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W E: BH 2 B S RO A - 5 % v (ultra performance  liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)Aill 4= i i — ZUKER B 9 0 ik sk FRACRA 1% R SR
PIUR, E4°CKHE T REE L, BEERIEEET, L10%LIEKERE %, F UPLC-MS/MS il % Fl BEH
C g (I5HE(100 mm*2.1 mm, 1.7 pm)50 8, LLZE-0.1% F B /K A TRVE M sl AR B DR B, 3 0.2 mL/min, 7
TE B FH 4 M £ 50 Wl (multiple reaction monitoring, MRM)IRZS T 434, SMnikEf. &R 49 =AMk
B H PR (limit of detection, LOD) N 5 pg/kg, & R (limit of quantification, LOQ)} 15 pg/kg, 7E 20~1000 pg/L
o VA RV PRI N R AT, MSC R B( R 0.9993 . N5 BT AIF 22 1 J v 18 T S B AR AR AR vh . e By e [l
AL 81.67%~85.49%, H PIK: % BETE 4.5%~5.5%, H 18]l #x [E i E 75 81.07%~85.12%, H [A] K % BE ¢
5.9%~8.2%. G ALK IR G SR EUIMG IR 5 BR 2 O AL BT AR PR 3, (RSP, 454 UPLC-MS/MS,
A SR KT 5% B 1 e RO, 3 TR R ) DR ER R A DA, Ry sh P £ rh = Rk
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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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=K, 14 U1 JE IR (Berenil) B Il HU¥, JE T 5 7 AL
PRS2, J& & IR R a4 2, PR JENE
S [ N AR e O e H R W R 2 U, o R F R D
WiAYE d . ZR AR U | B2 A AR SR AT
BITRCREL T SRR SR N JE AR 218,
AE IS BRI B SR, EUA . N
WA BRI £ T 19 5% B T R RN £ 2 A RO 2 f
R B S R, SRR Y
BN R () Ok B DG, ENAMAHIE T — R =
FRFR bR . FRE . A T A 441 (World Health
Organization, WHO)FIRR ¥ S #8%F = ZUKAE 30 I8 1 £ b
PR AR B BREL AT T, e IR E AL 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 J2 X 2 5 5 s R i
JT T A () B R

HAiE, A AR IE 5 = ZUPKAS I 5 12 5 S i I A
I [ (enzyme-linked immune sorbent assay, ELISA)!'* Y
R RO AR % 7 (high performance liquid chromatography,
HPLO)! 3 e A 4 e JA MUY | o e i o o4,

L B X AR A i B R BK 24 ) R S I B B A
W e S IR L £ i R = UK B AR B BE ST AL/ . ELISA
TR S A 45 92 )2 A 1 o0 O 348 X6 7 1) 6 S M B AA, BROBR R
SerkiR . REUZR, (HIE TP A, sfERH TR EH
BRAIARG I () B UED ) HPLC 75 2 [ 4 38 BBOHE SR A T
GeAngefl, AT AL P BRSO, BRI AR,
FEREZ (R ARE A 100 o 2 B RV A U S 2 B A
Bt LA RO e, IR AR |
FB R A R B = AURER BRI R .
AW M A 3 - 8 B BT BE 76 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
454 7 HPLC FIBIE AL, SR IELr . REUE R, Al
IR vy PR 0 A L B F R b, TSSO TR A
FH R B A AGI

DR Bl e B S B R A, AR WAL AL R A PR
S HATNE U MELL L BR T, JEA TSRS RGN T i 2
e BN O AT A B AR, A S AH RS I, VR AR I
[ A ZE B 2224 i A U A3 B A 2R O 25
UPLC-MS/MS #ill & & A 23 Rkl 2 sk Bt .
JREC B BRI R Ry v (8 = UK, FHAE C e BR AR v
b2 W, TR =AU AU ERE . JANG 507
KL AR PR M (quick polar pesticides, QuPPe)4i B4k )y ik
SRIBURE Ay, I PR €01 A I T3 3 Ak o 1 22
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2y, FIRATA IR DT, A RS, AR Z IR
, H=8 Mok vy, oK fagm g, K5
LAl 22 41 43 [ EREAGI B, PR R B0 TP 1k 4 55, 3=
RRESER MR R R PR IACR AN R . A B R
R T ERL R AL B AL T

AWFFEIET UPLC-MS/MS 2 B3 fE sy . il R s
FRE R, ARG IS AR S B O e =, A
TR ETAL R . ISR A PiAk, B UPLC-MS/
MS M A v = EKER R, S sh P I A bR
SRR S BT IR AR S

1 MR5REE

1.1 #R5IRF

=Rk T ERRER (ZEE 99.9%, KHBT/RIERI A R
AR, LN BEE. LB . HRR. IECke(faikal, £
Thermo Fisher Scientific 23 /)); Jo/KRBREE . EALEN . F7H5
RREN—IKEW . ATBERR AN al, RETT R R 2t
FIABRA D
1.2 UE5E&

SCIEX QTRAP 6500 + — & DU A S Bk F R 4 (56
¥ SCIEX /~7l); BEH Cig {435 41:(100 mmx2.1 mm, 1.7 pm,
2 E Waters 23 #)); KQ-500DE A v VA (B LT M A
XN FD); Vortex Genie 2 JRENR 7 #% (3 Vortex A2 ]);
Allegra X-22R =8 1% B U HL(3E [E Beckman Coulter 45 R
25 wl); PL203 HLF R (ke 0.001 g, M4 — FTRHI 2404
FEAT FRZNF]); SPS-ZY-0015 Jie % #2:AX (i-+- BUCHI 2>
); Milli-Q ##2li7K ¥ (3 E Millipore 23 ).

1.3 ZWHE
13.1 FE&H

B F U FEIBTZE HL & (electron spray ionization, ESI);
P BB T WAL 2 5 I (multiple
reaction monitoring, MRM)#EZ, HAKSHLE 1, BAHE
L 3.0 kKV; B PAERIAIRIE: 350°C; B FIRIRIE: 500°C;
BFURHL 4500 Vo SEE R T TR Dy A A R

\m ﬁ

i

o

*F1 RERUSH
Table 1 Mass spectrometry detection parameters
e BEr  FET 4R HESL flf A
- (M/2) (vz) WS IRV REREeV

R 135.1 22
SHEM 2820 0 S 0.1 44 0

e A T

132 &iEft
384 BEH C g #1:(100 mmx2.1 mm, 1.7 pm), ik
4 0.2 mL/min, PEREIRFN 5 ul, #EIRN 40°C, FE5L IR

BER 4°C. T A I 2N, TshH B A 0.1%H BRKIF K
FE BTG\ B VR AR P 25 AR A T 0 88 . B BEVRIBERR 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 HSaTaE

PHRE YIS0 3 g(REHE 2 0.01 g)JA 50 mL (95
DEH, BRI 15 mL 8 1% R MG, 4T 2 min
WHESF A 5 min, fE-4°CHIZMET, L 10000 r/min Y3
FEEC 10 min, S0 FIFREEFEE] 50 mL BB
ERRBELE R, B—UINA 15 mL % 1%L A5
W M B PIRE SR, BOF BRI, SRIGTE S0°C &4+
THEEZET . WA | mL (9 10% 2K E T, 9K
JaEE] 1 mL 0T, AE4°CIZ&MFT, 10000 r/min
BLD 10 min, FFBCRIERGT 0.22 pm RFLIERE, HEmRion
AT - R I DU BT T T A AT o
1.3.4 AWK

HER R = AR ED R 1 mL, F 10%Z)EKIE R
PR EAS 2 10 mL, BehlfS BIhs S &R, RN
10 mg/L, 7E-20°C F WECORAE, 28 FH o IOE B bn VERE VL,
FH 10% NG 7KV BB i B AR e T ARV, LR v i
3504 20, 50, 100, 200, 500, 1000 pg/L. % 1.3.1 f9J5
PRh S AR WO RE A TR S AT AL T, 5 B R O,
FHAZSE ST OB VEF% B, i o) 336 J5 DG B o T AR VA TR,
JLRFRHOE 235 20, 50, 100, 200, 500, 1000 pg/L, 3R
FHERL

Fie bR 5 i 43 ) ) R 400 S o o LV R R R
VEBCARE T AR R, LA RIS DU 454 EALINR, DL =2k
B (X, ng/L) e bR, WA I AARFR(Y), 2filtn
HERRLR, LATEMFE 53400
1.3.5 FikFiEM

FEZS LA AR P 43 S I — R AN ) e B 1) =20
PRFR UL, TRl — 250 T AT AT AL FRAII 2, DAE MR LR
T 3w kR R, DUEM R T 10 i e MR
SRHGIN 15, 50 A1 150 pg/kg BME . . % 3 DMAKCERR
HE TAEE R 2 2 AR R S b, AT s i st 5, A4
TN 6 AT, ESEME 3 d, FEM 5 200 B K
H PR 2 B2 0 H RS 2 B

1.4 HELIE

K H Microsoft Excel 2010 HEA75HR 41114047, R
F Origin 2021 AT R H 2 .
2 HER55%

2.1 FIERHRTKE
ARUFFE A = RIRA 4> 254, 381 X i e
10 mg/L A = F AR HES AT 214, fEHRBEIE ST
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BN, B EM + HI R, e B+ 282.0.
Zord TR, AR R, R 2 AR E LR
BENETFENTET, WE 1R, B 135.1 1 254.1
PN B TR T T, Hb 2541 ERE T a, whik
Uy 282.0/135.1 1 282.0/254.1 B % b4 T4 L Fa JE FIAIE
TR ES I, SRR RIESEILE 1.

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

1 1 1
120 140 160 180 200 220 240 260
JET Eb(m/z)

B = RURE ey B ]

Fig.1 Fragment mass spectra of diminazene

22 BEEXHFSRL

N T BRAT A BT R R, I R E AU M +
HI A8 7, ABSEHE T2 . 5% K0, 10%
LKA 10% H KB TR 4 Fhis 0 i — 2Ok
YR CIEE . EHE 2 BR, 24 =R Al 2 I i
W2 BRI B, 1T 5% LG KT . 10% TP K 1
VEFIEE, WAR AR, IR, HH 10% 40 N E
B PR B A ey, WETE AR AT, TR ZE 10% 26 K VE W =

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 RSB U (1
Fig.2 Extracted ion chromatograms of diminazene in
different solvents

M [0 588 & /cps

SRS AR PRI A, — i i 1
HALEY), 75 5B IS & A 1 B 6 R
MG, HILH ek A% BEH C g (100 mmx2.1 mm,
L7 pm)RHATEIE . SERER T LIE-0.1% P BKAE
TSI B = UK A B R A RS L, DL 1 mg/L =
RARUETR AR, X SIARRR R VR A T T 1L &5
RFRW], OIS MR R T, =& MKFTFE 3.3 min
W, DR EA R A LT AR B, Bk R L -0.1% F R K
YERT s
2.3 AIRCIEBEEHHML
23.1 RBUER 6L F

ANFE SIS AT 22 R BR, S = AR
R A, R T AN [ AR i 35 T A AR ) = R Bk ) 4 B3
o HATE LR B Zh IR S = AU AR BGA A
HlE. CHEAENGR, BF HORER. BHRiEmNE
BRV TR o SR TAVA T REA R 25 P K 2 Bk i P A 2 1R,
B BRI IR R AR Y, HARBUR BORE S E 35 W0 24 5
B, ZRKIPERGR, CRSRBRA T E A AR
LU0 Ol ik B ORCR, AFSO 4 FOR AR BUR
SR . 5% LNEKIER . 80% LI /KIFHA 1% LR L
JiE R P ORCR AT T e . AR IEIT T 200 50,
100 pg/kg 3 ASVREE R INAR BIUGSZ5, BANUEE 3 4HPAT,
SR 4 FhAS [F] P SR TR0 S P 7 R T, R IR0 R il FH A 38 o
10mL, WWEILEBCR, 25 R mE 3A FrR, YR LEM
80% & i 7K P $2 BUIE B, = 40 bk Y Il i 3 g
40%~46% 2205 5% EKIRELET, FIER 50%~57%;
MR 1% 18 K58 R AT, i 67%~70%, X 1]
B2 T = AU ELAT PN SR A DR S T S, —
PR PR BT 0 2% B (L s A, TR thnl g T4
W EARZ AR T —F R R, i— & &R hE
7 e o8 A BU AR, AT 5 2 1 o 2 R L AR S IR
BT 1% NEVE N RAERTUAF .

232 RIEANME0LF

FERE SR IBUA RS, BT T HIBUA R . 435
FZELTAE 20, 50, 100 pg/kg 3 MEMWE T, ARHEBGH
FE(5. 10, 15, 20 mL)X%FEISCR AR, BEASHREEM 3
VAT o Z5RANE 3B PR, BEESREOA MR 8 hn,
TS e B ) = Uk S S A R 3, 3 FBET 15 mL
JEaTRGE o 5 BRI/ 5 SRR BGRB8 B Bk ) A
AR, BB A A RN 15 mL.
233 Hteir Xwgik#

AR ER TIREGHM ., Bk, KB R©E
L 3 Bl s At A b = RO DR BB, AT 8
S — R ERLRE R B YR . 4T T 200 50,
100 pg/kg 3 A-HBE AR N BISCSE S, AN FE A8 3 474 T,
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SERNE 3C FiR. MR ARG E gk ) (78 15 mL 42
BOR A 2.5 g JOKBRREE . 0.6 ¢ E AL, 0.6 g #1715
BRI —KEY . 0.3 ¢ #rEREHDES, HIRMT 10%, 7]
FiE 2 B8 oA 7K M 0 R K A 68 2 4 2 1 9 [, DAL T VR
TRERMYIT, 55— FRAKIEEE, ok B T
WK, e, =R KE TR R, IRA e A
FEAERR A A Ve A TR I, — 2t o AT P A, P B 0 o
BOCRAREPL, MR I C et AT BAS I, # 4 g S AL
10 mL HORE OB ASRBUR , S T00R 4 BE, K IEC
iR 7R, WRIAERINE R I TIEZE, W EZE A A
AT, TR TR AR Z BRI gk, R IESHESCR AT,
A =R BRI 15%~20%. SR PRI s 25 O i 7
7, BIFE—4°C44FF 10000 t/min {53 250> 10 min J5 B
WHEFE 5T, FIRIRIER L, FICRIE 82%~85%, ikl
WORTCTHE, Wk M FOOEE A . BRITSEA5, R
WG T PRI A SR ZA HLIE IR IUR = S R0 R B A 17
Bl PR BRI o el i O 0, BRTRTAL T R A B 3R,

MORKAEHG T 5 bt e], $e 1 e s e
24 EFRMMN

Fi2 1.3.2 JTaR vk o) 22 90V bR e ARV HORN 3
VEFECARUE T ARSI, AR RIS S 4 AL 3 22 ol b e
M2k o A = ZUPK T v BE (X, /L) AR AR A, e T AR R 0 A
PRONZ bR LR, 1538 = ZUPK A7 R bR v th Ze etk a1
FTFEA Y=593.80X-4782.55, FHILFREL(r)N 0.9993; FLJ5iIT
Bt AR Ze e bk B )5 B2 A ¥=692.35%-2353.97, HHE &
H(r)H 0.9989.,

TR A 2R IR = (5 D Bt b v il
LR ALV AR M i 2R3 ) IR HE R R x100% Y
JE TN TE —20%~20% =22 [ B Sy 55 56 SR 0 ;a5 35 sk
N AE~50%~20%5%  20%~50% =22 [, J] Sy H 45 J Ji 07
SR = 50%EE < —50% ] A i FE By B, 45 R,
A B e ) SRR ER RN 17%, RS8R,
AR B R FH IS AR M 2 A T [ 3G o

A 100 [ B 90
120 pgkg
[ 50 pg/kg
oo | EE100 pg/ke sor
70 |
<60 - = 60l
% & 6
= =
B 40l =50
40 |
20
30 |
0 — 20 1 1 1 1
N 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 ZHMHEXFZ, EREEER

& 1.3.4 JTak vk o) 22 50 B (A 5 AR T AR T
AL, F LS AT R (X, mg/L) AH AR bR, WA
BURABFR(Y)Z bR 2k . 255K, 7£ 20~1000 pg/L
B AR R R AT, MSCRE()A 0.9993, FEEH
AR R TS I — R G AS ()R B 1) = R o 75 T
[F— & P TR EA E, DMEME RT3 B ik
o B, DAMEME KT 10 e Jridoe s bR, =2k ik
KR A E =R 9 A 5 ugke M 15 pgke, KT GB
31650—2019 ( L2 EGARME 0 82 R ak i IR
) AU = A ORI B IR 150 pg/ke, HALT GB
31658.18—2022 B b &L EZRARME S & & =%k
BREA RO E RO i ) o AR RS R L R
(10 pg/ke)5ERIRQ0 ng/kg), UtHHZ 720l 2495
“RBRARINER, H BT GB 31658.18—2022 Y
RORURE € ELA AR A Hh B A e B

252 ERESHEE

ARG . B W 3 KRR TR R E S A
A YPRE S, BRI Bk 15,50 #1150 pg/kg, HEATNER
B SEE, FEANIIAKCE 6 AFAT, T8 EeR,
FEIT R4 TR O A X AR W 22 (relative standard deviations,
RSDs), VAPEM iy H A # R . E2lE 3 d, 15
RSDs VAPFAN Jr i i H DR 25 B . S 25 SRk 2 o, /-
WhAE & = UK H I SEEE R RTIRER SN 81.67%~85.49%,
HWREE R 4.5%~5.5%, HESZEAEBCR A 81.07%~
85.12%, HIAPKSBEHE N 5.9%~8.2%. L BE K, ATk
[ Wi A 25 15 P06 /2 GB/T 274042008 ( 5236 25 R g 4%
T B S AT 56 ) (SR, 6B AS 3k d A I R B
PELE, W SEBR A WARE i = AR AR I 43 #T

K 4 R =R TESS ARSI A DR BN IR BE 150 pg/kg
N AR B i T I, AU e TR AT, JCEE TR,
25 R Al (33 1 2 A 4 PR 78— OB BR B st [ P 4
g H B .

x2 G =FBReomirEE, HABEEMBEREE
Table 2 Spiked recoveries, intra-day precisions and inter-day precisions of diminazene in milk
H P (n=6) H [l (n=3)
WIMAK-/(uglke) -
Rl 25 8 (ne/kg) ] 05 /% H AR 2B/ % Krll2s 3/ (ng/kg) /% 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 ABFSHSL T Fl UPLC-MS/MS 3l 2 3 h =
% N PRI ER o3 1T 07 ik, R 1% R CIEHR G HE I, —4°CAIk
= B L, BRI AT, T 10% 2K e
)5 UPLC-MS/MS & . i % ( 3i%-Fu i S 4 wird
AR OLAE, ATy i REUE S, AR BROFE 2 R
: : , Gr50A 5 ng/kg Fl 15 pg/kg. 5HAT GB 31658.18—2022
0 2 4 6 PR VRORE (0 T R L, AR D 0 A ARG, I I ) S5, G ) R

17 B8 5} 8] /min

¥ a: 150 pg/kg BIMAE &L b 425 HAES
B4 A = R SIS i 6 i I

Fig.4 Extracted ion chromatograms of diminazene in milk

2.6 SERREEmIQ

BEHLRAE 20 (3 TiT B A=Wkt dl, SR ik EA TR AL
PR EALE AT . 25N, PR AR S R =R
ORI S (LA T A B, R R IR B L, #4545 GB
31650—2019 BREZR , WL UL, &N F RS E

BRI, 3 X A R AE i M R e, A RS BRI
THE, RS R e . 5¥AIER UPLC-MS/MS
TRAH LG, AR T v i A AR o R R, A LA R B D,
SR PR L o 1 0 1) 3K, 48 25 T IO Y A L b R
T5 92 PR A S PR D A 4 R R, & T A =
FUPKTER B8 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 RIS B R 2 R B AR ) AR SR AR AT A L R B
ATy B FE S 0] A Sh IR R = R R R B A SRR A
W TR AR S
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