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EISH SR, A BERE, BERERD 1 pLo SRAVERE B WE R AT SO - TS A e, AN E B
ZR oM T EHEBEY A 20~500 ng/mL N & RAFPLMECR, ATk 6 B T & B 2 AWK H RSN
0.007 mg/kg, EFRIEN 0.02 mg/kg, 764 FLRY FEZUM WRREE BORE S b, 6 B T & B 28 3 ANl
JFE AR AR 2 U B4 97.3%~105.0%Z [, AHXI 4R (2= (relative standard deviation, RSD)#£ 0.3%~3.7%
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Determination of 6 kinds of eugenols in infant formula milk powder by gas
chromatography-mass spectrometry

CAI Hui-Min"

(China Quality Certification Centre, Beijing 100070, China)

ABSTRACT: Objective To establish a simple and efficient method for the determination of 6 kinds of eugenols in
infant formula milk powder by gas chromatography-mass spectrometry. Methods After ultrasonic extraction with
acetonitrile, the sample was purified and degreased using acetonitrile saturated n-hexane. The n-hexane was
discarded, and acetonitrile was extracted and concentrated to a volume of 1 mL. DB-1701 chromatographic column
was used to separate without splitting the sample, with an injection volume of 1 pL. Ion monitoring mode for gas
chromatography-mass spectrometry determination and external standard method for quantification was used. Results
The 6 kinds of eugenols showed a good linear relationship within the range of 20-500 ng/mL, the limit of detection of
the 6 kinds of eugenol compounds in this method was 0.007 mg/kg, and the limit of quantitation was 0.02 mg/kg. In 2
matrix samples of milk powder and sheep milk powder, the average recoveries of 6 kinds of eugenols at 3 different

concentration levels were between 97.3% and 105.0%, the relative standard deviation (RSD) was between 0.3% and
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3.7%. Conclusion The pretreatment operation of this method is simple and fast, and the detection method has high

sensitivity and good stability, meeting the requirements of national standards, in order to provide reference basis for

establishing national standards or methods for the detection of 6 kinds of eugenols in infant formula milk powder.

KEY WORDS: gas chromatography-mass spectrometry; formula milk powder; eugenol
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FoE—F 2N ATEZ . i FR . sk T
L EEHS 1 GB 2760—2014 (£ 8 iE 4 E FARME £ 5
AV bR ) AR T AW . ST AR L T A A
THERBEY A AEEHAE AR, 2 GB 2760—2014
/b e 4 B R bR e £ 50 W R0l bR fE ) A1 GB
2762—2012 &M Z 2 EFbrAE &5 5 R ) B
B ELE B T HEB R KRR, RIEEEERE
22718 (national toxicology program, NTP)RiE, T &M .
PG T8 b il 147 3 4 e mT e @t A RS E
T XA d RN RO T A B L s
HASgE RN,

A B9 3 T T T AR Sy SRDRL VS I R4 LA 2 R
A, SRS oY g T LR RS I R L ARDRE D)
FRIIRTEROR, TFRED 03% M AR S T HHES
WIAE R B R RN 8 d PN AT R B AR 4 1 B AR
WALL 25458, HE TSN 200 mg/d T & By Fl A FERE &
AU R ER SR NEIE R, THEEN P ELH
BRI, BT LA 0 T 0 | KU SR ] R
HhhREO2 PATRA &P 57 2 W T & i #R6E B 2 10
e A i, o 58 v 1 Ak A B R P R RT3 IR S 44 L
FEWENL . BT TEHEEYEC N FER S Az
U RUE S O R A T W AR K A SR Y Y
AP TE 420, E e & 2 T B 7E & & sh ik
AR HL 52, 7 FLsh WA o] a2 fRDRHEA T
EBmAEYIE, %SNS T SBURREL T T
HEMRY R R, FA SB I R BYLE T ZLk i
TEB I A% BRI ik, B L Iy 3R R 4
PG SRR

Foh, BMRFEHTER . 55T EFHAEN FBEY
AR AR 7 22 2, AR LU B T AR
Fefb2e A U 22 R A P78 1 GB 2760—2014 H

FEREIUE T RORE LIS UL 7 £ b T A 22 R A A R A

WG 10 = 6> A BALE T & i P AREINE 22 EK
PRl 00 22 40y J L ISE 7 L3 v B9 T 38 B 2SSO B 7 22 R
B T — R T

BT, B RBNBL LTI F 6 F T HE2EY
BRR . HFTHE . FRTEDL . 5 THFE . K-
HESTHED . BT HHER. B T HFBNLEY
SERIRCR AL, W AR B IEAS AL, 6 b T I
o P 235 0 4 8 W B e R 0N, R AR 5 SR Y PRSI AR
(dimethyl sulfoxide, DMSO)4# Bl 45 S M €3 - IS B A X
WsE 6 F T Al I A0 AP0 Hk 36 J5 0 e B 40y JLe Jy 4= 3L,
MRIEEZUR, DA B4 LI Uk i 28 4 WA AR L3
fili A

1 MR5ERZE

1.1 Y. MRF 7

Agilent 7890B-5977B S AH (A i - B i I FX . DB-1701
EHEHE(0 mx0.25 mm, 0.25 pm)(ZE [ LHHERHA F);
MS105DU + 7143 F—HF K. ME802/02 H4rZ—HF
TV M -FE A 2238 (1) A PR A 1], S810R I3 VR B >
Hl(eppenddorf H1EAT PR F]); MS3 IRHEIR A #F (Tl E KA
Z3+)); GT SONIC-R13 I () AR [ 4 0 75 e f A RS
F); BUCHI R300 i 4% 28 &AL G+ 53 A FR S wl) o

Bl LI 7 A FUR A E LA I R T S L R 6

N, IECHE. ZNEMANIE bV W (i al, £
Fisher Chemical 23 r]); DMSO(43H74t, [ 24 4 H Ak 85
FHBRAED; THB . FITEHR . 5 T&FmH . I-H LR
THEW. LT EHMEE. CBEES T Wbl GiE =
99%)[ 2 W A% (i) AE IR A BRZS 1 D5 0.22 pum A HLUE A
(SR BHE A BRA | .

1.2 UEDWEH
1.2.1 &#EiH

R DB-1701 41 4E(30 mx0.25 mm, 0.25 pm);
FHEFEF: BIURTEREE 100 °C, £A%F 1 min, L 6 °C/min FHi
%200 °C, 51425 °C/min FHEZE 260 °C, 17555 min; #EFE
TREE: 230 °C; A AR, 4iE=99.999%, i 1.0 mL/min;
R AN i A EFE R 1 L.
122 F#i#t

s PR R, R 70 eV; fBHZk
LR 280 °C; B TURIERE: 230 °C; EFHIZER I E]: 6.00 min;
WE = BB T I .6 B T & By 29 o ity fb 5 SO AR
%-#1:(chemical abstracts service, CAS)S . Z»F=. fREIHF
B, e BT L.
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Table 1 CAS number, molecular formula, retention time, quantitative and qualitative ions of eugenol compounds

s CAS B35 e ] Bj‘l‘ﬁﬂ FE BT FETEE T 1 TR T 2 EMER T3
/min (M) (M/2) (M2) (M'2)
THbH 97-53-0 C1oH},0, 10.60 164 149 131 103
FOE T 93-15-2 C1H 40, 10.99 178 163 147 103
ST A 97-54-1 CoH,0, 12.64 164 149 131 103

- S T 93-16-3 C1H,40, 13.02 178 163 107 91

R T A s 93-28-7 C,H 405 14.04 164 149 206 131
LIS T & 93-29-8 C,H,405 15.87 164 149 206 131

1.3 LWHE
1.3.1  ARBZEIR EH

A3 ERFRIL 6 Fh T B 254 A AR 100.0 mg (ks
% 0.0001 g), FZIBWMIFELA 2 100 mL, MIEFR T
WHREEYION 1 mg/mL. ¥ 6 B T & WAL A YbrifE it 457
W Z IR 10 pg/mL Al 1 pg/mL BTR AR AE 8]
A3 SIHERR R BGE 5t 6 Fi T A 284k A Wi A Fn i v A1V,
FH 5 B i & s W %o 20,40, 100,200, 500 ng/mL
HIBRIE RS TR, 6 PR L
132 HSibim

FREC1.0 gifFECK B0 22 0.01 @) T 50 mL 5.0 P, il
A 10 mL ZJi5, RS | min, #7E42E 15 min, 8000 t/min
B0 5 min, EIEWEES — 50 mL B.08 T 5RiE PN
A10mL ZIEERERI—IK, &IIA LG BiA
5 mL ZJEWAIE S ke, WEEYRY 1 min, 8000 r/min Z.0> 5
min, FEIECKE)ZE; ZIEZMA 50 uL 4 DMSO Hi Bk 4,
40 °CHEREZR L WA EIR T, HZBERE | mL, R, it
0.22 pm LIRS, LS - BT AT
1.4 HERALIE

AW SE H 5| R SE 56 3 AT B i Mass hunter
5977 A, SLEER 6 ME, FAKH Mircosoft Excel
2021 AT R .

2 HRE5HR

21 TEBRYERNEIEE. EERE
FE L EUR FRIEE

6 Fh T AW B GG A L A 2 H AR L R
TEEILE 1~6, ABETOR I SEER T kX 6 Ff T A B 28
W HA REFH B8Ok . B 1~6 Hp @k Y £f B i [a]
Je WeTH AR, Ui PR LR i ROE T B AR R (R R
BT 6 BT EBmIY R A B TS RGR, EE
it MOEME T E R SR W RLRA TR T A B 2R
ARpE . B S AR, D RkA T BRI KR
A T 3 HF

22 BIEHEREE
TEBRY N RA S

5 F et

E2R il LMV s RPE L S ey

Yy, DRI A 8 ) P A A P A o A e L A A
eI BEFE IR 1, e TR E TSRS 6 Fl T &
KYI AT B E, 439 HP-Innowax (30 mx0.25 mm,
0.25 pm). DB-5 (30 mx0.25 mm, 0.25 pm). DB-1701 (30 mx
0.25 mm, 0.25 pm) 3 FP e peht o AR AH SR € 3k e [ 1) 43
B ORER A DL R ST S S RO AR, R G R B
Fi DB-1701 BN S 1 2 B i, WX AR ICHE
R, AL 6 B T FH 2T 0 4 B A .
23 REAEK

R T A By 2 e v, 8 S IR IO 7, i
FHZ B A IE S b ik, AT AR BREE S AT g, 7
B AR 28 A P IR M By o0 s, R BNRIAE R . %
TR P, R R, RE ML, AT E
BRI
24 HEFEYNAER

A 5T LS R LIS 7 LR il 4% 25 SRR T
25 PR g 1 LR 7. JFmas (SR BREROImA 6 B T
Y B AR EV TR, O R BE 4350 0.02. 0.04,
0.10 mg/kg AL TARIEREW, (7] e il A 1) B iR A%
WEVA T, WL SO TS - TS O 2, AR
0% (matrix effects, ME), ME=B/Ax100%. Firfr, B 5Lk
VEREChR S BARY AT A, A SRR s b B
Fry g AR o 45 ME>100%, T 375 5 5 x40 4 1) i o
PR BRI N # ME<100% 32 75 25 5T % 43 BT 497 (47 10 iy
FEAEIIRIEN; #F ME=100%, W /RAFELERL TR . 24
ME A F 80%~120% B, 5t it T # 2 B % 1%, 4
50%<ME<80%ZY, 120%<ME<150%If, 0 A 272 5 11
T TN, M ME<50%3E ME>150%, /N3 s
BT AN, g RO 8)AT WL, AM - Bk Il E
HF, 3 ANAFEIHE T E 6 i T HB2EYRA ME {EHE
100.2%~103.0%, EHIAF7E B AL s 00, (H AL BT T4
FRPEA S, FETORON AN A S, DR O A 0 A g AR PR P
ARG B2 e
25 ZMseE. WHRFEER

A3 R BB R B R 1 pg/mL B 6 P T R B 2R bR
WETARRGE R, HONEMRIE 2, TR 6 F T &FmBE
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Fig.1 Chromatogram (a), quantitative and qualitative ion relative abundance ratio (b) and mass spectrum (c) of eugenol
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Fig.2 Chromatogram (a), quantitative and qualitative ion relative abundance ratio (b) and mass spectrum (c) of methyleugenol
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Fig.3 Chromatogram (a), quantitative and qualitative ion relative abundance ratio (b) and mass spectrum (c) of isoeugenol
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Fig.4 Chromatogram (a), quantitative and qualitative ion relative abundance ratio (b) and mass spectrum (c) of cis-methylisoeugenol
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Fig.5 Chromatogram (a), quantitative and qualitative ion relative abundance ratio (b) and mass spectrum (c) of eugenol acetate
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Chromatogram (a), quantitative and qualitative ion relative abundance ratio (b) and mass spectrum (c) of acetylisoeugenol
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Fig.8 ME of 6 kinds of eugenols at different concentrations

02

YR 43R 20, 40, 100, 200, 500 ng/mL 4R
R TAEW o A% AR Y4 43 19 5T 2 1k B (X, ng/mL) A
ARFR, LTI T FROY) AR PR RIARE R 4R, S 2k
PRI TR, bRk i, 6 P T & By R ) )5
MR KHBRAERERIE 2, Z5REH, 6 F
THEEBEYRTE 20~500 ng/mL N2 RIFINAHECR, M
KRB K TET 0.9998, Wkt N 1.0 g, EHRMEM
S 1 mL B, DU B (SIN=3) TR B & eV i e B,
PUE M LU (SIN=10) i % g 1 & AR g R, A 6
T HH RS YR B BRI 0.007 mg/kg, &R N
0.02 mg/kg, A B FARIEER
2.6 HEEESEWEKE

A 2R 2 0B P R s LR HEAT 0020 004
0.10 mg/kg 3 MARFVEEEKT-MIER KT, 435I 1.3 BRT
AT 1.2 B SARETE- B AT S5 R0E A A, S T
E 6 WK, TR R R DL R A X AR HE D 22 (relative
standard deviation, RSD), Z5H 0% 3,

F2 &MEYEFE BXRY. RURMEER

Table 2 Linear regression equation, correlation coefficient, limit of detection and limit of quantitation

&Y 27 ElR Yy B () K H1BR /(mg/kg) E 1 R /(mg/kg)
T&EB Y=69.7740X+429.3295 0.9998 0.007 0.02
HELT W Y=83.6445X+98.0114 0.9999 0.007 0.02
5T R Y=67.7731X+19.4817 0.9999 0.007 0.02
- F R T 7 Y=93.7311X+53.2495 0.9999 0.007 0.02
LR T A WG Y=110.0381X+81.2187 0.9999 0.007 0.02
LR T Y=131.6277X+112.6490 0.9999 0.007 0.02

=3 BEEEFMEEIRERN=6)
Table 3 Test results of precision and recovery (n=6)

- 2k ESR )
UMK

FZe % EikEY% %

0.02 100.6 1.5 104.4 2.3

T 0.04 103.1 3.7 100.4 3.2

0.10 99.7 0.7 100.1 1.4

0.02 102.3 1.2 103.5 3.2

FETHEH  0.04 98.3 1.2 101.4 2.6

0.10 101.4 1.3 100.1 25

0.02 104.1 2.3 101.2 1.3

Lo i) 0.04 98.3 1.4 100.1 2.5

0.10 101.2 1.1 102.7 1.4

1 — e

o R . . ) . .

7 TAB) 0.10 99.5 0.7 100.6 1.7

n 0.02 104.1 1.2 103.5 2.1
LBRTH

- 0.04 97.3 2.4 100.4 2.6

: 0.10 101.4 0.3 101.4 2.3

0.02 102.6 2.6 103.3 25
SHSRT

i 0.04 99.1 3.4 100.4 1.8

0.10 102.3 1.2 101.7 1.4

SESRARI), {2 T RIEFUNTIFIE IR RE S, 6 7
TEBEPIER 3 AR AT 0057 B

97.3%~105.0%2 [8], RSDs 7£ 0.3%~3.7%=2[6], 15 B0 52
B R B =, KA, W R E R AR .
2.7 EPREESRAET

651 FH A BIF 2 32 7 1) A TR R A iy 2 1 s 3R 4 LS
JrE LR LU 45 20 ik, S5REIR, ARSI
WL 6 B T B2 .

3 & 1

AHIFFE L T — i R A e B4 LBy o T &
By, RIEETHG . FTHFD., L-FERTED . ORT
BB LRI 5 T B 0 SR o - g s I vk o AT
2 CIEHRE, LIEMANIE S e b BRAg . 1% iR E A B
YRR . PR, KD RS & . RUETEAT, 6 Fh T 24
YIRAEH SRV N 2 R AHC R, SRR
# 97.3%~105.0%2 [fi], RSDs 7 0.3%~3.7%2 ], HiERFR
ARG 0.02 mg/kg)o AWFFRH I ELLE HEL T 6
BT A B BRI s, b LB AL T
T o 2540 5 A P 8 P R 8 A AT, DA A 4 LI 3
T S M A e KR R R B, o RS
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