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Abstract: In order to detect the metabolic residues of eugenol anesthetics during the transportation of fresh aquatic products, a high
performance liquid chromatography (HPLC) method for the simultaneous determination of six eugenol compounds in the muscle tissue of
catfish (letalurus punetaus) was developed. The freeze-dried fish muscle tissue was ultrasonically extracted with a mixture of 15 mL methanol
and acetonitrile (V/V, 2:1), purified by 100 mg of hydrophobic gas phase nano-silica, and filtered. The mobile phase was a mixture of methanol
and 0.1% acetic acid solution (V/V, 58:42) with a flow rate of 0.8 mL/min and ultraviolet detection wavelength at 272 nm, the column
temperature was 35 ‘C, the injection volume was 10 pL, and the external standard method was developed. The linear relationship of six eugenol
compounds was good in the range of 0.02~100.0 ug/mL with a linear regression coefficient more than 0.999. The average intra-recovery was
between 50.52% and 97.98% and the relative standard deviation was between 1.25 and 14.56% at three different addition levels. The stability
and repeatability of the method were good. The detection limit of the method is 0.026~0.121 mg/kg, which is lower than the residue limit
standard of eugenol in Japan. It can be used for the detection of various eugenol compounds in fish samples in batches.
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SIGMA-ALORICH; Zr#fr4f), B 2542 55a
FRAT; Pl IE ke, B 28RS R A
K GEBAEK), A4 5Lk (GCB, CAS 5: 1333-86-4),
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MACKLIN; $i /K SAH G K A A (CAS 5
60676-86-0), MACKLIN; PSA (CAS 5: 6377975-02),
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Fig.1 Standard solution chromatogram of 6 eugenol compounds
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Table 1 The effect of different solvent on the extraction (n=3)

SRR
RIRF TAE FTAE LT A8 FAT A8
EIE/%  RSD/% =/%  RSD/% B /% RSD/% B /% RSD/%
ThE 81.12 10.04 53.82 1.38 86.22 12.32 83.95 12.81
o 83.29 1.30 86.22 4.82 74.93 4.83 80.23 13.52
ZEALE 7228 1.84 76.23 4.93 76.13 7.63 69.05 2.01
7 84.37 7.32 60.32 10.41 - - 85.84 23.11
ETK 93.16 23.91 - - - - 11.42 -
il
R LB T A8y WA T A REFNRE  RIBFELRE 7 AR
EE/%  RSD/% EE/%  RSD/%
ThE 89.61 13.01 84.02 11.80 x& g KAtk Bl
W 71.13 1.01 83.01 5.02 KEeE PR & Bha AR L
LETEE 7672 5.32 87.72 523 KEeE Ak T AR B’X
7 - - 96.91 541 FEe BRIk ST RN Rk
ETK 92.34 15.71 - - EEE BIE R B0 B I X
= T EB KRR, KL PSA. GCB. Cis X%
EALE AR, PSAL Cig REERROHE S T & A i %

Y2 BEE 5 T 5
[ TG T W)

FCZE / %
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Fig.2 The effect of volume ratio of methanol to acetonitrile on

extraction efficiency
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F, AN 100 mg I, #T S IR RTIRT E bR
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Fig.3 The effect of different adsorbents on the recovery rate of
eugenol compounds
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Fig.4 The effect of dosage of the SiO, on the recovery rate
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Fig.6 Chromatogram of blank squid sample
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Fig.7 Chromatogram of squid spiked sample
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Table 2 The linear equations, correlation coefficient, linear range, detection limit and limits of quantification of six kinds of clove phenol

compounds

2 Ak AR, R? LMTEE/(ugmL)  AER/(mgke) L EMR/(mgke)
TAE y=0.000118826x+0.0259557 0.99998 0.08~80 0.047 0.156
R y=0.0000257127x+0.0273844 0.99999 0.02~20 0.053 0.175
LB T A By s Y=0.000139607x+0.117439 0.99999 0.1~100 0.114 0.380
TR T A8 Y=0.000132006x+0.295053 0.99979 0.09~90 0.121 0.403
LEBAFTAS  Y=0.0000609754x+0.0155076 0.99983 0.04~20 0.045 0.149
AR T A B Y=0.0000281398x+0.0543832 0.99994 0.02~20 0.026 0.087
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FARRAEVER BB FE MR RE B — B AR L AR AR
W, TEARACEF I R 2 NIRRT, DAARAEVA IR
FEVEREAARR, X TR AR, AR
LR, SRWE 2 Por, 6 M T EMBLEEHAH
WL PETE RN, 2RISR REF(R™>0.999), M
FES AR IEEGAL G, LA 3 A5 ERELL(S/N=3) T 5%
JiiE 6 M EHAL G T ER IR 0.026~0.121
mg/kg , 10 1% 15 M L (SIN=10) i+ & € &R A
0.087~0.403 mg/kg, SIAEHEMHLL, HWETH
Py IR HE R A 0.047 mg/kg, 18T H AR E B BR B
PR B AR #E(MRL=0.05 mg/ke)"®, 5T Mk IR A
0.053 mg/kg, IKTHT PG 2R 1 B Kk BE PR = b i
(MRL=0.1 mg/kg)!"", ] LI Tl T 7 ieh SR B 14
PR BRI o

2.5 SRFHY AT E R BOT AR R

B B SRS L L TR i, 208
R I FT AR ER T AN D 6 Bl T IR
YRR, RN 014 0.54 1 mgkg =ANKFRIEIN
EGREE, KR 6 YCPATSRER, AR, N7
AEZ AR EINE, 6 P B = AN RIR A IR
BT T HIRIER GRS, 458 03K 3. R, 6
FEAEAE =PRI H NP RICR R R R

50.52%~97.18% [8], AHXIFRAEIMZELE 1.25%~14.56%
Z I, HESHW P REREMEZEANK, i
48.95%~92.45%, AHXS bR R ZE7E 3.98%~18.11%
6], ZITFAE T, FFa ol 2 A ) 22
Ko I Z AT DA FEAE St (R ISR IE, i BH 236
[ AR A AT AR A S PE RAF, AR IIE AR
(HET St T IR S

2.6 SEERAFE G e AR

PAE T iEAS BISE S, ek M SE RT3
SRR AR T F R AR AR, ARy
ST B BERAZTE TR AR, 455 RBUT
I FEAR R T FE /NI A RIEAL T FBy b &
M. AFEREMMMEL T HHEAEL 1.73~5.05
mgkg i) EEREMNET T HEHN SR
10.5~14.99 mg/kg, iR, BIMEENT FHhikE &4

B4, XATRERFNE ZEKgis oo 2R
FI% %ﬂﬂ)\%ﬁi P DRI R S 7 B 5 1
HEmEh T HB SRR FAOHLEN T HMEN
AR BB (ADI)2.5 mg/kg ] 4~6 %, X—
GERRW, T AW E SR T R R
FIH A E T BTG T A H AR 5k IR A
PAF.

* 3 ZEEMBINAREERFER R ERE

Table 3 Recoveries and relative standard deviations for blank samples spiked with standards (n=6)

) HA g 18]
AW EH Aok (mefke) PRI E % RSD/% TR % RSD/%
0.1 52.52 1.25 51.82 11.92
TAEB 0.5 84.23 11.25 79.20 16.52
1 90.32 6.51 87.84 14.80
0.1 50.52 7.90 48.95 9.94
FTHE 0.5 72.69 9.22 68.19 17.78
1 80.55 9.34 78.63 10.04
0.1 56.92 13.35 55.09 16.18
LERTAHE 0.5 76.15 9.49 74.09 14.90
1 84.61 5.40 82.81 5.44
0.1 51.47 8.74 50.21 8.70
FRT A8 0.5 69.76 9.97 68.40 8.67
1 69.97 1.96 69.75 3.98
0.1 60.34 9.58 58.57 9.60
LB AR T A8y 0.5 83.83 3.62 79.79 4.07
1 97.18 12.35 92.45 11.13
0.1 55.85 14.56 53.81 18.11
YA T A8 0.5 64.31 3.78 63.48 8.48
1 72.01 3.96 71.31 4.52
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3 Z5ig

AT T T 200 e B S S A S
W6 Rl T EHE AL &) DSPE-HPLC J5i%, NSEHL
ST RARAI T IE R HBR, IR A Ak 2 AT
THAk. MR- CHSRARIG 100 mg A AR
THEACI AR AN BT RS T B R, ETE
WL LUE, did H WS H RIS T E B R
HIE MR R, %R R H PR E = PR S
A4 0.026~0.121 mg/kg 1 0.087~0.403 mg/kg, J5i% M
RIS T CARUE R T Bl Rk B IR e, H
EITEERAER . FENTRGE . R BIRE OGS Bk
FANFEACHR, PT LASLFH 2152 bR A AR RS ke o
[FIRF, S TS BRAE al AI AAT o] LAUEBH, SRR
BARETEARS T H SRR FIE S mT DU T R
BRE, (HREKR AR —EMEF e, o8
FEAEFA B AR, BRI SRR S AH G I VE AR,
SRR RRIE R B B2 I AE AR R T2 I i K
ZFe.

[1]  Fish Program N T. Carcinogenesis studies of eugenol (CAS
No. 97-53-0) in F344/N rats and B6C3F1 mice (feed studies)
[J]. Natl Toxicol Program Tech Rep Ser, 1983, 223: 1-159

[2] Bowker J, Trushenski J, Tuttlelau M, et al. Guide to Using
Drugs, Biologics, and Other Chemicals in Aquaculture [M].
American Fisheries Society Fish Culture Section, 2011

[3] Eric Wagner, Ronney Arndt, Blaine Hilton. Physiological
stress responses, egg survival and sperm motility for rainbow
trout broodstock anesthetized with clove oil, tricaine
methanesulfonate or carbon dioxide [J]. Aquaculture, 2002,
211(1): 353-366

[4] Scherpenisse P, Bergwerff A A. Determination of residues of
tricaine in fish using liquid chromatography tandem mass
spectrometry [J]. Analytica Chimica Acta, 2007, 586(1-2):
407-410

[51 KeC, Liu Q, Li L, et al. Residual levels and risk assessment
of eugenol and its isomers in fish from China markets [J].
Aquaculture, 2018, 484: 338-342

[6] Huerta B, Jakimska A, Gros M, et al. Analysis of multi-class
pharmaceuticals in fish tissues by ultra-high-performance
liquid chromatography tandem mass spectrometry [J].
Journal of Chromatography A, 2013, 1288: 63-72

(7] AHE, T R, A R Tty rh R D AR D

[10]

[11]

[12]

[14]

ST N SE [ T A R AL 3 U7 9 B (J]. & R 2,201,
32(2):227-230

ZHAO Yan, WANG Li-min, LIU Yao-min, et al. Comparison
of two pretreatment methods for determination of
enrofloxacin and ciprofloxacin residues in freeze-dried
salmon powder [J]. Food Science, 2011, 32(2): 227-230
Salvador A, Moretton C, Piram A, et al. On-line solid-phase
extraction with on-support derivatization for high-sensitivity
liquid chromatography tandem mass spectrometry of
estrogens in influent/effluent of wastewater treatment plants
[J]. Journal of Chromatography A, 2007, 1145(1): 102-109
S5 R T, SR AR I 77 B~ [ A A H A~ A B
2200 E PRI N N N R R R 24 (). A0 T B
2016,12:185

DENG Lei, CHEN Fen, GONG Xian. Determination of BHC
and DDT pesticides in soil by rapid solvent extraction ~ solid
phase extraction purification-gas chromatography [J].
Chemical Industry Management, 2016, 12: 185

iy k{1 EIIE [ A AR BB ARAE AR i T 2 By SRR
A RS FH D] L) 4RI R 2,2016

HE Hong-jian. Application of molecularly imprinted solid
phase extraction in the detection of aquatic eugenol anesthetic
[D]. Zhanjiang: Guangdong Ocean University, 2016
Anastassiades M, Lehotay S J, Stajnbaher D, et al. Fast and
easy multiresidue method employing acetonitrile extraction/
partitioning and "dispersive solid-phase extraction" for the
determination of pesticide residues in produce [J]. Journal of
AOAC International, 2003, 86(2): 412-431

Yao L, LvY Z, Zhang L J, et al. Determination of 24 personal
care products in fish bile using hybrid solvent precipitation
and dispersive solid phase extraction cleanup with ultrahigh
performance  liquid  chromatography-tandem  mass
spectrometry and gas chromatography-mass spectrometry [J].
Journal of Chromatography A, 2018, 1551(25): 29-40

Sun P, Gao Y, Lian Y. Determination of eugenol in aquatic
products by dispersive solid-phase extraction and ultra-high-
performance
spectrometry [J]. Food Analytical Methods, 2017, 1: 1-8

Liu J, Tong L, Meng W, et al. Determination of 135

liquid  chromatography-tandem  mass

pesticides and their metabolites in Angelica sinensis by
ultra-fast liquid chromatography-tandem mass spectrometry
coupled with solid-phase extraction [J]. Se Pu, 2015, 33(12):
1257-1268

(&5 272 5D

307



