26 47 55 5 W fb22i85%  CHEMICAL REAGENTS https : //hxsj.cbpt.cnki.net

REBE-FERRIEELNRmAP
RERMEENMLEZHKBARER

sRar! ) B AR TRATEEY FALEE RS R kA R F ! PR T R
(LARBRIFIER S a IS5 P 2EBE TR AR =l 24 B, b A 345 15 Ge il 5 P IR A A F S S0 0 =
FEAE AR 3501172 4w AR BE RV R A# B @ DR s (5. PRI S FE T E PR 24 ) AR A 350001
3AEM A R SRR O F8 8 8 3501164 TR LT R 4) Wi Tk 315200)

WE. TR BRSO AL A =G s A T2 ], 3 25 H 4 # (Aminoglycosides , AGs ) 7E & fh
Jirb iz sk . (B THAR 2R B BATRAE, 0745 bk = & 0 SO AR A, RIS B[R] i s
IITOTIE R AR ST A R N B A 7R O ARIE B 2 R A 75k b WORE € 3% - A3 BB 53 % ( Liquid: Chromatography-
Tandem Mass Spectrometry, LC-MS/MS) ZE i A BT 2 AGs Y[R B E th R B EAEH ., 258 T LC-MS/MS H T4
B it v UM 2 BT A R B R AL 3 R AN 2 0, LA B2 AGs FE i i e IR, DI A £ v 0 Bl 1 28
PRI it iie 2% |

BRSSP A B S TR AR TR B 5 R ZE I WROAE 3 - R B DT T vk

HESES:0657.7;T9207.5  XEKFRIRE:A  XEHS:0258-3283(2025)05-0111-14
DOI:10.13822/j.cnki.hxsj.2024.0422

Progress in the Determination of Aminoglycoside Antibiotic Residues in Food by Liquid Chromatography-Tandem Mass
Spectrometry ZHANG Hong' ,ZHOU Han-lin' ,CHEN Xin-wang® ,GUO Hang-ting' LI Jia-hao' ,HAN Yong-he' ,ZHANG Yong'
LU Qiao-mei’ ,BEN Yu-jie**( 1a.College of Carbon Neutral Modern Industry, College of Environmental and Resource Science,
1b.Fujian Key Laboratory of Pollution Control and Resource Reuse, Fujian Normal University, Fuzhou 350117, China;
2.Department of Pulmonary and Critical Care Medicine, Fujian Medical University Union Hospital, Fuzhou 350001, China;
3.Fujian College Association Instrument Analysis Center, Fuzhou University, Fuzhou 350116, China; 4. Eastern Institute of
Technology , Ningho , Ningbo 315200, China)

Abstract ; Aminoglycosides ( AGs) are commonly residual in food media owing to their extensive use in the medical industry,
animal husbandry,and agricultural production. However, due to its variety,strong polarity ,and lack of chromogenic and fluorescent
groups in molecular structure , this kind of substance’s simultaneous determination and analysis methods are more complicated than
other antibiotics. Among the multiple reported detection methods, liquid chromatography-tandem mass spectrometry ( LC-MS/MS)
plays an important role in the simultaneous determination of multiple AGs in food media.lt provided comprehensive data for the
pretreatment methods and instrumental conditions of LC-MS/MS for detecting AGs in food ,as well as the contamination status of
AGs in food.These results will provide theoretical reference for the analysis of AGs residues in food.
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(] B it R 27 0 PR R S R B 22 1Y
T TR R A% T B SRR B TS AGs iR
W, JCHIE 5T+ Bl 3R A W) N D) REAL G P 4 Kk
TAPRE, SR Y HSE W 1, BRIk
KA R DIRE 5 ARG BN A ms Bk
W R A8 3 A I B 50040 (5 FH 401 B 3 SR A AR
SRy W R SR ] B8 1 - B 32 [ A A% BB AT R i ]
FHAEHUIE R . S1E5EH SPE ARXT LL, Bk 1k
1K) 43~ B8 1 AR AR Bk n o 2 fof | g Rk
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I IX PR SPE MORHE AT 5% A 1 AGs Fh 28 Il
WHIRK B I K238,

2 EmH AGs KB ERNTE

PR AL £ i T R T AR R i
BRIEFEAWT A R, BIH A9 1L, FNSME 24k
BT ZM RN E YR AGs 5k B AR 7k
FEA AR YR R HOR™ | e S T
T WA % R WOAR R B 3
IESE

R YA R T Ry 555 B E Y Z 181 Y
AR A S 1 s i A RE A i R AR SR 5K
BA o ORI U R I B ez R
P, 28 50 B B, O ELAS I FR A s, 2 7 B
PRI, PRI, A i AN T 8 PR
AGs W2 BT, BAN KRR e R R B
GuRal T A o R AN A L
THAAAE AR 0 AT ) o B,
[725% N RPN ¥ L YL S 7 e S N <05
VRSN >0 5L 0 P i 12 1 Ry B 7 T 1 5 g
122, HBME HIR BN, R AGs 1Y R
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BB B ST A R R AR
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BTk, O T BRI G o3 B ik R BURE FRR E
225N U FETCARE S LT A
D3 3 bR | SR v RS 455 1) A ) A2 i A I
ARTER T AGs BB PREAG I J7 11 A B8 N
ETM AT TB

AR 435 15 ( Liquid Chromatography, LC) /&
— MR SR U 3 B o T ROR T S U A
SR, R RS R G, 5 A AR Y
B VAR BOAN [ LE A9 A TR 5 A AR L 2 A5 U )
FRZRE A HEAT TR 20 114 1 258 T R ) €35 4, )
FHETEAT: [T AH 5 2% i B ARY) Z 18] A9 AR ELAE H
(W o3 BE HEBH 2R ) ASTR] 7 0 1% A S
BRI 3 B 5 ARG DN g ST A, S0 H
PRVIB 3BT DL B TRORE €2 3% S 1 A6 T
ARSI AT WIS &% SOCAI % s 22Tk
IR RN R a2y il BN Aty Y oA o 35 11
SRR A% FO AL A T AGs 254 B &k
CHIFDERER , H5R SMR IR B, 18 5 AT
HERT B 5 AT AR AL FRS A BE T T 5 AP SO LR
WSS AR T AT A BRI AT A P R AR E
FIRRMCAR B A, SR HITBORE €3 56 Sh i Az
WREEIMEEY . WA, R ZEPOERR IR B
e I 45 11 2% 2 O HICS G 0 % 45 o 8 0 T
AGs HYASI , 33 S G 0 25 7248 P S HE B o
D7 FRIR Wt

UEAER BB A S AT B B PR Jie , WORH (3%
FRIR 3 3% 75 ( Liquid Chromatography-Tandem Mass
Spectrometry , LC-MS/MS) B2 A i H AGs #ERf
A E i T8 RS DN 592 o A D ik i A
FIBR AT 4055 v i 0 O B 5F ) 58 P R E
S A4 SO L A T AR S R ARSI L, S
B ZREE R HAn AL & W) B MER € M E o0
BA R s R R iyt . BHETE N &
T AGs 5% B 8 19 I %E B o ( GB/T 21323—2007
GB/T 22995—2008, GB/T 22945—2008, GB/T
22954—2008 ., GB/T 22969—2008 , SN/T 1925—
2007 .SN/T 4778—2017 #1 SN/T 5117—2019) £
JERH LC-MS/MS,, 177 ¥ T2 24 M T BEUM AL
) BHIFBEA AN =7 LA X B b AGs 1% AL
LA UE 3T

2 MEET LC-MS/MS HAME £ il AGs
B T B B A8 o3 AT 25, A4S (i AT it 3l
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AR, I B R AGs 8T B B AR
100~ 150 mm, P40 Fl2& 2. 0~4. 6 mm, KifE 7
1.7~5 wm ZI], A &)™ iz 0902 FOr ik
#, Flan -+ /\BE % ( Octadecylsilyl , C18) iR
C8 FE™ o ANTFIRUAR Y (o 3 A S5 %0 £ AGs 1Y
OYBE P E R, — RN, AR FIRLAR BN
RGN &8 S 7 R P S = R D A T IR D S
BT LF (¥ A3 HER AR R YT 53 B AGs
GRS HOE B IR B . Gbylik %V %) H
T 4 AGs TEARFAZH (HE R ARIAR) C18 il
FERY S 0, & B ] Luna C18(2) 100A 3%
(50 mmx3. 0 mm,3 wm) A] LGRS E e EbE B
A RAFRUETE R 2285 W i i) 17 2 B ey
FA I RIS R AR . IO B TEA [ A o
RIS Z2 70 AGs ik I A, B R 0BT 15 hE
( Ultra-High Perfor-Mance Liquid Chromatography,
UPLC) B BN o 1228 20 40 i A 4] 58 A 0
FERRAE 1. 7~1. 8 pm Z 0], HA T &R B &5
BrAR P B AV ARSI A Bl Li
SOV GF R T —FdE FH Acquity UPLC BEH Amide
SR E B KCR Th A H & R AR X R W
UPLC J5 i, AR5 (1% 23 A I 8] 46 48 2 10 min
LI,

3 —J5 T, S ARAE (3 o B rh R A =G
HEMEM . AGs (9% & i b i T SRSl AH
JEOHERUK . AT AGs [IETE | 38 # {4 F F
R TR B SR U8 R Sh AR Y pH, 520 R Al v 2%
231 R, 1 RE RN [ E AH B R PR B AT, AT A
IS EBOR . Bl T AGs ARt &9,
TEH MUCAH 5% AL B DR B RC2E 0 T 86 m
AGs TE OB R OR B, A J7 B 2 72 i 3
AHRAS I B xR . TIE AGs 1B %)
U7 2 2R A AR, il an JLSUR R A
LHTRR AR TE RO €03 T 3 I A
A3 53 TS, B X0 m BB 2 X0 (0 i A 3t L5 4
I LT RE X T3 M Rl 2 1 WU T30 6 fy s -
FCANTERE 55 L ARSI rb 7 A B - 0, AT
RIS I R . R T R BE Rl S /KAH BAR
H 8 3% ( Hydrophilic Interaction Chromatography,
HILIC) #ER A S — A i 4% . HILIC (%
AT 11 1 R 3 LA 5 1) K P, dn i ik
JECAE BB IR AR A ok 2 ] T AR XS AR M)
ST ARG 1 L B R T, 7T LAl A A S e R o
150 AR, T HILIC €34T mT DU A2 35 e 1Y

AP S, A BT g R A5 gL, LA
A L S 55 B A 0 ) B I AR A (H R
HILIC (38R HT AGs I, 3 7 B0l FH 2 2 g
W RE B 28 phER (R TS AR , 91201 175 mmol/ L () YR
B B 1% (V/V) HRIY 150 mmol/L 2,
PR TR S 0t TR 4 R AR AT IR AN K &
U, AR Bl TSR IEUR AN A&, PR
F [& % #H ( Zwitterionic Stationary Phases, ZIC) £
HILIC €3 17 FH o BT F B 1) 00 5 1 R o 3 o
ZF) KW, Danezis %' i ] ZIC-HILIC 5 LC-
MS/MS & ZFHAEY) R sh Y3 i P R R E R,
ISR AE 70% ~ 120% Z 8], Waters 23 7] I &
T —3#X Atlantis Premier BEH Z-HILIC (35 4LE 7] 7E
o PR VR B2 28 o 58 1) 3 B A 2% 42 TR EsE A0 17
Fr AGst®! 5

SR E NFE 2 HES A4S TR I e IR RG
MR AT DL HY, LC-MS/MS J5 ¥ % ] FH A o i 114
AGs Zr T EL AT AR, SR B A Ok
B Rl AGs MR, XFF & 5 AGs RS 17
AT RTER N, % R — L5 b S T AR
A T RAR IS, B H GBS SO AGs 15
EERAR, HI, 7 TR EY G T, S
f P AGs (1A H S SR 2 B AR 0 BT 1) — Rk
G, VRORE (015 5 1 o R T (L DU AR AT B ]
51 ( Quadrupole-Time of Flight, Q-TOF ) A1 VU 4T
BB B TS S ) R A 2 BT i B v
AGs 1Y5E s AUE M IR B T OCHE 1%
(18 AR TR e 2 3 ok o o 3ok Y0 A T U ARG
FHXF RS (RS B L e B A T o T R B 38
i SRR 8 R T RE R S5 A AT IR DC i
H ATBOR €35 5 2 B B P A £ R
HREE AGs (1 3E I 0] 23 B A0 58 i 355 J7 17 %) 1o
FHZEBNE i b, ALK Arsand %52 5% ] LC-
Q-TOF-MS $ A XF 4= FL A4 5% & WLIAFE 5
AGs AT T i r, IR LC-MS/MS Jrikitir T
FERIIT, Minohara %517V # 57 T —Fh I UP-
LC-Q-TOF-MS X} A MM %A it v AGs £ 47 fmy i £
S 8 R S R 0 1 o AHLE T R A BRI A
A DRI G e B P AN B R TR AL BE
A W R 0] SE R AR ARG B 19 I i A2 50
ANRIME R, LB & S 5O AN B Y 7
SEE VRO % 5 o T U A AR A
AR AT AGs B2 T R R 1 0 ik %8
BT AR Rz N, A, LC-MS/MS Jr
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SR A - JROAR (5335 - H I T R G DU 0 it rp R e A R AR R TS it 121

TE XA A 25 R 2R LB e, AN A 28 6 5t A
AU b T E RN H AR AL A YT K S0 1l g
SE B AL BRI A5 46 1 X BRI 1 M T 3L
AR DR G A DRI, kA 485 XA s A L 5
B AR e 1) PR ARG TN 2 R R T B A AF
FIMZ—,

3 BmABRH AGs Bi5RAHE
ULARR , B IR TR R ) A R, ok
22 BIEFE T 46 D TE B T AGs HY 5k B 1 L
A BT A S AR AR B AR 0, B
At AGs BTG PAFIETF SR AR, R 3 WA
i, FATE = A S W IR (BRI S
WA 555 ) Kt AGs, IWIFFRHLIX R | [N
SRR AGs (RS e BE AP BAT BOR 22 57
(R, A7 BIF 5 DA 1 2 i 37 4 2 PRV ity e
SR R (PR R B 3,584 ne/kg) Y,
Kumar 252 D\ [ 2 % 5 117 3 Bk 2k 19 — 91 5 ' B
s D T o v R BT A R (R VR 1 171
pg/kg) P AFZARAR T RR SRR 1) sh 0y B O o
R I K5k IR & ( Maximum Residue Limit,

MRL) , Tao %5 DI 7E 2024 3 117 37 (0 56 IF X
PRIZE R S P A 1 T 5 RO R MR BE A AGs,
X2 ] HE 5 AN ) [ S X0 sh Pk B i
AGs 5% B B BR B AR MERLE AN RA %, 73— 7,
AR S A b RS 8 AGs FhEORIR], il i
SR RN B R AR, v AR R D R A R R A
THYT W 4y H i R R AR AR I 2 R A BN
HER MG 2] e S a8 RAVE MEY AR F
BT MG A RS R B R U A
B REIR N X R BT B R I 2 1
Sh Ry B2 AR (8 2 AR b AT REAE A T H AR KL
A RS X, [RIEE, R —Fh AGs 7EANF £
A T A VR KPR 2 S i,
A RIS AR PR RE St 0 B 2R P U
6.7 we/kg' ™ T 55— 58265 B RE S RS H Y
AR ZUREE T 3k 14 600 pe/kg!® o IGAR, K7
A AGs KT AR H AT B A T
WA AGs K ZAK T A W A2 9 MRL, {H iy T
AGs EAER O A= IR A H T2
H. AGs 5% B 0T 38 33 1 6% X AR il B 7= A= S )
SR B AGs 195 Y LS R E AL,

£3 AP AGs KT T

Tab.3 Detectable concentrations of AGs in food

Detected concentrations/ (pg-kg™)

Reference  Study area Sample
Apramycin  Dihydrostreptomycin ~ Gentamicin  Kanamycin ~ Neomycin  Streptomycin  Isepamicin
Pork 3.584"
28 Kore
[28] o Chicken 2.388" 6.7
[22] Barcelo Pig kidney 1171
[70] Lebanon Milk 90% 80%
Wuhan, Chlcken. muscle 23.2+0.8 42.340.9
[26] Chine Milk 22.8+0.4 26.9+0.3 12.3+0. 8 55.940.9
" Swine liver 13.6£0.8 74.10.6
Guanazh Swine muscle 22.7 25.6
[19] “"é‘fz " Chicken 1 30.5
e Chicken 2 21.4
(9] Guangdong, Porcine kidney 1 29 114 14 600
China Porcine kidney 2 991 346
Honey 39.6~1037
71 hi
L71] China Royal jelly 31.4~60.2

7 :1) The average concentration calculated based on the detected concentrations in the literature;2) The mean residual levels;3) The detected

concentration range ,

T —I7 185 M 1k KA IR S AGs
FREB BT IS8 . BN Lin 2500 78 K 8 I 8] 3t
K5 — Uit FHAR 245 5 (056 21 d IR SE b, A6
FIHFRFER-A IR N 0.01 mg/kg, Li %
BN 2] 7 d J5 BE LR 5 R85 Bk A S

O RMEFRHRAIEXIEZR-A 15 555500k
(0. 12+0.01) . (0. 038+0. 005) mg/kg, HIRMY)
JERPERIER ACs FREYM L WEREHERMN
HX R (0% 8 B85 AR A A R oA ]
G A S H2 i B A AP S 1Y AGs, FEY VR &
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HIFE 2 AGs FREE AT RENE , PRI, AR5 22
HE— L ORI A P AGs IEREE B L .

AN, NE K R BIBFSE 45 R T LAE AT
ai T AGs W5k B D0 B S BUAG: Rl 2R 2 A
H RO LR B /KRR R S, X AT RE S A
2% L W AP 10 0000 B L S G 5 R iy e A A
MHT LC-MS/MS £l 5 v BE % [F] B I 22 1) AGs
B nl s+ LR, BT E R bR e Sh i 4
R IR 2 25 5 B8 o 0 R R A L -
i/ B ) (GB/T 21323—2007 ) ] i fi4
AGs FIZSHUR 2 ]y 10 B, B 28 4 B A
B b2 iRk B PR 5 ) (GB 31650—2019)
{URLE T 7 Ff AGs (W AR R AR K RIRE:
R EUEHR ZMER KKREZMBER)E
SR P R R R B R, [FRE, TR
A AGs B 55 1 XS PR IF s A i, N
I, RS A] ik — 2 A LC-MS/MS 7 i b A7 K4
SEBRAE ARSI FR SR [ B A o s SR
Fhir: R 5R BB BB, LS T S FRCEE (L
L ZEIA5) RN XA S PR 2 22 15 00, A 5 W)
Hb TR BT 72T Sl MRLs B SR A AT S8 4R
it DA G b O s £ 28 2 R A SRR

4 BEERE

ARSCRTE i AGs Y i AL B8 7 1k R R 4%
LA K AGs 7E SEBRFE i A I AT TR
g [EAFEBOT F 2 K& & AGs 1Y AT
SEMATAL B 5 o WRORE €83 - AR 0 v 2 H AT
it B )1z 1 [R]EREAS I £ 40 vh 22 2 M 2T
R I, AR ST AGs I5RE 434
PSSR T AT, W (1) FFAH A S a iy
[ A A U B AR | ARG i 0 R o T W e
an PR B AGs 1Y E B 20T 20K 5 (2) AW Ak i
Ab PR A RS 5 B O vk JF R et | R B e
) ] A T AE P £ ot v 22 AGs B B I T s
(3) SEHEY 30 Bk B0H0E e, JF A v Ak R i) o 45
SIGRMEE A, T [R) Bs000  A Jo v Z2 Ff
AGs R A AR LR

S 30k
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