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FEE: @3 TR RPERERRER (CS) . FFRK(BTC) K4k HF e &R M, (VBCMM, )3 FhZ kB AR RE &
e i) HPLC-MS/MS ¥, BB ZKEWIVHEE) @ V(0. 1% HER/KEW) =2 ST, 4% =H R 25K
EH, CIFMRAMIECEEERIE, i OASIS HLB(60 mg) /ME¥HLSS, #IM HPLC-MS/MS ¥, A #HE SN M=k
B, SMREFEATER M. CS A1 BTC £ 0. 01 ~10. 00 mg-L ™" ik ¥k BE VS Bl R R 4T, VGMM, £ 0. 002 ~
2.000 mg-L~' FREWRFEEEMNEERLF, R ¥KTF0.995; 3 MLpkIhidk ik R 510 CS 10 pg- kg™' |
BTC 10 pg-kg'l\ VGMM, 2 p.g-kg'1 , EERASHIR 20 pg-kg'l\ 20 }Lg-kg'lﬂl4 p.g-kg'l; T3 NAREYE
ISR [, -3 Bl R TE 72.3% ~ 103.9% , AHXTARAENS 228 1. 10% ~10.92% o Z%J7 ¥k BA RAEH
B MEER . REERMEBEINEGEIRA, AT Sax 3 F2yYisk B SR SCE AR S .
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Determination of colistin sulfate, bacitracin and virginiamycin M,
residues in aquatic products by HPLC-MS/MS
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(1. College of Biology Engineering, Jimei University, Xiamen 361021, China;
2. Fisheries Research Institute of Fujian, Xiamen 361012, China;

3. Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: A high performance liquid chromatography tandem mass spectrometric ( HPLC-MS/MS) method was established to simulta-
neously detect colistin sulfuric (CS), bacitracin (BTC) and virginiamycin M, (VGMM, ) in aquatic products. We extracted the sam-
ples with methanol-0. 1% formicacid(V : V=2 :5), removed their protein with 4% TCA acetonitril, removed fat with acetonitrile
saturated n-hexane, and then cleaned them up with OASiS HLB solid phase extraction (SPE) column. Next, we detected the analytes
by HPLC-MS/MS under the selected reaction monitoring mode and quantified them by external standard method. Results show that CS
and BTC have good linearity between the peak areas in concentrations ranged 0. 01 ~10. 00 mg-L™", VGMM, as well in concentrations
ranged 0. 002 ~2. 000 mg-L™", and the correlation coefficients (R*) are all more than 0. 995. The detection limits of CS, BTC and
VGMM, are 10 pg-kg™", 10 pg-kg 'and 2 pg-kg ™" respectively, and the quantification limits are 20 pg-kg™, 20 pg-kg™' and 4

pg-kg ~'respectively. Three samples in three different concentration levels are chosen for recovery, getting a 72.3% ~103.9% aver-
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age recovery rate, and a relative standard deviations varying from 1. 10% ~10.92%. In conclusion, method proposed has advantages

of simplicity, sensitivity and repeatability, which provide technical support for the detection of these 3 kinds of drug residues in aquat-

ic products.

Key words: colistin sulfate; bacitracin; virginiamycin M, ; aquatic products; liquid chromatography tandem mass spectrometry

BERASE R (CS) . FFH K (BTC) F4kH B &
E M, (VOMM, ) B T AL R, AAIRE
MEREBYMIER, ¥8HTE. B K8, k=
FE S E B ER, DRSS A K AT
st~ . Btk R & SRS 7 Sh
WA P 5% B Rl Sh i A AR, ST
foE NFHMERE, FILFZERME T 259K
BRERERE, PEUHE THS . 405
RGBSR ERE: CSTEE. 4. F. &,
AGEIRE . LA BFF R 150 pg kg™, B A
200 ug-kg™'; BTC ZE¥E. 4. B EHLAFH
500 pg-kg™'; VGMM, ZESEHIAERG . LA FFF 4
B 100 pg-kg™'. 300 pg-kg ', 400 pug-kg',
HEEXWAE . WAL FFF4591% 100 pg kg™
300 pg- kg '\ 200 pg-kg M, HEA M ELEAK
i R BR R A

I AN SR 25 5% B AT A i T8 2 S e
/L7 S AN P~ Sl | T o /S - o N
T 7K 7= & e b2 25 Wy B B 5 A6 T O 2% 8 A i
. APEER EKRE R R4, 5% HPLC-MS/
MS 3; [F] B Al K 7= 5 o g CS. BTC F1 VGMM, B
A SRR S,

I BRI

L1 ((SF5EH

W BT Bk F AX ( Thermo Fisher 24 &) i & ) ;
ZZDCHI6 /KRS T (M EAE YR A R
AR ) 5 KQ-600DB EUE4 8 75 i M s (R 1L
HiEAEUAFARA R ® &) ; DTS5 B.OHL(AL Rt R
RACFTES D HLA PR B &) 5 A 28 B0 fh A
(Oasis HLB, Waters 2 & H i ) ; CAPCELL PAK
C5(2.0 mm x 150 mm, 5 um, SHLSEIDO /A & H
an), 0.45 wm JEAE,

CS FrHESh, ZliEE N 78.3% (Dr. Ehrenstorfer.
GmbH /A &) H4 &), BTC #niEfh, 46 HK 77.0%
(Dr. Ehrenstorfer. GmbH A& H i), VGMM, tnfE
A, BEPEN 95% (Sigma-Aldrich AR Hf) 5 R,

ZIE. ECkE. BRI NEIEL (EE Tedia A F
i) =R BRI el (P EEZ L2
ANFEIH &) K5 /K A Milli-Q synthesis ( Milli-Q
LK RS ) H & Bk

1.2 FREBRHERIEH

HEFFRBGE &) CS. BTC Fl VOMM, FR#E S,
CS 1 BTC i 0. 1% g B iR 7K 75 W ¥ f#ft B 1 AR 200
mg-L ™ IFRAERE 2, VGMM, J PP By 7 M il A
200 mg L~ MIARMERE S, - 18 CIRAFE. Abrad
43591 FRAE N 8 25 TR R B e R B 1 1
1.3 HmBTE

FE 2 A BURE A AT 2R, A UL
B, BHEAT, BAEHLE, W EHREERE,
-18 CHEHFEH.

PRES bR R AR B 25 S AR A 2. 00 g
(HEHZE 0.01 g) BT 50 mL HERRE.LE P,
A1 mL 4% =@ R IEEW, WHE30 s, A
BB VFE) : V(0.1% FRRERK) =2:5]10
mL, JR%E] min, AWM S5 min, 3 500 remin "’
B0 5 min, BLEERES — 50 mL E.L0EH, B
AR EMA 10 mL 2R EE R K, AL
HW . AIF LIEWT 50 mL B0 EIA ZIEAIE
O%E 10 mL, Z% 20 %k, 3 500 remin~", B.L5
min, FE LR, TEBREFMA 10 mL 22
WFANEC HE 2 RAERAR . KERIBE T EW ikt
Oasis HLB(60 mg) /Ml PMMEEFFEEL, K&
3 mL #A7HG 4G, EAE, A 10 mL KPES, B3
mL FFEERIEE, WA VRV T B 3 . KU
WAE 40 CARBHFAIKRT, AERBHRBELV
(0. 1% HER/KEW): V(ZIE) =8: 2 ]1 mL B,
1BA), 150.45 wm JERE, HEAH 615 88 36T Y
TE .

1.4 {UB/WNE

iS4 3% . CAPCELL PAK Cig#E (2.0
mm X 150 mm, 5 pm); FEhAHR 0. 1% H R /KB
(A) +0.1% HRR 5 (B), BEEEVEMARF WK 1;
WA 200 wlemin "'y ARV 20 °C; HERERSH 15 pl,
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Tab.1 Gradient elution process

JR 2 4 S FL S 55 (EST) B 78 807

e 0 1% W% 0. 1% HIRZIE /% MIE B T H M kW 0y X o8 gk B R N
0. 1% acetate-acid 0. 1% acetate-acid acetonitrile (SRM); HEEHRE N 4500 V; 855 NEAK,
0 20 10 J£717% 35 psi, BB AR, WHE N 0.6 L-
: i . min '3 BEACNERS; BTURERRE R 300 C; 7
. . . LI 0 ~4 min FBEW, 4 ~9 min ¥ FOHE S
" o o B, 9~12 min EEW. EHETH. ERET
12 90 10 Xf. BEfEASRERLER 2,
#2 IMALETHETH. CRETX. WEEE
Tab.2 Quality SRM transition, quantity SRM transition and collision energy of 3 antibiotics
wEY EME T X/m/2 ERB T/ m/z hlifE e/ eV
compound quality SRM transition quantity SRM transition collision energy
R K (BTC) 712/198. 81 712/198. 81 39
712/226. 67 30
705/198. 81 705/198. 81 39
705/252.76 43
WMEKEE ZE (CS) 391/384.77 391/384.71 11
391/378. 84 14
386/379. 95 386/379. 95 10
386/374. 09 14
4R BER M, (VOMM, ) 525.3/337.0 525.3/337.0 20
525.3/355.0 15

2 HiR5e

2.1 REAKITE

BTC 1 CS 5y ¥ T RR MK ¥V W, v T W B
LIEFAPLIRAG . VOMM, G THEE, ZiF. O
CWa. A5 CBEERNERR . SCHRHRGE 3 B e 36
YIS — R R -2 () T B
WK W-Z 5 (R E) B o808 R ge
FELT 0. 1% HBRK IS W-H B 0.3% L BRIKVE -
FIE, 0. 1% FBR/KIER-Z0E . 10 mmol L~ Z,ERé%-
ZIEM 0. 1% FRRIKIFIK-0. 1% FRR NG S Fhimshte
MBS ROR . S5 R, M 0.1% H RRK ¥ -
0. 1% FRR ZHE1E A it shAR Y B AR 5 e B (B 34
SrEEILRAF, Bk 0. 1% BRR/KIEI0. 1% HR
BRI EIAH
2.2 @ikHR%E

I H b3 T UITIMATE XB-Cjg (5 pm, 2.1
mm X 150 mm) ., Agilent ZORBAX Rx-C;3 (5 wm,

2.1 mm x 150 mm) 1 CAPCELL PAK-C;; (5 pm,
2.0 mm x 150 mm) 3 Fp {8 3% #= X CS. BTC Fn
VMM, 43 B4R . 455 %W CAPCELL PAK-C,
HEXT25 Y 3 B 4ty , HAS B0 i Xy AR v 4r
WERIEE . RIPHE CS BRI MM EN S, K
R F CAPCELL PAK-C 4% (5 um, 2.0 mm
x 150 mm)
2.3 ik &HHMmuL

I FH 0. 50 mg-L ™" ) Z2 IR AR B I3 O i 1 4%
AT T — RO BT IES B F R i BB
BAR, BOEAIEEFAM TR, RESHHT—H
B ot . B oA A SR I A Ar, 4
EXTRERRE . BBFEHRE. BFREE. R
71\ WREA#HT AL, e EtERE T, #
JEAS B ) RABUEE , RIS T BRI AR
B R IR 20 £ WA B93E#E 50 W I (SRM) €43
ESRNZ
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RT:5.48
CSA

t/min

Bl 1 3 R HAnfEd R (FFEK 0. 01 mg-L ™"
BUBKG I 0.01 mg-L™' | i BEH M,
0.002 mg-L~")SRM &
Fig. 1 SRM chromatogram of standard reference materials of
3 antibiotics (CS 0.01 mg-L~', BTC 0. 01 mg-L_1 s
VGMM, 0. 002 mg-L™")

2.4 EEFEHIZE

R AR T 0. 1% FP R K ¥ - A 0. 1% H
FRKIE - HE XTI BUSC R B, S5 R EA T =
5, NEBFMEEM T % E, %HO0.1% F iRk
V- EAE N IREGR . HA T R I B 4 3R B
HIFRBUBCR , B AR V(0. 1% Rk
W)t VOHEE) =512, i TFREGAZEGE St
ZRIE TR, BAERTHRIET A 4% =52
MR NEREE, S5RZ TR, H CS m
K, RIS A FRBOR BT T A, $#RE1
REA S EIRCRYIA 95% 247, $REL 2 A4 5
EAPRBGE S, WIMEBOKE, £FH0EBCRANTE
Ak

R L T AFEREL K 0. 1% H RS -5 H
BE(ZHE)(5:5,7:3,8:2,9:1), V(0.3% Z
BR) 1 V(ZHE) =8 : 2. ZJE. MEAiKIENFERE
VR BN XT3 Ao 0] 49 J O A T[] AR i {1 ) S 0
HERRWI V(0. 1% HR) - V(LIE) =8 : 2 Bf 3 Fh
25 A H AR, IR, THRIA .
2.5 B ENIEE

CS. BTC, VGMM, &g fbrik R B REL Cyg
1 HLB EAHZEBOE . 2R 50 b T 3 FhAS ] [ A6

—— FFH#ELA BTCA

& —=— Tk B BTCB
W4l A BIRKEEA CSA
4 —— MK EEB CSB
T, - 4HERERM, VoMM,
= e
OL o w . og . . ,
0 2 4 6 8 10 12 14
BT/ mL
100r b
X
W 80 —— Rk A BICA
4 —=— & ik B BTCB
K] —— RERAEE A CSA
g 60 —— R EEB CSB
m =B EREEM, VGMM,
40 : ' ' ' : : : '
05 10 15 20 25 3.0 35 4.0
WA E/mL

B2 ok il AL i

Fig.2 Wash curve and elution curve

ZEBU#E (L-Cig. VARIAN Bond Elut C,g 1 Oasis
HLB) P2 BGAR,, 45R Oasis HLB R EURUCR £ 415
BEJG L3 T 3 FPN R EEAS B Oasis HLB A BU/NHE
(60 mg, 200 mg, 500 mg) MZEIMBCR, Bx=FH
B ESE L BCR A Y . BIRETTRER, Bk
FH Oasis HLB 60 mg ] [& AHZ< B i ALAE &

R R B 4K AE R R ve v, WhUER B B2
FEARE B AR B R T & R M T v
% R FAARRRB B AR MRSE, WERER
R, ZxhieethZ (B2 -a) . A 10 mL 3
VR B B o i 25 A 12 mL ¥ Jii W B
BTC fy#i sk /K (0.93% ) 5 A 14 mL B} BTC
PARIE 6.23% o MR VE R AR F R 10 mL,
I AT 3 K AR B K B T BB 4 o

RIS VE W R R R B, AR F
Hyn¥ M HLB /NEE B3R T ok o W& A [R] v i
TR, SN BERYaSaE, S0
Mk (B 2-b), AIAEPERAARTA 2. SmL Bf %
AAT LUK B 20T R, TR
¥ B UEIR TR, 53 mL B EIE MR A
Ve AR TR
2.6 HRERBAAHEER

A28 53 A Hr R i TR AR AE RR TN B LS B
PN ) 4 1 B SR S I I AR . T H &
FE S FE RN I, EEMT 2 AXF iR
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B—Uh B A WAE N R BC B 3 A R

FRR, 58 40 & 4F 1 23 R 4R B
YERFR BB AR A 3 PR R IR A M EE R AK
M (ME) {8 %5 F 54335 100 B A £7 76 28 53500
24 ME {6 KF 100 B 3 55 A5 Ak A 0 A 55 F 4
SRAEA; 4 ME /N T 100 B2 5% 72 46 & 4

FEFMGIER. RERN BRAEYHE
M/ LR 3. FEFAON X CS A1 BTC 520 b4
B . AT IHBREE B RN R, BT DA E R FA
PEARE 5 & R BOR SE N A 5 A% B AR fE & TR
ERWHEBES B, freRlmmndEsEd
— BT

xR3 FRAKHETERMEMITELER
Tab.3 Calculation results of matrix effect under different conditions

wEY W peak area RN Y%

compound Set 1 Set 2 matrix effect
FKEZE A CSA 122 648 160 512 130.9
WEKEZE B CSB 56 680 140 229 247. 4
¥k A BTCA 166 165 317 457 191.0
¥k B BTCB 105 641 398 120 376.9
fEBEZM, VGMM, 164 619 167 799 101.9

2.7 ZMEE. KHRMEER W4,

HERA RS OIS B A A A W, A ERE A R

BU 43 B L B BTC 1 CS i &t ¥k B 4 0. 01 mg-
“1.0.05 mg°L_1\ 0.50 mg-L_l\ 1. 00 mg-
1. 2.50mg-L™', 5.00 mg-L"', 10.00 mg-
L™', VGMM, & ¥k % 0.002 mg-L~"', 0.010
mg - L', 0.100 mg+ L', 0.200 mg - L',
0.500 mg- L', 1.000 mg-L~', 2.000 mg-L™",
DL CSA, CSB, BTCA., BTCB Fil VGMM, F I raf
RO AR AR, B ik U B2 O A A A 4 il A v il £k,
THEWHREA TR, RUEMLRE(R) . R
BT, RYEMKRB L H R, &2 R

2.8 FAENEBRENBEE

2.8. 1  AN[EINAR K1 [0 i Sk bR e
Wi, EAS 3 MK AR B LG X
YR ( Penaeus vannamei) ¥ 5 g CS. BTC Fi&#
W 0.02 mg- L', 0.20 mg-L™', 1.00 mg-
L' fn VGMM, Ji & ¥ & & 0.004 mg - L',
0.040 mg-L"'. 0.200 mg-L", 473 4 KF
EID @ 7 v v R Ny 17 3 R e O i 8
GERES, 73 DMK L3 Fh 2 RT3
B Sl 72.3% ~103.9% , AH X br #E I 2 76
10.92% LI o ZJ7 kBB R 4o

®4 KUEFE. AXRY. RHRMEERR

Tab. 4 linear equation, correlation coefficient, limit of detection, limit of quantification

fetety L HXFH(R) Kot B pgke ™! ERRY pg-ks ™
compound linear equation correlation coefficient LOD LOQ

WERKEE A CSA ¥ =130 744 + 129 666x 0.999 3

WERKEE B CSB y= —81 165. 6 + 130 043x 0.999 4 10 20

FFHEK A BTCA y =444 357 +54 915. 7« 0.996 2

FFHE kB BTCB y= 290 763 +55 770. 1x 0.996 2 0 2

H®HBEZREM, VGMM, y = 202 557 +267 853x 0.999 3 2 4




%4 B J 7% HPLC-MS/MS Bl K= i h A R . HEMRAAE ST EERE M, WREE 67
F5 AHREIHFPRMEIKESEZEEREHIE(n=6)
Tab.5 Recovery and precision of drugs spiked in P. vannamei
UYE| MFRART/ngke™  BRERKIEEE A BRERKEZ B FFHEAKA FFEIBkB  AEHRERM,
item spiked level CSA CSB BTCA BTCB VGMM,
[EIF /% recovery 20 20 4 79.20 91.6 100.0 102.8 86. 4
200 200 40 83.40 79.8 101.7 103.9 86.6
1000 1000 200 77.00 72.3 94.9 100.0 83.4
HXARERZ/ % RSD 20 20 4 10.92 5.57 5.18 3.10 6.09
200 200 40 8.32 6.22 2.38 2. 68 5.98
1000 1000 200 2.90 2.73 8.81 1. 10 3.01
F6 AREKF=mPHRMEIKESEZEEREHIE(n=6)
Tab.6 Recovery and precision of drugs spiked in different aquatic products %
N B X} Bl AR H 7 68 i EAPESOE PR BRGHE
&Y T. nilotica C. idellus E. coioides A. japonica P. vannamei H. diversicolor S. serrata
compound
ElfR  RSD  [EIgE RSD [ RSD [ RSD [IgE RSD [ RSD [ RSD
HERKEHZE A CSA 93.7 1.92 102.8 3.69 100.5 1.90 88.4 7.05 88.4 4.36 82.4 2.8 80.3 4.44
WK EE B CSB 88.0 4.77 94.3 1.78 96.0 1.82 8.3 820 833 500 8.8 1.82 80.3 4.61
FFHERL A BTCA 97.7 2.28 103.3 2.31 92.5 4.95 101.7 3.04 102.6 2.52 95.2 4.43 94.2 2.17
#FH ik B BTCB 107.5 2.91 94.8 2.93 104.4 7.40 103.7 3.39 106.0 1.59 101.5 5.39 102.7 2.09
HEREEM, VGMM, 87.0 1.06 86.8 2.68 8.4 2.05 81.8 7.53 819 536 76.9 500 789 4.01
2.8.2 AFE#ESSMARENORE  SAEBRRE STk

3 M Z ki A R 1 Pkt (Tilapia nilotica) |
( Ctenopharyngodon idellus) . =1 £ BE £ ( Epinephe-
lus coioides) . H ZA~#8%g ( Anguilla japonica) . FLYNTE
XTHF. 2% 15 1 ( Haliotis diversicolor ) 1 4E %% &5 &
(Scylla serrata) , £ CS. BTC ZfnFimHkE H 0. 20
mg-L™", VGMM, #shnG &k B4 0. 040 mg-L ™' f¥
I A bR Eh AR, S5 ILER 6, RT3 Fh
Z RT3 B H g 76. 9% ~ 107. 5% , AHXT AR
TRZETE 8.20% LN

3 45

SRS TKFEM R 3 M kP KR
I (¥ HPLC-MS/MS ¥, FZR R K 7= 5 480 4 el
B IE, S B R R 76.9% ~ 107. 5% , A%t
PR R2E7E 8.20% LAY, RIZFLEA RIFH
SR, O R AR M E, L. R
FEE . B, BB B A I AR e
BR, RT3 M IRRPIAE R MR B
oAU S
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