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Determination of chloramphenicol, florfenicol and florfenicol amine residues in hen eggs by
ultra-performance liquid chromatography-tandem mass spectrometry with
pass-through solid extraction
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Abstract: Objective To establish a method for the determination of chloramphenicol drugs in hen eggs by ultra-
performance liquid chromatography-tandem mass spectrometry with Captiva EMR-Lipid pretreatment. Methods Samples
were extracted with ammoniated acetonitrile, then purified with Captiva EMR-Lipid, and finally detected by UPLC-MS/MS
with electrospray ionization in multiple reaction monitoring mode via positive and negative ions scanning. Compounds were
quantified by internal standard method. Results There were good linear relationships for 3 compounds in the range of
0. 03-6. 0 pg/L with correlation coefficients (r) not less than 0. 995. The limits of detection of chloramphenicol (CAP) ,
florfenicol (FF) and florfenicol amine (FFA) were 0. 02, 0. 01, 0. 04 pg/kg, respectively. And the limits of quantitation
were 0. 06, 0.03, 0. 12 pg/kg, respectively. The method recoveries were between 92. 3%-109. 6% , with relative standard
deviations (n=6) between 1. 4%-8. 2%. Conclusion With simple operation and high accuracy, the method was suitable
for the determination of CAP, FF and FFA in hen eggs.

Key words: Captiva EMR-Lipid; ultra-performance liquid chromatography-tandem mass spectrometry; hen eggs;
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X%, LI M 3% (Gas chromatography, GC) 3
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H 8 HLB (Hydrophilic lipophilic co-equilibrated polymer
column) \MCS(SILICA+ [ & ¥ 32 #5e B iR ) 45 i J [#]
FH A IORE 48 A BEBIRE I, A T e bR A6 I

RS AE GB/T 20756—2006" Fl SN/T 1865—
2016 iy H Al 1, O Ak T AT AL B R L SR IBOR & B
it X [ R 28 BORE A, RO [ A T B T B2
E RGP, VXS N CAP FF 5 FFA [ [ I
M7E B2 %

1 MB5FZE
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AR WARIEH WK IEF M K% i -d,
G B R -d, br ME A (4 ¥k 98%, 78 [E Dr.
Ehrenstorfer 28 ®] ) ; i (LR O BR . C N (A5 40,
VOB AL T A BRA D) s R & K (£ [ Fisher 22
Al ) ; Captiba EMR-Lipid [& #H A< BUH: (6 mL/600 mg,
% [ Agilent 23 # ) ; Oasis PRIME HLB [& £ BUk:
(6 mL/200 mg, 3% F Waters 23 #) ) ;Discovery® DSC-
18 Hr b B (22 [ Sigma-Aldrich 24 ) ) 50.22 wm/
13 mm Millex PVDF % 5 i 38 #% (32 [ Millipore 24
CIDEY RV

AB Sciex ExionLC -Triple Quad 6500+ ( 3¢ [&] AB

Sciex /A F]) ;FA1204B 43 Hr X (&4 0. 000 1 g, |
T O B 2 F) 5 Avanti JXN-30 A0 I 80 AL
(Z£ [H Beckman Coulter 2\ 7)) ; SA-480A #8 75 15 BEML
(V5 B AT B A A PR D) s DMT i E TR A AL (N
R AAXEF A ] ;BA-DCY24Y AMAL (K Bayue X
AR HED) s i B As 20~200 wL(#2E Eppendorf
AR s VA-E 8 46 K HL (BRI TT 22 #R R A B
NCIDIS
1.2 v W T )
1.2.1 BRAWHER R

23 RS HEFR A 10.0 mg AY CAP FF .5 FFA #3
YE 5, LU (Methanol , MT) it ] A% 1 000 mg/L #Y
il 4 B, 20 ) HE B FE L 0. 10 mL b 3 B bR 6 45
DL MT 5 25, 6 & 10 mg/L %5 v v 18], 8677
T =20 “CHRBE b A W IBORR v Hh D 0. 10 mL,
F 10% B K WE S, 45 5] 0. 1 mg/L (1 br #EAH
FHK .4 CIV A .
1.2.2 REGWIRER

I3 BIHERFREL FFA-d, FIl CAP-d, bR ifE & 10. 0 mg,
DL MT % f# , 6] B F5 BEh 1 000 mg/L ¥R 5 19 fif 7%
W, REUET L 0. 10 mL & SbRfisf 20, MT il % A
10 mg/L Y P A5 PRI, 3 A7 T -20 CIREE ]
YRR W BN AR PRI 0. 10 mL, FH 10% 2 -7K %
FEZY 135 0.1 mg/L B NARE A .4 “CIV A7 .
1.2.3  FRIbRIETAER R

R W A 3 AR P RS R A AR R
Wit 10% 0 (Acetonitrile, ACN) ] 45 Hi A [a] 5 &
W (0.1.0.25.0.5.1.2.5 5 5 pg/L) IR & br e ih
2 R PRUE RPN 2 pe/L ) FFA-d, fll CAP-d,
RA TR NFE.
1.3 FEELETAL 2R

YERG R B AL FEAY 2.0 ¢ Y 2K FE A ORS B
£ 0.01 g), LA BN (Polypropylene, PP) B .0 4
(50 mL) W K5 HEZR N 0. 04 mL 0. 1 mg/L P bRl FH
W, IR HE 1 min, B E 15 min, A 10 mL & 0. 1% &K
1) 90% M5 /KW, A E 10 min, 7E 5 ‘CLA 8 500 r/min
(MR B0 /1 RCF=15 000 X g) B0 3 min, # 8 - 7
W 6~8 mL i Captiva EMR-Lipid £t , 52 2R &,
WA HC 5.0 mL I8 W A WE T, H 1.0 mL ZiF K
(10%) Z %5k, FHJE g M (0. 22 wm) i 3, L AL
LioRULS
1.4 AUERM
1.4.1 @Bk

{f, 3% 43 . Phenomenex Kinetex Polar Ce M (2.1 mmx
100 mm, 2.6 wm) ; A7 40 Cs iR .5 pL; ik -
0.3 mL/min. WEIHH:A HZHE.B 5 0.01% % K;
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LS 55 5 IR (ESD 5 & J7 =X 2 22 I hy i il
(MRM) ; 194577 20 IE B 74348 MRM+(FFA (FFA-d,)
A B 7 F 5 MRM-(FF . CAP CAP-d,) ; HE 0§ 55 B
FALHLJE(1S) :5 500 V(MRM+) ., -4 500 V(MRM-) ;
BRI E (TEM) £ 550 °C 5 5 F IR % < (Gasl)
50 psi; 5l By im #4 K (Gas2) : 60 psi; K A5 A (CUR) -
30 psi; BffE S (CAD) : 9 psi; ilf 1 % 1 0 HL R (CXP) »
10 V(MRM+) .11 V(MRM-) ; f AHLJE(EP) : 10 V
(MRM+) .10 V(MRM-) ; HAh BT 3% 2 800 3% 2.

F1 OBEURERET

Table 1 ~ Gradient elution program

I 6] /min 2N/ % 0.01% KW/ %
0.01 10 90
2.0 25 75
4.0 40 60
45 100 0
6.5 100 0
7.0 10 90
8.5 10 90

F2 HARYY 00 B I ] 00 A 5 3% 2 1
Table 2 Optimized UPLC-MS/MS conditions and retention

time of the target

wan TREAWEE]/ ey MBS TX/ RERE/ REfERE/

min [ 5 (m/z) A% eV
248.0>230.0" 23 17

FFA 1.61 ESI+
248.0>130.1 23 38
FFA-d, 1.61 ESI+  251.1>233.3 32 16
356.0>335.9" -36 -13

FF 3.57 ESI-
356.0>184.9 -36 -25
321.0>152.1" -40 -24

CAP 3.82 ESI-
321.0>256.9 -40 -17
CAP-d, 3.82 ESI-  326.0>157.0 -40 -25
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CAP % 1 I HARAR AR Y, FF B R B AR £
K FF-dy, B T[R4 2 0 R0, 25 3 B & 45 2R f
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230 HERE T ,m/z130. 1 NEEE T 29 E
ABRAF TR B fEMR IR 2 48 7R 21E
FEME E BB 0 AR 2 RN Al 4 e T RS
TR Ay e 7 36 ) v, DR AR I TS 2 AR AL 1. 4.2,

FF OH FFA OH
y
/ F Pl
o /@/‘Y Bl o /@/‘YV\ ci
HN
_ # 7‘/< al —:s:. HN%CI
O (0] O
OH NO
cap 9 :

s, °
Cl OH

BT B br i i 254 1R 0T 1 24 1 14
Figure 1  Chemical structures and mass spectral fragmentation

of the targets
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Figure 2 Intensity of compounds in different mobile phase
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Figure 3 Total ion chromatogram of CAP, FFA and FF in Phenomenex Kinetex Polar C g
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acetate, EAC) M H B £k W H. 25 Bb 55 38 7 A0 42 B,
PRI R AU, HOACN i 2 B A9 2R 1R I I
F , B AR G b fife e X A b 2 BT Y D0TE A B AR Y
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PR BRRE F ABOR AN A . AR %4 T H il
Y Discovery® DSC-18 Ak S RL A0 W5 Fb B 24
1k /N4 Captiba EMR-Lipid 1 Oasis PRIME HLB f
AL RR (4, ndn i 2 wg/kg) , FESH X 3 Bl
bR 1S, 40T B B AR O — R AR S
Hwnm st % L. 4R Bm: NEIEE, &
Discovery® DSC-18 [M] Wi %8 fiz iy , X5 48 25 J& 7 119 o
JE AN RS, b BL R T D, X ASCEE 5 4R K5 Oasis
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Figure 4 Comparison among recoveries of 3 purification methods
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80.4%~98.2%, % & % J& J5 , P & & H Captiba
EMR-Lipid fF 2 14k [ A A8 Bk
2.4 LR
2.4.1 At I ALY

FH 3 B 4k A4 R 43 510 Ak B 25 1 3 5 A
TRARE W EALIE | e s [ R JBRn 4l 57 b H A
166 W 0 S 5 0 T DT M A 6 3 SR RN L DA
K 75 58 FE 0T RN 5% e 4 A %) AR B DA R T RGO R T
(Matrix factor, MF) 75 : MF(%)=X/Yx100, H: /1 X |
Y R URAR e A3 1 e S5 w7 L 49 R e W AE . 3R 3
RAR A 0.2 we/ke B 3 F b & P i 5L 0 &%, I
o FFA A0 ] A% ™ R R T PN Ak T R
JB 800N F 5 W) o

F3 3L Tk 0 4 X B ST AL N
Table 3 Absolute ME of 3 purification type

Vil g 3t LT/ %o

FFA FF CAP
Discovery® DSC-18 33.5 92.1 82.3
Oasis PRIME HLB 15.7 104.6 78.2
Captiba EMR-Lipid 31.7 90.4 82.3

2.4.2 R B KON

BT FFA KRBT RN K, O B g Y A B
PR, T XA BR IS T 3 0 A X 3 5 Ak E AT T
Hro WK 6 AN [) Sk U5 14 XS 2, A 6 i A 49 3k I

Hh R R AR Y MF, TSR DN A B Y L AE
152 PN A5 3 — 4k 5 5 %808 B F (IS-normalized MF) ,
AT 6 A A bR I — b 5 T AL T B S R R
( Coefficient variation,CV) , 3 4 N l#riE 0.2 pe/kg
I 3 7l Ak 5 W 00 AH Xof B 5T 880 N B4R 25 2R, OV B/
T 15% , Ul WX R 1A= AR A 60 0 7, 6k T 80N
M) W 220 1%
2.5 JriEIE
2.5.1 i RYE SR

B g iR G TAERMA 25 A 5L, 4%
1.3 435 FAL, % 1 FR (Limits of detection, LOD)
h R TS T A M L (S/N) ST 3 I B AL
Hbr ik & ¥ iy e B2, 5E 5 BR (Limits of quantitation,
LOQ) % 5t 85 T3 A S/N=10 i _EHLW o H A5
L&Y B 1H 5 CAP FF 5 FFA [ LOD #KIK
J£0.02.0.01 5 0.04 png/kg, LOQ K ¥ J2& 0.06,
0.03 5 0. 12 pg/kg, 454 B F K T4 A AT HRELK
B LOD Al A 2K #0047 PR & (Minimum required
performence limit, MRPL) . [& 5 Fr/s %5 (A3 AL
A AR Je H bR AL G 0 i SR e 7 (k5]
2.5.2 &MEXR

1A A (X)) Ay b 9 T A VA9 Jo o vk 8 (B
pe/kg) , YA R (Y) g H bR 473 5] 9 b e 1 AR EE AL
SE LR LA AR v M 2k 9 L5, W3R 5.

4 FARYY AR X 5 ST

Table 4 Relative matrix effects of the targets

FFA FF CAP
B 44 Absolute MF/% 1S-normalized Absolute MF/% IS-normalized CV/ Absolute MF/%  1S-normalized
e —— cvV/% ———————— = CV/%
FF FFA-d, MF/% FF CAP-dg MF/% % CAP CAP-dg MF/%
nYE 34.7 34.5 100.7 86.2 82.5 104.4 74.1 78.9 93.8
538 E 32.2 35.0 92.1 91.6 82.1 111.6 80.6 82.5 97.6
= i X 30.6 32.4 94.5 101 87.5 78.5 111.5 127 80.4 82.1 98.0 43
2R 285 298 95.8 ’ 85.4 82.9 103.0 ’ 83.9 82.6 101.6 ’
BERER 30.4 259 117.0 83.5 96.3 86.7 74.2 82.9 89.5
LR 1 20.5 18.3 112.4 80.3 98.3 81.7 79.7 81.3 98.1
N
3.0e5 | FFA 1.903
2.5e5
w 2.0e5 -
5
=
dg) 1.5e5+
E
1.0e5 rr CAP
5.0e4
Log3 1330 || 2160
0060 1 1 L 1 1 1 ! 1 1 1 L L 1 1
0.5 1.0 1.5 2.0 25 3.0 3i5 4.0 4.5 5.0 55 6.0 6.5 7.0
Time/min
15 23 RS SRR Sl TS bR o it 9 4 R £ 35 1

Figure 5 Extracted ion chromatogram of blank control with standard
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X5 HRYIRMERE(r) bR g
Table 5 Correlation coefficients(r), linear equations and

linearity range for the target

2 e 28 PE 7 RVEVE /(g ke)
FFA 0.9992 =0.146 18x-0.002 09 0.12~6.0

FF 0.9990 »=0.022 29x+0.003 01 0.03~1.5
CAP 0.9990 »=0.068 37x-0.002 435 0.06~3.0
2.5.3 [MISCR SR E

] 45 (4 X 26 3 A iR i 3 A4S AKSF (R LOQ
2.0 Al 10. 0 LOQ/MRPL) i 1R A& T /E W, i & Jn b
FESD R 1.3 J 1.4 R Ak 3 7 vk AT Tl R s
5, B WK 6 AT AR IR 6. &G
Yy a0k R A4 (H K 92.3%~109. 6%, RSD /& 1. 4%~
8. 2% , 5 M & ERAMFF A o
2.6 JiiENH

SR FH AR 305 0 9T B i DX T B Y110 45 4 AR
HEAT TR, TR B AR O R A A, SR W
L3 E P FEN K T FF 5 FFALFF 5% B &
(455 N E AR 7 A E ) J2 0. 512(0.547) 2. 72

Fe o6 HARY I I SR FRS 25 B2 (n=6)
Table 6 Mean recoveries and RSDs (n=6) for the target

EWaFE MbRKT/(ng/kg)  FEIRIICE/% RSD/%
0.12 92.3 8.2
FFA 0.30" 96.4 5.0
1.20 100.0 1.4
0.03 102.2 3.2
FF 0.06 109.6 2.5
0.30 95.4 1.7
0.06 108.3 3.6
CAP 0.12 96.3 1.9
0.60 97.1 1.7
7 :":MRPL

(2.78) . 8.15(7.99) pg/kg, FFA 5% B & 0.422
(0.429) .2.62(2.32) .6.35(6.14) pg/kg. FFA 5
FF [A WA, B FFA 5 FF & & 215 ¢, ik —
HENUE T FFA & FF 8 £ 2089 | 6 s
Shy BA PR R R R MR g R . R
S A T B A 25, WA T AE i 5% B
2548 5 00 [F i, 0 55 s Ao A% W

2.5¢6 | d
¢ -0.690 | FFA FF

2.0¢6 (i
£ I
= 1.5¢6 + ‘
: |
= 1.0e6 + i |
5.0e5 | \ \‘
Al

0.0e? L NG L L L L L L

1 ) ¥ 3 4 5 6 7 8

Time/min

Pl6  BHPEXY SR A B IR 1 3 1A

Figure 6  Extracted ion chromatogram of positive sample in hen eggs
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RF B A R BEL RN g 7K AR AR B AR T 6% AR LR, X5
BE R SEAT BEREE BT, B AT IS AL, B S
QuEChERS J5 W45 /5 T i £ 58, ¥ AL A5CR TEIIE 5 R
FHAE B85 134, bR 168 &, BE 05 P 3 58 XS 2R
oFFA S5 =R A P 5% B G A E i b, BA
BLUF 1 A B2 FIORS %5 2 L 3@ T FFA JFF F1 CAP 1Y
KAt PR A

S % Uk
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