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Simultaneous determination of 6 kinds of new citrate esters residues in meat
products by gas chromatography-mass spectrometry

CHEN Ke-Yun, JU Xiang, LI Fang-Fang, WANG Yan-Li, LI Hai-Xia, LI Xia,
SHEN Zhong-Lan, LIU Yan-Ming", HU Mei

(Shandong Institute for Food and Drug Control, Key Laboratory of Supervising Technology for Meat and Meat Products
for State Market Regulation, Jinan 250101, China)

ABSTRACT: Objective To establish an analytical method for simultaneous determination of 6 kinds of new citrate
esters residues in meat products by gas chromatography-mass spectrometry. Methods The samples were extracted
with acetonitrile, and the extract was purified using a primary secondary amine (PSA)/silica gel composite
solid-phase extraction column, detected under selected ion 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 requirements. The linear relationship of the method was good. The
linear ranges of the 6 kinds of citrate esters were 0.05-2.00 mg/L, and the correlation coefficients (r?) were greater than
0.999. The recoveries of the 6 kinds of citrate esters at the 3 spiked concentrations of 0.1, 0.2, and 0.5 mg/kg were
93.0%—115.3%, and the relative standard deviations (RSDs) (n=6) were 1.3%-9.4%. The limits of detection were
0.01-0.02 mg/kg, and the limits of quantitation were 0.03-0.05 mg/kg. Conclusion The method has the

advantages of simple pretreatment, high sensitivity, high accuracy and strong anti-interference ability, and can
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simultaneously determine the residues of 6 kinds of citrate esters in meat products.

KEY WORDS: gas chromatography-mass spectrometry; citrate esters; meat products
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2 I AL BB LA P o A R IR 25 W o HLA AR Y
TR R AT, B A8 R IR 25 4 S5 i AR
PO S8 2 S B B R AR R T R
A3 M AT N £ B b RL R B R ), 3R GB
9685—2016 (£ ih A E ZEARE £ 3 Ml ARk 22 i i
PSR AR ) BUE SRR = T R O R R
MR EAh, BRI T 4445I(EU) No 872/2012 #iE
FEEEIR — TR AN & W A7 A5 R — T I8 T 4 hy R WAL 8 Jon 1)
Bhh b MR ER I T I T P A R L A
A ORI 2E A % B A b R B AR
A HGERIT BRI G R R T B st
WE TR HED ",

oA PR TR 2 4 I T 3 ok 95 1 1) O s 25 b T RS
EEMAYP, E—ENERE . KIS TR RS %
K TS Y, i E R E iR A
HKEY, FrEREERYRERSE . BX. &Y. HHET
s EIA K, VERONICA ZEUST PG HE 27 £ b i )
WA B = Tl AT R = LR FIAF R — T i,
ZHANG %V 5% % BRI 2 | 35 S8 A4 0 i AT I R i 25
JIFC A e JEE RSt 45 ;. TSUMURA 25 077 i e v 1
SR R T BB = T RIS gL, RS R
ik 7.30 pg/g.

HAT, FENAMALE & R0 R 6 A b kL A
BRSSP B (0, R0 LA £ v i R S PR A
H[total specific migration limits, SML(T)]. BX%E#L(EU)
No 102011 MUEMBRR = Tl . ZBArE R = Tl A
SML(T)Z 514 32, 60 mg/kg; FRIE GB 9685—2016 ¥l 4
FEA R = TR A9 SML(T) R 60 mg/kgo TMiE & A5
PR TR 250 5 [ P9 A0 24 18 A il R A SRR B BR i AP IR TR 2
W P = A I AR A AR - B U SRR A 3 -
Ji 20 RS AN 2 S P e A SR AR R
ik N Y T I R W/ /K Sl oy e R B0 W Ei5E
M FEde >, AR UGN 2R A R — T TR — i i) 5% Pl
7200 ot il Ay H AT 25 A R ) s A R R TR S 0 A A
WEFE, AR E 2%, R AR 2 |
EERG T 22, R, iR R P R A R
) 5 A U AT TR AR

AT I X R ) S X 2K S e L G2 TR
e AU B b, RSO % - B vk, @ AT R — i
(trimethyl citrate, TMC), ### 02 — Z B (triethyl citrate,
TEC). ¥r# R = T FR (tributyl citrate, TBC). ZBifr4sE R
= Z T (acetyl triethyl citrate, ATEC) ., ZBiAr#ER = T B
(acetyl tributyl citrate, ATBC). ZBE# &M = 1E C B
(butyryl trihexyl citrate, BTHC) 6 Ff diL 7 7 5% [iK Fils 22 4y Joke
W RABEE . R ORI i, R S AT R
Wi 24 1y Jo 2 i v M 3 25 A (e, Oy R L B P AT A R B
2 W) Jo A I o A 1 7 2 5 KU M A BRI T BOR SR

1 MR5ERZE

1.1 UFE5EE

GCMS-QP2010 A (1% Bk AL (H A< i HE A AD);
SQP BIHL T K- (FE £ 0.01 g, Jb st LRI KA IR A
1); MS3 i e TR A f (15 [E 1K A A 7]); KQ-800DE i#f 4 i
VEAL(ES Ll mii B8 75 (a8 A B2 |l); N-EVAP116 AR AY
(35 E Organomation 23 7l); 3-18KS & .U:#HL(fE[E Sigma
N F]); HP-5MS {435 H:(30 mx250 um, 0.25 pm, 3% [ Agilent
Technologies 3 /) ).
1.2 iS5

. ECkE. A ML (EIkal, R AR
A, E AL (o BT e, [ 254 A AR A N A B D ;
Cleanert PSA/Silica [EAHZE BUH (BILA% 1 g/6 mL, KH:{HZ
BARIRBHECA RA R, 6 R iR RS W) Bubm ik dh (21 B
=96%, | NSRBI B A B AR, WS C R 12
By, P, i),
1.3 fRERRAECH
13.1 Arffigéini

HEBRFRIL 6 FIATAE FRER W) bR e S 45 10 mg &
10 mL FEifid, FHIECkEEFERZ 208, Bl
Jit Bl 1000 mg/L MIFRHERE 25, BT 4°CUKA h
A7
132 HMEIERR

YHEAF A% IO St s G 25 T, L E O e 20 31 A 8
JEREWE  0.05, 0.10, 0.20, 0.50, 1.00, 2.00 mg/L ¥ &
G FRHE TR
1.4 BIEHE

FREU 1T g(R586 2 0.01 g)ikFET 15 mL B0, A
5mL Zfi%.0.5 g EAbEN, HERS] 2 min, HAFEEL 10 min,
4000 r/min #5.0> 5 min, FIFREFHE.
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# Cleanert PSA/silica /IMEMKIK A 5 mL — & B %¢E. 5 mL
WA, FERm W, iR B EFET Cleanert
PSA/Silica /ME b, WEER W, F 5 mL ZHE¥EN x4
e W T 40°CEREL T, H 1 mL IE25EER,
TATETR ST, SR a3 - B A

PEEZS FURESL, 4% PR A B E AWk iR T, 43
BIIA 1 mL 1.3.2 RIVERAE TR, oS FiC i 1
VEV WL, I FH A B .

1.5 INERFEH

1.5.1 AA& st
ik HP-SMS B4 H(30 mx250 pm, 0.25 pm);

PERE FRLEE : 280°C; MERERIE: A B AR, T

1 mL/min; F/FREE: 100°CLREF 1 min, 20°C/min FHi %
290°CRHF 6 min,
1.52 ikt

B B35 8 7 (electron ionization, EI);
KA PR T Wil (selected ion monitoring, SIM)#H
fifio BSFURRIE: 230°C; PURRAFIREE: 150°C; fEHIZkiRE:
280°C; ¥ AIAER: 5 min, (LAY B LESEILE 1,
1.6 ERYETENFE

SR FHHE J5 C TR A o4 b 2 1) AR 3 15 0 7R ol 2 1) AR

*z1

MY HH (matrix effect, ME), 25 i PEM PG IR IR IS Y1k
FIRY SRR o 3R ME/Y%=[ 35 VT A5 v il 28 f ok 2R/
AR 2R R -1]1%100% . ME S 0 #78 JCHE AL,
2 X (R 3% B BE RN 58, E-15%~15%Z 1], FRoR
B~ Yigs s AT RN T

1.7 BIEAIE

A R B AR HE/A A Lab Solutions GC-MS
SolutionVer 5 F 447 AH S B0 Ab FR AN 44T o

2 HREHR

SHeESRIEFFER
WA FT B RR RSP S A A A, 81 HP-5MS (3
TR (B2 AR 5% K HE+95% 5 — F L ik 406 F 47 43 #1,
i RN 6 AT AR IR IR 1) o AR AR VA WA T RE
o0, RAEHE R T SR E RS T RENEE T, R
JiI SIM BEECRT 6 Rt IR IRER ) AT . 6 FIATERIR
RICP B DR B IS IR] | R T AE R T LR 1, R
VURCTR A bR v A L LI 1. di 8T 1 ATLUE S,
R FARE TR, 6 BT FR IR R A BT 14 1 L A
B, (I AR I 2K

2.1

6 FITIREEE XM RIE R RIE S

Table 1 Information and MS parameters of 6 kinds of citrate esters

EY G CAS & E 1B B (m/z) FEMEE F(m/z) £ B8 B (8] /min
Frige iR = H ik TMC 1587-20-8 143 101, 175, 144 5.530
PR = 2 ik TEC 77-93-0 157 115, 203, 129 6.730
LIRFPIETR = TR ATEC 77-89-4 157 115,203, 213 7.240
Frgee = 1 Tk TBC 77-94-1 185 129, 259, 111 9.425
LTI R = T I ATBC 77-90-7 185 129, 259, 157 9.750
L TEFPE TR = 1F L TR BTHC 82469-79-2 213 315, 129, 157 13.130
30
2
2571 Q =
& 20 F E -
z 9 2
Boys = =
z 2
%‘ 1.0 = 2
= =
0 | A
5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0
£ £3 Bisf ] /min
B 1 6 Rkt R e 24 o1 1 2 3% € (1.0 mg/L)

Fig.1

Chromatograms of 6 kinds of citrate esters (1.0 mg/L)
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221 RIREF 69k HE

AR EETIEC K. LR, LN 3 PR
FXF 6 P71 FR TR 254 S5 1 4R IO, 25 %M. IEC b
VE R FEEE I, TMC 1 ENRCREAR N 51%~70%, HE
Je B TS TRy 452 19 T 2 40 J5i 149 I = K 3 TBd 3R 50O Tl
S AR IE Ot P TR R . LR SRR IR R
PRI N, 6 Bk 68 2 TR 21 ) o 1y [l i o3 8 R 347 i et 2
SR, 2 R P R R SR R AR AR, R
SRR N BEBOAE I, S ARBUR B Z R AR, X AE
TR E . CREMENRIBOA R, B ORTTERCR LY, 1
TR RCHR B [ B AR A D (G B BB AR o PR UL, Kk 2
i R HEEL T
222 REBAREGE R

AR5 T A RIRBUATFIAENT 6 R FERRERZY)
AR . FE2S PRI AR S P 0.2 me/kg 1
FREREEEYIR, 2B 1, 2. 5. 10 mL ZJEXT 6 Flkyig
FRERR Y R IEATHRE . 45 R, FEEIREUARIRI K, 6
PP R TR 2S5 1 RIS 7R B 5, S4RBUAECR 5 mL
I RE IS BRI R IBORCR, 45 R 2. DRI B A
N SmL,

120 -
110 |
100 |

90 -

[ /%

80 |

70

60 1 1 1 1
2 5
FRPUAF/mL

2 AR B UR BT B IBUSCR Y 52 (n=6)
Fig.2 Effects of different solvent extraction volumes on extraction
efficiencies (n=6)

223 A2 EIRIAT A 49 H 5

R (R R AR G R RN R 2 — . S
K ARIZEE S SRR 0.2 me/kg MIFTBEIRIEZEYI R, BT
MR, #A 5, 10, 20 min IEIRCR . G55 0L 3, B
B A I A] 9384 /i, ATEC . ATBC H1 BTHC 14 [R] g #8328 W 14
Jn, TMC. TEC. TBC Wyl S AR b RBI B, 27525 TR
SRS ] AR, BEREE PRI )4 10 min.

13 %
110 -
100 -
90 |
S
X 80 |
E
70 |
—*— ATBC
—4= BTHC
60 |
50 1 1 1 1 1
0 5 10 15 20

7S I [A]/min
P 3 R A A I RO B B (n=6)
Fig.3 Effects of different ultrasonic times on extraction
efficiencies (n=6)

224 Afbg XeyindE

DAL Gl R BT A 2%, AT ORRE B 2 1 SRR A A
ISR H AR 2 B BURARZ 280, WERA b
i FBR A ) R S B0 (3 R S8 AR TG B, RNl e
RCEBRARBOR P BB BT . IRV LI 345 2% BUR AT A0 F1L Y
KEELTR ., AWTEHEEE TR RERIE . QUECHhERS (b il [
ARACI LA 3 Fr AL RCR o

VR URBRIE AR TRIAE . BUAMIE, (AR H-200CR KR
A2 h BLEPT, O RERG | ORI, FLAREBGRB BA
VRN IS T o AR AR PROGE MR AE VA R b RO 22 .
QuEChERS MHEBAFIE | Pk | 23535005, 2T
REZTERED ISP YR U, RS PSA | Cyg, B
ARERAIR . ISR, (Hizd b N SRR 5 ml e
SO ASEEAIR . PSA/silica B4 FAHAEHU: LA PSA FIA H
BREBCA R, REA RO B AR . S S | iR
S5, HOWBEHER BT, REATRUBRARRE R 1025 FIASIRE

Pl 4 PRSI A R TR, 3 gk =T 6 R iR

BRI EDSCRISTE 91%~116% 2 [7], 57 I SR

BEFOVER R, Y URBRIRIN BBV fea, A 17%~54%,
QuEChERS ¥t f J5 F9 JE J5T 280 0L HE & V5 B I A3 T e IR
PSA/silica [EIFHACHUE LRI SE B0 58, BR TBC iy 23%,
HAt 5 M FEEIRIEESE P BT BTN/ N T 15% . EASHITSE
e PSA/silica [ FHAC HUREA AL BRI 753
23 ERYMMHER

L J5 N B A AR W JBTE T7 05 R R O vERR R,
AT WA BN ST B STy AT R BN B 5 . A 5
T 6 RhFTFER R ISP B S TN, 45 REH,
TBC [ ME 2y 23%, fFPebEubismagon, HiAl 5 Fhraik
BRYTE SR BN T 15%, Jom &R . HEmILREL
PRUE AR WOE B, RS SOR PN BREE DT $mE
SRR R AR T o R, AR SR I T UC AR 1
AR WOE
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& 60
N [ ]sPE
% QuEChERS
s 40 % ? I£373
§
A\
B 20 | § |—" §
T™C TEC ATEC TBC ATBC BTHC
A RIFT AR RIS ) 5t
b o120 b 1 T %
100 | %ﬁ % _I_% {_éﬁ —I—% ES ?
o 80 | ﬁ % %
= 60
= 40
20 |-
0
T™C TEC ATEC TBC ATBC BTHC
AR R RS ) 5
TE:ar FEBURON; b IR
P4 IR s 2B [ 3R R RE BT (n=6)
Fig.4 Recovery rates and matrix effects of different purification methods (n=6)
14 BEEEH KPR, HRAE 3, 4,
241 ARG LB A B IRE R B I& 2.5 SEPRtEERANE

6 il 5 J5T G T 1) A A58 IR T SIS W) Jo s 1 R 41 9 VR A
LS AT A AT, LA E ARAR A 0 TV B R B A A
(X, mg/L), Wi BRI AR ()2 hil AR it £k, 15 Hh 4R
PE R . TRIET L 3 A% B e 3 (S/IN=3) i 7 J v At B
(limits of detection, LODs), A 10 {552k (S/N=10)#
B2 =R (limits of quantification, LOQs), H{&k4k
W22, 45RFEH, 7E 0.05~2.00 mg/L 1 N EERR G2
YIRAME R RAF, MERBUYRT 0.999, i FRIYIE
Fl & 0.01~0.02 mg/kg, & & RYEE N 0.03~0.05 mg/ke,
U BAA 7 i R &

242 ABEEBAHE

Yo BEARF T T B, kBRI . P A (R AL
AFINARIENSCSESS o 43 BIESIN 3 AASIRIR BE 07K, A nds
KM 6 ANTAT, FHEF LR MCRANG SR, 45R %0,
0.1, 0.2, 0.5 mg/kg 3 MIFRAKTF T, FEmbR R A
93.0%~115.3% = [A] , #H Xt #5 #E fi 22 (relative standard
deviations, RSDs)TE 1.3%~9.4%Z 7], Z5 R0, AWFoeasr
RIS | BB LT, BT A P 6 PR R

RLFABF ST, A 16 By A 6 Ry
BIRERZS Y B & B TR b, S5 BN, 7 RS
K AR BRI R, Horh 3 0y KBS TEC, &8k
0.069~0.144 mg/kg, 4 i kW& 7k i ATBC, & & H
4.47~6.25 mg/kg. FEA H 1 HARY 1, TEC & &= HA%, ATBC
1) & BT GB 9685—2016 FAYMLEE .

3 & 1

AR S YR ST TS 0 - T R A L g AR
PR St 6 BT R R RS W ST A3 BT I vk o AR T
B0 FOGAFRIRTAE A5, %88 T SRR,
2 Joi DG 32k A o i 2, A 200 55 R T A 1 T
WP B AR . AT K H R 0.01~0.02 mg/kg, &
HIRA 0.03~0.05 mg/ke, REES, BAERFEGT . BE
R, VR . S W PR R A R TR 2 ) 5 1
RN, by PRI i ro ey A TR T 25 400 J o DXL M) 60 DR 17
fl PR AR S
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Table 2 Linear equations and correlation coefficients, LODs and LOQs of 6 kinds of citrate esters
wEw Ry THIK R EL ¥ i FR/(mg/kg) &R/ (mg/kg)
T™C Y=988965X-41905 0.9992 0.01 0.03
TEC Y=1180757X-48584 0.9993 0.02 0.05
ATEC Y=1173646X-29292 0.9991 0.01 0.03
TBC Y=988219X-35875 0.9994 0.01 0.03
ATBC Y=1020792X-18194 0.9995 0.01 0.03
BTHC Y=405494X-63918 0.9996 0.02 0.05
R3OKBRRAT 6 FRATHRERES IS4 B AR N [ YL 2 A0S 2 E (n=6)
Table 3 Average recoveries and RSDs of 6 kinds of citrate esters in meat sample matrices (N=6)
e 0.1 mg/kg 0.2 mg/kg 0.5 mg/kg
[/ % RSDs/% [/ % RSDs/% TR /% RSDs/%
T™C 111.8 5.4 106.9 7.2 95.6 7.3
TEC 114.8 3.8 110.6 4.9 98.2 3.6
ATEC 98.2 8.2 97.1 3.9 93.0 4.0
TBC 113.2 1.9 115.3 3.1 101.4 4.1
ATBC 104.5 5.6 102.3 2.1 96.0 4.6
BTHC 94.7 7.8 101.6 1.4 95.4 4.1
R4 P8 6 MATIRERER M B A0 B LR RIS & BE (n=6)
Table 4 Average recoveries and RSDs of 6 kinds of citrate esters in meat sample matrices (n=6)
e ‘ 0.1 mg/kg A 0.2 mg/kg A 0.5 mg/kg
[T 4 /% RSDs/% [T % /% RSDs/% [T %/% RSDs/%
T™C 107.8 7.0 105.8 7.3 96.3 7.1
TEC 109.2 4.4 110.5 5.8 98.8 4.0
ATEC 100.2 9.3 98.4 4.8 933 4.5
TBC 109.2 54 113.1 4.4 101.6 3.6
ATBC 104.3 5.7 102.3 1.3 97.6 2.8
BTHC 96.5 9.4 101.9 2.5 97.1 33
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