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WOE: BR[O A HC R OB £ - = DO OFT 5T 5 B FH B2 R (solid phase extraction-ultra
performance liquid chromatography tandem mass spectrometry, SPE-UPLC-MS/MS)illE H ErP 3-fi 2 79 R
(3-nitropropionic acid, 3-NPA)W /3 H1 ki, AiE  HREVTAIH HEE 2 PSA BIAHZEBURIOSHE, LI 1%20K F Y
VWL, AR T 25T 0.5%F BR/KER A, DL Waters HSS T3 41 (2.1 mm»50 mm, 1.8 um)7E i 14 £
JE-K(:1, VEE R 403, B A MRM BT, DIERbrEm e a. &R HiEt 3-
RSN IR I ALl 5~1000 pg/kg, K BR(S/IN=3)H 1.2 pg/kg, HE#EPLMELE N 10~1000 pg/kg, Fi
MR(S/N=3)K 2.7 pghkg. T HREVEAITEEE 3-NPA (bR Bl 96.5%~101.2%, A7 X A5 E fi 22
1.54%~5.35%. 45 ZJiEm R R MER, WHTHRET 3-RE AL IR AG I .
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Determination of 3-nitropropionic acid in sugarcane by solid phase ultra
performance liquid chromatography tandem mass spectrometry

HU Zhong-Yi, LI Yu-Lu, GUO Ping, WAN Jian-Chun, ZHANG Wei, WANG Dong*

(Jiangxi Institute for Food Control, Nanchang 330001, China)

ABSTRACT: Objective To establish a method for the determination of 3-nitropropionic acid (3-NPA) in sugarcane
by solid phase extraction-ultra performance liquid chromatography tandem mass spectrometry(SPE-UPLC-MS/MS).
Methods 3-NPA was extracted and purified by PSA-SPE in sugarcane juice and sugarcane slag, eluted with 1%
ammonia methanol solution, nitrogen blowed to dry, and finally dissolved in 0.5% formic acid aqueous solution.
Chromatographic separation was performed on Waters HSS T3 column (2.1 mmx50 mm, 1.8 um), using a mobile
phase of (1:1, V:V) acetonitrile aqueous solution for separation. 3-NPA was detected by using negative electrospray
ionization tandem mass spectrometry in multiple reaction monitoring (MRM) mode and quantitated via matrix
standard curve. Results The linear range of 3-nitropropionic acid in sugarcane juice was 5—1000 pg/kg, and the
limits of detection (S/N=3) was 1.2 pg/kg in sugarcane juice. The calibration range of 10-1000 ng/kg and the limits
of detection (S/N=3) was 2.7 pg/kg in sugarcane slag. The recovery rate of 3-NPA in sugarcane juice and sugarcane

slag was between 96.5%—101.2%, and the relative standard deviation was between 1.54%—5.35%. Conclusion This
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method is simple, sensitive and accurate, and can be used to detect 3-NPA in sugarcane.

KEY WORDS: sugarcane; solid phase ultra-high performance liquid chromatography tandem mass spectrometry;

3-nitropropionic acid
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HRESEAWY Koy, BANEERESZ T ANKE
Z—o B 1972 AEFRE B RARE HREP R LR, BEAESEY
A BT RESEA bRl 1984 A FEHFE A G
KRBT RE R 2R B . B T 2R A B AR Y 22
R X 3 Bl T 2E 9 AT AR T A 3- s T R
(3-nitropropionic acid, 3-NPA), 3-NPA &5 A& A H
HEEICIX Y, 3-NPA J&— Pl 25 3 | R a2k
RARBEER I S, MM BHAS AR IE 5 1) =R IRIE IR, B
R E AR AL RIS s E I E A A oo R = A
W, P ERGZ . Atk ENARA K . AR
W vedhda . IRERIROIEEAL . Bk, HEser-7, HEEH
FEREAEAN YA 5 R & BT AR, IR 3-NPA
RN P

FIRTH BE R 3-NPA ARSI 20 TLAE TR T 1996 4
RATBIFTAARE WS/T10-1996 (72 BT T HE ¥ h a2 Kibn

W B A FRIECON YU, b o PR € v, R b P 2%,

FHHHBEHEATFE R E, AR A GE AR I 7 vk 2 248
PIEWR @RL . TOERE . BT ERRE . BAEHRIK
BRI D, e S A T A A, ARMEE T
PREUGIN, T (I | B R U AR B I e

T RERL ST S M R, RE Al AL SRR A R A LI R,

HJEZ, HERPRNERAEZRIERZ R, JERAR
NE o LA T A A 3-NPA th 245 fi3, (H2s0
BRAs i 7 H &2 3R 3-NPA SZ HiAb P A K, H 3-NPA ££
RIS B S B, ARy A A A B, DR
ST TR B PR AT AU E I 3-NPA BRI 4B T I,
VAT Ay IO % R Tl it A5 300 AR U R £ v 2 54 PRk
it R LR = 5%

2 MHEREE

2.1 X5

ACQUITY UPLC I-Class PLUSXevo TQ-S #8 =5
AR5 B FH A (25 [H) Waters 23 1]); GM200 7] BB
(f[E Retsch 2vF]); RW20 BEiRiREA(TERE IKA A FH);
N-EVAP AW (€ [E Organomation 2\ 7l); Synergy #B4E/K
77 (7 E Millipore A F)o

20 (I (B354, f5E Merck 24 w]); HER(H
L, MR T AE AR B AT IR A D, 3-SR (2l
¥ 97.0%, K Sigma 2t wl); 2K, @ALIIOITAL, [E25

AHl); PSA. NH,, HLB, MAX, WAX [EHZEBAEG cc,
500 mg, 3&[E Waters 22 F]),

3-NPA AR & BBl FRIBUPRES: 10.0 mg T
10 mL #E AR, HOERMITES, B 1.0 g/L iR
WERE I, 20 °CIRAT .

3-NPA bR N R BC i B E R a8 T 26 %
AR, BCHK 1.0 mg/L AbRiE RV, PURCELA .
22 HRETLIE

HIERH BT 3-NPA BURREG K H L e ise,
BB, EASrhEr E e, Bk ki, A6
st R RETE 0 BB Jvd, AR T RET TR . BRI 2 g
WiE) 0.01 gy HEEHFET 50 mL B0, JIA 20 mL &
JE IR E 2 min YR 47, S IRY 20 min J5, FEANA 5 ¢ &ALEN
IRGYAE AR 10 min, FELL 10000 r/min #5380
5min, /NOWREL 10 mL BSR4

WANE BT B A TR RS, X A LR
PR A RIME, AP TR T d e A I i, DA
RN 3-NPA IRRNTE K . HHEE S 3-NPA EREL AR
TE T RER R PR, W T I S A Ak S 1A T 2~3 RIS
EMAMRE, RIGFRIL2 gORsH1%] 0.01 gy H & T 50 mL 5
OV, A 40 mL 2§ IR E 2 min IR2T, AR 20 min
i, FHIMA S ¢ SR GBS R RY 10 min, L
10000 r/min #.L> 5 min, /NOIRER 20 mL L& R ARSHE .

SPE #tk.: 6cc, 500 mgPSA [FIAHZERAE N 6 mL 2 /i
TG4k, ¥ ik 10 mL HEE R b e 20 mL H i £
VRO AR, 10 mL 1%%0K O REGERE, WOAETER . &
R TR, H 05%HBRKERERAZE 1.0 mL, o
0.22 um JERE)S, R LML

HHE 3-NPA ZEFTbR il TAES R A ECH]: B9 2 ¢ T
FEFET 50 mL .04, A 20 mL 5 H2HEL. 4351
HIA 1000 ng/mL 3-NPA b TAEWE 0. 10, 20, 40, 80,
160, 500, 1000, 2000 pL, T E# 3L FAR T ARG EL
il A 2 g HEEEIREEINA 40 mL Z /32 HR, HoAb A BAIE

23 UBEEH

RS %k Waters HSS T3 #£(2.1 mmx50 mm,
1.8 um). WEIMA MG AK=1:10:V), YEBE 3 min, 3
0.3 mL/min, #FEEAF 5.0 uL, #E7R 40 °C.

FRE S B RO B o5 L B IR, B K
(BESL), BANERIEN 2.2 kV; BFIIRE: 120 °C; R
SIREE: 550 °C; AN E: 500 L/h; RifESCHES,
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FEk: 0.2 mL/min; #EFLHE: 12 V; Rk 2 5
Il (multiple reaction monitoring, MRM): £}k m/z 117.9,
FHIERS 0 m/z 46.1,

3 HBR50H

3.1 BIEEREE

3-NPA MR MR ILE Y, B RESERT
AR F ALY BT OR B8 14 SO (35 4 Waters ACQUITY HSS
T3. Waters ACQUITYBEH C;5. Waters ACQUITY BEH
HILIC iX 3 Fif F gt 3-NPA (9 B ACROLE 1),
4E LW, 3-NPA 7E Waters ACQUITY BEH C 5 4 /™ & [13i
W4, Waters ACQUITY BEH HILIC 4K H W st (] 458 e,
{H# Waters ACQUITY HSS T3 M i flk, Waters ACQUITY
HSS T3 7E 0.42 min 04, FEAR H ] 45, (HI4 R R
RNERSHF, DR 6T Waters ACQUITY HSS T3 it il
T 3-NPA 735,
3.2 RohEEHRRAL

AR FEZLET AR EE-K . 257K
TR SR, WG SRR, 3-NPA fAEA
VI Z (LA 2), HZME-KFshHR 3-NPA ML H B
BE-K R, HZHERA 11V IE-K TR

T Mg H AR AL S W TE A FIREE, SEIRIE T
BT AR ANV B UK K Vs R R KV WAl o 2 TR
B AR A R L A5 R . & B 0.5% H R K T WA
TEZS TR RS R W R B, B A 0.5% F BRK VR TRE R

P PNV

REA Lo

33 AT

FE T WEE . LI RSN TR A HILIE R A S IO
Ho SRR I SR ECRT AR 70%, PR IR B4 4 R (e]
W 55%, T LM B9 HR BURICR B 5 95%. fEfE Bt
FE A SAC A B T RE A TR, R A SR O KA A
BUAR M8, AR T Jn i dl, N8R B0 770 i i 2 s
Afesh.

3.4 SPE HHIEF

3-NPA MR t/NrF 45, I pKa y 3.66, HLA AR
MR YE R K E, ABFSREEET 5 FhSE pH JL B & 11k
PSR SERRTESS H B AU (PSA . NH2, HLB,
MAX. WAX)%l 3-NPA 195 4E &g fb, ARSI, I
% & SPE 8 it Rk DR SE PRafE, B 6 cc 500 mg HAE
i, FEIR S A H R R L ROR o A A A [ [ A AE
B 2K - . 2K-Z B0 =, R B 1%%0K
-FA BRI ASCR B, il F AR 1%2/K - HIEEXT 5 il SPE ¥k
RIS R 1), KB PSA A AEHURE FIJCR & F HoAh 4
Fft SPE #E, [RILAC S G 5 £k £ PSA AE A Ay [ AH A BUH: 14

b, It — k.
3.5 SPA-SPE £{HHufi1L

it — P R AR ROR, X AR AR R R e A R A T
Tk, ZBETARRBRLGY% . 10%. 15%. 20%)H)K-
A IR e TR 3-NPA MBI L, 45 R 2~5 mL
FIR RIS 3-NPA ¥ AR S, ISR AR UE A28

WCRHTF PSA [EAHAEEURE Y BARL A, T Bismik
PEEFATVENE . BT ARAETLL0%. 1%, 2%. 5%.
10%)11 27K - B T DR IR RE 1, S5 R %M, 1%%0K-H
V8 O I M FE PSA HE LY 3-NPA B Ve T k. &
WP 1% 207K -H B TRVE N VR T . i — A58 T 20K -
HIs 2. 5. 8. 10, 15, 20 mL)fEEM, Wik i<k s
RWE 3 PR, 2558 SR YEBARIATIAE] 10 mL 1,
3-NPA FEBE#E 4 Ui TR, &8 10 mL 20/K-H ik
TRV

Wi 2K W AR 5, ZUK-FIBEVER R 3-NPA A9
BT, I 72K 3-NPA KIFEE 0, *f
5mL 0%, 1%, 2%. 5%. 10%. 15%. 20%% /K-F B IR
FFAINAR 100 ng, 2 IRE 30 min J5, EMWRT T 0.5%F iR
KEZR 1 mL, ALK, 255 KBS 2K B T,
3-NPA EERIN K, KN 3-NPA 254 38 e 3R (L E
4), s DR 1%%0K-H BAE D Ve, vemi)s
7 BRI T SR A
3.6 EEFERUEBREERRE

B TR O SR e, R 2R, $REUS WL,
TRV BTV E, TR 75.12%~84.30% 2 1],
Ve R b s bt gk, IEAMSUBZ 3-NPA [lfii Z 7
PIRR 5 i%, BRI AR IR 5 36 438 5 T I 1A il e k4 7 A M v
SE, DS IERA R R . FEgsr SETbR il 22 iy, i
AT RE A U & BRI A i 3-NPA, Tl REAE & RS
3 dJi 3-NPA eI Ha 28 [, 76245 IR B3 LA
ST T — I EObR, Horpas GELB AL FUNGE MRM
EIGEANEE 5 R o3 H TR RUH T 2 FPEEIPRIES AR
HERMERAEHEIERSETT, Hh A H fR (limit of detection,
LOD)LAZS [ 3 B hbrbn o i 28 b ) i AR o J3E ekt B
Mkt S/N=3 714845 1, &R (limit of quantitation, LOQ)j&
LS 1 35 5 T o0 28 P e (R 8 M U s, A5 M4 £
SIN=10 T84T H, Z5R3F% 2 Fis,

AEgExt 2 g HRETH R AR SOInER 20, 100
1000 ng, XJR 10~500 pg/kg, HREITEEEfTREShATAL TR,
FHLNE, LERE 6 M PATHEL . 3-NPA BnpR Al 4
K 96.5%~101.2%, HHFIHE EEAAREEFIE 6 1k, 15 FIAHXT
FrifE R 2 (relative standard deviation, RSD)H 1.54%~5.35%,
1SR UK AR 0L L% 3, i g AT D305 9306 2 o H 7
i 3-NPA [RI5E .
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Fig.1 Chromatograms of retention of 3-NPA on different columns
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Fig.2 Chromatograms of retention of 3-NPA on different mobile phase
%= 1 57 SPE ¥ [EULE (n=6)
Table 1 Recoveries of 5 SPE column (7=6)
SPE # W B /(ug/kg) BT 5% /% AR AR AEAR 22/%
100 96.45 1.45
PSA
500 93.78 3.67
100 75.24 2.34
NH,
500 68.98 3.33
100 3245 4.67
HLB
500 28.33 3.47
100 2.33 0.16
MAX 500 1.35 0.18
100 16.78 1.86
WAX
500 14.78 1.89
120 50
45+
100 40}
S 80 £ 35
¥ ¥ 30
= X
E 60 X 25
§ § 20
& 40 & 15}
20 10+
5
0 L L 1 1 L 1 L L n 1
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B3 1%%K-H EEGE ke th £ (n=3)

Fig.3 Elution and elution curve of 1% ammonia methanol

(n=3)

P 4 3-HEE N RRTE AN R 2K BE P R0 (n=3)
Fig.4 Loss rate of 3-nitropropionic acid in different ammonia
solubility (n=3)
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Fig.5 3-nitropropionic acid blank matrix and matrix labeling MRM chromatogram

F2 3-NPA MitrfEmhsk, &MEE. KHREKEEMR

Table 2 Linear regression equations, correlation coefficients, limits of detection and limits of quantitation for 3-NPA

e pigyiil 2R MEFE L/ (ng/kg) [ ) 77 R RE K BR/(ng/kg) & fR/(ng/kg)
TR 5~1000 Y=138.75X+668.1 0.9971 1.2 5.0
HREE 10~1000 Y=127.28X+88.485 0.9959 2.7 10.0

F3 HETHHEZSD -HERRKRE 3 NMNIRKFE TR EWEFE 2 E (n=6)
Table 3 Recoveries and RSDs of 3-NPA at 3 levels in sugarcane juice and sugarcane slag (n=6)
E-9n TN /(ng/kg) R 75 i/ (ng/kg) B/ % AFX A HE AR 22/ %

10 10.12 101.2 5.34

HoRE 50 49.70 99.4 2.45
500 487.50 97.5 1.54

10 10.03 100.3 435

o 50 49.15 98.3 3.23
500 482.5 96.5 1.67

3.7 SEPREESASN

2019 4F 3 AWK B HRERH RETFHEATRG I, 4558 %
AT 3-NPA S 1E 1.25~7.36 pg/kg, H k& 20
w T H SR, AT H RS & A B AE AR B 3-NPA,
FH B R AR HRE VA ML, 2 S IR AR H R R
Wbo 2 R R AR R R A, RS
BEAR R AT RESEA PRGN, 25 R B AE HHERE S P 3-NPA
SRTE 66.70~236.75 pg/kg, FEASH REH 3-NPA & it 5
e RERY LA, BAHIR A ik & AE HEH 3-NPA
JEAATHY

4 &

ABIFHE HRER SRR L, TR TIERT T H B 3-
T PN R (A0 5 T o AR 5 XA Al AR R 2 AR T T 1A,

XTS5 FEAAS B BOR, e LL S ERIR, 24
i PSA AL, FHA 19%%0K B R,
WU IR, B 0.5% M RRACGE A LRI, HA BRAER
i, R R ZOREE TR SR, Al SEP R A
TARRR B, O H R R N I R R 2%

SE Mk
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