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Abstract: Objective To establish a QuEChERS-UHPLC-MS/MS method for the determination of residues of 45 antibiotics
in eggs. Methods Samples were extracted using a 90% acetonitrile aqueous solution (containing 0.1% formic acid), and the
supernatant was transferred to a QuEChERS tube (150 mg HLB-P + 50 mg PSA) for purification. The purified extract was
concentrated to near dryness under nitrogen, and then reconstituted with 10% methanol aqueous solution (containing 0.1%
formic acid). Target compounds were separated using a BEH C18 column (2.1x100 mm, 1.7 pwm) with a gradient elution of
0.1% formic acid in water and 0.1% formic acid in methanol as the mobile phase. Detection was performed in positive ion
multiple reaction monitoring mode, and quantification was achieved using matrix—matched calibration curves. Results Over
the concentration range of 1.0 to 200 wg/L, all 45 target analytes exhibited good linear relationships in their regression equa-
tions. The method’s limit of detection was 1.0 wg/kg, with spiked recoveries ranging from 69.2% to 109.6% and relative
standard deviations (RSD) between 1.2% and 15.8%. Conclusion This method is simple, rapid, and exhibits high accuracy
and precision, making it suitable for the simultaneous detection of 45 antibiotics in eggs.
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1.1 EZBE Fik

111 {U#F  LC-30AD # & s i (H A
SHIMADZU ) ; QTRAP4500 4% (92 [E AB SCIEX);
Direct—Q 3 217K X4 (3£ E Millipore )

1.1.2 FRdESRIAR]  BoA RARAEY R 19 P
28 (16 Pl i 25 8 Fh K FR N TR 254 1V i (100
pe/ml, 5 75 A RS ) (4 o G B 2 285 T AR s o it (g
23470 100 ) B [ R /RIERHE A FRA A .
FHmE (o 3% 40, 55 8 Supelco); &N (43 4l , 58 H
Supelco ) ; TR (41521, 72 CNW ). QuEChERS ¥+t
4 (15 ml, 150 mg HLB-P + 50 mg PSA, [t ) .
1.2 AR/BE R0 B

121 HUAERMEAERR 4 FPuEse R E K
B T AT 1.00 ml ZKBCHT AL 100 pg/ml Frif
B A, 3 RIS ) 100 wg/ml FRAEIR I , 7E-20 °C
WEOCARAE  BORBE N 100 pe/ml 1 19 RS 16 F
WETATIZE 8 Fh R IR N EE 4 Fl DU SR 2 AR TR
H10%HEEK (5% 01%HR) FRERL 1000 pe/L 1Y
45 At AR R IR A PR UERT W, T —20°CHEGIRAE
Il AT, 109 FFEE/K (55 0.19% F R ) B il s b 2 25

e 4 1.00.2.00.5.00.10.0.50.0,100 F1 200 wg/L HY
IiAERIRGIRUERS

1.2.2 HEFURAIRE TR B8 M a i g
A2 FHARE, T 40°CKIBASRT, A 1.00 ml
UL IBRUE R0 AL UB B g . BER
AhnifE RS N B B

1.3 Heai 4 HEFIFR 2.00 g F 6T 50 ml &
LT IA 10.0 ml 90% LB /KR (5 0.1%H R )
PR3% S min, HEAHEE S min, 15000 x g4 CELH S
min, B EWEWAFEIL . HRE SR LR E
QuEChERS #+{£4% (150 mg HLB-P + 50 mg PSA) 1,
RHEIR2] 1 min, 15 000 x g 4°CE5 .0 5 min, L 5.00 ml
WL 40 CARIB R BT, 10%H BEK (5 0.1%
R ) e 75 2 1 ml, LIRSS UE , RF

1.4 DEEH

1.41 @4 ACQUITY UPLCBEH C18 f&ift:
(2.1 x 100 mm, 1.7 p,m,j% Waters ), JzahFHA 0.1%
R 7K T (AR 0.19% FF R B W (B2 AR . o
Ve JF 10 ~ 1.0 min, 10% B;1.0 ~ 4.0 min,30% B;
4.0 ~6.0 min,50% B;6.0 ~10.0 min,70% B;10.0 ~
12.0 min,95% B;12.0 ~14.0 min,95% ;14.0 ~15.0
min, 10% B;15.0 ~18.0 min,10% B, i ¥ & 0.35
ml/min; FEFEARFR 10 pl; H SI#EREEREE N 15°C; @
TEREIREE A 40 °C.

1.4.2  FUBFM B WIS B R, IE B TR
S (ESI+) ;s R 22 5y Wil (MRM) 5 25 75
JE:5 500 V5 B F IR - 500 °C ;A< 35 psi; il i
S Medium; SIS . 50 psio 45 R R 2500
IS AP R SRR 1.

R ASFIHUAERM T T5 R IR RIS S

Table 1 Molecular weight, retention time, and mass spectrometric parameters of 45 antibiotics

s LA E A srFa GREEE(min) R FEF BEAEHL R (V) HEFLHLR (V)
1 Tk B T (Sulfacetamide) 214.24 1.97 215.1 155.9792.1 14/29 60
2 TR I (Sulfadiazine) 250.28 2.78 251.0 108.0/91.9 32/34 50
3 il W Sulfathiazole) 255.32 3.32 256.1 91.9'/108.1 37/33 70
4 Tl eI (Sulfapyridine) 249.29 3.58 250.0 184.0°/108.0 24/33 70
5 fitf 12 FP 3 W% E (Sulfamerazine) 264.30 3.87 265.1 155.87/92.0 24/41 80
6 Tt 12 % AR M% E (Sulfameter) 280.31 4.55 281.0 92.07108.0 43/33 60
7 il 4z P 18— 1 (Sulfamethizole) 270.33 4.71 271.1 155.791.9 19/38 10
8 Ttk i — F BEMEIE (Sul famethazine) 278.33 4.78 279.1 186.0°/124.2 25/29 70
9 PP 44 I (Trimethoprim) 290.32 4.86 291.1 260.9'/123.1 34/33 90
10 ittt e F 420MiA 8 (Sulfamethoxypyridazine) 280.30 5.03 281.0 156.2'/92.0 24/38 60
11 SRS L (Ofloxacin) 361.37 5.13 362.1 261.07/344.0 38/30 100
12 Hr 980 B (Pefloxacin) 333.26 5.14 334.1 315.9'/233.1 30/36 90
13 W) B (Enoxacin) 320.32 5.17 321.1 303.07231.9 27/47 110
14 IR AL (Norfloxacin) 319.33 5.32 320.2 301.97233.0 28/34 100
15 Tl S8 Bk % (Sulfachloropyridazine) 284.72 5.32 285.1 156.0791.9 23/41 20
16 YR 2 (Tetracycline) 44435 5.37 445.1 409.9/427.0 26/19 20
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(23)

s PRSI srFa BREE ) (min)  BEET FET WAL (V) SEFLAR(V)
17 PR 7B A (Ciprofloxacin) 331.34 5.51 332.1 314.07230.8 28/47 90
18 it e FF 35 SRR (Sulfamethoxazole) 253.28 5.51 254.1 91.97107.9 37/34 70
19 175 (Oxytetracycline) 460.62 5.51 461.2 425.87201.0 28/51 20
20 itz ] 1 48U M3 I (Sulfamonomethoxine) 280.30 5.59 281.1 125.9°/108.0 26/35 70
21 BB AL (Enrofloxacin) 359.39 5.64 360.1 316.17/245.0 27/37 90
22 %2570 £ (Lomefloxacin) 351.36 5.80 352.1 265.0'/237.0 31/46 110
23 BG4 — F 48 % I (Sulfadoxine) 310.33 5.86 311.0 156.0791.9 25/41 60
24 WA L Yb B (Orbifloxacin) 395.38 5.89 396.2 294.9378.0 33/28 110
25 fitfi e — A 5 S5 (Sulfisoxazole) 267.30 5.89 268.1 112.9%92.1 20/40 70
26 X3 B (Difloxacin) 399.24 5.93 400.1 382.07299.0 30/39 90
27 YhRiYb B (Sarafloxacin) 385.13 6.09 386.1 367.9°/342.0 32127 110
28 Ttk JHi K Bt (Sulfabenzamide) 276.31 6.19 277.1 156.2'792.0 17/36 70
29 fift Bz A5 MLk (Sulfaphenazole) 314.36 6.51 315.1 158.0/131.1 37/66 80
30 FEMRYD A (Clinafloxacin) 365.79 6.54 366.1 347.97304.8 27/30 90
31 AV & (Sparfloxacin) 392.40 6.55 393.2 291.97250.7 36/43 120
32 P47 B (Cinoxacin) 262.22 6.67 263.1 245.07/216.9 22/31 80
33 4295 % (Chlortetracycline) 478.75 6.79 479.1 444.17153.9 29/36 80
34 it e 1] — F S W5 I (Sulfadimethoxine) 310.33 6.83 311.1 156.07107.9 26/37 80
35 MR (Oxolinic acid) 261.23 7.02 262.1 244.07215.9 41/41 50
36 fitf i s SR (Sulfaquinoxaline) 300.34 7.05 301.1 156.0792.0 23/41 80
37 Z VR (Doxyeycline) 44421 7.65 445.1 428.0°/409.9 27/34 10
38 ZENERR (Nalidixic acid) 232.24 7.95 233.1 187.0°/159.0 34/44 60
39 Bk B (Tilmicosin) 869.13 7.98 869.6 696.4'/174.1 57/54 30
40 G811 (Flumequine) 261.25 8.23 262.1 244.0°/202.0 26/45 70
41 R TP R % (Oleandomycin phosphate) — 687.86 8.36 688.3 544.27/158.0 23/35 30
42 28R # (Tylosin) 916.10 9.14 916.5 772.3°174.2 42/48 40
43 Wi A 2 (Clarithromycin) 747.95 10.36 748.5 590.1°/158.0 28/35 40
44 Bl %5 2 (A zithromycin) 748.98 10.37 749.6 591.17157.9 27/33 20
45 %2145 % (Roxithromycin) 837.05 10.57 837.6 679.37158.0 31/40 40
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Figure 1 Total ion chromatogram of 45 antibiotics added to eggs at a level of 100 pg/kg
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SEINBRVR B PO b v T W 04 T AL, SR 100 pgrkg T80
I HEAT RE RN PEMY L 45 FhERIBTA: 2 /Y ME {4
fE 042 ~3.20 Z i), Hrif 28 Fifi xR ME /T
0.8, FETESREL BTN I %00 ; A 8 R & ME fH KT
1.2, FFTESREL BTG s 30 5 (A 9 Ryt R ME (7R
0.8 ~ 1.2, A—MHE TR . HHTH R AL SRR
JEVCECAEIE | (R 3 A ARAR 1E 55 5 1 R R AR B Ak
N o FHF 45 Fhbo Al 2 09 R 2 NARGIVE AR &, A 5
FAS, PRI R FH 26 o DG P A v il 2R 9 ok e o, VR
FrPUA: 2R BN BRI R E R B A v 4R

2.4 AR AAE AL
241 FRHURTIRYEER: SR H S KIR

(& 0.1%H ) I BF5 3R 10% .30% 50% |
70% 90% X Ht A= R A4 100 perkg B[] 48
(IFEIR 25 3 7 | Bl PRI T I LUl s
AP SCRA B T, 2 e 90%
Ao 25 SR A 2 8 DR e 4, 7E 54.3% ~ 109.6%
ZIa] o R, R FH 90% G /KRR (5 0.19% H R ) it
BUET, gtk o mr

242 Hfb s U ERE  H# QUECKhERS (150 mg
HLB-P + 50 mg PSA ) Fll [& AHZE B (HLB-P JEUR} ) Py Fif
FAL T BT A: R B NK P 100 perkg B ]
M52 08 . QuECKERS ¥k J5 (9 MU 3R AE 54.3% ~
109.6%2.[0] ,SPE ¥4k J5 1 1B FE 31.6% ~ 109.4%
21 O 1 1/ LB S 1 [ B Rl
WE R T BOKE B RIRE R e AR Ay
HEMP L FIL 9 FihiEZ A QuECKERS #ib )5
1y m 2 L SPE Ak i 20% DL b, R H
QuEChERS Zb 5 y4 bAE fh

2.5 FikIhiE

2.5.1 MM AR HBR AR SR 3 0 DG A o
Mgk, PUARIEIL 45 FhdiA: 2 MBI A C R 5L
W32 2, LPETEHE N 1.0 ~ 200 pe/L, HHE REII KT
0.995, FREC 11 4 ICHU RS IR I il s e 28 43 v
JER 2 wefkg PUAER IBRFE , ZoRE G AT AL 38 S AR 55
Mro it BRI MDL = S x t(n-l.oon,;H\:EF S
INPMERZE 0 AER 11, b, 00y RFR PR 0.01
CHN) HL A R BE SR 10 BP9 ¢ fH. 2] ¢ AR, 5l
t().()l,]():2-76o é’éi+%: ,45 ﬁ*fﬁﬁi%‘fﬁ@ﬁtﬂ BE%E 01 ~ 07
I, R T 1.0 pe/ke, BOHA T B E 45 Fhit
HERK RS —N 1.0 perkgo

R 2 JEMEIETRE AR ELER R (n=7)

Table 2 Regression equations, correlation coefficients, and spiked recoveries of the method (n=7)

Jdz 2 perkg JAs 10 pe/ke JIbER 100 perkg

i B WATR mUEpEE LB ()

(%)  RSD(%)  ICR(%)  RSD(%) WL (%)  RSD(%)
1 T P S T y=20 045x+17 281 0.998 0 76.9 15.7 84.6 11.7 83.0 42
2 T g y=3.390 x 10*% -910 1.000 0 76.6 6.5 71.0 8.9 72.9 7.9
3 T frle e y=3.634 x 10* ~1 884 0.997 5 79.8 7.9 77.6 7.1 73.4 44
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(2:3%)
P P, - HEZHG) Jinkg 2 pefke Tk 10 pe/kg Jinkg 100 pefkg
%) RSD(%) IR (%)  RSD(%)  BIE#(%)  RSD(%)

4 it P e ¥=3.760 x 10%+2 544 0.998 9 73.2 9.4 74.4 9.1 72.9 45
5 fitfi e FP REmg g y=5.232 x 10%+13 523 0.998 4 73.7 10.2 74.2 7.4 73.5 6.9
6 T T H 4 P y=4.171 x 10*x+1 618 0.998 3 80.1 8.4 80.2 11.5 78.6 3.6
7 T g FH W s y=5.234 x 10%+20 646 0.996 6 70.0 9.4 75.5 8.5 73.1 9.6
8 i Jiie — FH g y=7.910 x 10%x+24 470 0.996 5 76.8 13.7 74.1 6.4 76.4 53
9 FACRIE y=1.098 x 10°x+27 076 0.9979 97.1 11.1 97.5 13.6 87.6 4.9
10 fitfi e FF 4k g y=8.382 x 10*x+3 469 0.998 7 82.8 13.0 81.6 11.4 80.8 5.2
11 AR E y=9.536 x 10%+7 631 0.999 0 80.8 6.9 81.3 8.9 82.6 7.0
12 Kb A y=8.610x 10%+1.176 x 10°  0.997 6 81.3 13.2 77.6 13.1 89.5 6.0
13 Wb B y=1.572 x 10%+9.210 x 10* ~ 0.996 5 83.8 10.5 86.8 155 88.2 6.5
14 Wi i y=1.067 x 10%x+4.046 x 10* ~ 0.999 2 85.9 12.0 85.2 9.0 82.0 5.0
15 i i S IRk 17 y=8.536 x 10*+19 598 0.999 2 78.7 4.0 755 6.4 784 45
16 MU y=8.546 x 10°x+3 006 0.998 7 69.2 10.6 71.6 2.5 72.6 11.6
17 BN y=1.157 x 10%+2.172x 10°  0.998 9 71.3 12.0 79.5 12.7 92.4 55
18 il PP R S e y=3.164 x 10%+1 132 0.999 9 86.2 10.1 84.2 7.4 83.6 7.4
19 TR/ER y=7.029 x 10%-3.801 x 10 ~ 0.999 2 73.6 8.0 733 13.2 80.8 3.7
20 T e ] R 4 s y=4.149 x 10*% +31 799 0.999 7 88.0 11.5 80.9 9.8 77.8 12
21 B A y=261 679x — 59 289 0.999 2 82.9 8.0 87.7 145 87.6 145
22 KEE y=8.525 x 10% —20 462 0.998 8 90.6 8.6 84.7 6.6 89.7 4.3
23 T4 U AMEE  y=1.385 x 10°%x+6.251 x 10 0.999 5 76.2 7.8 87.7 10.5 86.9 6.3
24 LR y=8.457 x 10%+7.716 x 10*  0.996 3 82.1 10.2 89.9 8.0 91.9 4.6
25 Bl — F LSRR y=3.878 x 10%+3.500 x 10*  0.996 9 85.6 13.1 82.4 6.7 88.6 10.2
26 B y=6.698 x 10%+2.341 x 10°  0.998 2 85.3 12.2 79.1 5.9 88.6 7.1
27 YiZ DRl y=7.404 x 10*+4 878 0.9959 90.7 13.3 81.3 9.9 81.5 8.9
28 il e y=4.222 x 10%+9 739 0.997 9 71.6 133 724 49 79.0 73
29 T PR e y=5.664 x 10%+1.057 x 10°  0.999 5 105.7 8.6 85.4 6.6 85.4 2.1
30 LU= y=6.584 x 10°x +12 115 0.999 7 83.3 6.7 80.3 12.4 81.4 1.9
31 LRy y=6.054 x 10%-576 0.999 2 90.4 6.5 81.2 8.2 88.3 8.2
32 PUHETD AL y=1.573 x 10%-3.423 x 10° ~ 0.999 2 94.6 8.6 84.8 9.8 90.6 5.6
33 SRR y=5.872 x 10%—4.344 x 10~ 0.997 4 75.0 11.4 75.8 6.8 75.4 8.2
34 fiflela] I 4MEnE y=1.109 x 10°%x+3.188 x 10 0.997 5 72.7 13.2 81.9 93 82.7 6.7
35 LWERR y=7.300 x 10x-3 706 0.996 2 84.9 15.8 80.9 123 84.6 33
36 i s A b y=5.630 x 10%+9 446 0.998 3 76.4 1.8 79.2 12.1 83.0 9.8
37 EAi S y=8.792 x 10%-1.515x 10°  0.998 8 87.8 8.3 81.5 8.0 81.5 4.1
38 ZRWERR y=2.419 x 10%+1.979 x 10°  0.996 6 81.3 115 109.6 10.9 104.5 8.3
39 KF R y=9 340x+1 021 0.998 7 87.6 9.9 93.1 13.0 94.1 6.2
40 S FH s y=2.193 x 10°%x+1.299 x 10°  0.995 1 75.7 4.7 89.9 5.1 93.1 10.7
41 BRI % y=1.621 x 10°x+8 083 0.997 9 76.5 7.8 84.6 8.8 90.4 5.9
42 B N y=13 014x+7 348 0.998 7 74.9 8.4 82.3 123 85.9 6.7
43 TR R y=1.588 x 10%+1.461 x 10°  0.9953 774 10.0 101.6 7.1 101.7 7.6
44 IS E-+3 y=6.612 x 10°x+17 597 0.9979 85.5 12.7 93.8 12.7 92.8 2.1
45 BOAHR y=1.749 x 10%x+8.007 x 10 0.998 1 78.8 22 91.1 6.3 95.7 49

2.5.2 K MG

15.8%.

DAHOGENANE, #E1T
AR DS RO 2 B s, o BRI (2 pe/kg)
(10 perkg) & (100 pgkg) =AU EEIKE, &0 MK
SEPEATINE 7 UK, T4 DR A X AR i 2
(RSD), &5 W3 2, PURIEH: 45 Fhbi A RG34 10]
WK N 69.2% ~109.6% , X br 2 K 1.2% ~

2.6 FEIFAEAM M
KRBV AR T T3 R WA Y 36 43 X S AE i EAT 4G

oy, 3

s N

RHNZTTER A LB X

8 Iy A AR R A LA A Kt Ry

22.2% , ¥ B FE R N AN TP B RIRTD B AR E
MEZVAZR, KR 0008 11.1% .16.7% 2.8% .
11.1%. GB 31650.1—2022( £ i % 4= [ Fhrifie £ 5
41 B ZGIRRER B ) Ml BT A . AR
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BE . ZPHAREEETRKIEAREEN 10 py/
kg, Ho By 2 R DRV R SR A Z S
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