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W OE: BB s SO A R - 53 BT % 15 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)IlliE B /K R 083k B i i i ik . ik HEMA CIEHI, & —J%-N-
P HE A S (primary secondary amine, PSA)Hb . KA 2 mmol Z FR%EE (A)FIH BE(BYIE J i shAH BEATRE BE VR, R
FH =5 PURRAT SRR 3 S A TR e i . BRI B e . 1 SR 45 o R U 100 R B8 iy B e it R B
IR RE R R AT IRIAIE T, SRR R Y1=1180.6X,+63.317 (r’=0.9998), iz
FIbRUE RN ZE T RE R Y,=1831X,+404.28 (r°=0.9995). KPR K 2 ng/ke, ERIRATAS] 5 pe/ke. FEMAE 10 Ff
BALFIZEPAE 5. 50 #1500 pe/kg 3 MEHIKF-HI B 69.88%~108.19%, AR AR 2 (relative standard
deviations, RSDs)H/N T2 T 8.09% (n=6). FEAMIELIZ M, RUEERF, H/NT 10%. 851 ZTriktud | ifi
B, REL ST B S KAt R
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Determination of matrine residues in vegetables and fruits by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of matrine residues in vegetables and fruits
by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples
were extracted by acetonitrile and purified by primary secondary amine (PSA). 2 mmol of ammonium acetate (A) and
methanol (B) were used as mobile phase for gradient elution, and matrine was determined by triple quadrupole mass
spectrometry. The experimental repeatability, the matrix effects of matrine in different food types, the stability of the
extraction solution were also investigated. Results The standard curve in blank matrix was Y,=1180.6X,+63.317
(r2:0.9998), the standard curve in acetonitrile was Y,=1831X,1t404.28 (r2:O.9995). The limit of detection of this

method was 2 pg/kg and the limit of quantitation was 5 pg/kg. The recoveries of matrine at the levels of 5, 50 and
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500 pg/kg in ten food types were 69.88%—108.19%, and relative standard deviations (RSDs) were less than 8.09%

(n=6). The repeatability and stability of the samples were good, which were less than 10%. Conclusion The method

is rapid, accurate, sensitive and suitable for mass determination of matrine in fruits and vegetables.

KEY WORDS: matrine; ultra performance liquid chromatography-tandem mass spectrometry; fruits; vegetables;
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Fig.1 Structure of matrine

BT SIS, H T ARE A ik
A3y 2 AT R AR B 2 N S R e
(primary secondary amine, PSA)4HL2? QuEChERS %42
T FEAHAEER 220 )y 2 H AR B — o
RORAE 35 P23 OB €2 3% - R BB 25 (ultra
performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS)*2327) S e - FRIR T 2 S iy
R Sl PR

GB 2763—2019¢ & fh & e EZARE &P AR5k
B BA R A ) T RE T S A RIS BRI L BOR
MEL . L B RIR R (REH IR, (R 7E X SR,
T S 005% BA 0 0 B SAG B0 bRy i s A 1, BRA
WFFE R — P K SR bt S0k B Sk 14 e O (-
PRI AGIN i, DAS M AR i A ST AR R AR S

1 MR5ERE

1.1 MR5RF

BN RAE, AL B3R, Z5ERHEEE. vE4M . AL T
B, SER . BT TS

O R R (TS AL, FEE Merk 23 H]); HER(T
TEal, 3¢ [E T RBRAE R HD) WS AR G (Ll =
99%, AtatHRHEAS PR A BRA R, TCKBREREE (b
afi, RET KA FRA ), 2 T -N-PN LR (primary
secondary amine, PSA)(40~60 pm, F¥EHETA YR AR
25 7]); Crg [40 pm, LR (P ENABRAF]; 0.22 um JE
JECEHLER, RHETT L5015 5 A A BR A HD)
12 UFE5EF

Multi-tube Vortexer MV-3000 ZEHR5as(ARE SR
FBRAFD; Milli-Q 28 F/K &4 #(3EE Millipore 23 H]);
ACQUITY UPLC H-CLASS XEVO TQ-S MICRO JAH -
R R [ CAT H 55 2 U8, KRR R () AT BRA |
XSE105DU ., ME203 43R 3-(8t 4030 0.1 mg. 0.001 g, %
TR 20 H]); KQ-500TDB B A & Ve A (B L1
IXAA PR AD); 4-16ks FHA B OHL(REE Sigma 23 ]);
IKA-T18 ZHZUSHENL(FEE IKA /A F]); ACQUITY-UPLC®BEH
Ci5 (50 mmx2.1 mm, 1.7 um) (3 Waters /A A]).

1.3 XWFFE
1.3.1 A
TSI ERG ARG HERRFRIN 20 mg T2 TbamEs, H
PB4 28 20 mL, POl BBk =R 1.0 mg/mL A%
BHHRERE S HIRIRTE 0~4 *CREGAE, I 6 ~H .
W S R R IR 0.1 mL AR ifERE &,
FEEEARZE 100 mL, BIEWHE N 1 pg/mL, BLHETRAE
0~4 °CiHESCARAE, P 3N H .
BRI TR AR E T AR AR T B OGS B S
FAR AR, 2 CIRE S SR IDOR B LIS X4 ot vk 8 1y Bk
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J AR, A FRIECH] 1.3.4 HEAK
TS R VTR AR O R S ) BURE P SR B R TR A (DI
FRUET, T 200 T 35 214 o i e o 1 5 R T VA TR, o W _CxV 0
m x 1000

FHRTECH

2 mmol/L ZIREEZZ IR PRI 0.154 ¢ LIREE T
KA, EZEE 1000 mL,
132 Hsara®

Jridi(a): A ABCE N, A3, SEERHTE . PHL0A L Y,
k. SR 7 FERRE AL 2 ¢ T 50 mL OB, A
ZJE 20 mL, IRHEIRA] 3 min, 4000 r/min B5.0» 5 min, B4
BB EIERCESTE 25 mL, B2 mL LA PSA 100 mg(%F
ZTHER P& PSA 50 mg), WHEIRS] 2 min, 4000 r/min
B0 5 min, BRI, £80.22 pm JEREIEE FHLINE .

Jrid(b): A RIBGRHE . . BT 3 FIILERESAS 2 g
F 50 mL ELOEW, IMAZIKE 20 mL, i®iEES) 3 min,
4000 r/min B.0> 5 min, BAH_ FERERE 25 mL, B2 mL
FERINA PSA 300 mg(HZFHFE I 54 PSA 150 mg), iy
VR ~) 2 min, 4000 r/min 2.0 5 min B R, 28 0.22 pm
PE R U8 T ML E
133 A8 EE- LNt

(D)W (3 251

ACQUITY-UPLC®BEH Cig (50 mmx2.1 mm, 1.7 pm),
AN 2 mmol/L ZIRELVET, B AR, VEMFET WL 1,

*x1 SEREERF

Table 1 Reference elution procedure

it /min T A% HEH B/%
Vit 95 5
1.5 95 5
2.5 5 95
4.0 5 95
4.1 95 5
7.0 95 5
Q)T &1

B 2 I 2% 2 1 T (electron spray ionization,
ESD); #7730 IEB 744, = 20 e 5 i
(multiple reaction monitoring, MRM); T4IEHE: 3.5 kV;
BRI 150 °C; B 50 UL : 550 °C; B (N,)
Uik 800 L/Hro Wil g 7 2R L L3k 2.

*2 HEWIEERESH

Table 2 Main mass spectrometric parameters of matrine

oy FEMEE X EEE X HEfLAR)E fiEERE R
(m/2) (m/z) /V /V
249.2>148.3" 53 28
WS 249.2>176.2  249.2>148.3 53 30
249.2>150.3 53 28

T ONERE T

2o X—ialre th Bl 4 3 195 i, mg/kg;

c— MFRIHE AR il 48 i A5 30 1 400 20 20V M B VR 3
ng/mL;

ViR TOE 25 AT, mL;

m—AE BT AR A IR B, g

1000—H 3 R4

TE: SRR 3 A A T
135 HKExE

Bedm b 34 B Microsoft Office Excel 2007, #:[E%
OriginPro 9,

2 HER55H

2.1 AR IR S RYIE R
2.1.1 REEA 6k

M4 O SCRIFT 451, ARBF0EBUK . FREE. 2.
AR FINIRE A TR 8 13 2 g BETINARGE S 100 ng)
G, AAIAK. B BEL. ZME. 0.5%F K. 0.5%
HIR B, 0.5%H BRI . 0.5% 1 R 2 5170 EA T i b 3
R, ZERNE, UG YRR g m B fais, H5R4E
SR, SRME 2 fis, SRR CIEXFE S ES
BRI A, WOk B O AU

90r
80r

K ZEE B LI 0.50,,0-5% 0,952, 05% h
o P TR, il P il TR, e
e A S

P2 ANIRIBRIBE X B S 005k £ ) (0 32 B2 2R L85 (n=6)
Fig.2 Comparison of the extraction results of different extraction
solvents for matrine residues in cucumber (N=6)

212 AT IRMAC

R RN, KM, AL RS, SEREE.
PaLrfii, B4, Bk, R R 10 IR, BEREUEN 4 g
F 50 mL BLLE R, T SEERES A 0.4 mL, A ZN
40 mL, WRHEIEST 3 min, 4000 r/min 5.0 5 min, B FIE
WAEFRZ 50 mL, FEAIMEREWR B, TR B 2 mL % 8
153, SR TCKEREREE 0.5 g; JOKBRIRES 1.0 g JO/KHRER
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B£ 0.2 g. PSA 50 mg; Jo/KERAREE 0.4 g, PSA 100 mg; Jo/K
FRIREE 0.3 g. PSA 50 mg ., Ci5 50 mg; PSA 50 mg; PSA 100 mg;
PSA 200 mg, ®JE 2 min, BUAF IR, £ 0.22 pm JEKE
SRS FHLNE .

g5 3 fTn, PSA . Cig A1 GCB 3 Fitaf 57 4b #1L A1
FEVR A5 SR T AP — IR 5] PSA B I A ety . 38U
AR BEEREEE . PHLAE . AL SES . sk 7 FhEEEUMA
PSA 100 mg Af BIJCR BT IRME . A . #BF 3 FhERIMA
PSA 300 mg i [R5 0T
22 ERMNER

BEBTROSEFEFE S R B AR T LA MR A s34 1
(e R, T s g am BAn b S R g . X}
FETARL S FRAIEAN, JTEEEGE X0 ks el TR BT
BN, AT AR ARSI e T . ABFSE T e
A A R TR O 5 BRI IR bR th e i bk

L]

A3 Taa ek
FrahIeR

ATl 20HE 10 FivRE S 38 5 P 9 [E1ISCR (n=6)

PENTESIETE 10 FPEEFHR ISR, HbMEA et
SEiE R AR IGE/ N 1, RS EO BT B i E
FLERT 1, RERATREIRIERN . R 3 vIAlL . BT
Al SR I AT SR ARIVER, BT 0.70. HSEEs:
At AR AR A IS bR U IR T AT, BRA
RS AL G ARE T R B T T
23 ZMEE

X S AR AR WLE 0.2~50.0 ng/mL 3 FE Y
PFEATINE, DLUSTE W EE (X, ng/mL)NHEARAR, IETRIFR Y, K
PABKE, Z2HIbRHERRLR, S5RIE 4. XSG RFbR
HE TAEVSIRAE 0.2~50.0 ng/mL JE BN UEATINE, DL
JE (X,, ng/mL) WREARAR, WETRRLY, WNALFR, filbrieihsk,
EIRILEE 5. 4. 5 ATHL, TSI 0.2~50.0 ng/mL JFifE
PSR PR LR o6 R 3 LA, MIDG B r* ¥nas %] 0.999,
AL AL L R A R S A I TR A A

S JOKHIREES00 mg

To/KBFRE250 mg

EEHH PSA 25 mg

E=J PSA 100 mg

5 PSA 50

B L KIRIEE0.3 g, PSA 50 me. C,50mg
23 Tk iieE0.4 g, PSA 100 mg
Fo/KBRERE0.2 g, PSA 50 mg

RH

Fig.3 Recoveries of different purification methods in 10 kinds of sample types (n=6)

120}
100 |- g N
5
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=
40 |-
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=3 EHESWE 10 HERPHOERB
Table 3 Matrix effects of matrine in 10 Kinds of substrates
BRI SRR
R 1.04
IRAH 0.63
1 1.02
A3 0.99
ZEBRRH A 0.95
PHLL Al 1.01
AL 1.03
Tk 0.99
IR 1.01
¥ 0.67

*4 EESWETBERTERZTE
Table 4 Standard curve equation of matrine in orange blank matrix
e wZ st
/(ng/mL) LIPS
0.2 275
0.5 640
1.0 1095
2.0 2522 Y,=1180.6X,+63.317
5.0 6429 (’=0.9998)
10.0 11733
20.0 23314
50.0 59219




%5914 X, S R RO i - S I RE KR R S ek

2875

i

x5 HEWCHAFRRERZSE

Table 5 Standard curve equation of matrine in acetonitrile

SRR R S S R T AR LRk
/(ng/mL)
02 365
0.5 899
10 1811
2.0 3927 Y,=1831X,+404.28
. 0608 (r’=0.9995)
10.0 19342
20.0 38398
50.0 91295

24 KUIR. EERKBEZE
SIBIFFEA T B A R B L B SORS B, 4% 10
TR ity S R T IR [ I S 58, IR K433k 5. 50,
500 pg/kg, MIRARZER IR 6, 7€ 5 ng/kg BIAKFET, ¥
S0 AW 72.75%~103.75%, AH X 5 1 fi 2 (relative

standard deviations, RSDs)& 0.90%~3.74% (n=6); #£ 50 ug/kg
WHKER, SRR 69.88%~101.68%, RSDs A
2.24%~8.09% (n=6); ¥£ 500 pg/kg /KN, &SN
70.22%~108.19%, RSDs N 2.31%~6.88% (n=6), &R FH,
BREMTE 5 pg/kg ESIZKET, RRAERfHE &=, KRR
I, fEWEEA 8, BUREAE 1. 2 pg/kg BIUSINAKF TR gk
TR BRI, SRS R, 76 1 pg/ke MK
T, EMEEF 249.2>176.2 BN AR LN TFET 3, ik
BRI B o 2 pg/kg MAMIZKET 10 #h& S &L 3
ASEPE B W LY R T 5T 30 8Os 75 P46 B Al ik %)
2 ng/kg, EERIRATILE] 5 pg/kg, MF 6 PRI HH, AJ
ETE 10 PR 5L B b 0 M S AT P R A, T R
LA it B R A ) 7R
25 TREM

WREFTSIAE 10 FPEEFOAREE S A ecE b, R
FATE] B — 2 BB 1a] L HLAAT, XTEE 10 b3 5 W —indr A
Sl R TR AR 22 520 . RSDs N 4.37%~9.14% (n=6), LWL
7, B5RIRW] 10 FpEEBTINARAEE SRR E PR R 4F o

F 6 3 NKFEmMEREYLER(n=6)

Table 6 Recoveries results on 3 levels of standard addition (n=6)

Tl kR DB % PREICE  RSDs

LES /ng/kg) FirL o P2 FA7 3 Fir4  FiTS FAie6 1% 1%
5 95.00 96.75 90.25 91.25 97.50 98.25 94.83 3.54

#R 50 86.83 86.43 84.65 87.18 79.13 80.80 84.17 4.05
500 79.53 84.17 81.96 73.20 86.69 84.84 81.73 5.94

5 91.25 93.50 93.75 90.25 96.25 90.75 92.63 2.47

R 50 97.08 93.73 92.70 101.68 95.95 100.03 96.86 3.61
500 102.07 92.67 99.41 98.18 103.10 101.75 99.53 3.84

5 72.75 73.50 74.50 74.25 73.25 74.00 73.71 0.90

g 50 77.88 79.23 78.58 75.55 75.35 75.63 77.03 2.24
500 73.78 79.76 71.77 75.39 74.96 70.34 74.33 4.41

5 87.25 87.25 88.50 83.75 85.00 86.75 86.42 2.00

A3 50 81.85 83.38 77.95 79.60 77.85 81.63 80.38 2.81
500 83.95 88.72 85.28 84.95 85.57 89.06 86.25 2.45

5 92.25 92.50 97.25 97.00 94.75 89.75 93.92 3.14

ZEER

" 50 73.65 70.33 78.45 80.65 69.88 79.43 75.40 6.29
- 500 78.08 70.22 76.38 76.65 77.56 72.83 75.29 4.10
5 92.25 92.50 87.75 94.00 94.75 89.75 91.83 2.87

[iiEaRi 50 82.88 89.13 92.10 87.70 89.25 82.65 87.28 433
500 82.12 86.45 88.80 86.85 86.66 78.59 84.91 4.47

5 85.00 83.50 83.25 87.25 83.50 82.75 84.21 1.98

Ed 50 82.63 80.33 72.25 81.10 76.30 75.45 78.01 5.09
500 85.01 84.14 85.03 85.43 79.15 85.00 83.96 2.85
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+® 6(1%)
i VAT [l i %/% FHEIE RSDs
s lng/kg) PAF1 A2 PAT 3 FAF 4 FATS FAT6 % 1%
5 90.75 92.25 88.25 89.50 91.75 88.75 90.21 1.81
Tk 50 78.80 82.33 83.28 84.33 70.75 70.18 78.28 8.09
500 80.31 81.20 82.51 87.09 81.37 86.27 83.12 3.43
5 88.50 90.25 90.00 86.00 93.50 94.25 90.42 3.41
R 50 76.43 75.70 79.55 72.50 69.90 78.03 75.35 4.74
500 81.74 84.00 79.31 82.01 84.68 82.86 82.43 2.31
5 103.75 100.00 94.50 99.25 94.25 96.50 98.04 3.74
B 50 86.35 85.88 85.18 90.73 94.35 90.05 88.75 4.02
500 91.70 100.07 96.17 95.46 108.19 108.08 99.94 6.88
Fz7 10 FE R E LA E NG R E M (n=6)
Table 7 Response stability of 10 kinds of substrates in different time detection (n=6)
P ANIE] AU ], [ — TR /)N R £ i 0 (L4 T A S RSDs
0h 2h 6h 10h 18h 24h (T %
# I 5980 5415 5252 5461 6057 6246 5735.17 7.13
KA 3830 3617 3520 3807 4137 3923 3805.67 5.77
B 6055 5678 5846 5729 6321 6197 5971.00 437
A 6337 6311 6157 5666 6798 6839 6351.33 6.85
SRR R 6835 6629 6261 5895 7167 7604 6731.83 9.14
[iiEak 6972 6694 6382 6263 6846 7578 6789.17 6.94
AL 5218 4867 4673 4930 5126 5780 5099.00 7.56
Bk 7237 6790 6350 6613 7409 7863 7043.67 7.96
R 6125 5974 5702 5827 6506 6712 6141.00 6.43
s 3894 4088 3752 3742 4136 4521 4022.17 7.33
2.6 KRR 10 Bk BB AT RL TR B 42, R BUIRAE . B XS

GB 2763—2019¢ B ML L EZEIrfE &P RA R
FIRR AL ) TR T S0 AR BURIAE LSRR ik . #8)K, AEL
W R AP IRER B (IR BR &, Ok PRA ek s . #UK
R 1 BSOS P BRAR RISy A T A,

3 & 1

il xR BOR R | e itk . R RGR A
03 - FR I B A5 R A Ak, 7 T KRB S b S R
A D ) e OB i - AR IR B U i 10 Fh R
JRCAE AW 5T 7 ¥k ) iy A BEFIRCRE €35 B 25 R, [k
HOREEE ., EAME KM R IR A S IO P
S ARG E PRI AL i Sk B R ARG K . X

P VR € - O T i AT — 2 1 B A A8, IR AT
B TR L ST bR v 2R E A 7 it o ASBIRSE 7 ik RS s BT
EE 2 pg/ke, EERAEL S ngke, FHSAE 10 FED
FI2Eh7E 5. 50 F1 500 pg/kg 3 MUK R 2y
69.88%~108.19%, AHXHARAEMRZE B/ NT T 8.09%, AWF
FPRE . MERR . R SR B Sk
BH A AL REAG I

SE Mk
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