9516 % 4530 el TR Vol. 16 No. 3
20254E2 H Journal of Food Safety & Quality Feb. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20241018002

SR AR, B, KU, . S RORAH 3% 5T I AR FL T IOR R AR B (0], B e BRI A,
2025, 16(3): 303-308.

LI M, ZHAO X, ZHANG HJ, et al. Determination of residual levels of gamithromycin in raw milk by high performance liquid
chromatography-tandem mass spectrometry [J]. Journal of Food Safety & Quality, 2025, 16(3): 303-308. (in Chinese with
English abstract).

TS0 A o 1% - HR IR T R v T e A L
KSR 5

A omoR A kuE, A 4 I REF, FhH
(R RALDOMAR AR AR A F], dbat 100176]

B E: BRI UUERUOMR i E 13 2B AL (EMR-Lipid) 45 4 = 20000 A €633 - # B B 3% 7% (high
performance liquid chromatography-tandem mass spectrometry, HPLC- MS/MS){J”UKEQE?LEPj]H*ﬁ?ﬂéW irAiipa
Wik, 755k FERZRRIECIEIIUS, i EMR-Lipid #id 20 b igedk, @il BEH Cg (o ibALIE1 T80 5 1k
JBi, PSS IE B 1 2 S A TG, SEPRAMR I E R R MR FRAE 0.5~20.0 ng/mL J R BV
BRI R, KEMERECKT 0.99; #HFR(imit of detection, LOD)N 0.5 pg/kg; & &R (limit of
quantification, LOQ)} 1.0 pg/kg; MPKEERIEAFL PRI EL G s 00, LB AR B, KR
TEARIAS I e B2 - B B A 74.0%~77.0%, 0 2 45 5 0 AH X 7 O 22 (relative standard deviation, RSD)2W
3.92%~4.57%. & ZITIEWER . RA RGE | RS R, TLUR T A LA OIIOK B R A R R
AT, AEFLH IR TR R AR B AR R R S
KEIF: NOKRER,; SRR GRS -, EMR-Lipid @ g es; 430

Determination of residual levels of gamithromycin in raw milk by high
performance liquid chromatography-tandem mass spectrometry

LI Mo, ZHAO Xin, ZHANG Hong-Ji, ZHOU Ting,
WANG Qian, ZHAO Xiu-Ping, LI Ke-Jing’

[Zhongjianke (Beijing) Testing Technology Co., Ltd., Beijing 100176, China]

ABSTRACT: Objective To establish an analytical method for the determination of gamithromycin residues in raw
milk based on matrix external standard method combined with through type purification column (EMR-Lipid) and
high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods The samples
were extracted with acid acetonitrile, purified by the EMR-Lipid through type purification column, gradient eluted

through a BEH C;3 chromatographic column. Detection was carried out in the electrospray positive ion multiple
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reaction mode, and quantification was performed using the matrix external standard method. Results Calibration

curves were linear in the range of 0.5-20.0 ng/mL with correlation coefficients more than 0.99. The limit of

detection (LOD) was 0.5 pg/kg, limit of quantification (LOQ) was 1.0 pg/kg. Gamithromycin showed a matrix

enhancement effects in raw milk. After matrix blank curve correction, the average recoveries of gamithromycin

at different spiked concentrations ranged from 74.0% to 77.0%, and the relative standard deviations (RSD) of the

determination results were from 3.92% to 4.57%. Conclusion This method is accurate, sensitive, stable, simple, and

easy to operate, it can be used for the rapid determination and quantitative analysis of gamithromycin residues in raw

milk, providing technical support for monitoring the residual amount of gamithromycin in raw milk.

KEY WORDS: gamithromycin; high performance liquid chromatography-tandem mass spectrometry; EMR-Lipid

through type purification column; raw milk
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K 25 K (gamithromycin) & — F g 11 2 5 BORER
WERRE MR, BkEmRTA R R, HaH=am
B 1 R o 124 B 2R TR VR R 38 2 A1 OB R RNA R
PEEE A R SEB, B A T BRI R L G . SR
A LB I IV 2 2R TR 45 TR U i S80I 2 I R S 9595 (bovine
respiratory disease, BRD)AYJIAYT! 2, 23k EHLAER FH TR
7L R IR R B  —pr E

YER BT — ORI EIERITRH L IR ER, Hasn
2yt . BURETEMESR | RS2 R R L BEPEAR LA ZH
ITR RS, BT A AR P A 500 BRI 24
Jij(European Medicines Agency, EMA)JE/G7E 2007 4 Hl
2016 AR IOK S R AL TR s AT 2010 4E,
Jing KA 4 5 5 8 W PR (Health Products and Food
Administration of Canada, HPFBYHLHENIK B 2 F T 1174
I 2 AP S5 19 BRD; 2011 4, 6 &8 52550
HJRI(US Food and Drug Administration, FDA) WAL #E T 1%
I T IR iRk TR E A S M, ik EE R R
ORI IF. B LR R O I I B B R
R, IR XA FL I AR W ook R R 1Y 8% B PR kAT
e, HJERERBEAE EU No 470/2009 H#IL5E ik 55 2 76 1
LR, AR TS — RS T NES,
AL AR PR R AR L PR R Ay xR
UEFR B L 4 St LA BT, TR INOKEE R TS
Pl HA PR L.

H AT, IioKEE R 05 Mr ik 32 B2 5 200 A i - o
¢ 5% 5 (high performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS)!"71 ) A L 2 i &2 Jg g
AL LSBT, B ATAE N A D GE
ARSI U ST T R 8RR € 3 - HR KO i 12 A A P R
W AUAER . #UEFE . MOKERARE R, THif S
38 Ao VRORH €8 1 AR I - T (UK AR W A U IR EE R R
R EA TN G, BRI O A U TV ST T VORI R

TN 5 A= 4 ORG24 M O %, AR YA )
L NbRE I, AT & BB, AMETFH . EFk, @
1 A A B ARANE A — B R A A b BTy =X LUSARIR,
Ce (R R Cli TR P A 3 R SN Y 21 AR/
W LA T 28 (i 2o &, 8 ) 30 kA (EMR-Lipid) 45
4 HPLC-MS/MS By g — B ALy gk i o . pUAR AR
Gy T BINOR BT R Wik, LA B R ALk
HRNERETR

BT ke R I T 45

Fig. Molecular structural formula of gamithromycin

1 MR5RE%

1.1 #MR5RF

CNE(EiEal, g nl);, HRALHa, b E
REBFHEARA A, R (GRS, EE Sigma A ),
Tk RS EARUER (PR BE 100 pg/mL, KB /RES First
Standard 23 7).
1.2 UE5E&

S LC-30A = 80RAH IS (H 78 B HE A F]); Triple
Quad 4500 =& PUMRAT L (3EE AB 4¥H]); ACQUITY
UPLC BEH C g {4if%#£(100 mmx2.1 mm, 1.7 um, 3%[E Waters
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A a]); SR-2DS $R e ( H 74 TAITEC /A H)); ME203E 434 K1
(K5 10 mg) . ME204E 43 M1 KV-(RE B 0.1 mg) (M4 $CF
LR P EYARA ] X-15R B.OHL(#ERE Beckman 2y
Al); Milli-Q EQ7008 #Zti/KHL(3EE Millipore 22 F]); SI
Vortex Genie 2 Jiin iR & %% (32 [ Scientific Industries 23 F);
Captuve EMR-Lipid #+{b#£(300 mg/3 mL, 3&FEZHASA
Al); 0.22 pm F HLAHUERE R L% S 501 & 1T IR A A .
1.3 A
1.3.1 AR R ELH

HERR WS & KRS RARAER, T CTERRIR S,
SERZE 10 mL, 58] 10 pg/mL ARERE AR, ET-18 °C
VKFEIRAE . BUERIZIEW, /B 0.20 pg/mL F1 0.02
ng/mL FARAE AR . K2 WOBOhR e AR OE &, FHZ
PRICAAR S5 (025 FURR S 5 TR B LK 0.5~20.0 ng/mL 11
FANIESFRAE T AR M2 .
132 #H&HiTaE

FREUERL 5 g(FERI = 0.01 @) BT 50 mL 2.0, A
0.2%HBR-Z BRI EA R 15 mL, &% 20 min, 8000 r/min %
O Smin, FIEREBES —EBLE D, 5.

B 3 mL Fi#Wid EMR-Lipid @i 24kl (B 1%
k), EREE S BB FEREIR TR S 2 S, FIMA 1 mL
0.2% F R - LG VA UM U /NI A R REVR, T/ IveE o Bl
LR FHEBARAE 40 CFHASRKRELT, MA 0.5 mL
0.05%H IR- IR B, W ERE 1 mL, WHEREY
2], 1 0.22 pm JEME, it HPLC-MS/MS 43#7 .
1.3.3  iAa &k B KA A4t

(DA S 2

{3y ACQUITY UPLC BEH Cjg (100 mmx2.1 mm,
1.7 um, & [E Waters A #); st A: K 0.1%HER), i
A B: ZME; WE: 0.4 mL/min; #FEEHRE: 6.00 uL; HEIE:
45 °C; VEBLHIBL R &N 1 PR .

R BERBRMRIAENE

Table 1 Mobile phase conditions for gradient elution

P 1] L A A TEAR B
/min /(mL/min) 1% 1%
0.00 0.400 85.0 15.0
0.50 0.400 85.0 15.0
2.80 0.400 5.0 95.0
3.50 0.400 5.0 95.0
3.60 0.400 85.0 15.0
5.00 0.400 85.0 15.0
Q)G A

LB : H IS 25 1E B B2 (electrospray ionization,
ESI+); WX 2 557 WEill (multiple reaction monitoring,
MRM); A 35 psi; 2546 AR, 50 psi; FHENINEVR:
R, 55 psi; BEREC AU BT R 5500 V; D)
IR EE : 500 °C; MoK R FUESHANR 2 Frs .

R2 MRERRESH
Table 2 Mass spectrometry parameters of gamithromycin
e Begy T RENE ERRE REEeEh
=
(m/z) (m'z) /min Y V.
19.6° 2.35 90 42

57.9 2.35 90 48

KR 777.6

TE N ERE T

14 HIELIE

J S IIES I GB 5009.295¢ &k 2 FE R brit 1k
ST T DRI UE S W) DI T BT B . A IR g,
SEPESCES A TINE KT 6 ¥k, IR 3 41 7 1y, 4tk
WSE S A s OMEFEZ ), B RIE 307, SEBRFEs AT
W5 3 03, Bl RIEFNHTEAE5r 50 Analyst 1.6 JA |
Analyst 1.6.3 REHAFH Excel 2016, 25 RLIEIEEER

2 HREHR

2.1 REIRLIBEHIL
2.1.1  FEBEF KA

NG HEE. HER O LA B W R ER 27 vl i W Y
Pk aE ZARBUAF . i T EMR-Lipid 58 33 2 b A 2 )
Wt . AR R B A8 e S ik T 21 A S TR R R T
V18 VR S T 32 1) e B S TR 1) B 1, A R BRI R Eh 2% v
TN 25 B B TR ORI JLAE AT A 4R B
W AP RIS, hFAAREE™H, HitdR
YEN AR BRBUAR], RPN . 2.0%H 1R-2 1
LO%FR-Z N . 0.5%F -2 . 0.2%FIR-Z M5 0.1%
HR-2 06 6 R IGA T B3R ICHCRIET T T % B o ARk
LRI 2, S5REW: 6 FRBUARIH, ZIER
BISRAE 5.0% 4840, 0.1%H ER-Z B R B TE 65% 41,
0.2%.0.5% . 1.0% ., 2.0%H B - 2. IF /Y B 24514 - 82.0%
79.4%. 81.6%. 79.8%. ZEEFHEIMIAMAEE, R4k
FH 0.2%H R - ZIEVE WA SE 1 IO 1
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Fig.2 Effects of different extraction solvents on the
recovery rate of gamithromycin
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2,12 Hiir XAk

AHFFE R I EMR-Lipid il i g b Hg Ak, oA,
H b #RfE B, bR A T R Rk 4 . A it
ARSI S5 R R (D) TEANL PR R BT, 25
JEORE X B T 2T Q)BT R B A IR 2 R el
AbF 60%~120% B B2 P, il 2 GB 5009.295¢ & M %4
FE R hrifE AL o0 Bk SR urm ) ) (2R, R B A R A%
FHh 3R = MKAOR o A B R A EMR-Lipid il 2L 2k
A b
2.1.3  E AR IRAE

SR FHBAE €6 1 - AR I0C T 338 125 0 A B, R SRR 23 %) 43
Mt 7= A s i 28 M4 MATUSZEWSKI 20 ik,
FHk 5T A0 =( k5T VG LA v il 288 kR A vl 2R LR )/
T FIBR I M 2R RERE X 100% 545 TR Ay 67 500 26 7% 35 S o
BN, 25 IE BRI R SR AR o M —20%<3k TR
<20%:Z [H] B g 55 KL BT80N 5 A RAE-50%<IE AL <20%
B 20%<FEJFURN <50%Z [, T2y rh SR RE BTN, Bk
I = 50%8 5L TN < 50% 0] Sy 3 B B i BY

Fi¢ 1.3 B0y 72k T il 36 S5 VG T s o fi 482 R0 39 o v
M2k o % 50 A o il 2 2 2tk U7 TR Y=20793.90478%—
1506.77265 (r*=0.99953), % Jii VT Fic il £k £k 1k 5 #L A -
Y=29847.58152X—1943.54824 (r’=0.99819), #5RFRBIMAK:
BERAEA TP IRV R 43.5%, FIAAAAE R AEE
JE R TRALN o BT LA, AR S T ARONE 4 S, B R T DL
BCAR i LR AT 1 o
22 FRiEEHMRKE

KT R SR, BHEAEE TCY, AP R
STESTUERE T kB MRM B8, 1E1E B FHF
e [M+H]+ R 1, DU AR AL A 5 LAIRAS R 458 i Y
FEFo UEERSRNETFIENERE X, HENE
MAERE ., FAmE ., #LRmm ., SARE . HiR
B OHEFLHUE | Rl R A RS A T LA, B
FI BTSSR 2 iR o SR IR LR (s A B A 3R A5 19
PR IEVA T T LR 3.

2.08
0.9¢4

6.0e4

4.0e4

M 7 588

2.0e4

0

1.63 1.88 2.01 221 241 262 2.8 3.02
P84 B [ /min
B3 IKEEZE (5.0 ng/mL)bRiE Sy MRM #0515 115

Fig.3 MRM mode ion scanning spectrum of the standard
sample of gamithromycin (5.0 ng/mL)

2.3 FHEFIIE
231 KHER
F IR 1.3.1 IrdeoR F s A A FLES b AR, e il ok

TREE R FEWIE 0. 0.5, 1.0, 2.0, 5.0, 10.0, 20.0 ng/mL
P ZR 5L R VC FCARUE TR, it HPLC-MS/MS Kl , R
MRM B FH#M A, B 2B T X mFE A by,
FE IO T VR AR AR R A b, BLA R A A v
2k, EENAE R 0.5~20.0 ng/mL Ky JF ik M B 70 T P 2k
PR R, SRR, £F 0.5~20.0 ng/mL Jiiht
WEEBNE2HRIFMENEXR, KUEFBER
Y=29847.58152X—~1943.54824(FH 5 22 %X r=0.999),
232 ¥k XL

FEAEFLAS VB ORE B S I — R e B KR B RO
T 101K, S H KT 50%, HAKHIEEEEN)
WRTET 3 0, B H0E K R (limit of detection,
LOD), MXEELE 4, Z55FRH 10 e s 20k
100%, F HA KB OEEEN K TET 3, 5%
TNk B R AR R 0.5 pg/ke, 52 GB 5009.295 fE5R

3914 2.09

3500
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$§ 2500
£ 2000
2 1500
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500

0

1.63 1.89 2.01 221 241 262 282
£ B4 Bf ] /min

4 LOD 73 MRM RS 7474 P 3%
Fig.4 LOD with MRM mode example scan map

P AEFLZS IR TR S T AR I — 8 R BE (R IR B RS T
MWE 7 &, BERILEN)YRTET 10 e R (limit of
quantification, LOQ), EliEILIE 5, 455 7 YE OfEMELL
(SNIIRFEETF 10, 1Z75E FIDKEE RN LOQ 4 1.0 ngkg,
i /2 GB 5009.295 %K .
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Fig.5 LOQ with MRM mode example scan map
233 A Gk WAh 5 A e A R
e B L5 U REJBORE A, TR S T D SCRIDRS 8% B2 3K
5 cHEAT 3 KFES IS R, O 7 LOQ 2 U5 % LOQ
10 15757 LOQ, BAKEP-FATIE 7 K, JF HitfrE
SVERIE, Z5ATEILER 3, WA TS ILE 6, &1 7, 4
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SR K& R A [FR v B 0 o7 B [l i
74.0%~77.0%Z 8], W E L5 M) RSDs K 3.92%~4.57%Z
(B o ZIMBRAKET, %8 RAF, RICRE GB 5009.295
HIEEK

3 HAHPMKERNRMNE. FHERERMBIRERE
Table 3 Addition amount, recovery rate, and relative standard
deviation of gamithromycin in raw milk

REMLF BINE(ugke) FHEER/%  RSDs/%
1.0 77.0 457
PSS 2.0 74.0 3.92
10.0 74.9 4.51

VE: AT AR ER 22 (relative standard deviation, RSD).

1.63 1.88 201 221 241 262 282
£ B 5} ] /min

K6 EFLAS IR MRM @ iE
Fig.6 MRM chromatogram of blank sample of raw milk
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{5 B4 Bst 18] /min

K7 AFLESINFE D MRM (@35 5]
Fig.7 MRM chromatogram of raw milk added sample
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