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Abstract:  This study aimed to establish an ultra-high performance liquid chromatography-fluorescence detection
(UPLC-FLD) method for the determination of thiamphenicol (TAP) residues in quail eggs and pigeon eggs. Using quail
eggs and pigeon eggs as test materials, the target compound was extracted by accelerated solvent extraction ( ASE) tech-

nique, and degreased by n-hexane saturated with acetonitrile. After purification, it was detected and analyzed by UPLC-

FLD method. The results showed that the mass ratio of
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TEE A T2 (1994-) 5 R B L5 S ENFE tion were greater than 0.999 2. When TAP was added at
FEE SR, ( E-mail) 2916502606@ qq.com mass ratios of LOQ, 0.5 maximum residue limit ( MRL) ,

BIREE S, ( E-mail) yzxkz] 68@ 163.com 1.0 MRL and 2.0 MRL, the recoveries in quail eggs and

TAP in quail eggs and pigeon eggs was in the range of the
limit of quantification (LOQ) to 250.0 pg/kg, and the

linear relationship was good. The coefficients of determina-
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pigeon eggs were 83.23%—95.72% , 84.37%—97. 12%, the detection limits were 3.4 pg/kg and 3.3 pg/kg, and the
quantitative limits were 9.9 pg/kgand 9.7 pwg/kg, respectively. The detection method used in this study is rapid, efficient

and sensitive, which provides a new method for the detection of TAP residues in quail eggs and pigeon eggs.
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FH K 5% & ( Thiamphenicol , TAP) | 5| & i %5 &,
AR R, A LSRN AERNEEY, 8T
TR Y . EE T IO A 2 R R
R 22 [Q PR T IR AT L 37 e AR T 7 T | R i
AR T R A DA TR g T 45 5 | 7B R e 4
AR AR BRI, B B IR ACR . W T HXY &
B Z M A E SR A R RIRITRCR BB B
AP BT

BEME ORI R, A RS RS S
B, UTAER AT SR i H AR R, MIFRAE#E o T4
AT, HOR TAP SR RGNS B T
K, PR TEED . N TAP BA BGR
AR TR L0 B . 1 40 AL Al A VR SR
AR, v LAV 22 [ AR X 3k i 245 1) 1Y) e v B P R
AR THRUEN . O T ORIEB Y R4 TAP
5% BRI H 45 B, H Ao AR DU 5 i 32
FUAES A 38 2 (Gas chromatography , GC) 1) A i
X H % (Gas chromatography-mass spectrometer, GC-
MS) 7 W AH 3% ¥ (Liquid  chromatography
LC) M R 1B B # ( Liquid chromatography-mass
spectrometry , LC-MS) ") [ P # ] FH w5 RO AR (0
7% 75 ( High performance liquid chromatography,
HPLC) K Zh P il b TAP BYBTFE 24 HiH , T
FIH 8 w55 %0 AR 8 3% 7% (Ultra performance liquid
chromatography , UPLC) BB D, AWK T
PP 2 (ASE) 1977125, S 80 1 32 GRS H br
WS G 1 fik, 4 i AR HIOR Y JEFI R UPLC 43
BRI £ ( Fluorescence detector, FLD ) #:0 , ##
S R SRR €T S A DN 1 A N 4 5 R
&P TAP BRE B05 %, RS E AR T TAP 7k P
B R il SR HE TR

1 ARSIk

L1 5
i RORAR I A ( Acquity UPLC ) , iy 58 [H
Waters 23 5] 25 7 3 D GG 45 ( Acquity FLD #) | ¢

quail eggs; pigeon eggs; thiamphenicol; accelerated solvent extraction; ultra-high performance liquid

FEE Waters 23 /) A 775 Jin #1577 26 BUY ( ASE350
), f1 3 E Thermo Fisher 23 R A= 77 5 8.0 Uk 45 X
(ScanSpeedVac40 71 ) | £} 2 LaboGene //_\\ﬁjﬁzf’:,
H ALK £ (Smart2-Pure ) |, 1 % [ Thermo Scien-
tific v F] A2 7 FOBR B 3% A o f (205 = 99. 0%)
(CAS 5 :15318-45-3) , H1 & Dr. Ehrenstorfer Gm-
bH A7 IR A E A O WV (@354l |, 56 Te-
dia A BR 2 &) AR 75 - b SR IR AN (4 A 4l 4l
JE=95.0%) , AL BRI FRHA R W) A7 1
bR 2o 3K T ) 24 4 AT A 2 iR AT R w1
7K Al

1.2 fRERRRH &

WERAR B AT K 4.0 mg, H 2B E 2
210 ml, FE7HEST, BLhil A 400. 0 me/ LEYFRAEN 75
W, 0% B B =70 COBANR KA h IR, Kb
HEN 25 W 36% (IRFRLL ) 1Y I8 7K 75 W 32 0 s e
AN ] Jo e 9 R A PR B B 2R bR M TR, 203,
B, B34 CORFATIRAA A, TR E AT 30 d
1.3 HmuiRIRE 5L

ASE $2 3. 73 50 MERA AR B (2.00£0.02) g
JBT i 1 A 0 2 2R R B TR 0 ek
LS 2B AR, LA B s A BOOR . Z
Je %N 22 ml ZE B (251t  B A 2 B 0 A
A ) TP T v R AR B BL B L
Fr 2RI, A BGR R 2% W =K S, H AU v K
SHCNR BRI J7 241 500 psi, 26U EE Ol 80
C, AW A 2 5 min , AR 4 2 2 W AR AR Y
40% , BEAFE 2 18 A 3k 1O, A& I
1] 60 s, #ASE PR A€ WL 2 WK, B0 Jm WO 26 O, 1%
s

FE S L R AR BORE S 2 50 ml 5.0 &
TR IRAEAL (02 000 g) bz T4,
A1 ml 45 i ERE 1 S A AR, I 8 ml Z it
MBYIEC e NG, e e #E 5 min, 3525 12
ECKE, EE LR 1K, RGN 2 0K T B0 ik 4
RS 2T B4R T4 5 AR T 2.0 ml i
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BRI E T, WHE 1 min, LL12 100 g B0 15 min, i
0.22 wm R H L0 (PVDF) Bk a , ug ik it UP-
LC-FLD #& ,

1.4 FiEREIL

141 &% RELEF A5 (Acquity UPLCO
BEH C18,2.1 mmx100.0 mm, 1.7 pm), 7340 A .
HBEE 7K (% 0.005 mol/L [ NaH, PO, ¥ ¥, 0. 003
mol/ L+ Rt FEAR IR BN A 0. 05% ) = 2 ,pH 5. 3+
0.1),7aItH B: &G, SFBEVEMGA « B=64: 36 (1K
TR ), Kl g - 2O CAG I A (AR B 233 nm, &5
P 284 nm) |, Wi . 0. 2 ml/min, FEFEEFL. 10 ul,
FEIR 230 °C

1.4.2 AR w & Sl R FREL 10 {7 (2.00
0.02) g S I A A9 B A4S 38 26 1Y 2 R 25 I RE
HATHREURIAAL S 15 225 FURE S B TR O . 285
53 A% G 2 9 5 o 4 B H A v T AR VRO B U
IR (LOQ) .20.0 wg/kg.50.0 wg/kg . 100. 0 pg/kg.
150. 0 pg/kg.200. 0 wg/kg.250. 0 pg/ kg% 25 it
I, #£ UPLC-FLD 4504 F 4750 B, 4300 DL H 8
R TARMRAEAS R 28 T b s i st i Loy A
A () BT RN PR AR 5 (V) |, 231 FPBRUE 38 76 Y
FERIHY 35 B rh ik B LU bR 2k

1.43 HmupkRegm w2 R HERFRE(2.00+
0.02) g SJFRUF I 2S RS AR RIS 29 J1AE o A
SRk LRSS A3 A B R 2R bR o T A
Wi B ol HOE I A £ 25 EURE B b B S o B L Ry
LOQ 0.5 MRL (fe = 5% B PR &) 1.0 MRL 1 2.0
MRL PRSI, AR MK E 6 AT,
ZHEBUEE IS, UPLC-FLD Kl | J57 5 K K6 ) 455 56 %of
HEAR I M 2R A5 i b, TR S Dl

1.4.4 MZFEGRE KEEESNH NN R
FERE R H TR] (AL 1)) K 25 B2 R ] AR X A o e 22
(RSD) R¥Ah . H (AN A% FE « [6]— KA [F] i
(i8] 5[] — 5 ASC gt 0 ) — 2 A v fh e 5, B S
TN RE 5 6 ASFAT, 2K H P RSD, H 8] (Ht[A]) K
R — PN R AN TR) R R AN [R) 00 s o il % (5 KA
o IARAEIN 2 A — S A8 | A4S i hn ot £ Lh
W6 M FAT, oK HIE] RSD,

1.45 #nrRsxEmne B[ remiEaR
I s, 9 FH 2 8 57 1) UPLC-FLD J7 ik E 4747
Mo BB T 3 K, R AR L (S/N) F3
i, MIEME R T2ET 3 (S/N=3) I Fr v I B9 7%

I EL B A 43 BT 2 A U B (LOD) ) 5 24 {5 e L
KTEET 10 (S/N=10) Bsf FBir 5 57 659 78 0 5 & e B
KM T IERE R (LOQ) . AN, LOQ it
IO A TR P RTIORG % B %) SR (— MK Il
F>T70% , FIXFRUENR 22 RSD <20%) , A BEIE W It 7>
W R E T

2 GRS

2.1 IRAEHMZE LMEESRERY

HH I 1 FEL 2 WA Y, F A 26 76 A 2 RN
BE PRI R A LOQ = 250 wg/kg, Hiilé i 1
R R RIFRL T R, MG L ]
V5 R B BB R?) W 1,
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Fig.1 Standard curve of thiamphenicol ( TAP) in blank pigeon
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Fig.2 Standard curve of thiamphenicol in blank quail eggs

matrix

F1 BEMBIBES TAP BHEFRERERBMEETTE
Table 1 Regression equation, coefficient of determination and line-

ar range of TAP in pigeon eggs and quail eggs

F R 2Pk A

. RHERH (R*) (ne/kg)
[ Y=683.62x+564.98 0.999 8 9.9~250.0
[LELE: Y=667.37x+519.65 0.999 2 9.7~250.0
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22 f@EiEE

g E WK 3 K 4,1 UPLC-FLD ¥l 4140 F
H S R AE RS AR PN 2 B rh 5 2 S8 T 34 1 53
B WIE X RR B B BHEITE 1.50 min 245, SHRAES
G H AR A 0 P B i Tl

9.00
7.00-
5.00-
3.00F
100 1.509
-1.00 . J
9.001
7.00F
5.00F
3.00F
1.00F e o e
-1.00 * -+ * * J
9.00
7.00F
5.00F
3.007 1.49
A

1.00 ;WANA/L\
-1.00, p

WICHE (EU)

IEHRE (EU)

PEIEHEE (EU)

J

1 1 1
0.60 1.20 1.80 2.40 3.00
¥ A (min)

B3 25.0 pg/kg TAP #xififm(a) ZEBE (b)) MZEABER
fin 25.0 pg/kg TAP( c) B it E
Fig.3 Chromatogram of 25.0 pg/kg TAP standard (a),
blank pigeon eggs (b) and blank pigeon eggs with 25. 0
pg/kg TAP (c)

2.3 AMEYE BEE KRS ESR

25 [ A B8 R4S 25 28 b AN i B R R 2R T L A
LOQ 0.5 MRL 1.0 MRL F12. 0 MRL /K-, A E
RIS D RO 2 B WL 26 2, & 2l R
T RIS M S E PN Lo LOQ 2 2.0
MRL B, FFVRRUA 287 A1 25 RS 2105 2 v 0 S o Tl i %6
4394 83. 23% ~ 95. 72% F184. 37% ~ 97. 12% , AH X}
FrifElw 22 (RSD) 53 5 M 2. 75% ~ 3. 87% Fi11. 99% ~
3.70% , H N RSD 43 51 }2. 78% ~ 4. 32% F12. T4% ~
3.91%, HIa] RSD 435 43. 36% ~ 5. 22% 3. 44% ~
4.98% , Z&it U N el 56 vT 45 A% ARG 2 2
HEEZ B LOD 43314 3. 4 pg/kg 3. 3 pe/ke, LOQ
AR 9.9 we/keg 9.7 pe/keg, GERFR, HITAR
TRORE g, o0 A S 5 B RS AR b R R AR T R
WA ZER A7 A B RO AR A R 55 [ H A
REREAAI AR

_9.00F 4
2 7.00F
i 5.00-
ﬁ 3.00F
: L 1.509
R T
-1.00 ‘ ‘ ]
. 9.00F
@ 7.00-
| 5.00F
;33 3.00+ J\
= 1.00 :———/\J‘/\A\w ~—
_100 1 I 1 1 J
. 9.00F ¢
@ 7.00F
i 5.00F
fﬁ 3.00 1.496
o 1.00F
#
_1 00 1 1 1 J

0 0.60 1.20 1.8 2.40 3.00
18 (min)
El 4 25.0 pg/kg TAP iR (a) SR E(b) ME A
EiRN 25.0 pg/kg TAP(c) By EIEE
Fig.4 Chromatography of 25.0 pg/kg TAP standard (a),

blank quail eggs (b) and blank quail eggs with 25.0
vg/kg TAP (c)

R2 BENBBEF TAP KR MEKERBEZE (n=6)
Table 2 Fortified recovery and precision of TAP in pigeon eggs and

quail eggs (n=6)

H XS H AR

s ML RCR WP e e
(%) (%)

RYHE 9.9  83.23x2.62 3.15 2.78 3.53
25.0  94.543.66  3.87 4.32 5.22

50.0°  93.43+2.57  2.75 2.94 3.36

100.0  95.72+3.40  3.55 3.05 4.10

W 9.7  84.37+3.12  3.70 3.91 4.25
250 95.02+1.89  1.99 2.74 3.44

50.0% 94.26+2.82  2.99 3.66 4.08

100.0  97.12+¢2.30  2.37 3.48 4.98

* FORRSE A ES T TAP [ e Ak R

24 mERWAE

ARWETE LR TR A SR R v BRI R e
Dy +HEFE SR ORI ASE $2 HO0H A8 8 M489 28 2 v R s
RSO R, 25 2R W3R 3, 76 M8 P b ke 7=
DA TAP (9 [ AR, B R ) i A5 45
TP e 127 1 7 V6 S IR Tl A8 5 ASE 2 42 Y 1]
WAL B ASE (R IR IUS AT 455 SPE AL
Frigefl, b TR R A TR 22 A TR I , tL 45 17 R
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Ab PR B T] , BE AR, ASBF 92 Hh il XA [ L 3] 4
WORHAT TROCRAT I, 85 R ILK 4, F1 3R 4 AT L3,
PRI LR NG+ 2K (98 = 2, 1L I RUR i
£, BRI B IR TE 92, 0% LA L, B e i 5 X
ASE $&HUJ5 2k 1 B2 B B (] 4T T AR Ak, 430
T 40 °C .60 °C .80 °C 100 °C 120 CILE T ,2
min .3 min.5 min .8 min B} TAP ) [EISCR | & KL PR
£ 80 °C,5 min B R AE AR BUSR A, AT RIS B Y

x3 AERBAENEEMBIEEDPNE RO R0
Table 3 Effect of different extraction methods on the recovery of

thiamphenicol in pigeon eggs and quail eggs

A R PSR (%)
IRl LLERIE  LLE RiEE ASE HLL
R RGN G+ R
M 34.4423.03 69.80£2.74 85.32£2.90 86.93:2.23
WIE  36.1422.90 72.12:2.81  83.45:2.66 90.05:1.99

T v R

LLE . R A B,

£4 TRLEFHRBURFI SEMBBEHRNERETERA (%)

Table 4 Effect of different proportions of extraction reagents on recovery of thiamphenicol in pigeon and quail eggs

PR R MR (%)
£ O EK=99:1 OB &EKk=98:2 Wi &EK=97:3 5 EK=96:4 N EK=95:5
(AL (L) (ERLL) (L) (AL
R 92.44+2.61 92.64+2.11 82.28+3.11 75.52+2.37 63.24+2.33
WBE 91.29+2.30 92.84+2.30 87.27+2.02 70.81+1.90 65.67+2.07
3 _‘LTJ_ i/t\, mmol/L FI 20 mmol/L NaH, PO,, 0.01% . 0.03% .

3.1 HMETEAENRL

TERFFE R T | o 108 7 Ak 38 X6T 189 25 SR 1)
WPER B R KA, Xie 2R :
i - AR (49 1 49 ¢ 2 KT 1R M HRBGR, A
FH A TG 7 325 SR TR B b i TAP A e %
(FF) MRAR e e (FFA) , 22 Be B AG 5 , FH A
o 30 8 - O A 0 9 K T, TAP ] i SR AE
86. 4% _I ; Alechagaee %57 5% FH [ AHZE BUAY 75 1%
WIS O FR- RS MR (5 mmol/mol ,pH 5) A,
TEAE S T SRS W R & A T Y TAP R B %
(FF) FI 2K JE % e (FFA) |, 53 3 UPLC-MS/MS £
DU ASI A3 BT, W ARAR T B4 A TSR
3.2 UPLC-FLD %l &4k

FEETE A I b, AT 5 S A Y B
Mg A6z 00 245 SR ) F 22 R £, Evaggelopoulou a8
Zhang 25" I K Sichilongo 25" K 2 4 PR £ 5
AERLYR A EFA T C18 (gt ¥k
TR AR I RO AR R T AC-
QUITY UPLC" BEH C18 (2.1 mmx 100.0 mm, 1.7
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AT 2 A6 U A 2 v B AR 2R Ak B AR Y A L
3T 1 mmol/L .3 mmol/L.5 mmol/LAI 10 mmol/L
+ BRI FR AN ,0 mmol/L 3 mmol/L .5 mmol/L 10

0.05% %1 0. 10% = e i FA R pH (A X B 451k
G AR R IR S A T A, X
WEH, IO R siE A, LN 5 mmol/ LR
AN 3 mmol/ L T BE BB BR BAFN 0. 05% ) = &
WKV (I pH K5.320. 1) ME R TSI B (A -
B=36: 64 KFLIL) , TAP Ay 0 i i 55 2% 5 s 3k 3|
RAFR 5y 5 R B E— 254k B bR 4 5T i A6 I 35
Ko R8T IR K 233 nm, & BT K 284 nm,
FEMCAAE R REIR B T B bR 0 s el A, S JE A% 5
T
3.3 UPLC-FLD iZHIZRHMHKB

UPLC /Z7F HPLC BYFRIe S i 3 3L Ay b & ke
K —A-HT 4Rk, 5 &4 n) HPLC 41 Lk, UPLC
SR FH T B R P A R B R R (A g AR
R, TEREESME T, UPLC RE > B8 1Y (035 1 H
HPLC 2t — 5V b 45 i RS RS o . R,
UPLC fi& LABE PR 3B BB AT 1) 53 B 38 58 OV R AE
3BT ) A T O 25 T X A A R o 40 18 R A
Pt AR DR T REUE ST
& ,UPLC R 8% T %38 HPLC () #% R, 76 A1 ] 2% 14
T,UPLC MY U Koy B B T B4 R T
Sy BT IE]  [RIEH D T R & BEAR T o0 AR,
SEA R INRS FE R Y FLD A &5 | G AR5 45 R o
PRGBSI FR AT BRI Tz N R AE T T RE
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