg in Chinese eel in 2017.
There are trade issues associated with certain dye
chemicals particularly with MG and its related congeners
in fishery products. Thus, MRLs (Maximum Residue
Limit) have been established for veterinary drug residues
and unintended used compounds in fishery products by
Ministry of Food and Drug Safety (MFDS) in Korea'®'.
The minimum required performance levels for MG, CV,
MB and its metabolites were set at 0.002 mg/kg in 2019.
Other dye substances shall not be detected in food in
accordance with the related food safety laws and
regulations.

MG and CV are rapidly metabolized in several fish
species and they are easily reduced to their leuco-form,
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such LMG and leuco crystal violet (LCV) metabolites. The
colorless LMB is light sensitive and rapidly redevelop the
blue color of MB. Thus, the metabolite of MB, Azure A,
B, and C (AZ-A, AZ-B, AZ-C) can be marker residues in
fish tissues, a multi-residue detection method is required™.
In previous studies, multi-residue analysis of dyes has been
difficult to develop the simultaneous analytical methods
due to the properties of leuco-type of MG and CV. In this
study, we develop the stable analytical method without the
oxidation reaction, and optimize multi-residue method
using QuEChERS procedure of 18 dyes in animal
products. The proposed method was applied in fish

Table 1. Molecular characteristics of 18 dye compounds

samples collected from retail markets to determine residue
analysis of dyes.

Materials and Methods

Reagents and chemicals

The chemical characteristics were presented in Table 1.
LMG, LCV and AZ-B standards were purchased from
Dr.ehrenstofer (Augsburg, Germany), Wako Pure Chemical
Industries Inc. (Osaka, Japan), USP (Rockville, MD, USA),
respectively. The other standards were purchased from Sigma-
Aldrich (Buchs, Switzerland). HPLC grade acetonitrile

Compounds IUPAC Name CAS No. l\/é(())i;cllllll:r M»?/Leizlﬁltar I;’og pka Structure
Ac(iﬂcal‘{/;ne 3,6-diamino-10-methylacridin-10-ium chloride 65589-70-0 C,H,CIN,  259.7 - - WL,
e
Azure A N',N'-dimethylphenothiazin-5-ium-3,7- . S
(AZ-A) diamine chloride 531-53-3 C,H,CIN;S 291.8 - - \;ITA/
Azure B dimethyl-[7-(methylamino)phenothiazin-3- s M
(AZ-B) ylidene]azanium chloride 331-55-5 Gyl CINS - 305.8 ) ) < el
Azure C 7-methyliminophenothiazin-10-ium-3- e S
(AZ-C) amine chloride 31-57-7 - CHRCINS - 277.8 - } T ‘Nf -
e [4-{[4-(diethylamino)phenyl]-phenylme-
Brilliant Green i deneycyclohexa-2,5-dien-1-ylidene]- 633034 C,H,N,0,S 4756 - -
(BG) . . ’
diethylazanium hydrogen sulfate
Crystal Violet  Tris(4-(dimethylamino)phenyl)methylium 9.40 [/\,
V) chloride 548-62-9  C,H,,CIN, 408.0 3.18 (at 25°C) O
N \:/\T,/
| N 4
Leucocrystal . . . L0y
Violet 4-[bis[4 (dlmeth).llammo)phe':nyl]methyl] N, 603-48-5 CLH, N, 3735 i ) \/\//L o
N-dimethylaniline 2 >
(LCV) @
Leucomala- . .
chite Green 4'[[4'(d‘methg%Tgﬁlfﬁegy;i]ﬁﬂzenylmethyl]' 120737 C,HN 3305 - 546 a
(LMG) ’ Y EAdG
Malachite 4-{[4-(Dimethylamino)phenyl] “
Green (phenyl)methylidene}-N, 569-64-2  C,H,,CIN, 3649  0.62 10.3
(MG)  N-dimethylcyclohexa-2,5-dien-1-iminium chloride i
Methylene . . . .
Blue 7-(dimethylamino)phenothiazin-3-ylidenel- ¢, 23\ ¢y ciNg 3199 075 3.14
dimethylazanium chloride
(MB)
Nile Blue A (5-aminobenzo[a]phenoxazin-9-ylidene)-dieth- 3625-57-8 CoH,CIN,O  353.8 i ) " N,\T:x,o:[jj,m.7

(NB) ylazanium sulfate




Table 1. (Continued) Molecular characteristics of 18 dye compounds
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Compounds IUPAC Name CAS No. Molecular for- Molef:ular Log pka Structure
mula weight P,
NH,
Pararosaniline O
Base Tris(4-aminophenyl)methanol 467-62-9  C,;H,N,0 3054 - - wn—{_H—t-on
(PB) O
NH,
Proflavine - — 8.06
(PRO) Acridine-3,6-diamine 92-62-6 C;H\N; 2093 1.83 (at 20°C)
Rhodamine . .
o Al 0T s cunoa w0 -
(R6G) Y Y
Rhodamine . .
B [9-(2-car’boxyphffnyl)-6-dleth}flammo-3jxan- 81-88-9 C,H,CINO, 4790 195 )
(RB) thenylidene]-diethylammonium chloride
Victoria Blue [4-[bis[4-(dimethylamino)phe- Hesves
B nyl]methylidene]naphthalen-1-ylidene]-phe- 2580-56-5  C,,H;,CIN; 506.1 - - A0 “
(VBB) nylazanium chloride Yoo
Victoria Blue [4-[Bis[4-(dimethylamino)phe- oVes
R nylJmethylidene]naphthalen-1-ylidene]-eth- 2185-86-6  C,,H;,CIN 458.0 - - O
(VBR) ylazanium chloride
Victoria Pure [4-[bis[4-(diethylamino)phe- o~
Blue BO nyl]methylidene]naphthalen-1-ylidene]-eth- 2390-60-5 C,,;H,,CIN; 514.1 - ’OO c
(VBO) ylazanium chloride

(ACN), methanol (MeOH) and dimethylsulfoside (DMSO)
were purchased from Merck Inc. (Darmstadt, Germany).
Sodium sulfate anhydrous (Na,SO,) and acetic acid were
purchased from Sigma-Aldrich octadecylsilane (C,5) and
PSA (Primary secondary amine) were obtained from Waters
(Milford, MA, USA), Agilent Technologies (Santa Clara,
CA, USA), respectively. In addition, formic acid (=95%)
and ammonium acetate of guaranteed reagent grade from
Sigma Aldrich. Syringe filter was acquired 0.2 um PTFE
(polytetrafluoroethylene, Barcelona, Spain). Livestock and
fishery products were purchased from local markets in
Korea. After homogenizing in high speed food blender, the
edible tissue of animal samples were stored low -20°C. Each
animal samples were confirmed to be free of targeted
analytes.

Preparation of stock and standard solutions

To prepare the samples for analysis, each individual
standard (10 mg) was accurately weighed and placed in a
100 mg/L. volume flask. Standard solutions of CV were
prepared by dissolving the standards in MeOH/DMSO (95:5,
v/v). Other standard stock solutions were prepared for each
compound in MeOH. All stock solutions stored at -20°C in
amber glass bottles to prevent photolysis. Working solutions
were prepared right before use by ACN/water (1:1, v/v).

Sample preparation

A portion (2 g) of homogenized sample was weighed and
placed into 50-mL centrifuge tube. Add 1 mL of 1% acetic
acid in water to each sample and strongly mixed for 1 min.
After, add 10 mL 1% acetic acid in ACN and shaken.
Na,SO, (2 g) was added and mixed with sample for 5
minutes. The tube with the sample was centrifuged at
4,500xg for 10 min (4°C). The supernatant was transferred
to 50 mL falcon tubes containing C,; (100 mg) and PSA
(100 mg). Shake over 5 min and centrifuge at 4,500 g, 4°C
for 10 minutes. And then, 1 mL supernatant filtered by
0.2 um PTFE and placed in a vial (Fig. 1).

LC-MS/MS analysis

Liquid chromatography-tandem mass spectrometry (LC-MS/
MS) analysis was performed on a Shimadzu (Kyoto, Japan)
LC-MS/MS (LCMS-8060) with Cadenza CD-C,, (2.0 mm
ILD.x150 mm, 3.0 um). The temperature column was
maintained at 40°C and the flow rate was 0.3 mL/min. The
injection volume was 2 uL, and the analysis was performed
with gradient elution using (A) 10 mM ammonium acetate
and 0.1% formic acid in ACN, (B) 0.1% formic acid in
water as the mobile. Triple quadrupole tandem mass analysis
was performed under an electrospray ionization mode (ESI)
source in positive mode (ESI+). Data collection carried out
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’ Sample 2 g ‘

‘ Add 1 mL of 1% acetic acid in water ‘
‘ vortex stirring

‘ Add 10 mL of 1% acetic acid in acetonitrile ‘

’ Add 2 g anhydrous sodium sulfate ‘

5 min vortex stirring
Centrifuge for 10 min in 4,500xg (4C)

‘ Transfer supernatant to 50 mL falcon tubes containing C;s (100 mg) and PSA (100 mg) ‘

5 min vortex stirring
Centrifuge for 10 min in 4,500xg (4 C)

‘ Transfer 1 mL supernatant and filter by PTFE ‘

] LC-MS/MS |

Fig. 1. Analytical procedure of 18 dyes in fishery product samples.

Table 2. Multiple reaction monitoring (MRM) parameters of Table 2. (Continued) Multiple reaction monitoring (MRM)
dyes parameters of dyes

Precursor Product Collision Precursor Product Collision

Com- Retention Molecular Com- Retention Molecular

pounds time weight (m/2) (III?/I;) e?:\r/g)y pounds time weight (rlr(:/r;) (Ilr?/r;) e?:\r%y
181.1 45 240.1 33
ACR 402 2597 2241  182.1 35 ME 456 3199 2840 2521 52
309.1 30 268.1 34
199.1 42 246.1 51
AZ- A 425 291.8 256.1 214.1 34 NB 5.27 353.8 318.0 260.1 44
241.1 27 274.1 35
212.1 52 1511 49
AZ-B 440 3058 2699  228.1 34 PB 441 3054 281 1671 49
254.1 33 195.1 30
173.1 46 166.1 32
AZ-C 406 2778 2419  200.1 34 PRO 4022093 2101 1921 36
77 1 57 193.1 28
3971 s 341.2 49
3G 631 4756 3850 3410 29 R6G 585 4790 4331 3862 41
3550 3 4152 34
2351 s 355.1 55
cv 601 4080 3721 3402 55 RB 267 A0 433 izgi :Z
356.2 39 333.1 53
238.2 28 VBB 630 5061  470.1 3492 38
LCV 794 3735 3721 2392 35 154 I
358.3 32 301.2 35
223.1 33 VBR 619 4580 4221 3932 38
LMG 793 3305 3310 2392 31 4062 40
3162 21 390.2 55
165.2 33 VBO 694 5141 4782 4052 50
MG 551 3649  329.1 2082 34 434 43
313.2 36

*The underlined bold letters expressed as quantification ion.




using the multiple reaction monitoring (MRM). The
optimized parameters are listed in Table 2.

Method validation

The method was validated according to the procedures
described in the Codex guideline (CAC/GL-71)*". The
measured parameters were the linearity, accuracy, precision,
limit of detection (LOD), limit of quantitation (LOQ) and
recovery. The intra-day and inter-lab precision are expressed
as relative standard deviations (RSDs, %) and were
evaluated by spiking blank samples (#=5). The inter-lab
validation was performed at three target concentrations of
1XLOQ (0.002 mg/L), 2xLOQ (0.004 mg/L), and 10xLOQ
(0.02 mg/L) in all animal product samples. The LOD was
calculated at a signal to noise ratio (S/N) of 3, and the LOQ
value was calculated using a S/N ratio of 10. The LOQ of
the examined analytes were 0.002 mg/kg. Matrix-matched
calibration standards were prepared by spiking blank matrix
samples at 6 concentration levels (0.001, 0.002, 0.004, 0.01,
0.02, 0.03 mg/L). Recovery was assessed at spiking
concentrations of 1xLOQ, 2xLOQ, and 10xLOQ.

Results and Discussion

Optimization of LC-MS/MS conditions

Several multi-residue assays were performed by ionization
using LC-MS/MS because of high sensitivity, quantitation
and qualitative analysis’*”. Moreover, the QuEChERS
(quick, easy, cheap, effective, rugged and safe) method is
very simple and efficient analysis for time reduction. The
mobile phase was established (A: 0.1% formic acid in water/
10 mM ammonium acetate and B: 0.1% formic acid in
ACN). For mobile phases A, 10 mM ammonium acetate,
10 mM ammonium formate, and 0.1% formic acid in water/
10 mM ammonium acetate were compared. As a result,
10 mM ammonium formate showed peak tailing in dyes
analysis. Using 10 mM ammonium acetate and adding
formic acid has increased the sensitivity and highest peak
area™. To optimize mobile phases B, ACN and 0.1% formic
acid in ACN was compared. The result showed that only
ACN with formic acid has good peak shape. C,, column was
used to separate target compounds in animal products. Mass
spectrum was confirmed in full scan mode to generate
precursor ions and product ions, and the product ions with
the best sensitivity were set as quantitative ions. Of all
product ions, only two product ions with high sensitivity
were established by qualitative ions (Table 2).

Optimization of extraction and purification
In our previous method of Korean Food Code, leuco type
compounds (LMG and LCV) need to convert parent
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compounds (MG and CV) through oxidation process by 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ). For this
reason, both all parent compounds and its metabolites should
be analyzed simultaneously. Due to oxidation process is
performed in the dyes analysis the material is decomposed
and thus it is difficult to analyze properly®. In addition, the
MB metabolite, LMB, is very unstable to light and is free
to oxidize to methylene blue, making it difficult to quantify
and there is no standard®**>. Therefore, the method was
developed by analyzing the metabolite and the raw material
simultaneously except the DDQ oxidation process, which is
a general dyes analysis method. Xu et al.*® reported, MB
defined AZ-A and C as analytical, including the main
metabolite AZ-B. First, the shrimp tissue was not well
dispersed in the organic solvent, it was occurred a large
deviation in the recovery rate. To improve the protein tissues
were dispersed and mixed strongly after adding 1% acetic
acid in water before extraction to increase the extraction
efficiency. 1% acetic acid in ACN was used as the extraction
solvent, and 1% acetic acid was much better than 0.5% acetic
acid for extracting in recovery””. In addition, since the
aqueous solution was used before extraction, sodium sulfate
was used to remove the water in the sample. C;; and PSA
were used to effectively remove interfering substance and fats.
C,; 1s hydrocarbon chains to eliminate fats and nonpolar
interfering substance. Further, PSA is a weak anion exchange
sorbent that retains carboxylic acids and fatty acids in the
sample because it contains two amino group™. Filtrations
with PTFE, PVDF, and nylon cartridges were compared with
standard solution for filtration loss. As a result, nearly 100%
recovery was retained by PTFE in the process of filtration.
However, PVDF and nylon filters were lower recovery than
PTFE filter. In this study, the dye compounds of were
stabilized metabolites without DDQ oxidation. In addition, the
proposed analytical method showed high accuracy, acceptable
sensitivity and recovery according to CODEX guideline.

Method validation

A specificity was showed through the analysis of blank
sample (beef, pork, chicken, egg, milk, flatfish, eel, and
shrimp) and not interfering substance was observed (#=5).
The chromatograms of target compounds were shown in
Fig. 2. LOQ was 0.002 mg/kg from S/N ratio of 10. LOQ
including calibration standards were prepared by spiking
blank matrix samples at 6 concentration levels. All
compound calibration linearity was obtained (+*>0.98) and
spiking concentrations of 1XLOQ, 2xLOQ, and 10xLOQ,
(n=5). As a result, precision (repeatability and
reproducibility) at intra-day of dyes were ranged from 63 to
112% with RSD less than 15% (Table 3). In egg samples,
the recoveries of LCV and LMG were ranged 62.7-69.6%.
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Fig. 2. Total ion chromatograms of 18 dyes by LC-MS/MS (0.002 mg/kg).

These results may be related to high protein and lipid extraction solvents®™. The inter-lab test was conducted to

content in egg matrix. The lipoproteins may have affected evaluated the ruggedness of which results was ranged from
the sufficient extraction and forms emulsions with the 70 to 120% with RSD less than 25%. Compared to previous
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Table 3. Recovery and CV (coefficient variation) at target testing levels for all matrices
Target Beef(n=5)  Pork (n=5) Chicken (n=5) Egg(n=5) Milk (n=5) Flatfish(n=5) Eel(n=5) Shrimp (n=5)

testing  Recovery  Recovery  Recovery = Recovery  Recovery  Recovery  Recovery  Recovery
level (%) (%) (%) (%) (%) (%) (%) (%)
(mg/kg)  CV (%) CV (%) CV (%) CV (%) CV (%) CV (%) CV (%) CV (%)

0.002 88.6 4.64 925 3.52 934 4.12 90.8 6.05 105 094 969 284 99.6 232 106 1.96

ACR 0.004 98.0 143 105 4.10 103 2.69 102 2.13 101 241 985 218 102 1.69 104 1.13
0.02 935 097 102 293 989 184 97.0 1.18 99.1 144 102 091 994 126 100 1.98

0.002 90.1 3.51 106 3.37 885 544 102 2.11 98.7 329 992 427 97.6 804 106 254

AZ-A 0.004 93.6 191 105 4.62 988 4.03 96.0 3.59 952 398 98.6 248 974 1.11 102 3.20
002 949 119 973 299 963 137 983 328 939 0.88 104 0.80 103 1.35 102 1.62

0.002 106 3.70 105 3.80 105 1.88 101 2.99 104 394 993 389 105 433 108 4.40

AZ-B 0.004 98.0 2.62 98.6 581 102 4.62 962 1.61 97.1 3.54 94,6 1.05 99.8 4.69 102 272
002 976 058 9.4 122 975 1.07 974 0.76 96.1 138 105 0.84 104 0.69 101 0.88

0.002 893 3.58 979 4.04 101 333 972 5.13 959 347 103.0 245 106 1.85 107 2.88

AZ-C 0.004 97.1 471 102 243 102 3.76 102 2.78 98.8 3.31 989 195 104 339 983 1.61
0.02 957 322 100 2.07 999 275 980 0.70 973 1.56 102 0.97 101 1.81 101 235

0.002 96.5 3.50 88.0 3.12 933 224 975 2.88 999 248 107 1.17 101 254 112 6.33

BG 0.004 96.4 2.09 929 4.08 975 2.15 940 143 974 1.70 102 1.26 103 3.64 106 2.04
0.02 957 224 101 172 974 185 91.6 3.16 100 1.50 992 0.81 96.8 143 93.0 1.27

0.002 86.7 0.92 90.1 2.51 92.1 2.07 942 096 94.1 056 101 1.15 106 1.84 946 2.78

Ccv 0.004 935 197 93.6 515 978 2.16 96.0 1.57 952 2.02 964 097 98.6 1.16 98.0 1123
0.02 103 1.63 100 194 99.7 0.67 101 132 103 1.11 99.7 094 96,5 121 100 0.59

0.002 97.0 1.61 804 3.77 963 146 62.7 11.8 105 2.65 104 4.84 100 245 108 5.81

LCV 0.004 925 2.06 874 732 944 1.04 63.8 139 949 1.62 105 4.66 90.7 7.74 109 234
0.02 821 3.12 804 281 899 144 632 127 921 1.51 105 245 83.7 9.06 108 1.07

0.002 103 220 844 3.73 96.5 137 69.6 842 106 2.15 104 498 99.8 153 107 538

LMG 0.004 929 244 863 648 93.6 135 67.0 122 951 1.14 101 397 893 638 107 226
0.02 830 370 792 3.12 927 144 665 11.5 935 1.63 105 1.79 84.0 742 107 1.11

0.002 102 4.80 112 3.60 999 1.68 101 4.60 106 137 973 1.09 965 3.63 101 112

MG 0.004 104 441 988 517 103 3.64 101 233 99.1 130 951 258 101 630 100 245
0.02 102 299 995 293 101 480 96.6 3.57 99.1 150 108 1.69 103 2.82 106 3.52

0.002 107 4.18 110 4.17 104 2.74 108 4.12 983 4.07 103 448 101 1.57 102 531

ME 0.004 974 192 977 345 993 3.61 96.7 234 929 243 96.8 1.80 993 2.69 96.7 3.61
002 956 110 9.6 117 9%96.1 044 953 1.14 9.1 1.74 101 1.07 102 135 101 0.81

0.002 935 229 963 298 101 2.61 101 2.68 94.6 1.19 91.8 233 100 1.15 104 2.65

NB 0.004 93.1 0.77 964 3.13 99.7 1.07 975 0.69 945 1.71 939 090 98.1 0.64 101 1.45
002 979 193 989 1.17 994 0.64 98.0 1.70 989 0.87 104 1.06 101 1.44 101 0.38

0.002 105 2.16 102 244 106 342 102 1.28 954 142 975 190 953 1.09 97.1 3.53

PB 0.004 104 2.75 100 3.49 103 0.70 102 1.03 96.6 2.07 95.1 0.83 96.6 1.01 962 138
0.02 100 135 987 146 975 162 100 131 100 1.28 101 1.10 102 1.28 103 1.20

0.002 86.2 3.01 883 4.69 102 1.21 88.1 2.83 985 3.77 924 281 902 254 99.6 229

PRO 0.004 101 1.57 101 1.02 107 2.63 104 2.17 103 240 96.6 1.78 99.2 1.01 101 1.87
0.02 995 241 988 131 96.8 271 99.7 1.02 983 243 99.1 1.69 102 1.50 102 2.02

Compounds
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Table 3. (Continued) Recovery and CV (coefficient variation) at target testing levels for all matrices

Target Beef(n=5) Pork (n=5) Chicken (n=5) Egg(n=5) Milk (n=5) Flatfish(n=5) Eel(n=5) Shrimp (n=5)
Compounds testing Recovery = Recovery  Recovery  Recovery  Recovery  Recovery  Recovery  Recovery
level (%) (%) (%) (%) (%) (%) (%) (%)
(mg/kg)  CV (%) CV (%) CV (%) CV (%) CV (%) CV (%) CV (%) CV (%)
0.002 103 1.87 943 2.10 101 0.76 992 1.40 105 094 104 245 100 0.92 106 1.62
R6G 0.004 102 1.19 949 3.77 985 1.28 964 1.11 101 241 100 0.82 101 1.02 105 1.33
0.02 101 2.12 975 256 957 122 97.6 0.71 99.1 144 927 058 93.6 1.13 934 0.72
0.002 104 266 972 1.60 99.7 1.03 105 192 103 145 918 1.98 101 1.80 102 1.92
RB 0.004 102 145 953 424 995 1.22 988 1.53 982 1.53 92.7 247 973 1.04 994 1.53
0.02 99.7 256 96.7 143 984 1.77 98.0 0.64 101 1.64 100 1.01 992 0.72 103 1.65
0.002 98.1 2.01 955 099 955 2.17 94.0 0.86 103 1.61 101 1.51 96.5 4.63 106 1.59
VBB 0.004 95.1 183 955 4.76 982 2.00 939 299 973 152 972 1.17 979 1.65 102 1.55
0.02 90.5 1.67 952 143 96.0 129 950 124 990 136 102 546 103 225 104 1.65
0.002 98.8 2.19 103 232 999 194 103 099 101 2.09 98.1 242 969 131 103 1.27
VBR 0.004 95.8 223 973 3.81 969 2.00 962 0.85 965 176 96.1 173 954 1.66 100 1.45
0.02 92,6 173 954 1.63 964 136 943 135 985 142 999 1.16 100 132 104 1.57
0.002 104 295 93.7 235 945 242 93.0 142 105 083 103 146 992 1.15 108 1.70
VBO 0.004 100 130 944 589 976 130 912 144 100 198 986 130 974 4.13 103 0.84
0.02 97,6 1.61 945 1.06 99.1 051 914 1.63 102 098 104 147 100 1.88 104 1.11
studies, the proposed method is simple and simultaneous =2 9 oF
analysis of dye substances in food matrices with fast
analysis, repeatability high sensitivity?®?**?, Therefore, dyes B ool Buxog ZabZe) AlgE 2= 15 a8
multi-residue method is expected to be used for future mon- 18 =9 3l erd Az 743E sl A 2 24 J B o]
itoring studies. 7F&3k LC-MS/MS T‘Z:— 2 g3t A5 37] -r] & '1‘53 HA
o} . 3 E AEH-2 CODEX CAC/GL-71 7Fo] =&hele]l
Application and real sample monitoring ual AAA, A /H , A 2 358 5 59
The real sample monitoring was conducted to identify the aAE g5yt . EH)\P/\] g9 1% oMM EALS F8-3t

applicability of the multi-residue determination for dye
residues in animal products. Based on the previous detection
history, fishery product samples (flatfish, eel, shrimp) were
collected from domestic market (n=124). As a result, a total
of seven cases were detected in fishery products. CV (LCV),
MG R6G were detected each sample. VBO was detected in
four samples. However, the detected concentrations were very
low concentrations (0.0001-0.0014 mg/kg). There was no
violation result exceeding the Korean MRL (0.002 mg/kg for
dye residues). Therefore, monitoring results shows that
domestic fishery products are safe level of residues. Further
studies are needed to control unintended contamination for
chemical residues in animal products.
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