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B E: BM &M SO 6% - 8 BT E 7 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)il| 52 Al 43 Al KA Ho K B 12 R (bongkrekic acid, BA)I &, J53k ISR,
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WEEER KIERARTE 1~100 pg/L Ve BEE I MM AT, AHOCRECKT 0.999.7E 2 R BRI AR MR EE R, a1
< 80.6%~104.8%, AR ARUENZE/IN T 5% KEF MR AE 2 FhRL BT P KR H BR O 0.1 pg/ke, R 0.2 pg/kgo
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Determination of bongkrekic acid in rice noodles and fried rice noodles by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of bongkrekic acid (BA) in rice noodles and
fried rice noodles by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
After the samples were extracted, purified, concentrated and filtered, 0.1% formic acid water and acetonitrile were
used as mobile phase for gradient elution. The samples were detected by electrospray ion source negative mode (ESI")
and quantified by external standard method. Based on the study of the chromatographic and mass spectrometric
behaviors of BA, the conditions of its instrumental determination were optimized, and the optimized method was
validated. Results BA had a good linearity in the concentration range of 1-100 pg/L, and the correlation coefficient
was greater than 0.999. Under the different spiked concentrations of two substrates, the recoveries were 80.6%—104.8%,
with the relative standard deviations were less than 5%. The limits of detection of 2 matrices were 0.1 pg/kg, and the
limits of quantification were 0.2 pg/kg. Conclusion This method has high sensitivity, good specificity, accuracy and

reliability, which is suitable for the determination of BA in rice noodles and fried rice noodles .
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KT AT T 2 R 2 0 B Y T P K T I ™ 2 1) — o
mgEay b ERY, BARSEAE R, 20K
B 42 B Jm nT 30 N RRFIE . L B RO SR T,
HEHHOET . KE (MY ) I, KEEERNA
IREEHIE A 1~1.5 mgP!, BI—/AMATE 60 kg A9 RAE A (UL
WEEZN 4200~4800 mL), IR K BE R R (14 25 Bk 5]
200~300 pg/L BURMRBIBOER &, PERiE, KEERRNE
Yrh R A AR e R A SR A S5 L
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UPLC H-CLASS/XEVO TQ-SMICRO # BSR4
- R I = EE DURRAT RS (35 [E Waters 22 H]); KQ-500DE
B A s RER R E RS A RAF);
MULTIFUGE X3R &0 #L(3EE Thermo A H]); SUPELCO
VISIPREP 24™ DL [ FH2% BUK: B (i [# Merk 23 w]); AUTO
EVA-60 H s ZAMAL (3 [ Reeko 24 1),

KB AR ARUE S (ZE R 97.2%, % [E Sigma-Alorich 4%

Al); HEE(HPLC %%, 1%5[E Merk A F]); HER(HPLC %%, k.
TR T AE AR R A IR A W), LBR% (HPLC 2, £E
Thermo Z3#)); MESK(HPLC %%, HigFE MR
R wl);, HER@LCMS %, £E Thermo A wl); 4N
(LC/MS %%, T8 Merk A 7]); Z/K(GATal, i -a B
oNFD); LI K A—ZoK .

RA I B 7224t 60 mg, 3 mL sAH 242, £ FH AT
I3 5 mL HEEAN 5 mL KL, TR AR

22 FERF®

22.1 &L

o 3%k ACQUITY UPLC HSS T3(2.1 mmx100 mm,
1.8 um); A¥i: 40 °C; #EEERE: 1 pL; Hi: 0.3 uL/min; ¥ 3h
AH: 0.1% R /KIE (A FI I (B), BREERIRLT W3 1.

R 1 KRBEEREONESERRZF

Table 1 Gradient elution program of bongkrekic acid

5[] /min A% B/%
0.00 70 30
1.00 70 30
4.00 5 95
5.00 5 95
5.10 70 30
7.00 70 30

222 &M

B PR LB B T (electrospray ionization, ESI);
Kl = 22 5 0 W (multiple reaction monitoring, MRM);
R s BAELE: 3.0 kv, TRAUR
fE: 550 °C; TSR AE: 1000 L/h; #EFL iR 50 L/h;
HAh ST S0 2.

®2 KREBEEBRRIESH

Table 2 Chromatogram parameters of bongkrekic acid

ey BETmz) TETm2) HELRE/V  fiERER/V

397.2% 30 18
KEERER 4853
4413 30 10

T ERE T

223 AR TAE W KB

1.0 mg/mL KB BRBRHERS R : HERRFSHL 0.1 mL Frifi
WIRT 10 mL AR, HEES, BUHAR | mg/L MAni
VST R, 43 BB BGE B AR A B P R 50% 20
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IKFFERS, MBI E R 1. 2. 5. 10, 20, 50 pg/L i
PR T AR
224 HBEAEF X

(1) FESLEEEL

EAZE R REIE, WERRFREL 5.00 g T 50 mL B5.04H,
HMA 15 mL B B2 /K 75 78 (80 mL S, JimA 1.0 mL &K,
JAEZE] 100 mL)EE T & FREAARHE 1 h G, @55
30 min, 8500 r/min 5.0 5 min, B FEW, gk

(2) gk

RA T F R 2 G, # RIiE R EiE%
SN O G BEARZE B b, ARKH S mL /K AT S mL bk
e, BT, 6 mL 2% BR- PR R, Wik
W, T 40 cCKIBHERZEILT, A 1 mL #ERH s
ELS, WRTEEAE, 0.22 pum P 8 S HERE AT
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3.1 FRIBFHMMRIL
3.1 A2y XeyikdE
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Exact Mass: 486.2618

B ORBEE R AL 2A 2

Fig.1 Chemical structure of bongkrekic acid
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TLIE 2a, m/z 485.2 KRR FR R 25 1 AT FIR BN 40 T4
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FHMRM”HE R AE m/z 485.3—m/z 441.3 Fl m/z
485.3—>m/z 397.2 N XF Z A3 KM R AR S AT W, A
4T, BFX miz 485.3—m/z 441.3 B 5 Z 5B THE,
HR R8T m/z 441.3 22K it il 13 i B (“MS Scan”f ()
RPAELE, RWIILRTRBIE K BE R RRTE B8 7 fhad #2 vh g T 32 4
SO R B TR BRI B A T 4, R Dy e S T
RESZ I E WA VERR . B 1%t m/z 485.3—m/z 397.2 KN K
HAREE m/z 485.3—m/z 441.3 T 25, (B R BLEE T LI AR IR
ZOR, HHZILFTIBE LN, HikH mz 397.2 85
EEET, mz4413 EHEEET.
3.13  EmE B EGmAL

PISERNES TR miz 485.3—miz 397.2 (K0 7 (I T AR)
e AR, XS B AN R Tk, 45 & Bk AN
B TE RSN, R, S E BN HLE A 3.0 kV,

3.2 ‘BIiEEHsMmt
3.2.1 AhALAmEHAL

FEF AR SCRkIGE, AR, LLOISTE
AN, HE T ARSI KA (0. 1% 2K %58, 10 mmol/L
L ERERR W, 5 mmol/L FBR%E+0.1% F BRIAT, 0.1% F BRI
TR)XoF K DA R €60 T A 7 A R ST R A 720 4 S

INETERT R (B 3), TERRRSH T (B 3a~b), K
PR RR AR P 55, R, WA . Bt
TNERR(E 3c~d), BIFEMRYEGESNA R, K IETH R O BA 1 0,
IR IR, WETEXIFRIE LS . T ORBER IR 5T 2451
RO 3 ANIFERIL, RMET S AP T OR BRI FE S,
R UASFIEAA A, AR EA R R Sss, Hilb
T 5 EEM P IRIERERESL S &, A B Fctgr .

IBREAT S A4, SCHRARE 242 s <mai ik i 3 AE 12
IO T T R LTS, 98 AR K e R ) 0T <P IR D ) K e
RIS, R T, Escihgs Rk, wahh
VRTIER PR, DR % A TR 110 JO 1 M 7 4 5 (U 1T ARG K)o 38 4 L
B PE T B AH (0.1% H R FOB PR R 301 AH (0. 1% Z07K) T oK T
R A — e H g T DU B, 6 PR, Kl
BERRAETR VLR ShAH (B 4)H 2L m/z 485.2548([M-H], #
S 485.2539)F1 m/z 441.2649(IM-COO-H] , it {H
441264 ) fF 7, FEBME R S AH (B Syl EE L m/z
220.1278, m/z 4412647 T m/z 485.2543 17A4E, Hd m/z
220.1278 WHLff &, HILE m/z 441 Fl m/z 485 1Y) F %
TR RE T IR, HE m/z 220.1278 SR KR R SR
£ 2 AT M —4F CO, B R X H f B T
[M-COO-2H]*( 3 it {4 220.1281) . [M-H] K Wi i 4%
[M-COO-2H]* Fl [M-COO-H] ¥ %, $&/RIERLMEF A0,
KRR TE 5 U BUIRESAAAE, S EULH 5 %2 & iR S50 5t
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M E TR % CO, X [M-COO-HT, = 485.3—>m/z 397.2. m/z 441.3 B}, BRIV ShAE L obE R sh AR
T AL EL faf 9 [M-COO-2H1", BB 4% 14F T [M-H] FF- Al f SR Y B 5, SR ARG AR (T84T, R 0.1%H
GEMAE T, BT ERER S, KIEWE R mz FRAE M 7K A

1
0r a 3112

3820 4373

194.1
178.1 197.7 2426 280.0,

(617 85.1 1163

0
50 100 150 200 250 300 350 400 450 500
m/z
100 - 441.3
i 397.2
<L
i 321.3 365.5 399.3 4853
0 T TR T P DT P ST R P T | R DT PR | S B P T T B
50 100 150 200 250 300 350 400 450 500
m/z

2 ar KRR — AT E AT 50~650 m/z); b: K FR _JT 1S P (RIAHERE 15 V)
Fig.2 a: Fullscan mass spectrum of bongkrekic acid (scanning range was 50~650 m/z); b: Daughters scan mass spectrum of bongkrekic acid
(collison energy was 15 V)
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Fig.3 Effect of different compositions of mobile phase on the chromatographic behavior of bongkrekic acid

STD50ppb-NH3H20-3#241 RT: 0.50 AV:1 SB: 360.09-0.39 , 0.77-1.24 NL: 2.42E7
T: FTMS-p ESI Full ms [100.0000-600.0000]

220.1278
100 72
80
B o E116.9266
# =1 4412647
E 212.0736 =l 4850543
20 134.8929 =1 234.8188 316.7779 365.2485 399.7012 z=1 530.1500  585.1800
z=1 —— z=1 z=1 z=2 z=1 z=? z=1
0I.II/I|IIII]IL1lr}|IIII|IJIII|I\IIIlIII|IIIII|IIII|IIII|
100 150 200 250 300 350 400 450 500 550 600
m/z

4 KRB — P AR 2 PR (0.1% T R)

Fig. 4 Fullscan high resolution mass spectrum of bongkrekic acid in 0.1% formic acid
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STD50ppb-5#1409 RT:3.32 AV:1 SB:1012.76-3.19 , 3.53-4.12 NL: 1.76E7
T: FTMS - p ESI Full ms [100.0000-600.0000] 485.2548
z=1
100
80
B o 441.2649
1 z=1
=
= 40 F16.9268
® 0F i 194.0812 2168530 257.8564 297.1527 372.9909 397.2753 | 443.2713|487.2609 541.1744 585.1800
[ z=1 = z=1 =7 z=1 = z= =1 z=1 =
0 N PO === S VN ST T Y Y S S T s Y T YT N N 1 |
100 150 200 250 300 350 400 450 500 550 600
mlz
K5 OKEFREIR— P A w4 PR 1R (0.1%207K)
Fig. 5 Fullscan high resolution mass spectrum of bongkrekic acid in 0.1% ammonia
322 AR AL FERMRN 0.2 pg/kg, & RRWKEKF 6 UCEATINE BF1

S T N R A U MR e Xof K T T R L 3 R T
TEAT R, Z5 5L 3280, TR (A8 B e B R e X K B 1
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B, GEA SEBRRE S I HERE T, DLARRE BRI (R 1),
e 75 5 T3 v A DR R K I TR 19 2 T o 2R ARG, LR T
Gide arpret i), RERCR .

3.3 HIREEEMK

SR A T R W(2.2.4(0) R R BRI S A 4 5 e
FEXT KB IR BICR R, S5 R LB, IS L
LR BT 60 *CAKIRIEZEY 3 mL J5 Pk (ks GB
5009.189-2016)2 Fift Jy =X A [ BAT 2 11 [l g 5 T B I 22 5%
(RT# R 87.3%, Ji &34 EICE 86.6%), HIILTE
PR TAE R, AT AR 4 HO 30 B0 A R e 2 1 T B 2
DAV v Pl A SR (G RE AT
34 ERMNER

43 B LA A6 HL A S AR R . DR 2 R B VA TR
(25 PR b i B 2.2.4 400 3 P A5 ) Ay s 790 T A K T 41 2 PO e
HEVS WA TV VR, B Ase P 3 190 ST 359 ) o7 AL (B JBR 0T =
YA VA YL ) L/ 5 S5 75 R 7 {1 > 100%), - 485 5% 382 W KA
TR o S5 X A TR T IR 0 2 T L AN A R SR (3 3)

3 KEBREBROERYNCKH. THER
Table 3 Results of Matrix effect

O T T R M B CF- 2 W TR, n=6)

I — — I TR /%
FRUET I

KAy 1196 1231 102.9

Ty 1034 959 92.7

3.5 FHEEWIE
351 KBl EEREKBTEE

KEERFRAE 1~100 pg/L VYOI N R A, #H¢
FHORT 0999,

AT R FRDR HOK TR R (46 B 0.1 pg/ke,

B Z Ny 98.0%, RSDY% N 3.7%.
352 FEEMELSHEE

ABFFERTAN AR BT T 3 A S N [ED S 5006
FRE 5 B S0, S5R(FR ORI LMk B A %5 8 RAT

F 4 KREEBREUWERLER(n=6)
Table 4 Results of recovery (n=6)

e B (ng/kg) ISR % RSD%
0.2 92.2~104.8 49
Kty 1 81.6~91.4 3.9
2 83.2~91.9 3.3
0.2 91.5~101.1 3.7
EE 3 1 80.6~84.6 2.1
2 81.9~90.7 3.9
4 % ®

ABISE ST 1 s RO (3 - R IR B 12 T oKk
DA R OK e T R B 5 BEDNSE o 9 AR DT IR AR EE, SR
JORIR FH I P A e s e 0 8 R A R RGN i) SR BB, 4
SIS E] o e SRGURE (4 B Ry vl LA R R iy A e R ) O
S IRBOA R, KD TG AR R, S TR
RO o AT AL X K PR BRI TR 1) €38 R R A T A I R R T
BT, KBS ESI SRR I i) — O HEA ], FERR PR
SA0.1% F R) H, A I 1 R 14 o il i o B o, LAl R
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HE— 2P P A R . A, TEPR A S A K I R
R UAE T A, AR B R, B Tl o R (T A e
SRR B RO, DR B . AP
AL T35S TR R SR T PP OK I R R I s, Tk
FABE O L AR IR0, ORI R R [ AR i 7
G IRORE €35 - 5%/ BT A AR 22 i Hhe
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