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WA HEA TR, FERTDCRC IR AMR e i G ER  SRTTRE B DT BCAR M 26 2 k1) VAR AR T B0y, W e s
TAMTELR . 2R S R AT, 7 FhC BRI T MY 0.01~0.40 mg/L, HECREU()BIRT 0.999,
#£0.04, 0.10. 0.20 mg/kg 3 MAFHARIKEIKTE T, 7 FhC ZRRERSYII I IR 73.5%~117.5%, FHXTARHENR
# (relative standard deviations, RSDs) >} 0.8%~8.2%. JriZkuh A 0.01 mg/ke, 7k =M 0.03 mg/kg. XF 59 1
AR 7 RO RERZEY S S TR T, S5 RER, A 6 MRk, i R E 0 )
i B G H I BE A 0.071~5.930 mg/kg, MU(1- T FE0GEE) & ZIRTR A4 H IR BE 4 0.056~0.480 mg/kg, Hfthc — RS
RKYIBARK . S8 AR IR RS, RBUE S, MEE S PUT iR R, SEBL T A s 7
il RRIR 2 B 5% B ) [ B U

KB, AOM OSBRI O S RRERZEYT R

Determination of 7 kinds of adipate esters residues in meat products by gas
chromatography-triple quadrupole tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for simultaneous determination of 7 kinds of adipate
esters residues in meat products by gas chromatography-triple quadrupole tandem mass spectrometry. Methods The
samples were extracted with acetonitrile, and the extract was purified by SinChERS-General solid-phase extraction
column, detected under multi-reaction monitoring mode, and quantified by the matrix matching curve external
standard method. Results The matrix effect was reduced by the matrix matching standard curve quantification
method, which met the quantitative analysis requirements. The linear relationship of the method was good. The linear

ranges of the 7 kinds of adipate esters were 0.01-0.40 mg/L, and the correlation coefficients (r?) were greater than 0.999.
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The recoveries of the 7 kinds of adipate esters at the 3 spiked concentrations of 0.04, 0.10, and 0.20 mg/kg were
73.5%—117.5%, and the relative standard deviations (RSDs) were 0.8%—8.2%. The limits of detection were 0.01 mg/kg,

and the limits of quantitation were 0.03 mg/kg. The content of 7 kinds of adipate esters in 59 meat products was

detected. The results showed that 6 samples were detected, among which the concentration of diethylhexyl adipate

was 0.071-5.930 mg/kg, and the concentration of bis(1-butylpentyl) adipate was 0.056-0.480 mg/kg. Other adipate

esters were undetected. Conclusion The method has the advantages of simple pretreatment, high sensitivity, high

accuracy and strong anti-interference ability, and can simultaneously determine the residue of 7 kinds of adipate

esters in meat products.

KEY WORDS: gas chromatography-triple quadrupole tandem mass spectrometry; adipate esters; meat products
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QWA — W R IR 2R W 5t ol TR PR RN, AL AR W)
FURWE T Tk . BUBHERME B EE SN, S80T
Xt BT &0 R R TR I ) ST 1) 4 R WA N R e, AR
ra B AR A ™, C R BRI W) 5 (adipate esters,
AEs)J&H WL —2& DL 8 H ALy AR AU b, aT
TG~ SRR it 5 H AR SR AP, R 0 T AV i K
FLi Sh A e bR R ) ORI, A RIEFR AEs J2—2K
AYN B TIRR, HEREN iz — R -4k
LS (diethylhexyl adipate, DEHA)JE T 45 =2580m %), 1E
TR IB R 5wy . BURMERAEC T, BFEE 8 AEs
FER T AP B 5 KR PR 0 R
B 1 5 A 1 £ e R U

FAT, FE NSNS G REEH AEs FIRLE. GB
5749—2006 A= VE TR TLAARfE ) L2 1 HIK o DEHA
FIBRIE(E N 0.4 mg/L; B EM(BU)No 102011 #1 GB
9685—2016 (B b A ZARME £L vl B il b 46k K il i
IR FARE ) YIRE DEHA 788 5 i 5 KR e 1
B it B AL 18.0 mg/kg. i [ P A1 i 2R i £
AEs MR BB & . H AT, AEs FF 78 40U 24 Hh 7E 2
Fefiobr ket . 252U NP IF LA DEHA 53X —Fhy i
5k B UL e A P ARG 5 LR AR B R
B o TEPI AN FREE . A2 FOE G FE b, AEs Al il 36
BEOK . 28 SR ) 15 Y WAL s AL R bR R,
T PR i P LA R o PRV R BT A A, A A
LRI £ | o S ER R 25 S R IR, R T
JEe 1A il it LY AES FROAS TS AT ARSI R

HHT AEs 43H7 AL 7 12 32 2 AOM 65 - BT vk
(gas chromatography-mass spectrometery, GC-MS)!' "' JH13
AH 635 - BT 3% 925 (liquid  chromatography-mass spectrometry,
LC-MS)?, GC-MS RE4F B 7] 43 5 Al Uk, HL A o 3%
PE . GETERETT IR R AFEALE, S HAT AEs 2087 o N A
J7R o SO €8 - =8 DU AR R AR I BT T (gas

chromatography- triple quadrupole tandem mass spectrometry,

GC-MS/MS) 1 22 J5 i s i A5 A A v A ) o= 2
WERTE, BT IR R . e BB, BN
Zefr AR IR B ABs VERE BN AR T .

ABIESEEERE PR A X S G |« B ST R T Y i v X
K& i, Al GC-MS/MS #1372 — H 5 (dimethyl
adipate, DMA), C. R —Z 5 (diethyl adipate, DEA), C
iR — 5 T fig (diisobutyl adipate, DIBA)., © .8 — T fig
(dibutyl adipate, DBA) . . —-fg . (2- T %A 3 2 )
(bis[2-(2-butoxyethoxy)ethyl] adipate, BBOEA), DEHA ,
(1-T ) 2 BRI (bis(1-butylpentyl) adipate, BBPA)7
i) ) T R ZE W BT Y R RAURE | R AR 5 v,
DA A W A ] b AEs i R B AR S8

1 #R5ERZE

1.1 RXFIEHR

I, IECkE(tnbal, fEE A RA ), FAbh
(orbrat, EAERAAAFRERAR); 7 Mo ZRREZAR
S (2 =96%, | HUEERHE A R D).

1.2 (UFE5E%

8890-G7012B S AH (A1 - = F UM AT B (35 [E 2o 4
RHEA B2 w]); SQP UL F KOF-(RE E 0.01 g, dbimsE%
FIH R4 BRA ), MS3 iR iElR A (T8 1 IKA 2 H]);
KQ-800DE # 7 ¥ ¥k AL (B 1l w7 & 7 (4% A BR 2 W) );
N-EVAP116 Z K1Y (3£ [E Organomation 23 Al); 3-18KS &0
HL(FEE Sigma A H]); FIALERH 2 1 H (R AL RS R
H R/ R]; HP-5MS i FE(30 mx250 pm, 0.25 pm)(GEH
Agilent Technologies 2\ F); 6 mL 200 mg Oasis PRiIME HLB
FE(3 E Waters 23 #); SinCHERS-Lipid #1:(900 mg MgSO,,
400 mg Poly, 400 mg C18, 10 mg GCB). SinChERS-General
HeAb A (1200 mg MgSO4, 400 mg PSA, 400 mg C18)(FK 4
AR A B A A,
1.3 #RERRREC S

1.3.1 Arffit&sr
TERRFRIR 7 Fh O —FRBEZSY BARE 4% 10 mg % 10 mL
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AEMT, FIECEERITE R 2205, Bk
7 1000 mg/L MFRUERG IR, H T 4°CUKFE PR FE .
1.3.2 #Ff THEBE R

THE T 8 TG TR AR v A A VA TR, OE O e 43 0 A B A
JREMEE N 0.01, 0.02, 0.05, 0.10, 0.20, 0.40 mg/L K &
GIFRIE TAER
1.4 BIEHE

PRI FRILS gORS B ZE 0.01 g)istBE T 50 mL 5.0 45,
A 10 mL . 1 g @ALEH, RFERS] 2 min, #75$2EL
10 min, 4000 t/min 2.0> 5 min,

#fk: BUSinChERS-General if+{b 5, i A RIEA HLEL
W 50 mL .08 N, 8T E, RBORG e A
LB RGN, W EE® 1 mL F 40°CRAMREE T
M I mL IECREEE, WHERS), M a5 - B O .

FETTVCHC TR R B ARG, e bR e b 3
FERWIAIET, 235A 1 mL 1.3.2 RHIFRETAEER,
B i) B IE DT VG e TAR VS W, I R B B

1.5 {NE|&EH
1.5.1 A48 &gt

o iEkE: HP-5MS B (30 mx250 um, 0.25 um);
PERECIEE: 280°C; HFARRI: AN4ru, dFFERE: 1 ul; 2K
S RS, W 1 mL/min; FEUFIRE: 60°CE# 1 min,
20°C/min FHR Z 280°C{#4F 2 min,
1.5.2 ittt

B AR o725 i (electron ionization, EI) & 14 ;
RAERIE 2 0 3h A M (dynamic multiple reaction
monitoring, dMRM). &5 F il B 280°C; DU FT I
150°C; fEHLRIRIE: 290°C; IFFI4ER: S min. L& E
KMITTESHE 1.

=1 THE_BREVREERRIEESH

Table 1 Information and MS parameters of 7 kinds of
adipate esters

EEE TR EVEETX Rt
(Bif# LR /eV) (RiA#HLE/eV)  /min
111.0>55.1(15)

&Y CASH

DMA  €27:93-0. HLOS83.1G) 11,5730 100 645
DEA 141286  111.0>83.1(5) Ségiﬁégg; 7.44
DIBA  141-04-8 129.0>55.2(15) i;ggiégllgfg; 931
DBA  105-99-7 129.0>111.1(0) 112191'%25853"11((250)) 9.77
BBOEA 141-17-3  155.1>83.0(15) 18555'.1;4515"10((1255)) 12.28
DEHA  103-23-1 129.0>55.0(20) gggi}éigg; 12.81
BBPA 77916-77-9 129.1>55.120) 12%-171015) 5 45

111.1>55.1(15)

1.6 EFRMETENTTE

SR FH 50 D T A o g 2 1) A0 5 0 0 o o I 2 1 AR
R, Sk PP O BRI T (14 2 TR0 (matrix
effect, ME). $%Hf ME/%=[3L 5t VG Bl om vf fh 28 0 AL 232/ 77
FRE 2R A BER-1]x100%11H 53 ZEFsk % . ME R 0 R G
BE AR, 440 %o {0 K e HH L TN R, 7E-15%~15%
ZIA), FRFE TR A

1.7 BB

FEME ., Rl SEE R A F] Agilent MassHunter
Quantitative Analysis 10.2 ZX{4E4 740 56 B b FRA 37

2 GER5HH

21 SHEEE-RESENEL

HRAE O - FRBE S 0T A P A i, %6 HP-5MS 8
WERESEAT A0, N 7 Fhe R ERY Bkt T
EMEHT, FIFHACES A # 0 GO/TQ fifkss, iR Bk
B P FE . R RE R, T
7 FC ZRREEY B AMRM 5 B VDR SR RS
W REE DL 1R 1 AT UG, R AR THA, 7
FIC, PR TR A R A g 1o 43 B 88, o s 2 A
2R,
22 SHEGE-RIESENTL

A 5% AE ST U AR IR, % B e s ) R A
AU Py (il s FE T I 2 M 56 R AT, Hh e e ) A 1 b
Yk S A mD S R 2, RN R BT R A
Al R DRSNS 8k & R A, B IR R
B AR, Hit, AR T AR DR,
AN [R]85 - YRR X o ) 7 B ARG v Y £ i s i), AR
FE A Ak 38 B A 220~300°C, B U AL R TE R
230~320°C,

EREFWY, e DREIFARHEELEY
Wi S0 S A v i 2k P Ze M6 R, T B FIRIRLBE AL 230°CHR IR
FEE 280, 300, 320°C, X FJ i H b A A X A R AL
GYRETEARE T I Bk, HEME LW AR RIFH
MR R, HBEE ST IRIRE TR, SCi b A A
A B 4 0 BT i 10 7 S ARG . T AL, IR
SRS AEs JTREM N . Rk OC R L SCILMER A i Y O ER
£, Wt @t 2E G2 TR i R 2R O R R
B h 280°C,
2.3 EIRCIRZMHRIMRAL
231 RICEF 49

AWRFRETIECK . LR, Pk, 2ii4
AR A HIE R 7 Fh AEs BUIRBGICR . 45 A, &
e T8 ROR, ZEBORAE T ZAH] T Ja i L A,
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Fig.1

Ho& P bR e & mH A S, LR OHE.
TE O VR by 48 UV R0 2> B O A8 2 W BR 7, % s B2
bt R MERE; T N AE N BRI A, B 5T U0 UE AR
B hr PN, e R R Y (] B R A A 1 SR BRI i, i L
7 Bl AEs (1 [RTISCR M R SR, Bk, RAERE G R
PRI
232 REABGER

ARG EE T AR BRBURFINT 7 F AEs FEHULH A
M. 25 KRR AE S TP ER I 0.1 mg/kg /) AEs, 437l
A5, 10, 15, 20 mL ZJEXT 7 Ff AEs EATHREL, 250
N, B BB B AY B K (5~15 mL FE[E ), DEA .
DEHA. BBPA B[l e, Hith 4 Filnllix2z5
AKX, 7E 20 mL B DMA Fl DEA B [0l 2 = i FEAIR, 45
WL 2, 54518 7 F AEs MIREUNCE, &P
AR 10 mL,

7,
E=|DIBA
[l

15

0 20
EBAFYmL

P2 ANIR) I 7R S U FR A SR BUROR 1 31 (n=6)
Fig.2 Effects of different solvent extraction volumes on
extraction efficiencies (N=6)

7 FhC ZRRERY) T 35151 (0.2 mg/L)
Chromatogram of 7 kinds of adipate esters (0.2 mg/L)

233  [EAFIAE GG E
Wi, R aE R, &O. RS EE
L TR AR AR L SRR, DRI X R
IS WA T A AL 3, LAY /D 2% O R 1 T3, REAIR
ME. BAHZEBCR AR BRZBOR T, BA R AT R B IR %
BE, Tz T RZSE PR E | 15 315k B Rl
e s A AR, O R A L ke ER A
AR, SR TR B A A DR BB SR RS, B
R H A, SRR AR T
SinCHERS-General , Oasis PRIME HLB ., SinCHERS-Lipid 3
Fham g 2 AR A BUREXT AEs HIvAE 38R .
SinCHERS-General #: (38} PSA Fil C18, PSA I
RS A MR IR A 1SS, MR Z R R MR
R4, C18 JB TR MR BT, T FRIOR Pl SRR 2
&Y, (SEHAIEN T4, Oasis PRIME HLB
FERIECRIREA SO B SRk & I s . BRI . &
JEEFTF . SinCHERS-Lipid H&—Fism R e g ki, %
PR HEB A KA A A T4, Wl iie2i a1 LK E
BERRRI R A M 2L BRAR R, HATX 3 Fh2sAl
AR/ INEE B2 1 S Zh 5t A B 2k B ARG 70,
BN BT PRI AEs ARSI, SZ8d s i
ZEH KW, % SinCHERS-Lipid £ ¥k J5 DEHA #l
BBPA [ ZEMK, 7300 45.6%F1 24.9%, HEHERE
YR X DEHA FIl BBPA 7= W Bt S 230 I i 3 41k o 2R
F PRiIME HLB #:#4+bJ5 7 F AEs AR 63.7%~
109.0%2 8], [ R%:4F, {H Oasis PRiIME HLB H:i4k
J& DEA MR 2, M@ S LIS . ik A
SinCHERS- General H:¥ {05 BYUETEAG 2] B B 0%, IR
IBEXTFR, 7 Fh ABs B9 [ TE 70.1%~105.8%2 1], i
SRR, SR LA 3. ARV %S SinCHERS-
General FEAE M ALBEAE =,
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120 SinCHERS-General
r Oasis PRIME HLB
SinCHERS-Lipid

A

OO, O;:r

4 7\

DMA DEA DIBA DBA BBOEA DEHA
TR EL BRI B

o
=}
o
>

K3 AT 20 R (n=6)

Fig.3 Recoveries of different purification methods (n=6)

24 ERYNHER

ME (A7 1L M0 ST % e A MR, R AT b 22
XoF RS BT R T ME AR, AR T W&
7R T ERERZEM T Y MEs, 45538, DEA Fll BBOEA 1
MEs 439l >4 9.2%#1 6.2%, Joi 25, HAth 5 Fhc —BRER
KW B L TN K 16.1%~32.2%, FF7E J 5 14 55 5000
UL 4, FEFTUCECARAE AR RE &, RSB AR sk
FEBTTHE . A v e A B B R T . R, ATk
K PR 3R DU e b v T ARV T E T

40 -
35|

30} é/% 7

//

% ol . -

: s

151 7, -

/ -

% -
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DMA DEA DIBA DBA BBOEA DEHA B
TR C BRERSRI 5T

e}

PA

K4 7 RC ZRRERSYTY MEs(n=6)
Fig.4 MEs of 7 kinds of adipate esters (n=6)

25 FHEFER
251 MAEMK. FEAEEREEER

7 FEEFTVCAC Y O R BRI TR R AN R 1.5
WEAT5AT, LLEARMEG YR IR v B A R AR AR (X, mg/L), W
AU ABFR (N2 Flbr i d 2k, 5B rrfe. EEL 3
A5 3 2 M (SIN=3) 1 3 J7 i K H B (limits of detection,
LODs), DA 10 fFIELR ¥ (S/N=10)H & J7 ¥ E & FR (limits

of quantification, LOQs), HARZER IR 2, 450K, 7
0.01~0.40 mg/L N C ZMREEZ LM R RAT, HC
ZEIY KT 0.999, LODs 2y 0.01 mg/kg, LOQs A 0.03 mg/kg.

®2 THCSZERERIRMEMSRE. BXRER
753 LODs #1 LOQs
Table 2 Linear equations and correlation coefficients,
LODs and LOQs of 7 kinds of adipate esters

TR

fead AR 2 gk (mpke)
DMA Y=885391X-324 0.9996 0.01 0.03
DEA Y=1373202X+45670 0.9999 0.01 0.03
DIBA Y=2187642X+4427 0.9998 0.01 0.03
DBA Y=1489636X+3194 0.9998 0.01 0.03

BBOEA Y=249034X+6108 0.9993 0.01 0.03
DEHA Y=2215429X+35878  0.9997 0.01 0.03
BBPA Y=3762357X+10628 ~ 0.9999 0.01 0.03

252 EKEFIEEE

P BEAHIF T A N A i, X KR S R A R AT
FREICSEE . A3 BIEIn 3 AR K, ARk
Al 6 AT, Sy ISR RIS 3 2 R, AE
0.04. 0.10. 0.20 mg/kg 3 MItR/AKFET, FI ks E R
TE 73.5%~117.5% 2 [a], #H X} b5 #E F 2= (relative  standard
deviation, RSDs)TE 0.8%~8.2%=Z ], Z5RFEH, AFsea
ST R R . RS, RET R AT 7 R =
TRFERZE Y B R Bk . 55 R DLk 3,
=3 KERRA 7 #hC ZEREE 24 B AV RN B UL ZRF0 RSDs (n=6)

Table 3 Average recoveries and RSDs of 7 kinds of adipate
esters in ham sausage (N=6)

JbR e B /(mg/kg)
&= 0.04 0.10 0.20
BN ZR /% RSDs/% 112 /% RSDs/% IR /% RSDs/%
DMA 962 45 883 7.1 91.5 6.7
DEA 847 82 917 2.5 97.5 2.7
DIBA  99.7 08  99.6 0.9  100.1 3.5
DBA 985 1.0 993 0.8 99.7 3.3
BBOEA 113.1 0.8 117.5 0.8 1156 0.9
DEHA  77.6 18 763 1.4 74.9 12
BBPA 735 29 737 2.1 76.2 2.5

2.6 EFRHERANE

NFAE S T Es, XF 59 Dy AR A R A 7 AhE
FRIRZEI A REE A TR AT, SR BN, A 6 MFER G
THREREYIT, Horh DEHA RORHIRIE N 0.071~5.930 mg/ke,
BBPA [1#6 H ik 5 0.056~0.480 mg/kg, HA T —FRTEE4)
Fi¥kkrt . R ERY S, DEHA & EIZILT GB
9685—2016 HHILE HIFFE LR IR (H 18 mg/ke.



%4

WRyiz, 45 UM - T PO sR IR OS2 A ah b 7 R ZRRIRE Y o sk B 125

F4 PRt C ZERER R BR G H B (n=6)

Table 4 Detection of adipate esters in actual samples (n=6)

FE k24 R DEHA % #/(mg/kg)  BBPA % 1it/(mg/kg)
K P& IR 0.200 -
FLRG 0.260 0.056
kA 5.930 0.480
HERT 0.071 0.240
=V L3177 0.120 -
RN 0.110 -

TE: S ARAG

3 4 i

ABIESEE UOEAL T @R - = 5 DU B IR T U

YRS R ORI PR v 7 D O R IR R T R A BT v
LEEE T OIS TR SRR AL B A, AT
JORALNE, e R 5 WG 3 T o s v i R, A A T K
IF (R EEI, i DR B W HERR: . A BF9E LODs 2 0.01 mg/kg,
LOQs 24 0.03 mg/kg, REE S, HAEReFMLr %R,
REMERA . R0 Wl P ot b O RR TR 2 T A 1 L,
Sy PRIl P ) R R 2 A 0 IR U R RS A 42
AR Hf.
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