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Abstract: Nowadays, anesthetics are widely used in fishery production processes, such as fish

breeding, surgery, and fresh aquatic product transportation. Because of the widespread applica-
tion of anesthetic drugs in aquatic products, there is an increasing demand for the rapid and
sensitive detection of anesthetic drugs in aquatic products. The complex aquatic product matrix
contains a variety of interfering substances, such as proteins, fats, and phospholipids, along
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with anesthetic drug residues at very low concentrations; therefore, it is necessary to adopt
appropriate pretreatment methods for improving the sensitivity of detection. In this study, a dis-
persive solid-phase extraction (DSPE) method, combined with high-performance liquid chro-
matography, was established for the simultaneous detection of seven anesthetic drugs in aquatic
products, viz. procaine, oxybuprocaine, tricaine, eugenol, methyl eugenol, isoeugenol, and
methyl isoeugenol. For the DSPE step, pretreatment conditions, such as extraction solvent,
extraction time, adsorbent amount, and DMSO dosage, were optimized. Sample pretreatment is
a three-step process. First, in ultrasound-assisted extraction, 2.0 g samples were extracted
using 10. 0 mL 1. 0% formic acid in acetonitrile under ultrasound conditions for 10 min. Then,
DSPE was performed with mixed adsorbents: the solvent extracts were cleaned using 20 mg
poly ( styrene-glycidylmethacrylate) microspheres ( PS-GMA) , 50 mg primary secondary amines
(PSA), and 10 mg C18, followed by separation by centrifugation. Finally, DMSO-assisted con-
centration was applied; the organic layer was collected and was dried at 40 C in a N, stream
with 100 pL. DMSO. Water was added to the residue to obtain a final volume of 1.0 mL for
HPLC analysis. The seven anesthetic drugs were separated on a Welch welchrom C18 column
(250 mmx4.6 mm, 5 wm) by gradient elution using methanol and 0. 05% formic acid in 5
mmol/L ammonium acetate aqueous solution as mobile phases. The detection wavelengths were
235, 260, and 290 nm. Two matrix matching standard curves for fish and shrimp were applied
for quantitative analysis. Under optimized conditions, the seven target anesthetics showed good
linear relationships in their respective concentration ranges ( R>>0.999), with the limit of
detection (LOD) ranging from 0.011 to 0. 043 mg/kg. In fish samples, the mean recoveries
obtained at three concentration levels were between 79. 7% and 109%, with relative standard
deviations (RSDs) being less than 7.2%. In shrimp samples, mean recoveries were 78. 0% —
99. 9%, with RSDs being less than 8. 3%. This simple, rapid, accurate, and sensitive method
can be applied to the detection of three kinds of aminobenzoic acid esters and four kinds of
eugenol anesthetic drugs in aquatic products.

Key words: dispersive solid-phase extraction ( DSPE) ; high-performance liquid chromatogra-
phy (HPLC) ; anesthetic drugs; aquatic products

Bifi 2 A 06 KT (R 5, T 3% 3 0 7K™ 1 o
T EETE R R T AR BRI e —Fh
FER ) FE B 40 ] 3 i v AR 2 R G ) BB Y 24
Pt A RREERIE &) T AR E R TR
S A P A R TG K s i A A, TEOK T
iz e R e RIS A4 A AT AR R K 7 i A i
T BE, AR AR 7= il (R I A A g, DA T sk 2 PR e 42 Je
A A5 55 3 AR AE T B R AT R 2

MS-222 F'T 75 W 2 Rk 551 02 B F e i e

JRIET] . MS-222 AR =K, &I BREH &k
SOV FH A 7K o JRR 5D, 56 1 BR e AR 24 41 oy 21
K, F KF% B8 BR # ( maximum residue limit, MRL)
M1 mg/L; B RBERZI R 5 K THBZ
H A se /i it B 6 28 R 550, BR 2 MRL {E 4 0. 05
mg/kg'" s 5 T A AEMAAT v % 55 E 5t
WERE ) (B TR E IR A B A 56 kBB 7 ol
R B PR, AR SRR 2 (H R A
HRAE 2 ) — SRR ) B oA S Eom v B3

SIRARST A5, F B SR, E2A6 BRIBDE A . 4B AR 28 B 28 R (i i I s K ™ it o 7 ORISR (3, 2022,40(2)

139-147.

SHI Fang, SHOU Dan, JIN Micong, WANG Hongwei, CHEN Xuguang, ZHU Yan. Dispersive solid-phase extraction combined with
high-performance liquid chromatography for determination of seven anesthetics in aquatic products. Chinese Journal of Chroma-

tography ,2022,40(2) :139-147.



52 A1 J7 A O ST AR AR B R RO Lk T 7K™ it 7 BRI 59 - 141 -

[E K B2 (NTP) KA 98 o, T &
FACE WX Tkt 3 W) 2 BUR P 8CE W AR BUE ),
AT I XST 7K 77 s T JRR R0 2 B A 00 %o 17K 7 s ) 3
3 RS R A O T A L

HAT, 7K™ b v RR 00 (R A6 Iy vk 28
I RBORORE €33 12 (HPLC) ™) WROAH €0, 33%- 3% 16¢ 1
¥ (LC/MS) M ASOMT 68 18- 5 B T v (G
MS) 2B R AL B A T R
IR S B R W =S S e = i =1
RESEZ TP, HLK ™ b v R 71 5% 8 114 7K
ARAIG, DRI e 230 2k o > 1 i Ak 2R 2 i s A 1)
R, CAHRIE A DCHTAL I 5 A7 A AL B
(SPE) """ [ M {4 Bk (SPME) ') QUECh-
ERS &1 4

53 HC AR A% B 7R A% 50 1 [ AR AR B Jkath %
R T A 1) — P ir Ak B AR 368 s 45 2 86 550 4 18 T A
Pl VA TR R B AR AN AL B AR, 3 T AR L
[E AR S VRS BRI o BTAH AR B SR HA i
b AT SEEL A S ERAE SR A (B R AT T AR
et A E AN AE S U LA B T B LR
FIE > A b s R w0 B &
Tz T 2 R0 52 0 i 5 5T b B AR B A
TBE K B2 S LA R RO K R AR
TR AR S R T AR AR SRS SR T W Y 7
vz B8 FH R RS T T A B 2R RR BRI A R o i )
K H 1. 0% H R O R 4 B ), 2R M- W B9 4
R4 7K H i 5 3R 5 W) ek (PS-GMA ) (N-N 52—
Jiic (PSA) Fil C18 YR 4 W B 53 Ay e Ak 301 , 285 G e 350K
FHETEE S 1K™ i % & R I (procaine ) | T4
+ A ( oxybuprocaine ) ., = [A ( tricaine ) . T 7
(eugenol) . 5% T #& My (isoeugenol ) | B 3& T & 1)
(methyl eugenol) . H 3 5% T & B ( methyl isoeu-
genol) IR Jy % . MLy R4 VE AT B0 | RO S
B BE v, AT AR K™ di v 7 e RR TR 551 5 B I G T
%,

1 SCIEE Sy

1.1 EWEE5IRF

A 25 KOBUAH €0, 1% 4% ( Ultimate 3000, 2 [ € 2k
AT A S HMG I 2% ; KQ-500DE i 75 I i Uk
PL(300 W, B Ll A AL 3 A PR A &) ) 5 DCY-128
RIKAL AT HHUERE RA ) 3 SU-70 k5
HHEHL5% ( H A Hitachi 24 7] ) ; ASAP 2460 H 3R]

LB 41 ( 3£ E Micromeritics 23 H))

W RERRREL TR R ER AL | =1~ Pt
MRk T A AT Ay PR T IS
IR | LTREA H i e kAR A BR A ]
S TR A B AR N (SDS) (AR LM (ST) . —
LIEEFHE(DVB) A 5 TS (AIBN) R 2,
W BERR (PVP) | B LY R 46 7K H il g (GMA) (i
AALRH B (BPO) (482K — W R — T'fis (DBP) | H
A RTRL T A AR R A IR AR R
TOIRER WA S T DY R 4 K H
fis o 4R Pk R H k2 4l b )5 16 s N-TR B 2 Bk
(PSA, 40~60 pm) ,C18(40~60 wm) 3L T [- i
AL PR A BR A s R O - — O HER R
AW1(PS-DVB, % 5 pum) MK BESL 56 28 B F AR il 4%
M, sl i PR 5 W A 26 [ Tedia 22
Al AT 2R L TGOk I [ 245 45 i
PR A BR 28 W 5 it B 4K Y95k B F Thermo
Fisher Scientific #4fi7K R 45, £ F1XF AL & 1 3K
THOMN A HEETT
1.2 EWHE
1.2.1 PS-GMA &

T -V TR R 4 K H M R R A W (PS-
GMA) TR S 5 = 56 T B8 WA R (B3
ki) Pl A, AP RT3 g RO
MEA%JEHE AT 100 mL 95% £ BN A = SU5e i K i
J#AZE 70 T, #E N, A9 T, 7F 30 min P4 [ g
WMA 0.8 g A R T 18 g K LM, 250
r/min HUBEEEPE A1 T SO 24 h SO 455 H
RS Rt 1 o) A R R ) Vv R O | g 44 i )
INEREBRAFAE 10 g/L + e B MR /K W b .
4.0 mL RIKZ P H1 20 mL 2 g/L + — be 5
FREAINA = S5, BEJS A 4.0 mL £F 28 —H
iz — TG 30 mL 2 g/L + b sEmm iR AN /K 7 Y
IR AALW, IEFE 120 v/min HULEERER 5104 F
% 24 h, [ 250 mL 10 g/L % Z B K M A 5
g WEEPIB IR A K H TR 10 ¢ O3 14 g I
7#.0.2 g iEAL R BEA 0.8 g + T BEIEAT R B,
2B PR R SR I = SR iR R T R AT IR K,
I 24 h J53E N, 30 min REK AR THE 2 70 T4k
ZLI 0 24 h, 15 F] R/ N ek g S I B K
FTEAK R, Bl DA 280 A 4 GRI R 1T R G
FEH 48 h, W LB TR AITK LB = 0 H
FHEWRIE 60 CHZS T4 24 h, B sk 4



142 - @

i 55 40 %

1.2.2 R B H

HERAR G R TR =R T &
HILTHm 5T & IS TEHBRE, R/
7K (50:50, v/v) Be il BB 5 W B2 1000 mg/L 1Y
PRIE I, T =20 CokAf rh % B4
1.2.3 K7 & a4 38 7 %

IR 2T BE 5 TR K 7, K250
WF 23k 2558 U PRI A 23 30l TR 6 A IS )5
T=20 C vK46 rh % i, S5 50 /T % I R & . IR

I8,

redissolve

>>

Transfer

>

Extract 000

>> >> 8

Clean-up

Centrifuge

>>

2.0 g FRMAESATA 15 mL .04 % A 10. 0 mL
1. 0% F R LGV T, R 7 2 5L 10 min, 8 000 r/min
T EL 6 min, BEVER TS — 15.0 mL &0,
JINA 20 mg PS-GMA .50 mg PSA .10 mg C18, iz
2 min, 10000 r/min F &> 6 min, B FH R INA
100 pL —H LA (DMSO) , 40 C F AR ZE T,
FEBEFKERZT 1.0 mL, 1T 0.22 wm JE I8 g i
Je PR 0% A AT, R A B R SO R A A 1
B o

2 EE 0
))H)) - *

-_ 1.0% formic acid acetnitrile
=

A Interfering substances

Sample
Adsorbents
Analytes

E1 HRmtERERER
Fig. 1 Schematic diagram of the sample pre-treatment

1.24 &% &%

6,1 #1: . Welch welchrom C18 (250 mmx4. 6
mm, 5 um) ; #7530 C; AR 20 wL, Hish
AHAHEB: 0.05% H l2-5 mmol/L £ R # /K%
WU . 1.0 mL/min, B BEVEMLFE Y .0 ~ 11
min, 20% A ~80% A; 11~15 min, 80% A; 15~ 16
min, 80% A~20% A; 16~ 18 min, 20% A, 3%
1235 260 #1290 nm,

1.2.5 ¥ WHiE

IR e A PR PR RS R B X
SYRTTEEATVEAL . EIERER 2 T B ARk
G MEMR LAY 3 A5 A1 10 £ 115K H R
552 PR ; #H X b5 7 22 ( relative standard devia-
tion, RSD) HI TP H N 5 H ARG 25 8 I b
34K (0.2,0.5,1.0 mg/kg) B NITFRAE 5 737
M BHEICE, 5 ASARRFHER G B PS-GMA H
FIEN R AT E R

2 HRSHR

2.1 PS-GMA HIR1E

SR BT A Y PS-GMA Rk E 1T %
Il ZE RV 2, gL, & B PS-GMA i3k H
B ERIE  ERRAR 204 13 pm, HEA RAFRY
SICE o SR FH AU BB BT X PS-GMA Tk i) 3=
T FFL P 5 2E 47 R AiE . AR 4% Brunauer-Emmett-
Teller ( BET) 28R4k 75 B2 AL BRI L R i AL

2 PS-GMA #3ki) SEM E
Fig.2 SEM images of poly( styrene-glycidylmethacrylate )
(PS-GMA) microsphere
a. microsphere diameter; b. dispersity.

333 m*/g, fLIEF K 0.36 em’/g, L1 N 4. 35
nm, RKAFLERFH, G H PS-GMA Bk A 7
SR ZS A LR AR, B S 38 & H T4
HEIAE HROE B % 5 Ak B AL R i BE B B Y
2.2 TERBETAIEEGMMRAL
2.2.1  HRECGE A M

it ) 4 RO A2 2% 56 o A T ) o D R B B
VS e BEXT SR USRS RS, A SRR
FT NG P LW LR CBRAE A 4R A 77 A 2
UK SEIR 45 R (WL IR 3a) B, 4 R IOA 7 X
TG BB RAT HR XSS R TR
R ERERRIBROR B S, HILZ T, OErY 42
HUSCR O T HoAM 3 ) By T 2 6 0 R I e iy
B BTEA — & T RBCR B B8 08 0 i i i 48
B IR O AT FR 22500 . B P IR R 2R
BRI AR A & W, ) S s i iR A B



552 A 055 S TR AR I R RO i 1 D K e 7 BRI - 143 -
i 1 Ethanol 271 Methanol 1 CJO0min ZZ2 1min T3 5min
L ] a 3 Ethyl acetate % ZZ3 Acetonitrile 100 ] ZZ3 10 min EEE 20 min
I—; ? e

80 = P o7 57
i 1 T % P [ n
0] 5

40

)
S
1
H
NN

[ 0.1% FA 22 0.5% FA
3 1.0% FA 223 2.0% FA
$7 . T - EEJ7;£7
sy Em T

—_
(=3

S o
1

Recovery / %

'Ea

%
(=)
I
RH
A
H
N

60
40

20

.
: N o
v“’ca\:‘ow“’w“ 6 g ;06“3; \w\ o™
o¥ N
NES

B 3 (a)REVAFTFZEN(b) ZHEPHRBHERSH
B R4 [ Z B0 (n=3)
Fig. 3 Effects of (a) the extraction solvent and (b) the
volume percentage of formic acid (FA) in aceto-
nitrile on the recoveries of the targets (n=3)

TEIEM AL, R m R EBUCE, X IEH IR
A8 (0. 1% .,0. 5% . 1. 0% . 2. 0% ) #4711 1k,
SR E 3b fR . BEE OGRS I i 3g
HERE TARE = REER T ER T Y
H R AR A4 BGA E 1. 0% IS, 45 9 5 1 [] iR
80. 3% ~ 92. 1% ; 4k £ 34 K HH RV B, a1l 32 T B
Pm . B EER 1. 0% HR O G VE IR BUE ),
2.2.2 A8 R ECE (] By 4E AL

M A BT H AR S A b AT AL RS | 4 e 4
Uit a] A R R e T H AR -5 4R O R Y
FEMUIF ] . A SZEGAE 0~ 20 min 178 BB P X 68 A N
AT OeAL, G5 SR UL IR 4, A I 0 ZE K2 10
min, -4 J5 Y [] ISR 328 7 34 T 22 80. 0% ~ 90. 6%
R — 2 S 75 B (1), 45 49 J5 [T S0 38 44 K IR
. ZRE UL SEEEE R, Ry iy 44 i (AL FN PR IE 25 ) 5T
A4 BUSCE | PR 10 min VE RS BEEUR ]
223 AL

H £ R DG R i R o A 2 LA o
R B T (538 G 2 B0 4 o, DR IG5 0 R it
Ji AT, R B R) ARE R RN FH o 5 5 e A3 AT 1Y

®
S
P I

; 7 5 % i é

Recovery / %
(=)
(=]
| -

1 A

|

Wne Wne wne \
proc? e IR CR S O\
N

N
S
1

553
S
1

(=)

N
\506\)%6“\\j\ v c\‘\O
M et

B 4 EERIEE iR R R (n=3)
Fig. 4 Effect of the ultrasonic extraction time on the
recoveries of the targets (n=3)

R E Y R e BRI AN S TR TR
IR i L BT A Z A I FRAT T 4% 2 Fh i ik
FIPMFEVER , DM L AL BCR Fge b iR, oK™
min A [R)F 2SRR IR ) A Rz DU, PSA Al — R 55 1Y)
B Ac ), v R R 23R T A LR IR
iR BRI ; C18 1] FH T BR 3L ot v iy AR M Ak
AW, IIE2E5E ; PS-GMA X KR A WiMEk A K&
RN KA R, BEEiE I - AF FH ALE K AR
FAEBREETT R NE N AR RS Y, A5
XTI T PS-DVB Fil PS-GMA 7% fh 38 -5 Wy i Bk 14
AP, B Sa nTHIIEC B 225, % T PS-
GMA [ A E PR AL, P38 2 FF 24 S oy R FL i A7 4
M, Dy AR R 2 St g it — 2D B A AR Ak, B AR S
ﬁAii'EFFJ PS-GMA, {#4F 50 mg PSA #110 mg C18 &~

A5 % PS-GMA 4 (0~40 mg) #4717 %5, 45
AN 5b Bk, 24 PS-GMA Y 5] 40 mg,
% BRI DGR AT P REAR, T 7 1 25 T B AR &2
64. 7% ~81. 1%, X2 FH T W B 571 aod £ feff ) 25 3 B
X B AR W B, TR AR %, Y PS-GMA 1)

HHE R 20 mg B, 29 B9 KR A T 80. 6% Al
96. 6% Z[8] . ZiG 25 [ AL R A H AR Y ISR

2 PS-GMA 1) H & [ 4 20 mg,
2.2.4 DMSO A&t

M CIE RIS PR BOR AR, HIRIOR 5
TSI AAAEAE R R ZE M, byt G s 70 ) B, B
R G A LB TKER . L5 LB, 1R IS 1Y
JNFRFE 5 BLHEAE 40 CTEAWE , HERIF TR RH
=R 3 B RN T4 BT T B 2
WA A, ISCRA T 38. 1% ~ 52. 2% Z [0], % &



- 144 - @, i 5540 &
120
100 T PS-GMA ©ZZ PS-DVB ] C oo 10 320
— J Lz | Lz
] %? %% T % %77 a 100 o 50 UL 100 uL 200 pL
R 7 ) e T2 17 il
i 7 S I F
60 -] 2 7
] aé 60 - H
1 2 1
40 &40
20 20 4
B 1 1
§ 07 CJomg KEZ10mg C320mg ’ oedP® N o ain® %e\\o\ %e(\o\ %e\\o\ gen©
&3 IOOt }}—E } ZZ3 30 mg B 40 mg b o o \J‘o\)?( A\ o8 \SOCON\C\\\\J;;:\\\ \}\'\So\e\)p
E =
1 T = .
=
80 b H 6 SWREEES DMSO FMER By
1 B (n=3)
60 Fig. 6 Effect of the dosage of dimethyl sulfoxide (DMSO)
i used in nitrogen condensation step on the recover-
40 ies of the targets (n=3)
20 —p s NI .
] T AREI KRR, LR ILE 1, 2850
0] y . : : FE AR AR BGA AL 5, FA R B 3 RN A F-11. 32%
0 WC L oane 0 0! 0 0 N ™
?toﬁ?oa;gw‘“ow\ et e“%e\‘ \soe\)g;\\ i\e“%::'\ $(,\exxg,e(\ ﬂ:‘l] 0. 23% Z | Eﬂ ’ 3 qL m: EI ’\J % Ei 5 5[ @ fl\ 5': _9. 30% EIJ
et

B 5 (a)RBFIFHZEF(b) PS-GMA FE3t Bz
B ZERFMm(n=3)
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PS-DVB: polystyrene-divinylbenzene.
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Fig. 7 Liquid chromatograms of the blank spiked samples
and the mixed standards of seven anesthetics

a. spiked fish sample (1.0 mg/kg) ; b. blank fish sample; c.
spiked shrimp sample (1.0 mg/kg); d. blank shrimp sample;
e. standard solution.

Peak identification; 1. procaine; 2. oxybuprocaine; 3. tric-
aine; 4. eugenol; 5. isoeugenol; 6. methyl eugenol; 7. methyl
isoeugenol.
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Table 1 Linear equations, LODs, LOQs and matrix effects (ME) of the seven anesthetics

Analyte Linear range/(mg/L) Matrix Linear equation R? LOD/(mg/kg) LOQ/(mg/kg) ME/%
Procaine 0.05-10.0 fish Y=0.9383X+0.0028 0.9999 0.011 0.036 -2.04
shrimp ¥Y=0.9332X-0.0097 0.9997 0.011 0.037 -2.57
Oxybuprocaine 0.10-10.0 fish Y=0.4977X-0.0106 0.9998 0.024 0.082 +0.24
shrimp Y=0.4930X-0.0249 0.9991 0.025 0.084 -0.70
Tricaine 0.10-10.0 fish Y=0.5702X+0.0085 0.9999 0.023 0.077 -0.75
shrimp Y=0.5681X+0.0144 0.9992 0.024 0.080 -1.12
Eugenol 0.10-10.0 fish Y=0.4011X-0.0052 0.9998 0.033 0.109 -3.02
shrimp Y=0.4036X-0.0253 0.9996 0.034 0.113 -2.42
Isoeugenol 0.05-10.0 fish Y=1.0784X+0.0371 0.9995 0.013 0.044 -8.97
shrimp Y=1.1077X+0.0393 0.9994 0.013 0.043 -6.50
Methyl eugenol 0.20-10.0 fish Y=0.4086X-0.0265 0.9998 0.043 0.142 -7.96
shrimp Y=0.4147X-0.0224 0.9997 0.043 0.144 -6.18
Methyl isoeugenol 0.10-10.0 fish ¥Y=0.9359X-0.0715 0.9993 0.021 0.070 -11.3
shrimp Y=0.9569X-0.0586 0.9992 0.021 0.071 -9.32
R? . correlation coefficient; Y: peak area; X: mass concentration, mg/L.
F 2 AFESSEBEBERIKF @R REETEN T ER LR
Table 2 Comparison of the proposed method with other reported methods for the
determination of anesthetics in aquatic products
Sample Analyte Analytical Preparation Pr.eparati.on Preparation  V( organic LOD/ Reference
method method time/min steps solvent)/mL  (pg/kg)
Tilapia eugenol HPLC-UV LLE 51 12 26 30 [8]
Ietalurus punetaus eugenol HPLC-UV lyophilization >63 18 16 45 [9]
Aquatic products six anesthetics HPLC-UV  QuEChERS-SPE >31 19 45 60 [30]
Fish and shrimp seven anesthetics HPLC-UV DSPE 24 8 10 11-43 this work

LLE: liquid-liquid extraction; DSPE. dispersive solid phase extraction.
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Table 3 Recoveries and precisions of the blank fish and shrimp samples at three spiked levels (n=5)

Fish Shrimp
Spiked/ Batch-to-batch
Analyte Recovery/ Intra-day Inter-day Recovery/ Intra-day Inter-day
(mg/kg) RSD/%
% RSD/% RSD/% % RSD/% RSD/%
Procaine 0.2 79.7 6.2 7.2 82.0 3.1 5.5 6.3
0.5 89.7 3.4 3.6 87.2 2.3 2.6
1.0 89.1 3.4 2.7 86.9 2.7 3.0
Oxybuprocaine 0.2 89.8 2.8 2.3 93.9 2.2 6.0 2.1
0.5 91.5 5.2 4.2 90.2 33 5.0
1.0 89.6 4.1 4.0 89.0 3.9 4.4
Tricaine 0.2 83.5 5.1 2.6 78.0 5.5 2.7 5.0
0.5 88.3 4.0 1.9 84.2 2.6 6.3
1.0 85.4 2.2 3.5 86.7 3.5 6.0
Eugenol 0.2 91.2 6.8 2.7 83.2 33 5.0 6.7
0.5 89.1 2.8 35 85.4 2.6 5.4
1.0 89.2 2.0 2.3 91.2 1.7 4.6
Isoeugenol 0.2 84.7 4.2 7.2 94.8 3.2 8.2 4.3
0.5 82.1 3.1 5.6 85.8 3.2 5.4
1.0 84.5 1.9 6.1 96.5 2.0 7.0
Methyl eugenol 0.2 109.0 2.8 1.8 99.9 6.0 8.1 6.2
0.5 101.0 4.6 3.8 98.0 2.5 3.8
1.0 94.1 2.3 3.8 95.0 1.3 5.1
Methyl isoeugenol 0.2 106.0 4.1 33 93.0 6.7 3.1 5.3
0.5 96.4 4.1 4.5 96.6 2.9 8.3
1.0 92.7 3.9 53 93.8 1.2 5.3
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