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Determination of 10 kinds of aminoglycosides residues in poultry eggs by
QuEChERS-high performance liquid chromatography-tandem
mass spectrometry

SHI Qin-Fang, TIAN Xiao-Yan, YU Wen-Qin, XIE Chuan-Dong,
CAI Qiong, LI Shan”, LI Xiao

(Chongging Academy of Metrology and Quality Inspection, Chongging 401123, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 10 kinds of aminoglycosides
(hygromycin B, amikacin, apramycin, kanamycin, gentamycin C1, gentamycin Cla, gentamycin C2, paromomycin,
sisomicin and netilmicin) residues in poultry eggs by QuEChERS combined with high performance liquid
chromatography-tandem mass spectrometry. Methods The samples were extracted by shaking with 5% (V/V)
trichloroacetic acid, purified by the QuEChERS method, separated by Amide high performance liquid
chromatography column. Meanwhile, gradient elution was carried out with 1% (V/V) formic acid water and 90%
(VIV) acetonitrile in water as mobile phase, which quantified by the external standard method. Results The linear
relationships were pretty good when the mass concentration was 20-1000 pg/L. The correlation coefficients were all

above 0.99. The limits of detection were 0.2 mg/kg, and the limits of quantitation were 0.5 mg/kg. Various matrices

EEWE: R B M BRI R0 5T H [2022(8F)-15]
Fund: Supported by the Research Project of Chongqing Academy of Metrology and Quality Inspection [2022 (Yan)-15]
RIECEE: B, Wi, TR, ORI NN E 2 5K, E-mail: 1134613595@qq.com

*Corresponding author: LI Shan, Master, Engineer, Chongqing Academy of Metrology and Quality Inspection, No.3, North Yangliu Road,
Yubei District, Chongqing 401123, China. E-mail: 1134613595@qq.com



54 B il 2 A iR AR U A 4 5515 4%

were tested 1, 2, 10 quantitation limit for 3 levels of spiking experiments, the average recoveries were 63.6%—119.0%
(n=6), and the relative standard deviations were 1.0%—7.5%. This method was used to test 20 batches of eggs, goose
eggs, and quail eggs sold on the market, and no aminoglycosides were detected in any of them. Conclusion Using

QuEChERS purification method, the detection of 10 kinds of aminoglycosides residues in poultry eggs can be

realized more simply, quickly and accurately.

KEY WORDS: QuEChERS; aminoglycosides; high performance liquid chromatography-tandem mass

spectrometry; poultry eggs
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R4 AHZE B (matrix solid-phase dispersion, MSPD)Y 3k
Tt 158 S R A B B AR ZE R R o A EG T JROR 1 AR 2558
FRTAL A BT, O AR E R . IR L 4
YETRTERL . A3 BT e () 45 S8 25 P # . {H QUEChERS 7 5424 5%
P AU O A LB R, R TR 2R R Y S A 2
PR A . A% QUECKERS i F 3 1 X84
FRR AR 25 B AR I T AL FE Y, HR L AGs AR H .

ABFFER ARG HEH, QUEChERS L, Amide
BOBAR TR, DR HUR Sh AT T80 B R IBE,  APFRis
FE e, R R OB €A - R BT vk R I E & AR 10
Flv AGs 5RF, DAY ATRIN & E o AGs BT #E %,
T B S SR TR AR A [, BT AGs % BRI ik
HFF RS AR S AR

1 MRS

1.1 MRS

%52 B (hygromycin B, HYGRO, #fJ¥ 90.2%). i
Kk & A2 (amikacin, AMIKA, 4 98.4%) . & %% &
(apramycin, APRA, 4l 84.2%). <Hf%: % (kanamycin,
KANA, 4l 80.2%). PEK% % Cl (gentamycin C1, GENTA
Cl, 4l 57.7%) JKKZE 2 Cla (gentamycin Cla, GENTA Cla,
4l 99.9%) ., PORFEEZE C2 (gentamycin C2, GENTA C2, 4fifF
57.7%). [LJE%5 % (paromomycin, PAR, 4l 66.5%). PiZk
5 (sisomicin, SISO, 4ifE 59.8%). Z3# K (netilmicin, NETI,
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12 UFE5EF
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U FRA R F]); PPO20XXMI & PH2XXXM1 #A4li K HL(FEE
ELGA A ]); Hypersil GOLD™ Cg %4(2.1 mmx100 mm,
1.9 pm, 3&[E Thermo Fisher Scientific Z3#]); BEH HILIC {4ii%

FE(2.1 mmx100 mm, 1.7 pm). XBridge® Amide 4i5%4:(2.1 mmx
100 mm, 3.5 um)(3 [E Waters 23 7)o
1.3 SKWHE
1.3.1 Rk 6 Bl

FRUESE AR AL R FREGE R 10 FariEsh, 501
T 10 mL 257K 2R (20:78:2, VIVIVYIR A VAW R, T H
TR M B BR HEAE R U, TR R VR

TRARE b R BT . B RS BUAS AR R 25, TR
&, HZIE K2 /(20:78:2, VIVIVYIE A VERFREE, WEH AT
e 10 mg/L AR -SA5 R )
32 Z[AERORARE - BB A

34 XBridge® Amide (2.1 mmx100 mm, 3.5 pm);

WA A MR 1%HRAK, B A 90%EK; F1E: 40°C;
HERERE: 20 pL; FiEk: 0.3 mL/min; AR PEBLFLF: 0~1.0 min,
90% B; 1.0~2.0 min, 90%~65% B; 2.0~3.0 min, 65%~55% B;
3.0~8.0 min, 55%~40% B; 8.0~9.0 min, 40% B; 9.0~9.5 min,
40%~90% B; 9.5~11.5 min, 90% B; 12.0 min. JRi%EFk K
HHL % 55 B F- (electron spray ionization, ESI)(+), 10 Fl' AGs
T 24 L35 1.
133 HamibiE

(HF2H

Z7% ARSAND %Mk, AT Tk, HERRR
2 g AT 50 mL RN ELOE T, MIA 10 mL 5% =%
L R (trichloroacetic acid, TCA)REBUR(Z G /K=1:1, VIV),
PRFEHEHEL 20 min, 5°C, 4000 r/min &.0> 10 min, FEHL 75K
1.0 mL FE.LE S, 1 HE T -20°C44 %% 10 min, %
FRURAE 12000 r/min 2.0 5 min, #% FER TS — 508
o, gk

()4 1k

RREALIBOMA 100 mg +/\UbEdkfE b (octadecyl silane,
Co)3EK}, IRHERAT, 12000 r/min B0 5 min, FIERZMAL
TEBEIIE, FEEL 500 L e TR/ NI, FEIA 500 pL
TR A, TRA), BERsBorn G- S B vk 2 A 6 o
1.3.4  AJFIEBAFf TR R

SYRIRREC 7 SRR, KGR, B9EGEMAT AR, HiE
1.3.3()FIQMRAEATE, 15828 AIEFHREUR . Fl2s A3
BTl BB B 2 20, 50, 100, 200, 500, 800, 1000 pg/L
4 35 5 D A o T ARV
1.3.5 BTN

FEAL2E S BT rh, SR 2 A A P R 4 BT P LA
L 5Y o SETH 5 6 BT o i il B AT 35 0 T, OF
S 3 BT 85 S 0 v A e, 3K S B i A T I A B A R I AR
Jvi (matrix effect, ME) AHIF5¥ R F 7 590 1 Ze 1 k23 R 35 o
DC i o v fi 28 A 0036 LU BDG AR [R) 41 43 B9 MEE A 7 REA 1)
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Table 1 Mass spectrum parameters of 10 kinds of AGs
(s BEESF(mv2) FEF(m2) DP/V CE/eV
528.0/352.1* 32
HYGRO 528.0 90
528.0/177.1 37
586.4/264.2* 33
AMIKA 586.4 95
586.4/425.6 28
540.0/217.2* 35
APRA 540.0 85
540.0/378.2 25
485.1/163.1* 36
KANA 485.1 72
485.1/324.2 22
478.2/322.0% 20
GENTA Cl 478.2 90
478.2/157.0 29
%
GENTA Cla 450.2 450.2/322.0 70 18
450.2/160.0 27
464.2/322.0* 18
GENTA C2 464.2 70
464.2/160.0 31
616.3/163.1* 45
PAR 616.3 100
616.3/293.2 35
448.0/254.0* 2
SISO 448.0 8.0/254.0 80 7
448.0/271.0 25
476.0/458.1* 25
NETI 476.0 90
476.0/299.0 20

I #UERERE T, KKK (declustering potential, DP); fili{# fit f (collision energy, CE).

14 HIELIE

TR SO € 1 - FS I T R AR I B 42 STEX OS #K{F:
EFRARTS AGs SR, R Excel 2016 il Origin 9.0
HEFT RS S R R 2

2 HER5SH

2.1 BIEFHHMRL

WA T Hypersil GOLD™ Cig (2.1 mmx100 mm,
1.9 pm) . BEH HILIC (2.1 mmx100 mm; 1.7 um)#1 XBridge®
Amide (2.1 mmx100 mm, 3.5 pm) 3 FHZET (R A 1EHE ., AGs
Sy Ak A, AF G B R S AR R L AR
Hypersil GOLDTM C,g (it p ot 8, FZAEfishH$
IMALF T REETFHIRANS AGs 45H T8 ik g T
X, AReG RO, (HE AR A [ E A A A
FRAEANAL S R, S A A A, TS U R, R
% RBUE . BEH HILIC (AT B AR H R sk i A
BRIEEM P RREREEE S AGs Z 774 T & E
B F AN SR A5 . 4025, XBridge® Amide
TS FE IR Ay SR KM AT, (H R file 35 Sy v B AT
IRt 8 A8 4 A /N AT DASE XS 454~ B AR fb & 9 i 4R B8
FHAT RAFIIETE (& 2) B, ABFSE &% 2 XBridge®
Amide FEAER 737 G5

22 REVEFEHHMRAL
WEBE A, A KN E A TR R 288

AGs Wk, AW EY, 5% FRMEE T LA,
TEK T N5 PRI T, B, 4307 AGs 1 CHE
MELAGREEPESNEASAIEH YR THLL AGs M
SEFT R Ok, HEASRBUA P, AR R,
22.1 T oREw LRk

2 —J VU Z. R —4M (ethylene diamine tetraacetic acid,
EDTAWENEE AW LIBT 11 AGs 5485 TRt 4,
A5 0. 50, 100, 150 pL 150 mmoL/L EDTA Z&mhEhi
I 5 mg/kg MRS RS IINARAE S, 10 Bl AGs 1 a1l 28 L &
3. ME 3 FTLUEH 4 FiZl5(AMIKA. APRA. KANA,
PAR)AERJIN EDTA ISR, 6 #2447 (HYGRO, GENTA
C1. GENTA Cla, GENTA C2. SISO. NETI)A ¥/ EDTA
FIEIN 150 pL IS 22 A K o SEBR 45 SRR B A A
EDTA AN 52 1 65 B2 28 3 0 v S SR 1 28 20 0 i R USSR,
ARELOTI N, AT FARAIN EDTA &b,
222 TCA RAE#MLE

TCA ERE A RAR MR o] LS 8 A RIS SR L,
P SIS SO 1T S R R A U, DT R B R R 2 e
IKPESERAL, A58 52 R AEIFITTE. TCA B4k 2 H
FARBUEY I T Pt AE 2, LA BR 2 b7 b 3 5 i v e
o RRDIHNFEET 5%, 10%. 15%. 20%HER TCA
X 10 F AGs FISCRIZI(E 4), HE 4 AT13ki#E TCA
WREEROSE N 10 B AGs M ENRE B TR, vTREh TRk
FEM TCA S2MT AGs BB FARCR, 5 H 5058 7 I
TR MR TR, AR REEET S%TCA 1Eh1E
A
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6.90x10° | GENTA Cla
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Fig.2 Extracted ion chromatograms of different columns
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Fig.4 Effects of TCA on the recoveries of 10 kinds of AGs in eggs
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A EDE O AARDIMUESCR, BT #H TCA g
EA, AFREMHERT B HRE . BT E-20°C5 5113
10, 20, 30, 60 min 10 Fl' AGs B [EIc%, LA 5, S2H4h:
SR A GE A VA VR I R) H 35 TR B8 5 [ ISR I H Y, R
JH Ve VR E) P ) 2 B A BT TR LB PE A, [ bk
B4 10 min,
2.3 QuEChERS B E&HHILK

QuEChERS ¥ A, JHrb T /K Ak R 8 T T 3
FET /oK 43, i S AT g A i B4 - A W B 59 (primary
secondary amine, PSA)H FUHTAHLER . TR . B2, Cig
T WM s 25 e M T g i, A BB

(graphitized carbon black, GCB)AERRZ= {0 2 Al [ B2 4 it
TR, BT AGs i TK, HEEEFHEA AR, A
FENHEE T PSA Cp Xt HAML P RICR YN (K 6), U
i (a) 25 mg Cyg; (b) 25 mg PSA; (c) 25 mg Ci5+25 mg PSA,
SRR BUMA PSA 2 BRI/ 4170 58 4 BAT [, AT REJR
PRI PSA W B2 S5 i) [R] s i B 1 H AR, PRt e 2
FET Crg RG] . ABESEE S — 2 AL T IMAAR IR Cig
O TSGR 2 (18] 7), S5 RBIINA 100 mg Cys %20
3 1A fi Ay RAE

110 ¢ 110 min
100 | 20 min
kg 30 min
90 | H E= 60 min
- =21
80 | |G
.70 | A EE%E ] -
= H H k|
560 F || :
‘—é‘ 50 - ||
40 + |G| U H
H H VRH H 5
20 || AN | A N |
SRIZNE N | N
10+ (AE| g NN
0 H H NE| H
C“r

NGiE=E-= s Sy

5 V2 VR ) X3S 2 P 107 AGS IR [EDICR 5200 (n=3)
Fig.5 Effects of freezing time on the recoveries of 10 kinds of AGs in

eggs (n=3)
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Fig.6 Statistical analysis of recoveries of 10 kinds of AGs with
different purification conditions (n=3)
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P PAR 41404 FE USSR AN, HAR AL 4y TCie fE ] Fl
LR BN, Hd HYGRO. AMIKA., PAR
FIIMEPINT 30%, HARA D3 BRREM ME. Hitt, hit
BT AERE, THBR ME #RI9Em, AFFRRAT
1 22 ST V5 VAR B o o it %

120

110 )25 me
I I 2 50 mg
100 | , XY 100 mg ;f%
90t R
80 |
&
c\\c 70 t =
# 60
K= N 5
= sof A A of
40 t N\ AT
-
30t N NN
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20 | N NN
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F &
AREIFT A

K7 REIC s %t 10FP AGSHI AR RS (n=3)
Fig.7 Statistical analysis of recoveries of 10 kinds of AGs with
different C;g contents (n=3)
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251 AER, EEMRFEMEX AR

HERA S B — 2 5t (TR A Fr o P e, 28 L 42
BB B B A R B vk B oM 20, 50, 100, 200, 500, 800,
1000 pg/L FIE TR AARE T AR, AL O (-5
B FEAIE, LABTI M RO B AL bR, 8 i S Y U T
R R AR E 2R, A 2t BN Oy R a1 as
FETER P IMATSHED BT, LAbniE 2 B 3 55

I b (SN = 3) 5 2 5 56 1A% H BR (limit of detection, LOD)
0.2 mg/kg, LIBRE 2 IR Y 10 £ (51 L (SIN=10)
Wi 7 1 1Y 5E 2 R (limit of quantitation, LOQ) A 0.5
mg/kg, A% FR ¥ (correlation coefficients, ) KF 0.99,
ARSI ER . 10 B AGs FERFEILFAM T A9AS H R |
FERRR . WIHRR . S REULE 2.

20 C &

10} %
0 S B _
o) AW g =l -
7E 7= 7zl =
20} 7= 7= =l
7= e | 1 7zl =
S 30t hah H| A
g a0l 7= 75187 el =
2 0 bR Nz
ol FAETLE Al
T R A
—60 | - 7l =
—70 t -
80 Y o

-90
—1007S T T OO IFTOL
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‘2,36 Y§ YS @%&vé\v ég?’ RS
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Fig.8 MEs of 10 kinds of AGs

252 EURFEAeAEEE

RIS | MR . B E 3 M AT 1. 2.
10 fEE | RIEFIL. B, & 3 ACERIFR R, K
Wik 6 ASTATENES, S5 INAR [RCR 5 R X AR T DR 22
(relative standard deviations, RSDs), SZEG4EIE UL 3,
3 01A, AGEAE B EDCR A 72.1%~119.0%, RSDs 24
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F2 107 AGs FIEYAFSFE, HEXFHEH. LODs & LOQs
Table 2 Calibration equations, correlation coefficients, LODs, and LOQs of 10 kinds of AGs

ey B R M5 WE w3

((mg/kg)  /(mg/kg) R LIPS LR LIPS 2w LIPS
HYGRO Y=968.53X+9503.82 0.9980 Y=897.57X+4528.43 0.9984 Y=985.38X-7580.86 0.9969
AMIKA Y=799.37X+7858.78 0.9973 Y=797.22X+2682.76 0.9989 Y=818.88X-9813.79 0.9982
APRA Y=706.03X-791.92 0.9994 Y=749.84X-355.08 0.9997 Y=808.69X-14712.76  0.9989
KANA Y=1988.60X+10802.89 0.9988 Y=2001.58X+83.03 0.9994  Y=2073.02X-25767.04 0.9995
GENTA C1 Y=6823.14X-9487.74 0.9994 Y=5334.18X-26793.60  0.9990 Y=6452.20X-1.14¢e5 0.9988
GENTA Cla 02 0 Y=8484.94X+9699.56 0.9993 Y=7545.26X+4542.88 0.9994 Y=8251.07X-9.40e4 0.9987
GENTA C2 Y=11592.85X+5.66e4 0.9988 Y=9816.33X+19077.76  0.9995 Y=11216.22X-1.08¢5 0.9974
PAR Y=1103.80X+859.63 0.9996 Y=1397.50X-6990.61 0.9994 Y=1619.336X-3.30e4  0.9947
SISO Y=2561.39X-4398.26 0.9993 Y=2102.14X+4737.89 0.9990 Y=2386.21X-29559.67 0.9977
NETI Y=517.68X-4054.02 0.9998 Y=426.43X-4946.40 0.9966 Y=504.41X-10676.14 0.9991
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Table 3 Recoveries and RSDs of 10 kinds of AGs at different spiked levels (n=6)
o it (mg/ke) i i PR
15 2/% RSDs/% =l 2/% RSDs/% [l 3R /% RSDs/%

0.5 97.6 2.6 100.2 2.4 117.3 2.3
HYGRO 1.0 86.7 4.5 96.2 4.1 105.2 4.2
5.0 98.4 3.0 89.6 2.2 95.1 2.2
0.5 97.0 5.8 932 1.9 117.1 2.3
AMIKA 1.0 89.0 7.5 92.1 4.2 98.9 3.8
5.0 103.9 33 88.1 3.0 90.6 2.1
0.5 110.4 2.8 83.4 5.8 101.6 3.2
APRA 1.0 106.2 3.8 82.7 33 83.5 3.1
5.0 112.3 1.7 83.3 34 74.7 49
0.5 102.5 4.7 95.1 4.4 115.8 2.5
KANA 1.0 89.0 2.8 91.2 3.6 91.8 2.0
5.0 109.2 2.0 82.3 1.2 84.6 2.4
0.5 92.5 2.4 97.8 1.4 116.7 1.8
GENTA C1 1.0 72.1 4.2 85.9 4.6 91.0 1.0
5.0 99.1 4.1 80.6 2.3 91.6 2.2
0.5 93.9 2.9 92.0 2.5 111.2 1.3
GENTA Cla 1.0 76.8 2.5 84.9 1.2 90.7 2.7
5.0 92.7 2.4 82.2 2.2 90.0 2.0
0.5 96.2 2.5 94.4 2.7 111.1 3.3
GENTA C2 1.0 73.7 3.0 88.5 1.9 91.7 2.6
5.0 94.1 2.8 83.7 2.0 91.8 2.5
0.5 116.0 4.1 96.0 1.3 100.1 2.3
PAR 1.0 112.4 4.9 82.9 2.7 74.5 3.0
5.0 116.8 22 80.2 3.0 63.6 3.2
0.5 98.4 6.4 89.1 3.6 112.5 3.4
SISO 1.0 74.6 3.2 81.6 3.4 88.0 1.0
5.0 99.5 2.0 83.0 2.8 90.0 2.9
0.5 111.0 32 100.2 2.8 115.0 2.1
NETI 1.0 79.5 3.9 87.5 2.6 89.1 4.8
5.0 119.0 2.2 76.8 2.7 92.2 3.8
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