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I B, LEGE, IR, KRR, MEE, HEE EAAT
(B A BB Aty Aol b 3B il Bt B R it (), B 201708]

W OFE: B iy o7 Bl A A - S RO A 3% - HR R 5T 9 7% (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)Rili= 0+ 11 Fr g Zi i RN BE R | ZMER
RKEER ., FIFER., FREKRE, 8 EE . MER. NEMEE. Figx. MUEER. W& BREIE T
Bio FE A 5% =H MR-, ZHMT 50T ENi 2R G H)(molecular imprinted polymers, MIPs)[&{ A7
B4k, SIELC Obelisc R AT 4385, SRR S80Bor (i - R B AL EA T . S53R ik iRl 1.0~
5.0 ng/kg, RN 2.0~10.0 pgkg, 11 FHEIEEFFEZMITE 1.0~500.0 pg/kg TEREIN R BRI =0.9911), 444
HFREIEER 70.7%~115.6%, AHXARHER 2 (relative standard deviations, RSDs) (n=6)4 1.1%~9.8%. £&i A Jji:
HERE . RV, FTATADH 11 AR 2shiA: 2 09 [RIBs A

KA, ASHTTIIA R, AT ERI BAHZERG S S0R A - SRS 40

Determination of 11 kinds of aminoglycosides in milk by molecularly
imprinted solid phase extraction-ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 11 kinds of aminoglycosides
(paromomycin, tobramycin, gentamicin, kanamycin, amikacin, apramycin, streptomycin, dihydrostreptomycin,
neomycin, spectinomycin, hygromycin B) in milk by molecularly imprinted solid phase extraction-ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were extracted with 5%
trichloroacetic acid-acetonitrile, cleaned up by a molecular imprinted polymers (MIPs) solid phase extraction column,
and separated by a SiELC Obelisc R column using an ultra performance liquid chromatography-tandem mass
spectrometer. Results The limits of detection were 1.0-5.0 pg/kg, and the limits of quantitation were 2.0—

10.0 pg/kg. The relationships of the 11 kinds of aminoglycosides were good within the range of 1.0-500.0 pg/kg (r*=
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0.9911), the recoveries of spiked milk were 70.7%—115.6%, and the relative standard deviations (RSDs) (n=6) were

1.1%-9.8%. Conclusion This method is accurate and sensitive, and can be used for the simultaneous determination

of 11 kinds aminoglycosides in milk.

KEY WORDS: aminoglycosides; molecularly imprinted solid phase extraction; ultra performance liquid

chromatography-tandem mass spectrometry; milk
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FIENEF 2 Pr A &K (aminoglycosides) & FH &I 4 F
5 F A B o M N, BT AE R, XL R
BRI 1 BH Y B 2 A AR A i AR U2, 2 R B iR
FR S YIERRR, PRI AN R . AR R P,
ST A RAE SR £ S R B T R 2 n iR I L
KRR &5 R ER M E 5 . A LI BRI LA
T A 25 R4S 2k v S S5 A0 T T 2 ) e A
KA, BT, E NN AR B A 3 s i e i e St
B2 5% 7 PR e 3 WA L E - 3 El GB 31650—2019
(EMZEEZERE kT8RRI ) X T
Aghrp S R SRR pR B IR &N 150~1500 pg/kg.

SYIRPE S v = B T B AE R AR B
BRAEY . SFES BT WO S TE A (355 - 5 10
LA RO € - R I PR T LA s T R v
W REUEE . PUEEST T YRR J75R 4R A4S 212 N o
T EE R SE 2SR, i E TR R R GRS A v
U GB/T 21330—2007 € sl It £ it b 25 3% 4 o D
D5k BEBCREYE ). GB/T 21323—2007 ( sh¥y41 41 b a3k
WIS 25 3R B8 I e S804 - ST 1/ I 3 7 )
GB/T 22969—2008 { Wik AW h i a2 28 . WU RS 25 F
RHSE RGN E WA OIS - PR S ). GB/T
229952008 ( M2 P R | WA HERE R A RAR G R 5k
WM E WAHORE- PR L) F. Hh GB/T
22969—2008 X RER B A1 A= 35 h 3 Fh s JLBETT 2525,
BERAFEALE AR RS ETFTHEYENEE,
IR — B PG R, HERA I [ BRI A 2 R
S ISR R A T i

AW RP A R b &G 2 E@IEFR AL AL
A, BA BRI e, 2 S anEmas G, A
WU R AE, D350 e T ILRRAR M, I ICIE AR G i Ok
O REAE BAT AR o © ST 1A £ 3 - R DR T A ik
T 238 A 1 A S0 L TR S5 S xR ke kg
LA B A T A A LS (E S o ) B K B e P S s
B FURTE Y . P R WSS B AR L BRI RS R A,
JEHIE R 7 8 AR ] S A2

AMREHEBNAEBET RS FOBRREY
(molecular imprinted polymers, MIPs)[AHZEBUH: #E47 4 b

HIAb Bk, R FH— BB 4 25K P Obelise R {354, %
B N6 - B PR K WA R i AR X R S 2 W ik A7 53
B, S A4y P Ok 2 &K (paromomycin) . % 1l 8 &R
(tobramycin) . JK K% £ (gentamicin) , A% & (kanamycin) |
Bl K & A (amikacin) . % ¥ & X (apramycin) . ff & &
(streptomycin) . X E %% K (dihydrostreptomycin) , 5 %
(neomycin) . ff: WL E & (spectinomycin) F1 ] & X B
(hygromycin B) 11 FaSEMETF A 259 (8 & R AH (-
FRIDE N RE i, DABA R ORI L T A TR B A
PRALBOAR I H#

1 #MR57H%

1.1 MRS

FRAE b B o & R (A 85.0%) . T A8 K (4 E
90.0%) . PRKEZZ (A 90.8%) . RIBE R (L 90.1%) .
B R B (AR 98.3%) , e A2 R (LI 87.6%) . HERE R (4
JE 93.3%) . WAHER T (LU 93.2%) . B (4 80.0%) .
AR (UL 89.4%) ., WIEEE B(ZE 92.6%) (%[ Dr.
Ehrenstorfer A w]); HEE, ZIE(EIEH, 12E Merck KGaA
Awly; WER(EBTES, il s iR B0 A BR 2 wl);
SRACE . FK. BERR AR . LI T RRGTal, i B
2y AL 2R A W), SEE K O AR
1.2 UE5E%

SCIEX Qtrap 6500 8 = 0B AH (4 1% - R e B i (Y, I
R 35 85 F- Y6 (25 |8l SCIEX /A ]); SiELC Obelisc R {4t
(100 mmx2.1 mm, 5 um, 3€[# SIELC Technologies 2\ A));
Supel MIP SPE-Aminolycosides [##HZEH/ME (50 mg/3 mL,
3 [# Supelco 22 Fl); MS105 HL F43Hr KF-(FE 4 0.01 mg)
ML802 HLF/ i KFECHEEE N 0.01 o) LA -FLR £
7y ); vortex-230 v i BE PR ¥ 4% (500~2500 r/min, 3
Talboys /A 7]); SBEQ-CR1824 [EAHFEBCEE . DC-12 KiE
RIWAL (12638 S B B B934T FR 2> ); Thermo Heraeus
XIR E R OHL(EEE Thermo Fisher Scientific /A ));
Milli-Q Advantage A10 B 2li7KHL(3E E Millipore 22 1)),

1.3 R REIECH
MEGAPRIBGE R 11 Fh 2 T I 25 W hn i dh (R I3 B
PR ER B A1), 70 B K I RE 75 2 10 mL SR At
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S, O PR VEI 5, 4 CCREGHREAE

TR P VRV VR DL BT A 8 YRR R TR T R, A% AL
Pt B ZATER . KRER . FIRER . POKRA .
YRR HER . WERHEE N 1.0 ng/mL, BIREE.
AR WEE B, W& E N 5.0 pg/mL.

FETHRTE TAEMZRMZ . TSI —E =R A hr
VW, A2 AR, SRR, SRR
HETARIIAR BT R ZATER . KRR . FIR&GR . bl
KRR EEER . BEER . WEEERN 1.0~100.0 pgkg,
JedEE . B WEE B EWEER R 5.0~500.0 pg/ke.
1.4 SLWHE
141 Asuara®

WEBRFRIL 2.00 g(A5HA 3 0.01 @)2- 0%, AIA 6 mL 5% =
HOTREERA 2 mL 2N, WhE 1 min, &5 30 min, F
4°C, 10000 r/min £5.0> 10 min, BCAHRE.OJE R EHRT
F—THECE R, FAZ/KAET pH 2 7.0~7.5, F 4 °C.
10000 r/min #.0> 10 min, BEIH WAL

ik BCMIP BAHZE IO, A ATH 1 mL FEE. 1 mL
50 mmol/L MR — EAMVA T (pH 7.0~8.0)7% 1k . ¥ LG4
Wk BT AR MIP AR, T 3 mL /K ki N 4l
T, FH 3 mL M/ MEHHT, FERM B, m MIP
KRR 3 mL 80%Z i (% 1% B BR N 0.1%L 9 T 1R BEAK,
WA TR T 15 mL MRELEH, T 45 )CFAK
ZF, A 1.0 mL 80%Z 5 (5 0.25% BRI, MIERS,
F10.22 pm A HUAHGE B 8 =R P, SO S soR
HE L5 R BT S0 o
142 &ABEELEMS

434 SiIELC Obelisc R (100 mmx2.1 mm, 5 pm); ish
AH A 1%HBKER(F 2 mmol/L ZEREY), WishHE B: 90%Z
EK; W 0.4 mL/min; BEVEBIERT: 0~0.5 min, 95% B;
0.5~3.0 min, 95%~55% B; 3.0~4.0 min, 55% B; 4.0~6.0 min,
55%~5% B; 6.0~8.0 min, 5% B; 8.0~8.2 min, 5%~95% B;
8.2~12.0 min, 95% B; FEiffi: 40 °C; #EFERE: 10 L.

143 k&

B FUR: BB %5 B T (electrospray ionization, ESI),
1B P, £ Yl (multiple reaction monitoring, MRM)
1 BRI 450 °C; BEFEHE: 5500 V; SAFAE
73230 psi; AR SI: 55 psi; AN 60 psi; Al
Medium; 11 FH ST AL E PSS HOLE 1.

2 GR55HH

2.1 BIEHRIRE

AW % 4T Waters ACQUITY UPLC HSS T3
(100 mmx2.1 mm, 1.8 ym), Waters ACQUITY UPLC BEH Hilic
(100 mmx2.1 mm, 1.7 um)#A SiELC Obelisc R (100 mmx2.1 mm,
5 pum) 3 AT EBOR . R T3 (iR, s

ATIMEFXHAFIEO T, R 5 A nT DL g H g
Fo#9%; R Hilic IR, 11 AP 2 ) RAE 2T
IyEs, HMMEE R IEREE, Obelisc R (FEH:R A5
L5 2 N L S W e 2 A i N S S s NI € T i
TP R, X X R L AW, 1E Obelisc R
AT S A REA 5 B BT AT, sy, e
TEFE Obelisc R (i AW IR (A i54E
2.2 RENERIERE

AMFETE I SAH 4 50 0.1%.0.5% . 1.0%F11 2.0%
W R, 255 XTI Ko i A2 o 2556, W 1%
FHERET, BRpras R A A R A0, 4520 43 i 44 e HIgTE
ik NRESHERMO TR WL, RS a5
WINARRIVRE W ZBRE:(2. 5. 10, 15 mmol/L), &5535EMH,
M4 7 TREEVR E R 2 mmol/L B 4520 43 i e 1=y, B £ PR
FTELM RIS T A MR IS . AR 1% BROK (B
2 mmol/L Z.FREZ)FN 90% 2.5 AKAE A i sh Al

1 N MHEEETEUEGYRRIESH

Table 1 Mass spectrometry parameters of 11 kinds of
aminoglycosides
B B PN Till 3
e Tk ORT OTAT P
(m/z) (m/z)  HJE/NV  BEE/V

. 161.1° 40 13
EEFEER  CpuHusNsOpy 3084

163.2 40 22

R 163.1° 160 30
ZAITEE  CisHyNsOy 4683

324.2 160 19

322.2° 170 19
FRRKEHE  CyHiNsO, 4783

157.2 170 26

. 163.1° 150 31
FHEE  CisHieN,Op, 4853

3243 150 22

425.1" 170 34
FKRAE  CpHENsO;3 5863

264.1 170 26

. 217.1°7 180 35
BEFHE  CyHyNsOy 5403

378.2 180 23

] 263.3" 240 49
HEFEFE CyHpN,0pp 5823

246.2 240 42

Pt 263.2" 250 48
S COHAN-On 5843

N 246.2 250 40

. 161.2° 90 38
BRER  CpHyNO;; 6154

163.2 90 40

140.0° 150 29
HMWEE  C HuN,0;  333.0

189.0 150 24

T 352.17 180 36
FEHE B CyuHyN;Op3 5283

177.2 180 31

1 U E BB F (quantitative ion)o
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2.3 REUATIAEE

MR I RN . GiE TR, %
B A rh FRIR PO SRR, 22U PRI ORI AS
G LG 2 O B TE Y A BRI . A
SRR iR 2 o DU 2 o fel MR o R 00 5B . S LA T
1% =RALM . 3%=RALK. 5%—=RALR. 1%=HLR-L
(31, V:V), 3% =& LIR-ZIEG:1L V). S% =S LR-LE
(31, VIVPERIREOR . SERAIER 5% =H MR- E(G:1,
VV)PE R B BG BT e 2R ACR A, A A LA B IR
BRI SR IBOR AT, ANES Gyt AR AR IUR:, T D) e &k
5% = RALIR-CIEG:1, VV)ER TG
2.4 [EHEZEEUERIEEE

H AT, K2 H0bR HE AN TR T 2B 1 2 245 W) 1 i
2R Cig. N-CAaBEMLIEBE R FI — £ 96 540K R AR
SY- i 74 [5] A3 2E BUFE (hydrophile-lipophile balance, HLB)AIFH
B3O, O TR A R T AN I i e E Y
BRG] o FEE R A YR N LA Y A AR L rh
it 5 I s SZ AR S AR Z [ A AR EAE L, X Bl 43 oA
SRR RN R R B A SR A 20 MIPs X A
Wy A RS, UL MIPs A A [# AH 2% B0 B30 m]
KNS W AERE B a W B Ry, BRI
Supel MIP SPE-Aminolycosides [ AHZE AL | &4 2F
Wi i Z A 225 .

2.5 ZMESEEFGHR
TENC AR SE 56 25 PF R, RS 35 135 00 0 ) 2 W A il i

JE RN — R0 5 R R IR B AR S W, S RTAL LS 2
UPLC-MS/MS F3trilE . LARE & 8 F 0B MR FR(Y),
A5 o VR B (ng/kg) MR AR AR (X), HEAT [N 4087, 2]
P2k . DAIELRMR TS Y 3 A5 (SIN=3) B 1 )7 s ot R
(limits of detection, LODs)# 1.0~5.0 pg/kg, DAFELRMEE ()
10 % (S/N=10)# & J7 ¥ & &t PR (limits of quantification,
LOQs)H 2.0~10.0 pg/kg. Z5HRER, 11 Fa LTy
7E 1.0~500.0 pg/kg R ALME AT, HIERE(DWRT
T 0.9911, BARZER T 2,
2.6 FHIEREMENBEE

FEAR SR 0 2R B R P A IR . AL @ 3 AR
[v) ¥ 35 K S B TR A BR B TR TR, H AR O R R AT 4 A I
FEASIMAR K- EE M E 6 ik, THE B A9 i iR
F0AR X 5 ME i 7% (relative standard deviations, RSDs), %%
R 3. GREW, ARTEXTAW 11 R R
245 (I B R O A R RORS B5, 11 Rh SR
2525 W) 4 N AR [ 2R 7E 70.7%~115.6%2 7], RSDs 7
1.1%~9.8%Z ], 7 ik v B RN 25 )3 W] W5 2 5k B 40 B7
HZLR o
2.7 SRR

REMLEEEL 50 HEWRAW9FE S, RAIA T o 11
PP S22 W e TIN5, 50 HEVCRE b P B R AG: 21 0
B2 259 B 1 N4 FE D IARRE S b 11 R s SR 26
iR T O GE R, BRRYIETE A, BS540 T
ARTE

®2 NMEEBETRUSYHEIESFE, SMERE. HXAR. wHRMNEER

Table 2 Regression equations, linear ranges, correlation coefficients, LODs and LOQs of 11 kinds of aminoglycosides

&= LT/ (ng/kg) LR B3 (@) LODs/(ng/kg) LOQs/(pg/kg)
ZATER 1.0~100.0 Y=4794.66023X-3063.59589 0.9992 1.0 2.0
RREER 1.0~100.0 Y=30170.3X-5314.83777 0.9956 1.0 2.0
RIREER 1.0~100.0 Y=7348.55379X-6775.53373 0.9979 1.0 2.0
Bk B 1.0~100.0 Y=2339.07881X-2038.78547 0.9987 1.0 2.0
LEER 1.0~100.0 Y=1295.76499X-386.31041 0.9911 1.0 2.0

HER 1.0~100.0 Y=3452.66129X+13010.04411 0.9935 1.0 2.0

WA E R 1.0~100.0 Y=23258.03329X+34888.2 0.9939 1.0 2.0
BlRER 5.0~500.0 Y=4420.54692X-2382.56775 0.9917 5.0 10.0

R 5.0~500.0 Y=1669.71274X—417.81840 0.9936 5.0 10.0
HaE R 5.0~500.0 Y=787.18295X+12815.43424 0.9963 5.0 10.0
MEE B 5.0~500.0 Y=1027.23086X-1052.53417 0.9989 5.0 10.0
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Fz3 S0 1 MEEBETEGYHRMAKE. EYERRZ RSDs (n=6)
Table 3 Spiked levels, recoveries and RSDs of 11 kinds of aminoglycosides in milk samples (n=6)
/0, .
&Y WK/ (ng/kg) R jﬁﬂjgzmy RSDs/%
1 2 3 4 5 6

2.0 113.93 112.78 10438 115.10 113.18  110.85 111.7 3.4
CleER 20 103.19 108.13 103.69  103.56  105.97  108.16 105.4 2.2
50 93.90 89.26 93.49 89.69  92.12 93.79 92.0 2.3
2.0 117.83 111.53 110.05 10820 112.85  107.90 111.4 3.3
ZAER 20 93.55 104.77 91.38 96.25  95.09 89.74 95.1 5.6
50 89.86 84.60 92.34 90.38  92.83 92.34 90.4 3.4
2.0 106.55 110.70 113.50 11323 115.35 112.83 112.0 2.7
RRER 20 108.25 114.67 103.12  103.40 11477  108.78 108.8 4.7
50 113.08 109.85 111.49  109.45 10537  112.15 110.2 2.5
2.0 105.68 112.90 103.78  109.63  106.03  113.03 108.5 3.6
RIRER 20 94.03 90.57 86.15 84.68  84.17 83.69 87.2 4.8
50 96.94 92.90 95.52 9448  95.12 93.59 94.8 1.5
2.0 109.48 106.03 9243 109.00 106.43  101.73 104.2 6.1
B A 20 96.82 96.78 96.28 88.43  90.84 90.54 93.3 4.0
50 89.29 88.94 90.92 9437 9226 93.79 91.6 2.5
2.0 111.55 112.15 110.35 92.65  96.75 99.00 103.7 8.3
BEGR 20 97.60 94.31 93.68 89.05  94.54 99.18 94.7 3.7
50 119.35 111.71 11452 111.09  111.35 118.06 114.3 3.2
2.0 93.05 88.55 83.53 84.45  77.80 84.60 85.3 6.0
HER 20 110.81 106.13 11534 10520 10832  111.98 109.6 3.5
50 94.40 87.47 89.54 80.39  78.05 75.45 84.2 8.8
2.0 90.65 87.95 73.15 92.33 86.10 93.60 87.3 8.5
WA R 20 110.17 107.48 108.90  109.77  110.95  109.24 109.4 1.1
50 74.17 72.47 70.43 67.44  71.42 68.52 70.7 3.5
2.0 101.28 116.03 88.75 99.05  99.30 99.73 100.7 8.7
WER 20 111.19 111.85 110.85  109.51 11338  112.56 111.6 1.2
50 106.17 106.32 11038 115.00 109.60  112.00 109.9 3.1
10 75.44 90.59 91.30 73.77  78.94 75.46 80.9 9.8
HMEER 100 118.89 119.16 113.81 11538  114.36 111.76 115.6 2.5
250 108.06 110.77 102.08  107.53  113.00  104.12 107.6 3.8
10 107.39 100.93 8498 11123 107.95  107.13 103.3 9.3
WAEEB 100 98.63 97.36 94.51 95.18  92.04 89.61 94.6 3.5
250 92.03 95.32 96.01 95.77  94.89 92.33 94.4 1.9




7974

B ah % 4 B R I A i

12

BEER
308.4/161.1°

10000

= 5000
.ﬂ@

1234567891011
£ B i ] /min
ZAER
Se4 - 468.3/163.1" 6.70
i 4ed
& 3e4
12 2e4
= led
0e0 tmmtleadecelfl | [ )
1234567891011
£ 88 B[] /min
KRER 579
1.0e6 | 478.3/322.2" -
#
|
12 5.0e5
OOCO l | | | l | | | l l |
1234567891011
£ B8 B[] /min
KRER
2.5¢5 .
485.3/163.1 6.09
j&( 2.0e5
M 1.5¢5
21
4@ 1.0e5
= 5.0e4
0.0CO | | | | | | | | | |
1234567891011
B3 15} 1] /min
MEEB
4e5
528.3/352.1" [4.47
™ 3eS
B 2es
a
E le5
OeO | 1 | | | |
1234 67891011
1R EH‘IETJ/mm
8ed HER
o | 3903217.1° 6.50
il
o 4e4
a
= 2e4
(070 ) PO R N Y W I OO N N BN
1234567891011
A B H5F [8]/min
HER
1.0e5 |-582.3/263.3" |4-39
%
"j:“' 5.0e4
0060 | 1 | | | | | | | | |
1234567891011
AR B s} 8] /min

ERER

’r?l( 200

308.4/163.2
00
u 10000 7.10
0 L L1l

1 L 1
1 4567891011
{%%Eﬁ‘l‘ﬁ]/min
Sed BAEER
468.3/324.2 6.70
i 4e4
= 3e4
2l 2e4
E led
0e0 T T N D [
234567891011
£ B8 bt ] /min
res . BEREE
6e5 |- 478.3/157.2 6.79
 5e5
H 4e5
= 3e5
= 2e5
1e5
oeo | 1 | | | | | | 1 1
1234567891011
£ B i} ] /min
K EE
485.3/3243  [6.09
# 1.0e5
b
2 5.0e4
0.0e0 I N | O T
234567891011
£ 88 it 8] /min
HEEB
365 |5283/177.2 447
% 2e5
5
g les
Oeo Mlt | | | | I 1 | | | |
1234567891011
A B 5} (] /min
REBER 551
6e4 |- 540.3/378.2 -
Jﬁ% 4e4
jg» 2¢e4
Oe0 L 1 0o ooy
1234567891011
AR B I} [ /min
HEE
Ze: 582.3/246.2 |439
€
% 3e4
g 2ed
= led
060 ) | | | | |
1234567891011
AR B4 Fis} [A) /min

K1 2 AR b P 1 RN 2 25 W B e 1 i

Fig.l Extraction ion chromatograms of 11 kinds of aminoglycosides in blank milk spiked samples
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Fig.l Extraction ion chromatograms of 11 kinds of aminoglycosides in blank milk spiked samples
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