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ABSTRACT: Objective To establish a method for the determination of trace diminazene residues in milk by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Samples were extracted
by oscillation with 1% acetic acid-acetonitrile, after high-speed centrifugation at —4°C, the liquid supernatant was
dried by rotary evaporation and dissolved with 10% acetonitrile aqueous solution, and determined by UPLC-MS/MS.
A BEH C,g column (100 mmx2.1 mm, 1.7 um) was used for separation, and acetonitrile-0.1% formic acid aqueous
solution was used as mobile phase for gradient elution, the elution flow rate was 0.2 mL/min. The positive ion
scanning mode and multiple reaction monitoring (MRM) was used, and the external standardization method was used
for the quantitative analysis. Results The limit of detection (LOD) and limit of quantification (LOQ) of diminazene
in milk were 5 pg/kg and 15 ng/kg, respectively. In the mass concentration range of 20-1000 pg/L, the linearity was
good, with a correlation coefficient (r) of 0.9993. The recoveries ranged from 81.67% to 85.49% (intra-day) and
81.07% to 85.12% (inter-day) when applied in milk detection, with intra-day precisions of 4.5%—5.5% and inter-day
precisions of 5.9%-8.2%. Conclusion This method adopts a pretreatment method of oscillation extraction and
low-temperature high-speed centrifugation purification, which is simple and fast. By incorporating UPLC-MS/MS,
high sensitivity detection of trace residues can be attained, making it suitable for the rapid detection of triazamidine

residues in milk, providing technical reference for the qualitative and quantitative analysis of diminazene residues in

FH15E

animal derived foods.
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AE M SBCEE IR NIR R ER, VA . NI
WA IR £ v 0 5 B T BN B A RO 2
BT Bl TR A AR, s IR
BN () R 27 O, ENAMAHIE T —RAIH =
APKBR AR v . FRE T A 40 20 (World  Health
Organization, WHO)FIER ¥ S #8 % = ZUKAE 30 I8 1 £ b
PR R B BREL AT TR, o IR B A g g
SAUKER B (150 pg/kg) TR (500 pg/kg). A4+

(6000 pg/kg)FI4E (12000 pg/keg) 2 2 Wi rE £ 5 -, Bt

FF R = RUPRER BB (ARG VA T 0k 2 3o 2R 5 55 s R v B i
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FEREZ (R ARE A 100 o 2 B RV A U S 2 B A
Berm, AELAE s RO e, IR AR |
FBO A A TR B = AURER AR IR .
AW A A 3 - 8 BB 1% 16 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
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S HAT BRI MELL L BR T, JEA TSRS ARG T i 2
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[ A ZE B 2224 i A U A3 B A 2R O 25
UPLC-MS/MS #rill & & P 23 Rkl 2 sk Bt
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2y, FIRATAFE DT, AR, AR IR
, H=8MokE gy, oK ek, K5
LAl 22 41 43 [ ESEAGI B, PR SR B0V TR 1 4 55, 3=
RRSER MR R R PR IACR AN R . B B R
R T ERL R T AL B AL T T

AHFEFEET UPLC-MS/MS 43 sURE R . K6 5 A
FRE R, ARG IS AN S B O e =, A
SEFESRHTAC R . s RE &AL, Er UPLC-MS/
MS M A 0 = EKER R, S sh P I bR
SRR RS E BT IR AR S

1 MR5EREE

1.1 RS

SRR IR (L 99.9%, KEFT/RIERH A R
WHE), GHE. PR, 2. TR, IEC k(g EE
Thermo Fisher Scientific 23 /)); Jo/KRBREE . EALEN . #75
RREN—IKEW . AT AN al, KETT R Rk 2t
FIA FRA ),
1.2 UFE58&

SCIEX QTRAP 6500 + — 5 UMK FFB K A R 48 (36
& SCIEX /~7l); BEH Cig {435 41:(100 mmx2.1 mm, 1.7 pm,
2 E Waters 23 #)); KQ-500DE M i VA (R LT M A
L A$AT]); Vortex Genie 2 W HEIR Y (35 E Vortex 24 7));
Allegra X-22R =38 1% B U HL(3E [E Beckman Coulter 45 R
3 F]); PL203 H 7 RAF- (ki 0.001 g, HMRei — BRI 2 UH%
AT A D), SPS-ZY-0015 Jiék %34/ (Bt + BUCHI 22
Al); Milli-Q #84li7K ¥ (3 E Millipore 24 ).
1.3 SEETEE
1.3.1 i &AE

B F U FEIBTZE B (electron spray ionization, ESI);
B BB WA £ 56 (multiple
reaction monitoring, MRM)#E=, HAKSHLE 1, BAHE
HUTE: 3.0 kV; B A4 BRI : 350°C; & TURIEE: 500°C;
B IR 4500 Vo S IT I AUAR R i/ <.
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Table 1 Mass spectrometry detection parameters
e By  FET 0 4R HESL flf 4
- (M/2) (z) WS IRV REREeV

e 135.1 22
A 2820 o 0.1 44 "

e AR T

132 &iEft
384 BEH C g #1:(100 mmx2.1 mm, 1.7 pm), ik
4 0.2 mL/min, PEREIRFN 5 ul, HEIRN 40°C, R 5L IR

BER 4°C. s A I 2N, TshH B A 0.1%H BRKIF
FiE BTG\ B VR AR T 25 AR A T 0 8 . BR VR IBERR T O min,
5% A; 6.0 min, 40% A; 8.0 min, 60% A; 12.0~13 min, 100%
A; 13.1~15.0 min, 5% A.
1.3.3 HSmaTaE

PHRE YIS 0IE D5 3 g(REHI 2 0.01 g)JA 50 mL (955
DEH, BRI 15 mL 1 1% R MG, 4T 2 min
WHESF A 5 min, fE-4°CHIZMET, LL 10000 r/min Y3
FEEC 10 min, S0 FIFREEFEE] 50 mL BB
ERRBELER ., B—UINA 15 mL % 1%L A5
W % EIRPIRER, &1 F2IEW, SRE1E 50°Chu4t
THEEZRT . BHER YA | mL (9 10%Z 5 KSR E T, K
JaEE] 1 mL 0T, FE4°CIIZ&MFT, 10000 r/min
LD 10 min, HURBCRERGL 0.22 pm BEFLIERE, HEmRon
AH TG - ER IR DU AT B AL 047 o
1.3.4 ARAEwE

HEF I = AR T 1 mL, A 10%Z G KR
FBEAZE 10 mL, BCHlfSEIFs RS &R, EIRE N
10 mg/L, 7E-20°C F#ECORTE, 25 FH o IO B bn MERE A VL,
F 10% 2 N7 BB ) B AR e T ARV, LR v i
3504 20, 50, 100, 200, 500, 1000 pg/L. % 1.3.1 ()5
PR AR WIRE AT R S AT AL T, A5 B R UK,
FHAZ AL S0 IBORVE 7% B, i o) 356 J5 DG B o T AR VA TR,
R 23510 20, 50, 100, 200, 500, 1000 pg/L, 3R
FHERL

Pt bR 5 43 ) T ) 3R 400 S o o LA R RN R
VEBCARE T AR R, LA RIS DU 454 EALINR, DL =2k
FUE B (X, ng/L) bR, WA I AARFR(Y), 2filin
HERRLR, LATEM R 58400 o
1.3.5 FxFiFEM

FEZS LA AR o 43 S I — 2R A ) o B ) = 2L
PRFR UL, TRl — 250 T AT AT AL FRAII 2, DB MR LR
T 3w kR R, DUEM R T 10 i e MR
SRHGIN 15, 50 1 150 pg/kg BME . . % 3 DMAKCERR
HE TAEE R 2 2 AR RS b, AT s M se 5, A4
IR 6 AT, ESEME 3 d, FEM 5 200 B K
H PR 2 B2 0 H RS % B

1.4 HEIE

K H Microsoft Excel 2010 #4788 481114047, R
1 Origin 2021 AT R Rl .
2 HER55H

2.1 FRIERHFRTKL
ARUFFE Y = RIRA 4> F 254, 382 X i e i
10 mg/L [ = F AR HES AT 214, fEHRBEIE ST
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BN, B EM + HI B, e B+ 282.0. 1
Zord TR, AR R, R 2 AR E LR
BENETFENTET, WE 1R, B 135.1 1 254.1
P B TR T T, Hb 2541 ERE T a, whik
Uy 282.0/135.1 1 282.0/254.1 B b4 T4 L B JE FIAIE
T EESHIL, SRR RIESEILE 1.

50 NH NH
HZNJ\Q\ N N/Q)LNHZ 254.1
40 + N
" miz=28208  NH
5 H,N ! /Q)LNH
5 30F j:%@m 2
@ miz=254.110
= NH |
B 20F 135.1 R
= BN T
10L m/z=135.1NHZ
I | ‘ ’
1 1 L L

1 1 1
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Fig.1 Fragment mass spectra of diminazene
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N T AT BT R R, I R E AU M +
HI A8 F, ABSEHE T2 . 5% KRR, 10%
KA 10% FH B/ AL 4 Fhigs 00 i — bR e
PR . S5RAE 2 FR, 24 AUk al 2 ISR %
W2 BRI B, 1T 5% ZIEKIETR . 10% TP K 1
VAR, W R AN R, IR ARG, o 10% N R i)
B B8 e e, WIS, DIEHE 10% L6 KIE R =

FKBRUE S R
J\‘ 10%Z. i

5% E

L

L 10% F i

A .
0 2 4 6
{4 54 Fis} 18] /min
P2 AR A = UK o o R SR I O (1
Fig.2 Extracted ion chromatograms of diminazene in
different solvents

M [0 588 & /cps

SRR AR PRI A, R — o i 1
HALEY), 75 5B IS EA TN & A 01 B K6 R
MG, HILH ek A% BEH C g (100 mmx2.1 mm,
L7 pm)RHATEIEE . SERHE T LIE-0.1% P K AE
TSR B = UK A B R A RN O, DL 1 mg/L =
RARUETR AR, XTSI R VR A T T 1L &5
RFW], OIS MR R T, =& MKFIFE 3.3 min
e, R AR BT AHE, RIE R 215 -0.1% H R /K
fERT s
2.3 AIRCIEBEHMAL
23.1 RBUEN LT

ANFE ST A 2R BR, S = E MR
A A, BRI T AN [ AR i 35 B S A R ) = R0 Bk ) 4 B3
o HAErE WIRIE RSP IR E R T = AR IR BRI A
HEE. ZHEAENEN, BF —EORER . BHREmNE
BRVA TR o SRR VA T RE A R 22 B K 2 Bkt i P A 2 1R,
B B ARG SR BAR Y, HARIBUR BORE S E 375 10 24 5
B2, ZRMWEPERGR, CRERBRATIHE AR
GO, Rk BB AR IOROR, AFSOH 4 FOR AR BUR
FIBIZ N . 5% LMEKIER . 80% LI /KIEHA 1%L R
NG BUBCR T T . AR T T 200 50,
100 pg/kg 3 ALY INAR BIUGSZ5, BANKEE 3 4HPAT,
SR 4 B[R] P FR TR0 S P 7 R T, R IR0 I i FH 35
10 mL, WWEILEMBCR, 25 R mE 3A B, YRALEM
80% & i 7K 7 $2 BUIE B, = 40 Bk Y Il i 3 g
40%~46% 2[5 5% EKIRELET, IR 50%~57%;
MR 1% 18 K58 R AT, R 67%~70%, X AT
REJE B T = UK EL G A SR 1k R B 1T S, — e Y
PRk PR BT 0 2% B L s A, TR thnl g T4
W EARZ AR T —F R R, 1i— & &R hE
e o5 A BU AR, AT 5 2 7 o 2 A R L AR S IR
T 1%L NEVEN BAERTUE .

232 RIEANMZHyLF

R ERBUAT G, TR TERBUEFI MM AE. 535
FZELTAE 20, 50, 100 pg/kg 3 DAMWE T, ARHEBGH
FE(5. 10, 15, 20 mL)X%FENSCR A2, BEASHREEM 3
VAT Z5RANE 3B PR, BEESREOA MR 8,
TS e B ) = Uk S S A R 3, FF FBEST 15 mL
JEaTRE o 5 BRI/ 5 SR 3R G e % 2% 1 B Bk ) Ak
AR, BB A A RN 15 mL.
233 i Xwgik#

AR HER TIREGHM ., Bkl . KB R©E
L 3 Bl s At A b = BB DR B B, T 8t
S — R ERLRE R B R . 4T T 200 50,
100 pg/kg 3 A~HeBE AR I BISCSE S, B4 L4803 74T,
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SERNE 3C FrR. SRR G Eh gk )2 (FE 15 mL 42
BOR A 2.5 g JOKBRREE . 0.6 ¢ E AL, 0.6 g #1715
BRI —KEY . 0.3 ¢ #rEREHDES, HIRIT 10%, 7]
FiE 2 51 A 7K M 0 R K A 68 2 4 2 1 9 [, DA T TR
TRERMYIT, 55— FRAKIEEE, ok B T
WK, e, =R KE TR R, IRAEha FHA
FEAERR A AV A TR IR, — 2t o AT P AT, P ) 9 o
BOCRA R, MR I C et AT AR, # 4 g S AL
10 mL HORE OB ASRBUR , S T804 BE, K IEC
e F R, WRIA RIS R I TIEZE, W EZE A A
FRERT s, TR TR AR Z BRI gk, R IESHESCR AT,
A =R BRI 15%~20%. SR PRI s 2 O i 7
7, EIFE—4°C44FF 10000 t/min {53250 10 min J5 BRI
e T, FIRIRIER L, FICRIE 82%~85%, ikl
WoRTCTHE, Wk A FOOEE A . BRITSEA, R
WG T PRI A SR ZA HLIE IR BT = UK IR0 R A A 17
Bl PR BRI ol i 0o 0, BRTRT AL T R A B AL 3R,

MORKAGHG T 5 priste], $ 1 e s e s
24 EFRMMN

Fi2 1.3.2 JFaR vk o) 22 90V bR e ARV HORN 3
VEECARE T ARSI, AR RIS S 4 b AL 3 22 1l b e
M2k o A = ZUPK T v BE (X, /L) AR AR A, e T AR Ry 0 A
PRONZ bR ZR, 1538 = Pk 7a 0 br v th Ze etk 1R
FTFEA Y=593.80X-4782.55, FHILFREL(r)N 0.9993; HFLJ5iIT
it AR ZeZe bk [ )5 2 h Y=692.35%-2353.97, HHE &
H(r)H 0.9989.,

FE TN A 2R RO = (B D Bt b v il
LR ALV AR M 2R3 ) SRR M IR AR X 100%, Y
JE TN TE —20%~20% =22 [ B A 55 3 B A000 ;a0 59 35k i sk
N AE~50%~20%% 20%~50% =22 [, J] Sy H 45 J Ji 0 07
FETRAUY = 50%3K < —50% ] Ay i B R B0, 45 R,
AL P ) = EREE RN 17%, RS8R,
A B R P AR 2R A T M [ G o

A 100 [ B 90
120 pgkg
[ 50 pg/kg
oo | EE100 pg/ke sor
70 |
<60 - S 60l
% 3 6
= =
B 40l =50
40 |
20
30 |
0 — 20 1 1 1 1
G S%LNEK 80%LMEK 1%L RN 5 10 15 20
FEUA R PRI 4t /mL
C 100
[ 120 ng/kg
[ 50 pg/kg
I 100 pe/ke
80 |
= 60
=
E 40}
20 f

R

T

£l

IECEEE RS

S e

&3 BRI (n=3)

Fig.3

Optimization of the pretreatment conditions (n=3)
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25 FHAEFEN
251 &HMHEXFZ, EREEER

Fi¢ 1.3.4 JTk vk o) 2 90 B 5 AR 1A T
AL, F LS AT R (X, mg/L) HE AR bR, WETH
BURABFR(Y)Z bRl 2k . 255K, 7€ 20~1000 pg/L
0 B AR R R AT, MSCRE()A 0.9993, FEEH
AR P TS I — FR S AS ()R B 1) = SR o 75 T
[F— &0 P TR EANE, MEMEERT 3 B ik
o B, DAMEME KT 10 e e s bR, =2k 57k
K R A E =R 9h 5 ugke M 15 pgkg, KT GB
31650—2019 ( L2 EEARME 0 TS 2 B R ak i IR
) FAEUI = A RIE IR E 150 pg/ke, HALT GB
31658.18—2022 B b L EZRARME S & & =%k
FRERIIE SSORA GRS ) AT E R R
(10 pg/ke)5ERIRQ0 ng/kg), UtHHZ 720l 2 49
“RBRARINER, H BT GB 31658.18—2022 Y
RORORE € ELA SR At B AR e B

252 WRESHERE

ARG . B W 3 KRR TR R E S A
AYPRE S, BRI Bk 15,50 #1150 pg/ke, HEATNFR
EISEE, FEANTIAKCEM 6 AFAT, T3 EIeR,
FEIT AT RE O A X AR U 22 (relative standard deviations,
RSDs), PATEM LM H Nk . 28l 3 d, iHE
RSDs VPPN Jr i H DR 25 . S 2s SRk 2 o, /-
WhAE & = UK H P SEEE R RTIER SN 81.67%~85.49%,
HWREE N 4.5%~5.5%, HESZEAEBCR A 81.07%~
85.12%, HIAPKSBEHE N 5.9%~8.2%. LI BE F K, A )71k
AT < FAS 45 5 4436 /2 GB/T 27404—2008 { 5236 %8 R85
IR A S ARG 56 ) (SR, 16 B AS v A 1 R B
PELE, W SEBR A WARE & b = AR AR I 43 #T

Kl 4 A =RHRAESS AR ARSI 150 pgkg
I AR B i T I, UK R TR AT, JCRE T,
25 FRE Al (0 1 2 A 45 R 78 = DK AR B IsF [ P 4
g H B .

x2 G =FmBReomirEER, HABZEEMHERRE
Table 2 Spiked recoveries, intra-day precisions and inter-day precisions of diminazene in milk
H P (n=6) H [l (n=3)
WIMAKT-/(uglke) -
Rl 25 4/ (ne/kg) mle/% H A /% Rl 25 5 A(pg/kg) [T/ % H K % B2 /%
15 12.25 81.67 5.5 12.16 81.07 8.2
50 41.68 83.36 4.9 42.25 84.50 6.7
150 128.24 85.49 4.5 127.68 85.12 5.9
3 4
s ABFSHS T Fl UPLC-MS/MS 3l 2 3 h =
% N KB ER B3 1T 07 ik, R 1% R CIEHR G HE I, —4°CAIk
= RS L, BRI AT, T 10% 2K e
)5 UPLC-MS/MS & . it % (3% - S S 4 wird
AR OLAL, ATy 2 R P, A BRI i BR
: : , S 5 pg/kg F1 15 pg/kg, SEAT GB 31658.18—2022
0 2 4 6 PR VBRE (0 T R L, AR D 0 A ARG I e ) S, G R

17 B8 5} 8] /min

¥ a: 150 pg/kg FIMAE &L b 0025 HAES
B4 A = R SIS i 6 i I

Fig.4 Extracted ion chromatograms of diminazene in milk
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BEHLRAE 20 My TiT B A= Whkedl, SR A ik EA TR AL
PR EALE AT . 25N, PR A WRE SR =R
ORI S (LA T O A B, R R ISR B L, 55 GB
31650—2019 BREZR, WL UL, & F0RE A

BRI, X R A i M R e, A RS BR A%
THE, W R e, 5¥AER UPLC-MS/MS
TRAH LG, AR T v i A AR o R R, A LA R B D,
SR PR L v 1 0 1 3K, 48 2 T IO Y A L b R
T5 V52 PR AN S PR D 5 R R, B T A =
FUPKTER B AR, T BT A BR AR AN R . T B
BT AR A A A TR B 35 sR AN, (Hsh R
1 i R AU A B R 2 R B AR ) AR SR A AT A L R
ATy 1 B FE S 0] A Sh IR R = KR B A SRR A
W TR AR S
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