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(1. WdeE g iR L WWER R, R 430075;
2. WA B S R AR T AR R R G, iR 430075)

B OE: BR B SR EGE- BTSN E 9 MR NERESIA: R ik ik SR
N A AL AL ¥R o FEIR 2 1% R-CE TR, $REUEZ 50 mg Cig. 80 mg N-TN 7 Z —Jfi(primary secondary
amine, PSA), 100 mg MgSO, 4t+{k, Waters ACQUITY UPLC HSS T; f&i%4£(2.1 mmx100 mm, 1.8 pm)iFEf743 5,
K FH ERL RS 35 1F 15 1 22 0y W il 49 4 (multiple reaction monitoring, MRM)#E T JEATI5E, AMrdiE R, &R
Horp 8 A AR BTGB 1~50 ng/mL, KA Ky 5~50 ng/mL, HKEREGTE 0.9910~0.9993 ZJi], #ikH#
BRI R 2.5 pg/kg, &R 10 pg/kg, HA 8 L& Wk R HR 0.5 pg/kg, MR 2 png/kg AEARCE
KB 10 pg/keg, HAh 2 pg/ke)  FEKRE R 20 pg/kg, HAth 10 pg/kg) . m(EAKT A 40 pg/ke, HA 20 pg/ke)3
AT AT AR ISR, 9 Bh AR P 2 ICRTE 81.30%~105.30% 2 [, X A v fi 2% 7
0.77%~2.41%Z [(n=6). £&® ZITILBRER R | b RCRr . RO L TR0 RO 5 R A A 28R R A
HOREER, BT RIRABRHTAE R AR B0 L T 2RI, w] Sy i b A: 25k B A D S Ak o Jr figi | s R
FERYARIN 7k ST o

KIBIR): AGIA; MR LI AT HTI AR (R - AR ISR RN ERE A R

Determination of 9 macrolides antibiotics in chicken by ultra performance
liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 9 macrolide antibiotics by ultra
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS). Methods The method was
optimized by response surface methodology. Samples were extracted by 1% formic acid-acetonitrile, and the extract

was purified by 50 mg C;;, 80 mg primary secondary amine (PSA) and 100 mg MgSO,. The chromatographic
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separation was performed on Waters ACQUITY UPLC HSS T; (2.1 mm x100 mm, 1.8 pm) chromatographic column,
monitored by electrospray positive ions multiple reaction monitoring scanning mode, and quantified by external
standard method. Results The linear range of 8 antibiotics was 1-50 ng/mL, and tilmicosin was 5-50 ng/mL, and
the correlation coefficient (+*) was 0.9910-0.9993. The limit of detection of tilmicosin was 2.5 pg/kg, the limit of
quantitative was 10 pg/kg, the limits of detection of the other 8 compounds were 0.5 pg/kg, and the limits of
quantitative were 2 ng/kg. The recovery experiment of 9 antibiotics was tested at 3 levels: low (tilmicosin 10 pg/kg,
others 2 pg/kg), medium (tilmicosin 20 pg/kg, other 10 pg/kg) and high (tilmicosin 40 pg/kg, others 20 pg/kg). The
average recoveries of 9 antibiotics ranged from 81.30% to 105.30%, and the relative deviation (n=6) was
0.77%-2.41% (n=6). Conclusion This method is simple, effective, sensitive, accurate and precise, which meets the
requirements of multi-residue detection technology and can solve the problem that the detection and extraction
process of macrolide antibiotics is too complicated, which can provide more convenient and faster detection method

support for food safety detection.

KEY WORDS: chicken; response surface analysis; ultra performance liquid chromatography-tandem mass

spectrometry; macrolide antibiotics
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KIFPEEZEHT 4 K (macrolides antibiotics, MAh)X} &
2 PR BHE T L B ok A e S DA 3 AR A T,
FEWG R BRI 2 o A 254 % T+ By sh i s, 4
PR A G 5 R 2GR B T ah e frin b, AKBI&
S AIZEYUA: R RS WPk 5 5 A0 ™ A T 2
P, Wi A —E MR R . BEVF 2 RO A58 E#
B S A T B INR IR NERZRBUAE R, RERL B E
il 5 T AR 2 AN DY PP 0 s B PR D, e bon)
R AVHRCRE RN 100 pg/ke; BOKE B AVFR G &
H 75 nglkg LEE . BEREER . HEHERATRAKH
0 200 pg/kg. R, HES7HRIE ., RTEE ok AT
WX 25 P TE Sk bl b R B R 2 3

TR 1 2SSOV R TR T ik LA R 2R BB R e R Y
AL LA T ORI A 2R B W) A SR i b 228 2 TR R
g F g (A T s A U SRR T 2,
WA it AL, PR I Ay 9/ R S S8, A4 g 1 0 A0 10 B R,
Bl 2 R G 4R ORI VA o R T AR 7R OK A E]
QuEChERS J7ikthigt, fajfl , AR, % T, 2F
RN F 2208 2 5 B AT, (R AR I b R 1
AT LU 51 S 228 3 e S, ) TR 923 o 3 R A 3 — A
AAWRIKEA M Z I AR RBEXDRERE, 2—F
Geitori:, FXRN 5k 475 18 T i A\ AL (R A 78 S 5
A2 W N, LS . RS
RS R . A0 A P o RO AR A BK B35 725 (ultra
performance  liquid  chromatography  tandem  mass
spectrometry, UPLC-MS/MS)I 55 72 B3 Fl s e 860, [RIT
1E#E QuEChERS 1E N HiIAL IR IO 3 # R 22 1 g it
LA BT, Sy —RhRL | MER . R BRI

il

PR IR NIRRT A ARG N 73k, DU &% £ S A AL
RS A P R ER R A AR TN AR SRS

1 RS 7

1.1 SLIe#R
L1l FEEA

9 P RIS ERPLA: EARE AR RS B . MATER .
MR AR, BARWE . wlhER. BEER. &Y
R ZWEREIE <98%, 1EHE Dr. Ehrenstorfer 24 H]); 4
i R (it ali, S5 Fisher A R); SALAN JCKBRREE(S
Mrédi, [ 258 Ak B l); WRBRS Crg. N-INSEZ
M (primary secondary amine, PSA) (KA AR A H])o
1.12 REH&E

UPLC BEHGRM Q%L . TQ-S = MUZAT FiE X
(3£ E Waters /A F]); Talboys IR HE(Y . Elma H =Y. Milli-Q
4K (3 E Millipore 22 w]); XS204 HL T K- \ME2002E
T R -L R 2 E bR 5 IR RAR]); Allegra
X-15R B0HLEE E DL & R A IR A A .
1.1.3 #&ix R

X RARE S Bk B 4 KB TR AR XS 1A, 342 H il
P
12 SEWHE
1.2.1 AHSara

TERIFRBUGRAEE 5.00 g BT 50 mL SRR IR O,
JA 3 mL 7K, W€ 2 min, A 5 g SALEN, HERTIIA
5 mL 1%HERZIEWVTY), FLATRS), AR 2 min, &0,
Wtk E3ERWT 5 — 50 mL &0, 5 P vERTInA
5 mL 1%F RN, EE LR, A3 bER. 1E
WA S mL ISR IE CBEATR, RS, B, B



36 B dn 2 4 R R I A 4R

12

EREW 2 mL BT 15 mL BHEEMBER.OE S, mA
50 mg Cy5. 80 mg N-NE:Z —JI% . 100 mg MgSO,, IRHERS
1 min, BLOICEVEWR, WWFLIENE, SuEmAr EHLINE
1.2.2 AR ey 4 &

i HE A A W2 40 BIKG E FR A 9 bt 2k 2w 1
10.0 mg & F 10 mL ¥ D, FIH BRAM I E R 2L,
Tl BB R BE A 1 mg/mL ARIERE U, 4 °CIRAF

IRATRHER TR 23 S8 I 9 FhhiA: RARERE 5
& 100 pL &F 100 mL ¥&IfH, FERREZE, Hlag
FTEHREE N 1 ug/mL 19 9 FHR AR IR, 4 °CHRAT

TRAARE LA 0 R BUR A AR b RDAGE fE, B
25 U TRE S, 45 1.2.1 00T AR FRAR i, B S 1) 7 T A
FAIRGARE IR, BB 1. 5. 10, 20, 30,
50 ng/mL {25 FH 2 bR HE TAE W
123 &igfpt

4,3 4. Waters ACQUITY UPLC HSS T, &34
(2.1 mmx100 mm, 1.8 um), #:{ik: 40 °C; #EREARF: 2 L.
Wi A AN, WshHl B 9 0.1%F BRAKIRW; Wi
0.3 mL/min. #EEPEM, BT R 1.

®1 BERRERF

Table 1 Program of the gradient elution

i ] /min W#/(mL/min) AN A% TSI B/%
0 0.3 5 95
0.5 0.3 5 95
3 0.3 35 65
6 0.3 95 5
8 0.3 95 5
8.1 0.3 5 95
10 0.3 5 95

1.2.4 JFidtit
ESI &7, [EEFEH; 2R N ENE R (multiple

reaction monitoring, MRM); E40E L E: 2.5 kV; HEfLHJE:

50 V; EIEFNERE: 350 °C; B IR 150 °C; BUIEHIS

JidE: 1000 L/Hr, #EFLRMCA R 50 L/Hr; 9 AibisE 25

WESHILFE 2,

1.3 BHERIE

1.3.1 Cg AWM A A Ex & A X =R T m
TEAAL AT 2 mL S AR A AZE BT,

BT R BEPE Crg, 43 TAREL Cg W5 50, 75, 100, 125,

150 mg, RG] Cyg WA X &4 2 IR 5%

Wi, MATITAR R dief: Cog WRMFRI

1.3.2  PSA &M A B 5t &4 A £ =R )& m
AL ARTL 2 mL S AR AR RIE T,

HAbR R iE8E PSA, 4rFIFRE PSA W5 50, 75, 100,

125, 150 mg, ¥RFTAIE PSA W k5] %o 4% i 2 [l

SRR, AT E fie H: PSA W BRI AT

R2 9 MITAE RN &G

Table 2 MS detection conditions of 9 antibiotics

fetr BT (m2) HABE HREARE
v Y

MATEEE  407.2/126.3%; 407.2/359.2 40 25/20
kB2 688.30/158.2%; 688.30/544.3 42 24/16

R 734.4/158.2%;734.4/116.2 28 32/40
BREE  869.4/174.2%; 869.4/132.1 100 46/46
ZRHE  916.5/174.1%;916.5/101.1 57 40/45
FIMREEE  425.2/126.1%; 425.2/377.2 30 25/17
IBERE R 422.2/174.1%; 422.2/101.0 30 20/20
HUERR  772.3/109.1%; 772.3/174.1 30 40/30
LWREFE  828.5/109.0%; 828.5/174.2 57 40/32

HE R T

1.3.3 K MgSO, R M ) A F 5+ &9 4 F w44 3%

TEAAEBATY 2 mL K ILABSRBOCRAE A IE LT,
Hefb ) L 3EFETEK MgSO,, 4 AIFREUIGK MgSO, WK B3
100, 150, 200, 250, 300 mg, #RIFTAIFIEK MgSO, W Fff
A 2 X 5 P AR 2 I R B S e, DA T R e B TG K
MgSO, W 57 F 2t

2 ER5HH

2.1 FRiEEMHEEF

eI SR IE B PR 4390 %F 200 ng/mL [ ELANAR
WER AT 24, SR EAPUE R B, Hrpig
JRERE F R BT O [M+2HTY, BUEES 3 [M+H] Y 1 2 1)
FAEFIM+2HT, a8 &A 2 s fi iy N F, 12
EHETEFEHEFREE 1 Ha 8 fiind REE
FEIRIMHHY, SRJ5 X5 BE 8 14T R A, ik
PE SRR 2 MR s RHEF R, Ik
52N B AP R B T T W LA R
MR RE S, &5 DL 2 S WA =S A T 134 . Ouers 2
MBS SEOLE 2.
2.2 REUERAARLTIBYIEE

PR I dRi G SR IUTE 3 AR M 1 22 5k B8 Ok
2, BAWER, ZHEMREFHCIESRE 1% RTR)
1) CIEVE AR IBOR I R FE IR . i T KPR N ER R R TE IE 2
TR R, P LU A B R O 457 4 SBOBORN U Sl AH — 2L,
AR TE . RIEABIT R 1%H R SIS S0

HAER: BRI aS PSA, Cig. NH WM, G
7K MgSO, . NaCl. 151k (graphitized carbon black, GCB).
NaCl R FRBR il MoK AEEE B B G AL . ToK
MgSO, TEFHL It R i AT Z AR (7K 435 PSA Fil Cg BBV
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BRI 2Ly, Wk ARSI BRI | 852 11
Jot . BEECEa FZABES, NH, BRI AT LABR 20 bt rh B IR AR 55
SRITE T, — TR, GCB /DS LRI R, &
R I 5 R, T A FANEA GCB. B A
W5 heaEHE PSA. Cig. 0K MgSO,. NaCl Rk .
2.5%x107 - A

2.0x107 [
1.5x107

U3 B

1.0x107 |

5.0x10° [

0.0

5} B8] /min

25%10° B
2.0x10° |
1.5x10° |

1.0x10° |-

VSR B

5.0x108 [ {
0.0

0 1 2 3 4 5 6 7
fisf ] /min

843.53

1.0x10° [
8.0x10°
B 6.0x105 -
it
B 4.0x10°
2.0x10° [

0.0 ' - - ' '
841 842 843 844 845 846

SR Ho(m/z)

2.0x10°  p
1.5%108 |

1.0x10%

USRS

5.0x107

0.0 : : - : ;
419 420 421 422 423 424 425

JE AT H(m/z)
A R R M 2HE FRE; B BEE R [M2H] &
HE R C: e R MHH] B 7 D: BEHR
[M+2H]* K5 B F o
IR Y i e R N RN
Fig.1 Chromatograms of MS of spiramycin

23 BEEZEILEER
TE 4351 B8 ) C 1 WRIHE)  PSA W B . T K MgSO,

W BRI O 2 5 A pi Ak R IR, P sl Cg
WIZ A )R B (5 T PS A R R 5R) 1) 25 A T] o i 2 W o 5 P
SR, TN B TR, A5 PR F 0 Il A
P o E Y AR R 125 mg i, & HiAE R BCRE
WS, ATREH e LR 2 24 2 mL )=, W7
W BiFRE 1R B AN . XFJEK MgSO, W 35 o, 454
B R 25 B R IeR A sE ), ml Rg L J ik
FA R BFE K 43, St SRR Mg, (BAE Crg MR
PSA W B[R] B v A ) 2544, KA 23kF Cg Sz PSA Wi
w2, R A TJEK MgS04.

24 MNEEXECTIASERL

TER R RS EE R I, R Design-Expert #{4H 1
Box-Behnken ¥ 11 i [ i 5€ %, it 1k 3% B PSA(50~
100 mg). C;g(50~100 mg). Ji7K MgSO4(100~300 mg)3 />
R E, USSP FRBEMCR EER, RA 3 BE 3
K- F i SO 1 TG AT v AT S, S R A R AR
3, LL9 R E R B 2 oA, 7220 Lk 4.

H2 4 A, B P<0.05, Smh{EHE RN ER L E;
PeE BB 7=0.913, BIEJFHY +7=0.955, iR %R AT L
B 95.55% MmN (E AR Ak, LA BERG T, JRHUI P=0.3416, 2=
SN E(P>0.05); I, IRV EAE AR/, EHT
B SHOE— T P (B 0 AR FERT, ARER
AH L PE A 26 1] e S 5 o RE R R /INIL R O MgSO, H
H>PSA HIE>C g . i 4 g i R T ik %
eS| E gy B, WAS i R U5 B Y=88.14
~1.414-1.47B+6.14C—4.084B+3.104C-5.37BC-3.324>-5.75B"
+2.83C%, i1 Design -expert HIHLALINAERTASR] 9 R IR N
BEHAE Z AR A ZHE: 50 mg Cig. 76.99 mg PSA.
100 mg MgSO,, BLEF&HiERBIMCRIE 85%LL I, RS
FREEIE UK A S B0 %8N 50 mg Cig. 80 mg PSA | 100 mg
MgSO,, #5042 a1 e 6 55 12 450 70 15 00 (i 2 5% K I 3%
(P>0.05), PEHIIZBAIL A 4E
2.5 ERMMIFEMN

FE T RLN S R P R TR GE B AL A5
HARb A5 S s s ™, Al B f s 35 IR 1 LC-MS
FEME R S A M R, 3R T AN R SR ) AR N o A
AT 52 W 6 D 45 2R P A B8 SR VP B AN, 0 Sl ol
2 HE AR ERR R RIS &8 1.5.10,20., 30, 50 ng/mL)
DA R AR P50 B4 TR b v P 2 o MR 0 356 T s o i 4 5 0571
e v i A A MR PR A S OO0 A A
0.8~1.2 JEFEIPY, WAL AN &, S2aRah gk s,
BokFERIIE R 1.23, HA 8 FhiA FK HWIHTE 0.8~1.27E
FEL PN, 2B A2 A0 i A 30y 3 T A5 34 2 BRI D7 455 L2 1)
FEJFRGLN o AHR T ARAG 5 A v A T 2R, AR SR AR
FHZS 115 5 DG e A o T 2k DG BR800
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26 Z%MtHIE. KERSEER

% 1.2.2 WITEBCH] 6 A>7KP- (95 5 VT BE TR G R e
W, TERESE W @GR BUE ST AT
B BT A (Y) I AR . BUEHIE (X, ng/mL)

Kl PAH$RAk

ARG AR BRI TAEMZE . LAAS I e b A i i AE A 3
A5 W G S 0 vk B SR B S B R H PR (limit of detection,

®4 MUBEFENTER

Table 4 Analysis of variance of lincomycin

LOD), VL 10 £% W& A9 ¥ i ¥k & o0 5 & BE (limit of
quantitation, LOQ), Z53RWLFE 5. 25 FIREN: B as R i by
FEm PSSR FRELE 2. K 3.

Ty 22K U5 5 A H ¥y F{E PE o FE M
A 772.4349 9 85.8261013 43329478 0.0331 B
A-Cyg 15.96125 1 15.96125 0.8058069 0.3992

B-PSA 17.405 1 17.405 0.8786949 0.3798
C-MgS0, 301.3513 1 301.35125 15.213778 0.0059
AB 66.4225 1 66.4225 3.3533531 0.1097
AC 38.44 1 38.44 1.940651 0.2062
BC 115.5625 1 115.5625 5.8341958 0.0464
A 46.41011 1 46.4101053 2.3430234 0.1697
B? 138.9685 1 138.968526 7.0158537 0.0330
c 33.72168 1 33.7216842 1.7024459 0.2332
B2 138.6545 7 19.8077857
A 73.5425 3 24.5141667 1.5059692 0.3416 N
aliiR 2% 65.112 4 16.278
S 22 911.0894 16

£S5 OMERKMEIAFIE, KMERE. HEXRB(D). BLRMESRURERYE

Table 5 Linear regression equations, linear ranges, correlation coefficients (r*), LODs and LOQs and matrix effects of 9 antibiotics

llatt?] a1 )5 LV /(ng/mL) MR KR Apg/ke) FE R/ (pg/kg) FE TR
MArGR Y=49321.6X-7062.43 1~50 0.9991 0.5 2 0.84
ke &R Y=34523.7X-1649.9 1~50 0.9987 0.5 2 0.94

FARE S 3 Y=17178.8X+8866.63 1~50 0.9990 0.5 2 0.87
BokH A Y=230.316X-249.253 5~50 0.9931 2.5 10 1.23
RIRWAR Y=8636.57X-790.79 1~50 0.9993 0.5 2 0.79
FMRER Y=43062.3X-4593.86 1~50 0.9910 0.5 2 0.82
IR &R Y=7932.49X-7780.73 1~50 0.9978 0.5 2 0.86
HEHR Y=10126.2X-775.712 1~50 0.9983 0.5 2 0.97
SEWRER Y=14905.8X+974.737 1~50 0.9985 0.5 2 0.94
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3.0x10° [
2.5x10° -
2.0x10° '
1.5%10° '
1.0x10° »

5.0x10*

0.0 . . . h k™,

30 35 40 45 50 55 60 65 70
i) /min

W5 i

P2 28 R BT Al I
Fig.2 Chromatogram of blank sample

2.7 [EREFIEEE

PLAS O B RE i AT AR (1 e 5B oK E R
10 pg/kg, HAh 2 pg/kg). FPEAKRZ A 20 pgke, Hih
10 pg/kg). mEAKEE 40 pg/ke, FHiAth 20 pg/ke)3 7k

b, $% b3 E AR E Dy RO A AT IR R AL, f
AIKFME 6 R, Z5R LK 6. 45K, Fhid R Fm
el 81.30%~105.30%, AHXIAR R 2 (relative standard
deviations, RSD)H 0.77%~2.41%, $B1% )7 B BA R
YRR FIORG 2% B

1.8x107
1.6x107 [
1.4x107 [
12107 F
%’( 1.ox107 F
& gox10°f
6.0x10° |
4.0%10° F

2.0x10° | A\
0.0 L L

30 35 4.0 45 50 55 6.0 65 70
fi [8] /min

B39 iR R A B TR

Fig.3 Chromatogram of total ion chromatograms of 9 antibiotics

*6 BAZTEHMT 9 MIE RN MIREYER SR E (n=6)

Table 6 Recovery rate and precision of 9 antibiotics in chicken blank samples (n=6)

TFRIKF-/(pg/kg) S5 TN % RSD/%

&Y
ik wh [ ik h (= ik i [
VINDE 5 2 10 20 89.60 96.84 97.50 0.98 1.23 0.89
TRkER 2 10 20 86.70 94.65 91.30 2.06 1.12 0.77
AR 2 10 20 84.30 97.64 96.50 1.06 1.02 0.97
Bk A 10 20 40 81.30 96.20 105.30 1.12 2.41 0.88
FIRWE 2 10 20 86.80 98.10 94.56 1.31 1.61 1.01
FEMEE R 2 10 20 98.20 97.60 93.20 1.41 1.32 0.97
IR R 2 10 20 93.60 96.70 102.30 0.98 1.16 1.11
HERR 2 10 20 87.60 97.10 96.80 1.21 2.41 0.99
TUHER 2 10 20 88.90 94.40 94.80 1.04 1.25 0.89

2.8  EFREE I

SR AT FE BT T 1 ik, X A s Boi i i 20
HEAG PRRE S HEA T AT O S 3 M7 o A 25 5 SR, 2 FHEOu
IR R IR KB B, BR300 1571, 26.34 pg/kg; 1
HEDG PR S AR T 82 22, SRl 57.34 pg/kg, HAx
HERAG AR S S ARAG TR IS UEAS Jy I i P b,
Xof BN A RE % F GB/T 20762—2006 7 85 P bk ] 2
FLOMRER . A5R . BAEFRE . BAWE . whER.
IBHER R . HEER. KRR EMINE B ER-
R EE ) PO ik R RIS TR AR, Bk B 1N
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