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Rapid Determination and Dietary Risk Assessment of Bongkrekic Acid
in Foods by SPE-HPLC

ZHONG Yuxin, CHEN Yueming, WANG Yu, HUANG Jingchu, PENG Mingjun, SU Yanyu,
CHEN Jiaxin, CAI Weiyi®

(Guangzhou Institute of Food Inspection, Guangzhou 511405, China)

Abstract: A solid phase extraction (SPE)-high performance liquid chromatography (HPLC) method for the determination
of bongkrekic acid (BKA) in foods was established and the dietary risk level was assessed. Rice flour, tremella, corn flour
and coconut fermented beverage were taken as the research objects. The samples were extracted with 1% acetic acid
acetonitrile(V/V), and then purified on a Poly-Sery MAX cartridge and finally separated on a Athena C18-WP(4.6x250
mm, 5 pm) column using a mobile phase consisting of methanol and 1% acetic acid aqueous solution (80:20, V/V). BKA
was analyzed by the diode array detector at 269 nm wavelength. The results showed that under the optimized
chromatographic conditions, the BKA had a good linearity in the concentration range of 0.01~2.0 pg/mL, and the
correlation coefficient was 0.9999. Three spiked levels (low, medium, high) were carried out in 4 matrices, the spiked
recovery rate was 90.0%~104.0%, the relative standard deviation was less than 5% (n=6), and the detection limit and
quantification limit were 2.0 ng/kg and 6.7 pg/kg, respectively. This method is simple, rapid, accurate and sensitive, and has
a high recovery rate. It is suitable for the accurate quantitative analysis of BKA in various foods.The results of the dietary
risk assessment showed that the dietary hazard quotient of BKA was 0.0747, which was far below the threshold value of 1,

and the probability of posing a threat to consumers' dietary safety was low.
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HAb==ghtagis e (ILIE 1), BB THIEN
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Fig.1 Chemical structure of bongkrekic acid

TE GB 7096-2014( & fv & 2 ARk &R X%
TR D, 0 A R I P OR IR TR TR & B AR
# 0.25 mg/kg"?, (HAXI A B S A H BH A i BRI 2E
Ko AWFFEFRI, A 1~1.5 mg KEFRE IR Al {d A E
At TR AR HE ARG, fEA e AR A T i
SR T2 PR PR AR AR, T BOK TR B 192 v B =i A 2 11,
PRI, A 2% T A it 3 A AR - A LA & L T T
LA i R R A O A5 P ORI B R 1 & L EA T
A, FxF FLE B 2R R KU U TIPS . Ak, s —
PR« DRHE L AR A R R FRAG I 9%, X s &
i 2E A WEAE U ke

H AT, KB R 1 A2 Jr vk 222 R o e s 2
AT 25 U R AR AE A 3 1 U0 A o i T
RPN A H S )R TR T P, S T
B e i A, (E A BH P A i, X AT JE WA PR
IR TR RN v L K H BRAIK, (H A5 5 B,
LIHET o FREBAT iR AR 7 (GB 5009.189-2016
B A E SRR E B ORI B R 1 s Y1) S
FHPARE R H . R IROR T A ] S5, LT
FEE TR/, T IR A BOA T 2 EFE R B = ae
P AL, X ERBEAS ALY, EISCRAIR 7180

AFIEINEE 7 —Fh SPE-HPLC P i £ 4t
HROK R RRITR S 10 2%, FR4s B G R AU P+
AR, AN FIZE S S AR BRTR Y & B R I AU
PPN, DAHAZUL . Bl Pl B i TP ORI A R 1 &
TR, A B dh e G A 7= M OBURF AR SSERT T8 W SR LR
1 MRSEE
1.1 MRS5S

KBERER RS, 4l = 99.9%, iF2AA 1SSy

RIS AR A FHEE LC/MS 2%, 2[E Thermo
INFEL oK (Teghal) | Wig . 2R . LG (taikal) | JG
IRBRAREN . EALEN . TOKBRIREE (SrbTal)  RERHS
RRA2ETR A E KB L 4R H- . FoRopy L iR R BRIK
BHES 0 TR A T
Waters 2695 1= &0 W AH 2 354X (FL PDA 5 1l

#%) . Oasis HLB [FIAHZEEUF (500 mg/6 mL) . XSelect
HSS T3(4.6x250 mm, 5 um) 3€ [E Waters 2\ & ;
CP225D HF R FEEZFEZLZ AL F]; TurboVap
AMWAYL 3£ 1E Caliper 23 7l ; MIli-Q Academic #A4f
IKFRGE 1l ER e 2 BRI F] s MA3basic [B]JE5E
&y TEE IKA 2w 620 R IR EOHL 3-18 KS

TEF SIGMA AF]; C g BAHALHE(1000 mg/6 mL)
55 85 T35 ek Strata®-X-AW (500 mg/6 mL) &
[E Phenomenex 4\ 7l ; Poly-Sery MAX [#] #H Z£ B 43:
(1000 mg/10 mL) . (%% ( Athena C 4-WP, 4.6
VGRS SRR A A R A F
Hypersil GOLD aQ(4.6x250 mm, 5 um) S&[EFEER
K2 F]; Eclipse XDB-C4(4.6x250 mm, 5 pum) 3£
[ ZEHER N F] o
1.2 SLWHE
1.2.1 FRUEES U HEC
1.2.1.1 KEFRPRARAEAE 75 MR (1000 pg/mL)  #HE#A
PRI B B R AR S 10 mgORS A= 0.01 mg), FHEF
B, A2 2 10 mL 2 a0fb, TP e A2 %)
JE. BT 2~8 °C KA PR GARAE
1.2.1.2 KEFREERARAEP EIUE (10 pg/mL)  HERR I
B 100 pL SKEFPRIFRPRMEAE 25 R 22 10 mL 25,
FHHRBERBZE ., BT 2~8 °C UKFA P EHOEARTT
1.2.1.3 CKEFPEIRPRE TAEW 43 5EE BGE moK iz
PR s 4 v () 9, FH FP B R a2 %, B Bz 0.01.
0.05. 0.1, 0.3, 0.5, 1.0, 2.0 pg/mL bR HE T A%
W, I B
1.2.2 AESAHTANER
1.2.2.1 FESREREC HEBIFREL 10 g RS CBRERE SRR
B S g, ¥EAZE 0.01 g) T 50 mL B5.045 7, A 10 mL
#alizk, 20 mL 1% LBR-ZNE(V/IV), 4 g To/KBLER
.1 g SN, 2 g JO/KBRLIREE, IVEHRIBOR ], i
$2£HL 30 min, L 8000 r/min &.[» 3 min, BLETF NG
SRR T, 3 mL IS, ik
1.2.2.2 FEMEAL AR 5 mL HESFT 5 mL /K&
1k Poly-Sery MAX 5t 2 7 32 #e A4, £ 5 E0RHE
. A 100 pL Z/K¥ 3 mL EAEWE pH 8 5 &
9~10 #f 4%, FEFum th Wk, MR 8 mL KA1 8 mL HY
B M, IR e, s A 8 mL FH R - Y
R (4%) VeI e i e 4 3 1T )5 F 1 mL st

250 mm, 5 pm)
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REZE, 1oF 0.45 pm FHHULFLIERE, EALMNGE .

1.23 (%% fF Athena C -WP MAH A IEHE(4.6%
250 mm, 5 pm); AR EE: 1% £ R-7K (80:20,
V/V); #E1E 35 °C; K 269 nm; A 50 ul.

1.2.4 wAHORESEAR Ak

1.2.4.1 AR pe e Rl B X 7 3 1 R A
BE | e M PR B 3 SR Y S ], AS SRR
SKEFBEEZE 190~400 nm PEF 72 P33, MRS “ i
B, LR/ N 1 TN, 356386 HH A A I I 1
1.2.42 GOSN EEE AT R AR B
oo ASSEEG LA 1% LHAR-7/K(80:20, V/V) hifish
M, FEHADSEAIF IS4 T, 525588 T KRR R
PRBSWRAE Athena C18-WP., XSelect HSS T3 Hypersil
GOLD aQ M Eclipse XDB-C18 4 ff AR [A] C18 1 |-
P BT O, Oiide HH A (i AE .

1.2.43 FIAHLILGIMER:  CKREFRREA 3 PR
Fe, TERRMEAAR F2 AT A 28 i K PP o1 R 1 e 5, 45381 o
XoFFR WY o PRk, AR S g AE B 1% L BER K
(80:20, V/V ) i, SR FHK I B PR AR EIS R, 53331
FELT 75%. 80%. 85% 3 PMASIGE] HuAF) i) ki 5h
FHAH U TE O, DA AR LS AHBC EE .

1.2.5 FEERTACE T IRt

1.2.5.1 FREIRBOEFIEi i fe B e nae
AR T, ASSL SR FHZS AR SR INdR i =X, BEER
KMy AR BB AT R RO R R TT, LUINAR
NGRS PP FE bR, 43507558 T FI IS . 27K - Y s
K(1:80:19), ZHE. 1% ZBR-Z 05 (1:99, V/V) [y
1.2.5.2 [FEAHZEBGAERERE  FETC LAY IE
T, ek, Jok gt T HER I E . NI, e HA &
B WTE LT, ASSLEG R FHAR FAE i aR 38008, 47
BZELT Cg. HLB, 35BS 73844t strata X-AW,
5 B 2 T 32 We kb CNW Poly-Sery MAX 4 Ff [&] AH#E
U e AR, e Hh B A v A .

1.2.6 KEFEIRFREMEELE A S SCHRIE R K BN
TR AE R OGRS 0 N AERE ), AR SLIG K
PR R LU BE (0.1~2.0 ng/mL) BYbRAESS 53 91 BT
VRFGRESCARTE . EOERE 3 d. BRPESRIHAAE 3 d, 1F
BAEOTEAIE TR, 433l T LA, 38 % b H g
HARARAL, B EORER TR T -

1.2.7 JiiksfEss

1.2.7.1 ZeMEV BAG B BRI K PR R b
TAEW, G e ROBRAH TS 53T, AK PR R P2 1 Tk 3y
REARAR (%), WG ETF A AR AR (y ) BEF TE M [R1E 5347,

s mlbR a2 DL 3 4% S/N R FR, 10 4% S/N K

ERIR
1.2.7.2 [ADSCRFRT R PRy L B H L oK
Ay R A BEUCRE 4 AP IETTES RS, INAR . A

i CRME KM A B 7 & KOk 0.030. 0.060.
0.10 mg/kg; 2 H:: 0.060. 0.012, 0.10 mg/kg) 3 7K
SR K I PR PR AR TS W, B AR K351 T 6 UK
AT, $2 08 1.2.2 W HEATRTAC IR S, SEAT i O
Lo T A, AR I S 3% SR o [P e 3R RO 2% i 1 A 7
ax N
1.3 BERXETH

TE B il 2 4 AU DA T, 36 B U — 28
SR, AT AR AR BE, A T AR S 2 EAME 5%
AU IPAt R AR PO27 . AHFIE 2 BE SRS (PEN 7
L T ROK I R 10 fE RS HQ, 24 HQ>1 i, FHK
P BT 2 1) T P 2 B AU 3 22, 2 HQ<1 B, I
HEREE XS N HQ B BRI AT

HO = LS Ex PG EE
SFEJRE x ADI x 1000

RO P A R OR B ORI PR IR Y A
TEAKS HARE S b, RBP4 &t LA aR e vk
A HA BRI —2fe3 15 2 RE SOk A I 58 i 2 4 UK
Al 23 B3 S5 AR SCRIE , KoK . AR B . FoRps L MiBT&
B oL 09 B3 H OSP34 1% B & 435145 300, 300, 300,
500 g HH8; SEIARE 2 60 kg 1145 ADI N4EH 12
VHEA
1.4 HIEIE

ASSLH K FH SPSS Statistics 22(ZEFE IBM 2\ 7))
I Microsoft Excel( 3£ [E Microsoft 2% &l ) Xob 46 | 4%
I TAIE ST -
2 HBRESH
2.1 RAEEIEERERL
2.1.1 KM e RE ORI B R 10 A U K
P (& 2) AT 20, 76 269 nm A0 H B Ee R kg, 235 nm
WK, AR W, T /NI 19 ), ARSI 56R
JH 269 nm SR EEBE IR () e AER I R 1 . Egs R Y
2RO E O HGE 3
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Fig.2 Absorption spectrum of bongkrekic acid

2.1.2 S AE IS 5392k Athena C,-WP,
XSelect HSS T3. Hypersil GOLD aQ & Eclipse
XDB-C,g 4 FIAR[E LS C, g A X AT PR 2 b v 175
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W7 50T, G55 ULIE 3. HHIE 3 AT, KR IR 7
pH M ZJEFE M 1.5~10 B Athena C,¢-WP R AH (1%
e REAEAS B 43 B ARCHR FESE i A, LT
WEE AN H bR i3 BT, PIAS S 56 e 4 Athena
Cs-WP (O3 75385 .

0.05 \

woabon N

- 0.03

< \ Hypersil GOLD aQ
0.02

N XSelect HSS T3

0.01 w_\_/u/v\__

L AemCoWP
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Fig.3 Separation efficiency of different C,; Columns

TE: =7 BIrbRTE AR K A TR

2.1.3 WishAHERBIgsERE  F2AR 1.2.4.3 iy ikiE
AR5, a5 LI 4. A A 4 AT, Y EE L s Sk
75% B}, KEFEPRIAR I H U RSF W] 24 13.2 min, HIEGEEE
K, A3 B R 255 M4 vy F ) LR A8 85% I, KR BRI IR
A AR T EE AT 2 6.2 min, WTRESLT, (H2S [ I8 TRE
AHAE 6.3 min BVTA TR, AR TFUERNE . PRIt
P s ARE N N 1% ZR7K-F (20 : 80) 25 FEE e,
KPP P IR ZE 9.5 min HY UG, H &R [R) JE, H TG 2% )51
.

0.07r

0.06 F

0.05 F

Saal

<0.04 K 80% 1 iz
0.03 F

0, =3
oon| [\psems

0.01
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Fig4 Standard chromatograms of BKA in
different mobile phase

2.2 HEEICIBERHFHIMRKL

2.2.1 FESMRBUSFIMLAL DIk AR B Bk
Ay . R R ORE R BE BT, 435 25 48 e . 20K -
BE-7K(1:80:19, V/V) | ZIEMK 1% LR-2.0E(1:99,
V/V) 4 FpAS [R] i B 79 A B ORISR 45 5
2 1. HER 1 AT, SR W Bs AL NG AE R H2 105 51
Bt Xt 4 P bR BB TR 1Y TSGR AT 40%~65%,
ASRETH AL AT LR s SR AR - FP - KAV A BGA 771
RIS S e o & SR e = e RS N N 2o =
(ERAEAR H A a9 [ENSCR A 60%, 111 L FF A1 7K AH

AT ES T R R AR AR B (A3 15 5 40, R RSy E 4
PERERES, T2 E P RIIR T2 S i
=, DRPESR A TR S el A R K e,
PEBGRAAR ARG B, FEIAE I 28 50 S EBUF AR AR U 5%
FEICH 13K 1% LWR-NEXT 4 PR il 32 5t v oK
PR SR BUSCR c i s, ISR T 90%, 1fi H., 7
PR TE SR T , KR 192 1) i 125 22 B, A3 R K
MR BIAPLAH, 5346, IKARJZ AT LA S BREs oK g
Ty, v oD AR A BORE I 2 S, R, AR S5
1% Z1B-2. 15 (1:99, V/VIVE R BAHRBOER

1 AEFRBGH R ER Y [ 3

Table 1 The recovery rate of bongkrekic acid by
different extractants
TR IR (% )
b L EUK-HIEEK L %22
T soco, vy EM T (ee viv)
Kby 65 95 55 96
ARH 45 60 40 92
FoAH 65 95 50 94
T &R OR 60 80 45 97

2.3 [EEZERERYIERE

ARELEGFEELT Cg HLB. 55FH B FASHAE strata
X-AW, 5& [ B F 38 #4¥ CNW Poly-Sery MAX 4 Fft
[ AH A% BSORE A v AR, G5 R LI 5. IR s T,
KEEPRPRTE C g HLB [EAHZEBGH: FILICOR RS, MiAE
BH 2 F 32 A strata X-AW, Poly-Sery MAX A &
BA TR SCRRHRIE 1 K I PATIR 555 BH B8 38 deAt: 1o
EARER,

0.10
0.08
0.06 KR
= . C18
- 0.04 -~ IAL_ACNW Poly - sery MAX
' b | | AHLB
ol [ astrata X-AW
' N s
0

270 2 4 6 8 10 12 14 16
A (7] (min)
5 RE#S SPE /IMEEFHLACE
Fig.5 Purification efficiency of different SPE

Strata X-AW AR 55 BH B 738 #edE, S5 5508
PEIEH, ALFRIANEIE(-NH,), fflE (-NHR) , AU L
(-NR,), TE/K FHHEMF 25 H OH I S 55881k, wl 7E ik
Rt 254 N, HOE A RE S HAME SR
FLAA S, A AT A5 K R R R T B9 ; Poly-Sery MAX iy
TRATETR BH B8 T35kt S A smasitt: 2= 3L A, pH i
SZEEA 2~12, FEKEE W AT pH 254 T #P Rl
R R AR I FRAeT, TE AL A SR IR B IR PR
ARG S, FrLh AR pH AT 2 9~10 n] 5K
PR 5 4 BT B, S5 B B Ak 1 22
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TEBS T & A A S T AH B AR FH T SR AR R PR B 1 £
B . MIE 5] %0, Strata X-AW & Poly-Sery MAX
FEF AR AT, KB T L 07 i T H At 24%)5T
TP

F3Hb, ASSLIGXT strata X-AW M Poly-Sery MAX
[EAHZE O IR MRS T T 548, 45 R WoR, 55
BH B ¥ 28 e AL T strata X-AW B9 I A5 [B] IR N
76%, ISR 1] Poly-Sery MAX 5 BH B 2846
FETFBIINAR [ERCRIR 98%, i AN Z R . I, A%
SEBG 5 Poly-Sery MAX [EIAHZERGHE FH L5 B4
AL B P BRE: HOKH 5 mL FHESEAN 5 mL 7K
WAL/ /KRR AL IR Y pH 375 & 9~10 o
AE, FEFU R, HRURFHZK ORI BEgbk o/ IV, BRdmipizis
KA 0T, -2 BEI B e 4% W R - i R ik
5, IR i T /5 0 1 mL HBSEE S
24 KREERREMER

F IR 1.2.6 T IATORBE TR iR E PRI, 4551
UWE 6. HHE 6 RIHl, FEEPNAT GRS S5t & T
KIFETRPR B ARE , SEgo i B R M 254 I =N
AT HCRB G AN SR 25 2R

25ES

CIFIGTE
5 0Es - EEEDCRT
: A% PG IR
AR RAT
g:é 1.5E5
=
& 05|
5.0E4 |
0 N ZAN

A
0.3 0.5 1.
W (mg/L)

K6 DRAFZRIER ORI R AS 2 M 15
Fig.6 Effect of storage conditions on stability

0.1

S

of bongkrekic acid

25 FHEFER

2.5.1 ZRMFERIAKEHER  FoH RIBRHE TAER, 78
IR EAES AT A R BT B ALRIN, DL B A Al
s, AHR U T AR AR R bRl £k, £k 2
R y=1.49x10°x—319( R*=0.9999) . Z5 L F 1, 7F
0.01~2.0 pg/mL B NLRPE R 45 KEFERER Y
G BR (S/N=3) Fll5E 1 FR (S/N=10) 435"/ 2.0 ng/kg
6.7 ng/kgo

2.5.2 [FNRCRFVRE RS SRADKEY  ARHE . FoRE .
TR ek 4 PO TR LT, 25 5% T a7 12 1 [Tl
RRNAGHEE (n=6), Z5R UL 2, R 2 0] %0, 4 ke
Sl ST HNAR [BISCRTE 90.0%~104.0%, AHX R fE w22
INTF 5%, G5 IRFCEH TR T OR  EE v, SRR, 1T
385 FH T DU i A S o R P R e 1 2

K2 ORI MR S 5 45 R (n=6)
Table 2 Results of recovery and relative standard
deviation ( n=6)

B w0 [T iR SEEICR AR R 2
s (mg/kg) (%) (%) (%)
0.030  95.0~100.3 96.8 1.94
PR 0.060  92.3~101.7 96.1 3.95
0.10 98.10~105.0 100.7 2.37
0.060  90.0~93.3 91.7 1.99
B 0012  90.0~95.0 92.4 1.85
0.10  98.0~102.1 100.3 1.64
0.030  90.0~96.7 92.5 2.73
Tk 0.060  91.7~97.5 94.0 2.13
0.10  97.1~104.0 99.1 3.05
0.030  87.3-933 90.0 2.55
M &IOE 0060 91.8~100.0 97.3 2.97
0.10 102.6~105.1 104.0 0.97

2.6 BERMNEITME

SAPEAR T P T A B R K I BRTTR I XU 7K
S, TN T T3 BEA LI ECK RS 4R B FoRAy L AR
T REECEE L4510 43, SR @Sr (9 )74 745
Mo g5, IrdhEL 40 s0kE5 b, 36 8 k¢
SR K B R, & 18 7E 10.6~50.8 ng/kg, KT
GB 7096-2014 B e 4= FE S pniE 2 R A - D)
11 0.25 mg/kg BR &, LA AR BAE SRS HH K P bR i
Fe ik 50.8 pg/kg, HATRE ARG I OK R B R (&
HAKT 2.0 pg/kg) o

H AT, BN EE R R A ADI B AR A G
FHAE o AR SRR B XU e R AR IR ), 2% GB 7096-
20148 i 2 4 E bRt 2 bRl ACHGH i )R 4R E-
T A il A P T R B A b, o [ R SR A
LA 60 kg 1, B H PG Erimdie 0.5 kg i, il >k
BB IR0 ADI B 2.08 ng/(kg bw); LABHZHhEL )
40 3 Ff b HPOK BB BRI R 1) 2 B 42, 346 1.3 Iy
VAP T R XU BEA T VA, 45 SR L3 3. ke 3
AR, KRR IS B /a3 BB 0.0747, K T ilf
FHE 1, BIVK P2 B 1 17 i B XU A5 AT, o Vi 2 38 1) e

F 3 OKRBERERRIEE KURITAL A4S
Table 3 The results of the dietary risk assessment of bongkrekic acid

. KBTI RIS R Rt SR NEDI GO
o R S A i (pg/kg) (kg/d) (mg/kg) (ng/kg)
E S 2 35.6 10.8 0.3 0.0262
HWHE 3 50.8 38.2 40.6 0.3 025 0.0683 0.0747
/S 1 2 30.8 10.6 0.3 ’ 0.0247 ’
¥R R 1 24.4 / 0.5 0.0362
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B A B R ARATG
3 g

ASBIFFEAENT T B R T TR R 5 e ARG 7
o ARTTIEAPRTE PR A HLEGRITEAE R HER
PR L VS FRIET, Jr AR AR S PRSI R,
eI BRAER AR FE, 138 FH T X A PR R A XU
WAz, RSSO AN 5 K AP RS B AT F 28
A S DABE EHHIRTY 40 396 5 H R IR DA R 1) 2
ARG, GG G KBS PPl 7125, RI2EPPAL 1 ORI
P2 A B i AU KO- 4520 s, KRIFERA TR R £
TR AU 0.0747, I8 TG FHE 1, XF— 8
D BRI AR U AR

FUAT, F B LA X - R JHCAa] it v K P TR R 75
AR H BREEEOR, W HA R 5 P ORI AR & 5ok
AHIIBRARLE . PRI, A B SCHTFE N BB HA B
i HPOK B IR & B EA T4 T . R L 4 XU PPAS
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