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Determination of moxidectin in milk by QuEChERS-ultra performance
liquid chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of moxidectin residues in milk by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The moxidectin was
extracted by oscillation with 1% acetic acid acetonitrile, after centrifugation, the liquid supernatant purified by
N—(n—Propyl) ethylenesilane (PSA) and C,g absorbent, the supernatant was dried with nitrogen and dissolved with
50% acetonitrile aqueous solution. Finally, it was determined by UPLC-MS/MS. Results The linearity was good in
the concentration range of 0.0005~0.20 mg/L, and the correlation coefficient (r) was 0.9993. The average recoveries
was 75.0%—82.6%, and the relative standard deviations was 3.6%~4.8%, when the addition levels of moxidectin were
0.002-0.20 mg/kg in milk. Conclusion This method is fast, sensitive and is suitable for the detection of moxidectin
in milk.
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B 5 T (moxidectin) XFRECPUR R, J& T4 3 AUKK
BRI A4 B Z5H (milbemycin)'2, fikE R LR 4
JE 57T (namadectin), ¥R TLIT ) C23 N7 5 HEFEEL
R, C13 ffife—A~ L, C25 iRk HA UL, — R 5k
M A e T 0L RERA I, 5 A B 2k B
FAGPMLL, SIS T IR REME S, e, B
AHGHE R, EEEIGRDEHTAEY 55 E0 B
RESESNPIRTHTLR BRI R A7 A O BRRRAER ST R, SEE
ve TR SRR, S v TS IR TRk R R, 25
FEFLIT T B B IR) LT 3.66 d, FUERERT R 6 5, [T,
FLITT R B R e BE S L P A 3~4 £5078 K & A 5L
W TR, ANk —EmfEE . KIE GB
31650—2019 (B Ze 4 [ GhRE B v - 2 di R sk A R
)OI L S T AR A (R AR P B 40 pg/kg,
S [ FIRR B 1 5% B R AL A 40 pg/kgl! M

HET, FREXT T 508 50 T A5k BRI 75 7k 32 254 g Ik
Gk B TR RO € - R I U,
BRI NSRS, Xk ) QUEChERS 45
B e SRR €033 - FR IR BT 1 1000 K 7 it R o S B T Y
25k BR s TR T A OV ST A ROME € R IR R T A U
YIRS REE T T IR, BRSNS pg/kg; IOULIA
25U Sy T i 2 4 e ] 4 T 2 TR IR DL 3R I YRR €3 I
IR o 21 W LIS BT 24 T 2% 2 24 W A Dy A A,
Bl AR AT A= W3R B 5 T ARG %, DURDEN!
WA T A e g AT Y 7 FhBTAE B 2 S 25 8 )i,
e A POV N T A R PP YRR €03 - DU R R/
THRFE B 71, B 7D, Ak BEAR X A
B, AbFERFIAMHG, KREHH SPE /MK T B S Ak . B
HSOE v TN IS kR, (AR,
i, WHEGER BN ZE ZAR, R, ST — R
o RS B v T AR W BT A i o AR
QuEChERS F AL HH 7 v, B s S5O €5 1% - 1 6 5 % vk
(ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)iE &, P el REUE R, H
S BRAT: it ARSI $ AR R SRR, Ry E R SR HESR A O
Wi

1 MR5RE

1.1 XFE5RHA

XevoTM TQ-S = AH TR AH {33 - B 1 = 5 DU 9 ik
(3 [E Waters 2\ 7); KS4000ic fEIEE T #5 . GENIUS3 JiE
WIRA P (EE KA AH]); Sigma 3K15 753 E.OHL(EEE
Sigma 2\ F]); XPE205 HL ¥ K F-(H4¢ #- 460 £ 2 w));
N-EVAP-112 &M (3£ [E Organomation 23 7] ); Milli-Q #H 4l

7K (3% E Millipore 23 7)o

BT (92.42%, 15 [E Dr.Ehrenstorfer GmbH /23 #);
IR (g, TEEBR AR, PR ZRR(MiEal, b ih
PLT AR, L ZHe-N-INEERERE(PSA)EEN40~63 pm). T
J\BE AR A RE R (C ) (50 wm) (TR 20 T S B0 BB B3 75 PR
NEINE
12 XWHE
1.2.1 AR 6 B

HERFRIGGLE 58 TARMEY) BT 10 mg(K§Hfi 2 0.0001 g),
A ZIEEMILELZE 100 mL, FCHIBREEE S 100 mg/L
FRIRRERE 59, —20 °CIRAE, 5.

WL | mL SEE 50 TARMEGE R, RS
10 mL, Boiil Bk B~ 10 mg/L ABRUEH (A1, —4 °CIRA1T,
#H.

WERASE | mL 25 50 T ARiER RV, A 4 mL 20,
PR 10 mL, FCHlBTEREE A 1 mg/L AARAE T
YEW, I 50%Z IE/K S e BERR RS, IO T s vk 224 0.2,
0.1, 0.01., 0.001. 0.0005 mg/L ZRFIFRMETVEW .

A3 HIEE 1 mL RAARE LAER, AR 4128 (ke
MR LRI TS R AR YR, FEAT IR A R, O
il R EE 4 0.2, 0.1, 0.01, 0.001, 0.0005 mg/L R 5%
JE VPR bR E T AR
1.2.2 Honara

HEGFRIBCEG5RE A 2.00 gORf 2 0.01 @) T 50 mL
BB, T 8.0 mL A4l 2.1, LA 350 r/min JR3FGHEIX
10 min J7, 9500 r/min &> 3 min, T8 4.0 mL F 5K T3
47 150 mg PSA il 150 mg Cs A9 10 mL SR B4, e
% 1 min 5 9500 r/min &.0> 3 min. WZHK 2.0 mL F3§IRA
SRTIREH S0%EKBRERE 1| mL IREHA, o
0.22 pm Y5 A 1= A50ROHH €63 R I5E TS (S0 A2 .

123 MBELEH

(DBAR TS S5

F AR Acquity UPLC BEH Cig (2.1 mm=50 mm,
1.7 pm), 35 °C; FEAEREE: 15°C; WM A 7 0.1%
FHERIAWL, MBI B R 0.1%H R ZIE W, 4R 1 fIME
BEME S AT A, FRERRh S pL.

=1 RHHBERRIE
Table 1 The mobile phase and the flow rate

I [8] /min 38 /(mL/min) Al% B/%
0.00 0.300 25 75
1.00 0.300 25 75
3.00 0.300 5 95
4.50 0.300 5 95
4.60 0.300 25 75
6.00 0.300 25 75
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B BBE IR, Ay BT
[electron spray ionization, ESI(+)]; il = 22 i Wi
(multiple reaction monitoring, MRM), HAKSH L 2; H
BHUE: 4.0 kv; Z5LHE: 1000 L/h; AL A0 2 :
150 L/h; Jikt: 150 °C; 254l E: 500 °C.
124 FhoEik i

RIS T S S5 356 A A i 3 T 5 %) ME S J3E RORS 5
JE, AW RS T IS NS e T bR IR, TSR O
529 0.002, 0.020, 0.20 mg/kg, HMKEFRE 5 K.
125 HBEHHAFTX

F SRR . TR AL

pxVIxV3xVax Al
- m(V)xVaxVsx A ()

[ we FEM PR SR E &, me/kg;

p: FREER TR B, mg/L;

Vi HrARER AR EUR AR, mL;

Vy: BAL PRy i 43 BUATH, mL;

Vi AR FE TS vk b AR, mL;

Vi FEMBERERTY, mL;

Vs: bRFEHERERRY, mL;

Az FESPREI A W TET AR

m: FERFREL BT, g

A FRRE AR AEI A A 0 T

2 GERE5HH

2.1 FRiEEHmRL

HERTETERIRKRATHER. AREMNY,
IR Z Y i 2= /0 FHE 3 L H 45 (identification point,
IP), Hik, MIWHEE W T TFEETEA NEF, &
JRIM+H] 2, 7RSS F 2 PR, Bl 5 mg/L
B SE T AR R e, e s QA IP),
PEAT BR8P, 32 BRI 7 A R
HREEMN2DMEFCAIPHWERNFE T, BRI E
T AT A L H R AN e R R A b, R RS S R
W 2,

22 BEEXHFSTL

N T U RS E B [MAH] NG 855, 3145 04 i i
EMRHE, LET ZE-0.1%HB®RA 0.1%F iR 2
-0.1%H R 2 stk R, 4558 8N FB7EA AR FIK
MFIMARR, EEL . #E 0.1%F R 2IE-0.1%F i
WA R s A, WIER LB 75:25(00), s Al i
0.3 mL/min,

L TR T &Y, HEAHE M Acquity
UPLC BEH C,5 (2.1 mmx100 mm, 1.7 pm), 33k 0.05 mg/L
(B o TARUEV I AL, EARIECR BRI, 4.29 min, E
JE g, WERE R, ¥ Cis tEMAK AR 50 mm, HAth
BIAAS, HAREEIE) 2.29 min, RN, Wk
# Acquity UPLC BEH C g #(2.1 mmx50 mm, 1.7 pm)fE A4
TEHE
23 FHERCEMMRL
231 RIRF 9k

AT AL 2 . 1% LR ONER 1%L NG 3 FloR
R A B B o 26 2R 325 AR A Fh s 0 100 wL ¥R 1 mg/L
PIRRE TAEWE, A3 BIIMACK R EEEGR] 8 mL, PR HE I
5, BRI 0.5 mL, JILA 0.5 mL 4lisk, MLl
R, IR B S bR o TAR R I E e i, P AT &
EARMAEN, A 1%Z M LI, AW HEBURUTTE K —
A, A ZIEM 1% B Z 0GR, A= 3B H BRI e 5
Koy . W SR BN, 1% % A0 20 i i R 2 A
40%~50%, ZJEHIEICRIE 70%~86% 2 11, 1% R NG
YN REBGRAI I, [ECRTE 85%~90%Z ], IikF R
fo FIRTELALT 0.1%LRONE . 1% LRGN 2% LR
g 3 FOREIBRE ARG, 45 REW 1% BRI &IFT,
Il A 2 PR EESRIGR B 4y, UL, RAHE 1%4
12 2 1 A AT B B U 7

AHIFFE A0 2 S ORI A AT H2 T, 0T SR IR A £ i
HEAT T IS AR AR 4 P RE S RS i 100 pL &R 1 mg/L
BIRRIE TAEW, A BIMA 6. 8 F1 10 mL AY$RBGH], #EFTHA
] (AL FRERAE, AR IR . 2 R SR B SR ORIl Ay
8 mL 1 10 mLIE, [FIKHTE 85%~96% 2 [A], A5 XFFREE &
TP R, BERRHREGR (&4 8 mL.

xR2 REDWEH
Table 2 MS/MS parameters

&=L/ B} 85T (miz) T BT (mlz) I BT R] /s HiEFLHL RV Tl 3 L e /e V
498.2 0.150 42 10
BEET T 640.4
528.4% 0.150 42 8
T A ERE T
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232 BFIREE

FREARIM L R, H ] SPE /INEE 043 B AH A% HiL
P22, BT SPE /MRl BRI TR K L AR,
DS AR R 0 B AR A G o FE AR 0328 PR U Hh iR
Jin 100 uL ¥R 1 mg/L B9ARIME TAEMR, FIASTHEE PSA Al
Cig MEEAL, FHXER L FRARUEIS AL IE, 18 R, [H
3358 XoF 7 198 35 o 0 (R 36 b =366 S s ol 2 Ak o/ i
FbR o B 2R L) ok e W AL AR . S5, s
PSA B, 2078 PSA W&, EHEaCRA R (E la),
1E PSA HYJEAM b, 1:1 A Cys, HI7F Cg REMZK G, 23]
RAFREAAE A, B 1b 2324 PSA+C5(150 mg+150 mg)
B, bR SR, Tl ARSI A
24 ZMXREMESR

B1.2.10 TTECH AR AR E LA SRR T, DA
vo TR (X, mg/L) R R Ak b, W IERR O AR bRz il v
FIbRHE TR 2R . 25 SRR, W W TARRWE R
0.0005~0.2 mg/L Y NLPEFHSC, Wk 3. MERM
2 pgkg FETTRE ARES, MRk EEER(=10
fE (AW AT, S5 IAEIE LK T 10, SEHE 5 T E &

120 ¢ a 1 1.2
110 + 1 1.1
X
£ 100 1.0
%é
= 9 1 09
80 + ) —— @W%/% 108
—0— RERL
{0 J T — M MRS Y
50 100 150 200 250

PSARJH/mg

BN 2 pglkg, W R AR
2.5 ERMMN

B 12,10 WECH A PR E TARR R ST, LIS T
FTREHRE (X, mg/L) N REA bR, Wt BN AR bR ()2 il v 57
B AR 4R, A9 S 5 T Al R Rk | R
Y=960061X+2627, #H3&RE r 7 0.9973,

25 52 FL B ARONE 8 2 3 Sy ik I3 4550 =6 T DG A o R
LR/ IR HEIT R R . KT 1 AT 1 4r 3tk
LR AL MR . SRR T AR
MY Ry 0.87, FEBUHUN WA VIE R 0.8~1.2, £F
A B R P
2.6 EINERFEEE

WINE SRR S IR BR (R 4): HH T T4
oo BN 0.002~0.20 mg/kg, SF ¥ [ W K 7E
75.0%~82.6%Z [B], FHXIFRUEMZE T RKAE ] 4.8% HRHENEK
W 2002/657/EC, %I 525 5% BA R I 5 3 AN R S I B 17% 1i
W RN LR, AR 7 i A IO R T8 LA 4 R B Rk 2
2 M BLE T T AR IR IR E R 0.002 mg/kg B ) €A% A,
Fmias TR R A AR T TR

120 b 112
—o— [EMCR/% |

110 _D_gli,}gtt ‘ 1.1

100 10 3
&

90 *‘ 09 %

80 f ‘ 0.8

70 0.7

50 100 150 200 250
PSA+C Ht/mg

Pl 1 R[A PSA ki (a)FIAS IR PSA-Cis(1:1) (b)iFt Akt % B 5 T £ A= 475 r [l s 5 (30 52 ) X o 1) 22 T 48007
Fig.l1 Effect of different amounts of PSA (a) and PSA-Cs (1:1) (b) on the recovery of moxidectin in milk and the corresponding matrix effects

®3 EERTHLMERESE, #@XEY KMeEMNEER

Table 3 Equations of linear regression, correlation coefficients (r), linear ranges and limits of quantification (LOQs) of moxidectin

Gy HT) LV Fl/(mg/L) R AHOC R BL(r) TR/ (ug/ke)
EEw T 0.0005~0.20 Y=837601X+1467 0.9993 2.0
F= 4 EERTEFINFERMEEN=5)
Table 4 Recoveries of moxidectin in milk at three levels (n=5)
17
GrHT WK/ (mg/kg)
SFH EIBCR /% AT FR HE (R 25 RSD/%

0.002 75.0 4.8

EER T 0.020 81.8 3.8
0.20 82.6 3.6




524 kW, 55 QUEChERS 4545 i ROBH (8% - FR IR JBt 1 00 2 A= 0 vh B8 g T 3R 677
MRM of 2 Channels ES+
MRM of 2 Channels ES+ 2.91 B
100 2 6404>S28a@moxidectin) 100 1 b {6404 > 528 4(moxidectin)
. . 2.34¢e4
N 6.68¢3
giid il
o =
= 51 278 S
= 0.84 138 243|[ %7° 3.79 4.98 =
= 43.944.364.38 = 4.79
0 0
1.00 2.00 3.00 4.00 1.0 2.00 3.00 4.00
5} [B] /min Fis} [ /min
2.91., MRM of 2 Channels ES+
¢ 640.4 > 528.4(moxidectin)
£ 100 1.66e4
]
% 2.98
= 0 77 4.00
= “4.18 4.74
1.00 2.00 3.00 4.00
it ] /min
T ar AW FIREL; b BTV ECARHETE W c: 0.002 mg/kg BSIIAE o
2 FEHEE T AGA
Fig.2 The chromatograms of moxidectin
. N aquaculture industry [J]. Zhejiang Anim Husb Vet, 2014, 39(1): 21-22.
3 Zr5itig

AW HEST T QuEChERS FifAb BT 1454 8 m i

AF €8 T3 - R DG ST i 0 I 2R 0 P B 5 T AR R B AT T
KA N %O ONEIRGIRIL, 80 )5 BN PSA H1 C g
RAEAE, WH 2 mL FHRESK TR 50%2 K%
WEAGHE LC-MS/MS T5E . i X b B4Rt Ak,
Wk T A ML SR R, T R R AAR, T ARG
FERREE, Hiz B EmBrar, s braim TAR 4t
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