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Abstract ; To establish a method for testing the tetracyclines residues in eggs and milk by liquid chromatography —

tandem mass spectrometry, the samples were extracted with Mcllvaine — Na, EDTA buffer, filtered through fast

filter paper, and purified by HLB solid phase extraction column with absorbent cotton. The eluent was blown with

nitrogen to less than 1 mL, then added with 30% methanol solution to 1 mL and mixed, and tested by liquid

chromatography — mass spectrometry, matrix matching solution external standard method for quantification. The

results showed a good linear relationship between the range of 5 to 100 pg/kg concentrations. The detection limit
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and the limit of quantification of tetracyclines were 2 pwg/kg, and 5 pg/kg, respectively both in eggs and in milk.

The recoveries of tetracyclines were all between 81.2% and 110.0% , and the coefficients of variation within and

between the batches were less than 11.4% when the concentraion was at the range of LOQ to 2MRL( doxycycline

LOQ to 10LOQ). The technical indicators of this method can meet the requirements of residue testing, and the

method has good reproducibility, and meets the relevant regulations of home and abroad on testing residues of

veterinary drugs.
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PURR R ZE 25 ) @ T 0 B 24 G 94 AN =[G PH
PN IBIR N T A B R JER AL,
H5MFAZE KR 30 s WRPI 254, B IE aa -
tRNA [Fl %2R RS A DAITTT B L 0k 55 S22 fef R 240 74
BEATA D AE R —2KT P E RO 2
TEESFFRBIAR Y HEIRIRYT T, BT IR P
i R RS OR 2 01l P A5 2 R LA D R
FARAY) KA 5 e I s BUF R 4
WHEHR TR A W EE ) IF BLE A R i), 1
JNS E v 24 5% BA I AN T3 22 | 5% 0 o 15 e
KB W IE H R IR AT 24 DL SOARBE T Y AR
Z I I [ N AR DU 2R 2K 2 25 9 5k R S
it T A M B E7E GB31650 - 2019 H B
WORLE 4/ F Wb+ R R SRR IR A
B IKIR R BR R 100 py/kg, WED 15 E 4%
R UFRR A B A o KBk B PR O 400 pg/kg,
ZVGRFE I FLIIAE R i T A 73 S X 2
[Fi) A 4 o D B 2R Ak % BR RGN f) [l A, L
FASESCRk LA A, R, X 57—l A B 3 T 4
W RS EE R 4 Fi U BR 2 2 25 ) 8% BR K I 7 vk LA
HEE Y, WAMXEZIRFEEHN GB/T 21317 -
2007 SR b DU PR 2R S 2 5k B A I
T WO — T/ TR 5 e AR (A R R
P EB 1025 5445 - 12 2008 WP J% P U PR &K
2B R R — WA (i BRI B AT
PR AR R, 5 E A R SRR A AT, LS A
U S B LI, J5 3 3 S R b Z P R R
Wi, H AT SCERIRAE 1905k A e
FRERM L - B R R A
ENT LW RO R kY W R B

L0 SEAR i T A EE BURE (SPE) 45 A A
Tk ER IR AN Y B, DA R Sl R R S
RCFRRRIE Bk B8R Ry B B A Y E T B, W
A R B SCHR AR T A DU A 22 g% B AR 9 4 U
LKA Mcllvaine — Na, EDTA 2 i 35, 4 T &
A [ AT (AR i, % 5 e A T Ak 3ot R
SPE /NHE ¥ Ak i 45 5 7™ B AR AE I 4, JC VR AR 2L it
FE 3 S AR ¥ s SRR SR B -4
W A 5 2 TR D AT G (HIX KRR T
T RUE . AT T L B FE R 2
Wik B R AR, I TE HLB ZINEE P9V I e BE A% 1 7
25, AR A B B v A v 4 DT 4t 1 ik R
JE, Ry DU PR 22 5% BE AR Al (A A

1 #MR5FEZ%

1.1 L& 5% 4% Waters Acquity UPLC — Xevo
TQ — S —H DU AT 53 15 Jou 3% A% ( i g 25 29 1T
(waters 2y ) ) 3 ES3200 F - (Ji&# 0. 01 g) (MET-
TLER 23 #]) ;8470 — K RIER BT (M4 — $0F) £
IS (B ) A BRATD) ;3K -30 B 5 3 il R 25
DAL FEE sigma 23y F]) ;TARGIN TECH VX -03 £
iR ER s (o B R A R A H]) s TTL - DC
IT 784 24 {3 7K I B WA ; Milli — Q #8 4l /K AL (3 [
Millipore 23 7)) ; KQ 5800 B U 75 I i ve % ( B 1l
T A RS A BR A ] ) s IKA MS3 Basic [ iR
ar (MR = FARARAH) o

1.2 dEB&EE5RA WHER +EX LERX 20
IREARUESH W 1 v [ 2 BT, A
}95.0% ,97.6% ,92.1% ,85.2% , L _JiVUZ iR
B4 ( Na,EDTA - 2H,0), fI %% 2ii; W iR 2 —
(Na,HPO, - 12H,0), 43 BT 2li; #7 1 % ( C,H, 0, -
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H,0), 7> #7 4fi, Mcllvaine — Na,EDTA %% N e
37.2 g C,H 0, - H,0,27. 6 g Na,HPO, - 12H,0,
37.2 g Na,EDTA - 2H,0 % T 1000 mL 7K JRAJH)
15, WEE 2N W N A5 4, W A Fluck 2 Al
HLB [E AR (60 mg/3 mL, FRGER i AGE f
JBRIEAR ) , T RGBT BRA R 5 7K —40K
1.3 Jr&k

1.3.1 ARopisikBes)  sr Bk PR 4 FhUsR 2R
KAL) 10 mg, T 10 mL 250, B i
IEEABZIE  BCH AL 1 mg/mL PUFRE A5 1R
WA, VERRULE 0. 1 mL FRVEI R E Y —
10 mLAEEIE A, FH 30% B BE A i O B 2 210 %,
BLl A% 10 we/mlL FRifE TAER

1.3.2 FH&XES5H & BERAMEN, SR
SR UL S 2y el B W LB NP2 L 7 4L
PG g A1 A AR 9553 0] & T 50 mL
B E R

1.3.3 Hsmaras®  $EHCHGLE 2 (R 2 +
0.05 ¢g), T 50 mL BN E L&, ImA
Mcllvaine — Na, EDTA ZZ % 10 mL, #%3% 10 min, {ik
(5 °C) 14000 r/min #5.0> 10 min, WHL I 2 A T
5—50 mL B.O0E P, HEZMH 10 mL Mcllvaine —
Na, EDTA 2 Ml $2 8 1 Ik, & IH R BOROITIR 2T, I
(5 °C) 14000 r/min Z5.0> 10 min, B H XA T
TR iR v i s e 4R v e A
A AR A R AR Y T B K 4 3 mL 64k, 7%
FHWGEAE, 7K 3 mL,5% HEE(V/V) 3 mL ke, il
T, 3 mL YRS, Bl WO R B T 2 Y
YIEEE T, T 45 C T AR EBWAE/NT 1 mL, M
30% W2 1. 00 mL, I HETRS) , TR0 B2l H 2
U I 5 T 25 1 BE B A P R (FRIZ AL BT vk Ak 3 25
FIREAR 21 30% I 1.00 mL” IRATRITS ) B
TR AR AR G, 48 0. 22 pum AL IE
FRE, BEROAR €3 — ER I BT {0 .

1.3.4 BBE&H BIES% KM A5 Waters
Acquity BEH C4(2.1 mm x 100 mm,1.7 pm) ; 7 3h
A KNG, B R 0. 1% HER KR, Fh B Ve B2
FE L2 1 AEIR .35 °C PR R 10 pL,

®1 BEREKH

Tab 1 Procedure of gradient elution

0 0.30 10 90 /
4.0 0.30 40 60 6
5.0 0.30 10 90 1

Jit 2 2% S B IR 25 (ESD) B 1
4 77 2 BB T K Oy 2. 2 RO B T
(MRM) ; R B HL T .3, 3 KV EFLHL R .25 VTR
150 °C 5 JBE 5 00 <0 B2 . 450 °C 5 HE L AU
150 L/h; B S : 800 L/hy 5@ Mk | i i B 1
X B UR AL R AR R AR 2

®2 M EEEFEXMEEETLEEMEELS
Tab 2 Qualitative and quantitative ion pair,

the corresponding cone volt and collision enerey

EYAR  EWETFX (n/z)  HfLBE/V  fiERR R eV

Compound Qualitative Cone volt Collision energy
+&HER 461.16 > 426.10 14.0 16.0
461.16 > 283.02 14.0 36.0
PUERE 445.16 > 153.99 2.0 24.0
445.16 > 410.10 2.0 16.0
SR 479.16 > 153.99 2.0 24.0
479.16 > 444.04 2.0 18.0
ZVGIRE 445.18 > 153.99 34.0 28.0
445.18 > 321.04 34.0 28.0

1.3.5 ARArfedm&egd) & W BUhR HER
(1.3.1 30 3 &, F 30% H s B i e B A 100
ng/mL BYARIE BV, 3 1) o A e BB U v ] T
0.10.0.20.0.50.1.00.2.00 mL F55 [ 5P
Wb (28 AR PR - 5 1. 3. 3 Ty ik b BRAE
2 3 mL PRSI sCSE BMA B Sy 23 1 R o
VEMEWE , TR , [ R 20 b 2 5 AR i A i —
FRIDR BT (S 2 % RS R AR 32 B A i e T AR
VEFRUERNZE , FFH350 m1 5 5 7 SAH G R %K

1.3.6 FEIHBAEAL KA TEME
Al G 5 1 PR AR AR 2 o €0 35 e 5 M2 L
S/N=3 (IR EE N Jr A PR, S/N =10 1k 2
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T5 e TR A IS AR T 2 ¢ 25 HilkE
il 2 A5 3] — 5 W BE WS IR i, 8 T Ak 3 A
FEAH R 1 PR B8 B T, 28 e s e il 25 40 6 14,
W5 RAPUE

1.3.7 E#EFAEFEEGNE R HRAEGR M
2, A M ERR RIS FURE D 2 o, N — @ R FR G
HECARE W, 0 FF A b 2% 25 vk B2 43 07 24 LOQ
1/2MRL MRL 2MRL( + % & WA R K E&ER) S
LOQ 2LOQ 10LOQ( ZVEHEK) , ¥ 1. 3.3 Wiy ikt
PR HEATINAE ,— H P 245 40 B S o ik B2 B 5
ASEATRE S A A T, R 3 d, Mkt
JEehr o il 2 d, 1SR DU R AL P HE ] AE X A
e 22 (RSD) .

2 GBRESW

2.1 R ARt & EE R UK BN 100
ng/mL FIIRA AR E AR 0. 10.,0.20,0. 50..1. 00,
2.00 mL T2 FHEEBTPE M (1. 3.5 1) N, R

/NF 1 mL, i 30% HEEE 1.00 mL, 7504, il i
?Mﬁ%%ﬁﬁﬁﬂmﬁ@%ﬁimwmou%ﬁ
B AYNAE bR, 5T DT E AR o 7 TR
mfﬁﬁgﬁ ﬁﬁ@%%4ﬁ%%%@ﬂﬁ
FERAHCRE r W3, 4 3 AT L 4 Ry 7es ~
100 pg/ kg AR BE VI Rl Y 2 90 R A2 1 G &, A
KRB r BKRT 0.9990, &1 M2 [ E g
W 10 pe/kg BYFRIE BT BTt (3% ]

®3 ORAFEEXRY

Tab 3 Standard curve and correlation coefficient

sy AT egg 2175 milk
. ol )7 HIXEFRE(r) 7 72 HIXARE(r)
Tugs . . . . . .

Regression equation Correlation (r) Regression equation Correlation (r)

TEHmE y =52644.2x +23078.6 0.9993 y =76991. 0x +35464.3 0.9996

7Sy y=51104.4x - 15069. 4 0.9997 y =84655.8x -53.161.4 0.9998

EH/E y =21680.4x +949.8 0.9994 y =29458. 4x +3345. 1 0.9991

ZVHE y =5550.9x +1313.6 0.9991 y =6824.8x -2570.6 0.9994

2100

Tetracyclines20180918_096

1: MRM of 3 Channels ES+

2.61 445.16 > 153.995 (Tetracycline)

100 yeline)
S J\ 263 2.41¢6
0 oo —r—r

LI I LA N
1.00 2.00

Telracyclines20180918_096
100

=T

L L B B L I
3.00 4.00

2: MRM of 3 Channels ES+
445.182 > 321.036 (Doxycycline)

S 2.61 )/\ 5.52¢5

1.00 2.00
Telracyclines20180918_096

3.00 4.00
3: MRM of 3 Channels ES+
461.16 > 426.098 (Terramycin)
3.68e6

100
m /\

[ L L L L L L L
1.00 2.00 3.00 4.00
Telracyclines20180918_096 4: MRM of 3 Channels ES+

3.39 479.16 > 153.994 (Aureomycin)
100 1.22e6
= 1.82 .
07— 17 v o 11— Time
1.00 2.00 3.00 4.00

B1 ZTAEBEFRRMI pg/kg MIAELEGYHHEGEILE
Fig 1 Characteristic chromatogram of blank eggs with 10 pg/kg tetracyclines
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2.2 FHERBE 133 BRI T,
AR S B (O I (E MR L S/N =3 AUk EE N
JTEERIBR  S/N=10 BYH B 5 ik 5 BR, 15 1 g

AEIAAE ARG SRR A2 ne/ ke,
FEEREA S pe/ke, 25 HAGEPIRMS pe/keg
I FE R R IE S i LR 2.,

Blank+
Tetracyclines20180918_007 1: MRM of 3 Channels ES+
100 2.65 445.118 > 153.984 (Telracycline)
S ]\ 267 9.76e5
O U LA B ELEL AL B
1.00 2.00 3.00 4.00
Tetracyclines20180918_007 2: MRM of 3 Channels ES+
100 266 445.182 > 321.036 (Doxycycline)
-+ 77—t e e e
1.00 2.00 3.00 4.00
Tetracyclines20180918_007 3: MRM of 3 Channels ES+
100 2.40 461.182 > 426.062 (Terramycin)
IS 1.65¢6
-+ -r-r-rr——rTr-r—Trree e T T T T
1.00 2.00 3.00 4.00
Tetracyclines20180918_007 4: MRM of 3 Channels ES+
100 479.206 > 153.99 (Aureomycin)
IR 9.67e5
-7 7771 Time
1.00 2.00 3.00 4.00

B2 Z=EBEPHRMS pg/kg O EXRGYHERIEE
Fig 2 Characteristic chromatogram of blank eggs with 5 pg/kg tetracyclines

2.3 FHRERERETE TR AE YT
Wnt&H\ER WA R, &% K1 LOQ, 1/72MRL,
MRL 2MRL & ZPHE LOQ 2L0Q . 10LOQ HAFH
VR AU ES it EA T DR S g A R R IR 4 R
5, AL, DU PR 2R 262G W TR S vk BE K-S L A

TEXSHE 5 o7 Bl SR L 81.5% ~ 110. 0% Z
], 7E A4 3L B B 81.2% ~109. 8% 2 [a] , 4t
PIFtEIE] RSD H4/NT 11.4% , G5 R FAAR T ik E &
HERR , E A R

F4 ZTEBERHRMORRELYOERERGER
Table 4 Recoveries of tetracyclines added to blank eggs
fttral
e -2 i
U P4 F- 25 [k RSD/%
SR R %
feayy IR (e ke iR % Kdverage % R g
Concentration RSD Average
Compound Lo Batch Recovery( % ) recovery ithi between
(mg - kg™) within batch( % ) bazlh (1;127 ) TGE;’E;W batches
(%)
1 109.5 99.0 108.8 101.6 87.7 101.3 8.7
5 | 93.5 104.5 97.6 96.6 92.7 97.0 4.8 96.6 7.4
I 95.5 87.2 88.3 96.6 89.5 91.4 4.7
I 90.3 105.5 106.8 90.9 97.9 98.3 7.9
200 I 104.5 100.5 106.0 99.0 107.3 103.4 3.5 99.0 7.6
. I 86.2 105.1 102.1 97.9 85.5 95.4 9.5
TER
I 105.6 98.5 87.9 105.9 89.1 97.4 8.9
400 | 97.8 108.5 105.5 90.9 103.4 101.2 6.9 98.5 6.9
I 96.6 90.2 102.1 94.3 100.9 96.8 5.0
I 88.0 92.7 101.6 85.9 91.1 91.8 6.6
800 0 102.9 101.1 96.3 97.7 86.6 96.9 6.5 93.3 6.4
] 95.2 82.9 93.2 92.8 92.1 91.2 5.3
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&R
I 2 1 S
e BRI SE/ (g : kg™!) Sk %9 i’?ﬂjﬁ?ﬂf RSD/% /% R;l;;%
Compound f‘mj":a?f; Batch Recovery (% ) recovery SO A een
pg - kg within bateh(%) e ( o )Iy hzltc;;h;s
I 106.4 93.2 109.8 98.2 954 100.6 7.1
5 I 94.0 107.1 107.9 89.5 89.3 97.6 9.5 101.7 7.5
M 108.6 109.9 102.9 103.7 109.3 106.9 3.1
I 8.8 965 107.1 88.7 103.1 9.8 8.6
200 I 107.4 99.2 8.3 91.5 098.5 97.2 7.3 99.8 8.5
Il 108.3 108.8 109.7 109.9 90.2 105.4 8.1
PUERE
I 100.0 94.1 947 96.6 106.1 98.3 5.0
400 I 107.6 96.9 93.8 93.1 98.1 97.9 5.9 97.9 5.7
Il 94.1 92.4 109.8 94.7 96.9 97.6 7.2
I 953 104.1 100.9 87.3  92. 96.0 7.0
800 I 1042 92.2 89.7 106.6 92.1 97.0 8.1 96.7 6.5
Il 1045 91.6 100.7 92.8 095.5 97.0 5.6
I 8.2 929 983 825 091.4 89.9 6.5
5 I 950 1043 96.8 89.8 108.3 98.8 7.4 94.5 8.9
Il 8.1 108.4 102.6 87.7 88.6 94.7 10. 1
I 8.5 98.8 100.4 99.3 953 9.6 4.4
200 I 108.1 81.5 98.2 100.1 103.6 98.3 10.1 96.4 8.0
Il 853 88.6 91.3 107.1 098.5 94.2 8.7
EX T
I 964 106.3 110.0 105.7 102.0 104. 1 5.1
400 M 103.1 87.1 81.8 88.6 102.1 92.5 9.6 98.2 9.4
I 1040 107.0 87.5 87.1 103.9 97.9 9.8
I 105.1 83.9 99.5 99.4 105.8 98.7 9.0
800 I 103.3 86.9 90.7 94.7 109.6 97.0 9.6 96.8 8.4
I 9.1 105.0 8.7 88.2 97.3 94.7 7.8
I 8.8 97.4 8.5 106.2 93.9 93.2 10. 1
5 I 97.1 97.8 97.3 91.3 108.8 98.4 6.5 94.8 7.6
M 937 90.1 100.4 85.6 94.5 92.8 5.9
I 101.0 105.2 108.5 100.2 90.4 101.1 6.8
PALUEIS S 10 I 98.4 1053 87.3 104.2 99.7 99.0 7.3 100.4 6.3
M 101.9 105.2 96.1 94.1 108.3 101. 1 5.9
I 8.7 90.5 952 93.4 8.7 88.9 6.6
50 I 8.7 84.6 106.1 942 82.6 90.5 10.9 92.6 9.7

109.3 84.0 101.4 96.2 101.0 98.4 9.5
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x5 ZTESPIPRMORRRAYE RN ER
Tab 5 Recoveries of tetracyclines added to blank milk
W i
IR @J Ai?e[riz‘l:f Ritzt)i\]% P9k szt)l/j%
ey Concentration it 1R/ % recovery RSD e/ % RSD
Compound o Batch Recovery . o Average
(pg-kg™") within within recovery between
batches batches batches
1 94.9 88.7 85.4 89.7 95.0 90.7 4.6
5 I 86.1 94.3 99.8 108.9 102.5 98.3 8.8 95.9 7.4
I 97.3 99.0 107.5 90.6 99.2 98.7 6.1
1 89.7 107.8 92.3 90.4 98.6 95.8 7.9
50 I 103.1 88.5 98.6 99.6 96.2 97.2 5.6 96.2 7.4
G I 92.9 85.3 109.5 91.1 99.9 95.7 9.7
I 106.0 106.4 91.5 96.0 102.6 100.5 6.5
100 I 106.2 109.4 88.3 103.3 107.4 102.9 8.2 101.0 6.4
I 99.7 95.7 107.9 97.3 96.6 99.4 5.0
I 100.2  91.3 93.3 104.2 89.4 95.7 6.6
200 I 93.1 82.6 100.8 99.1 94.5 94.0 7.6 95.8 6.5
] 97.6 102.7 99.6 87.0 100.8 97.6 6.3
1 91.0 107.6 103.6 101.1 104.4 101.5 6.2
5 I 93.1 98.9 95.0 95.3 104.8 97.4 4.8 98.0 5.6
I 97.0 88.1 99.5 94.1 96.7 95.1 4.6
1 92.0 103.1 107.7 107.3 88.8 99.8 8.8
50 I 93.7 108.8 91.7 94.0 94.2 96.5 7.2 100.4 7.3
DBF I 107.1  97.3 107.9 107.6 104.2 104.8 4.2
1 94.8 91.9 92.1 104.3 89.0 94.4 6.2
100 I 107.8 100.5 92.7 107.1 107.4 103.1 6.4 100.0 6.4
I 104.0 98.1 104.9 103.8 101.0 102.4 2.7
I 96.9 97.8 104.9 100.7 85.7 97.2 7.3
200 I 87.2 102.5 96.4 95.5 95.0 95.3 5.7 96.1 6.0
I 97.0 100.3 96.2 85.7 99.1 95.6 6.1
I 90.4 87.8 99.2 87.5 87.8 90.6 5.5
5 | 83.9 107.5 93.4 109.5 107.7 100. 4 11.2 94.3 9.2
I 102.8 93.3 89.0 88.6 86.7 92.1 7.0
1 103.6 81.2 106.5 99.8 92.9 96.8 10.4
50 I 99.6 90.2 105.5 81.4 82.9 91.9 11.4 96.8 10.1
P I 95.4 109.5 109.8 101.2 92.4 101.6 7.8
1 91.7 87.9 99.4 98.9 86.9 93.0 6.4
100 I 91.2 87.7 104.6 83.0 100.4 93.4 9.6 4.3 8.2
I 99.7 105.5 86.9 86.5 104.3 96.6 9.6
1 100.1 96.5 98.4 85.3 90.4 9.1 6.5
200 I 96.7 95.0 98.2 105.8 101.8 99.5 4.3 94.3 6.7
I 92.2 94.9 87.4 85.4 86.1 89.2 4.7
1 109.3 99.8 107.9 86.9 97.0 100.2 9.0
5 I 90.6 105.0 97.7 88.3 102.5 96.8 7.5 99.6 8.4
I 109.2 107.6 87.0 108.6 96.8 101.8 9.6
I 109.3 94.3 108.4 109.2 86.6 101.6 10.3
ZIHE 10 | 89.9 106.1 96.2 90.4 101.6 96.9 7.3 98.2 8.8
I 89.4 91.2 88.3 103.6 108.0 96.1 9.4
1 101.6 103.2 83.2 105.4 88.7 96.4 10.2
50 I 86.2 84.2 85.7 89.6 105.1 90.2 9.5 95.2 10.0
1| 84.7 105.0 109.3 94.4 101.4 99.0 9.8
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3.1 #BUEFRFmEHEE HIRBYREL
g AR, 5 5 & B B FE ST A
PSR, HLS S A R P R R R
T AR, A g 3 BB BRI, DR AT [R]
A 75 25 R B WTTE 2 130, BRIL, $R BUE PR
s BP0 I 4 T 44 6 790 R IR sl R 1 25 2 1
IKH, Mechael ™ S5 4538 T IL3E 8 (B9 2 R 35
2, WA TR IR A LA ) 5 v B iR & 3R
1% = LTR5 AL R 27 vk i [l B,
AT LTRBFFRIAREALHR (1:1) BRfR % RV
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