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cocovenenans subsp. farinofermentans, often contaminates fresh and wet rice noodles, fermented
rice and flour products, black fungus, white fungus and so on, posing a serious threat to human
health. However, there are currently no targeted methods for early intervention and detoxification of
bongkrekic acid. Therefore, it is particularly important to understand the information on the
distribution, toxicity mechanism, and rapid detection methods of bongkrekic acid. This article
reviews the research progress in bongkrekic acid regarding the above aspects and anticipates
research trends in relevant fields. The review aims to provide reference for the prevention and
control of bongkrekic acid contamination as well as the development of specific antidotes.

Keywords: bongkrekic acid; Pseudomonas cocovenenans subsp. farinofermentans; contamination

distribution; toxicity; rapid detection

oK T TR T o PRI B R B N T 19 A T M e
(Pseudomonas cocovenenans subsp. farinofermentans)
FHER RIS IAETER, T 1934 4E7EENE 2
POME AR T7 a P i OB, HLA 1960 48,
HAPFLERIABHUE R CasH33070 20 4L 50 454E,
L AR DX RS R A K B R ) B b
20204F10 A 5 H, MpiTASTigRELET
—EREREEH MG TP EEE, 9 A2E
FETS, B OTERTE B RR 17+ Hh A i 2
W BE KRR 1R

K T TAT 2 FH 1 BE A 1R R B i DT TR 2 i
(E 1), TECHE. Aok, &7 HESA LS
FR A K RO BAT R e, H S
PETESW M o o T T AR E , ORI
PR 2 — i e i ELME AR A B, W R
At N7 VR IR PR . ¥ ORI e UAT R 2
B o ORI BR R I H A7 1E T R T8 BT A4
Kby, REAREp, HIoE | Jok, TR P
RS HOE AR S e, IR RIS i 1 &2y h
BEMYRUS o A, R EER R X AR B IE . 5
JUE L O A O G A B L A A AT 3 ™ R

E 1 KEBEREWREE

Figure 1  Structure of bongkrekic acid.

F o HAT M ICROK B R R RUR BRI Y, —
Hia, JEREIE 40%-100%, Hitk, &
AMFFOKBER R A 5= s A, B L TE
RN P BEPEVE FIBLE, AT LA b Bk A
O A A R B O B A S R B B, ISR T
MR 2188 5 1) A B A5 B 4 SR AL BRI S 4

BB, AWFFEHE T P. cocovenenans subsp.
farinofermentans i A= fL %5 | 5 J 1 43 750 Fl 25
FAERMLURE NG, R, TR
PR 95 G AT L HEE B 0 e R I R g A
BB . I, A SCIE T SCHk IR IF AN
HATIANTSY, BT K IR R A Ty R B . A
fiE . V5o An . KeDUARME . BREARIE . HEEdy
S EETEMLE A R ARSI i, DU F
T B K B TR R 5 | & i B vh B R R R A% o
FIPRME RS T BLAh, AURE T RRAEK
P TR R AN . 2 T RN i e TR ISR B e, iE
L RE N TR AR, e S 40 1 B 1 S
B4, BT e X R 20, I RS
REALAS I B A, DT SR BB} - A P2 i T -8
Gl 2% ) DK TR T T O O AR B 2

1 KBEBRWNALEIARFRK
1.1 KEFBRNSEDH
1 N SRS BN S 7+ | By, S 5

P. cocovenenans subsp. farinofermentans r=4: &
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R, REEEPIT 2018 AEX A K
T Ry S CHL R b A R B A e R TR R
(Burkholderia gladioli)iff 417 T4l . 458 BN,
5 AR TR E R B RTE R, H
A M1 B PR K TSI A A A R BRI 1, K
A 0.06%. MRoetFAENT 2021 45 AT E /7
BHRET 129 (I IORFTEMFEGL, M 4 it
FHREOKRAN 1y B oK 43 25 6 bR B
TR RIBICHE, Hb 4 BREEE KB TR . K
SCHRAF JRRE . R K L R A 180 A
FESIEATREN, B4 B 6 BRI EE R R
TEECT, KRk 3%, gk g e 55 43 5 F
2021 4F4 H . 7 H . S AR 10 HRE T M
i H DX AR AR R TE o 1] b 3 40 13 (RBOK A
16 13, WIER TG 24 4), Horb 2 K H
1 OMBTER R T R E R so 8 RTECE, IFH
BBk, whREENF 2021 47 H
2 2022 4 6 H BRI S H AR PR T4 AR
i, 3 4 DNFEHCRET 222 (hAEM, B
5 RRFE B R RFE IR R, Hi 3 AR
BE, RUET 1 4 (R KA 2 rR Ak,
I HL 7™ B R 15 77 0 B2 IO H B4 K 2 TR R 5 140
Wh 16 480, 17.3 F112.1 pg/L. MIKATIL, >k
PETR R TS e B A ™ . st . WA S sk 2%
H AT REAEAE o

i 2 R i T I ) X B A1 B R A K R
FEREHA B, TR, ERPIRIE N
107 CFU/mL, 26 °C153% 24 h Ji KB R 1Y 25 &
Jy 30 mg/kg, WifE 36 °CHig% 3d )G, KEEH R
B R ik 38 me/kg; HHHLZF, TEAA[EEE
Pl NS SRR BE SR, JEORK iR ORI T 12
EAUAE 0.7-16.0 pg/kg 2, #E—FRIAK
3T i R B R (o B R A K ™ B I E
) Yao ZUOTERF 482 1R A FOTE RS H A
ok, &I T 3 #k P. cocovenenans subsp.
farinofermentans, i H%h 0.62%, Hrf, @KH
HR K BE TR R U M (13.67+0.64) mg/kg, 24iE
KIEMFENL[(4.68+£0.54) mg/kg]iy 2.92 1%, Ak,

TEUR N 4% K M IR KA v, K I TR R TR oy
(31.72+£9.41) mg/kg, J& AU MK 5 A9 FF 5
[(5.53+1.23) mg/kg]if) 5.74 15 ; /£ FH {6
FHIERE & FHTE B AT DA RRAR I K £ ik 22 S 2L
KEEWIREY PR FEEW &
PR, 20 AN H AT S22 S 58 P, cocovenenans
subsp. farinofermentans 7= 8¢ AE /1. [RlE), K
P TR R 1 7 A SRR T IR B VDA G, T H 2+
R A EERR . TERR, VAR E KT PR |
IR SRR DR

AN, A2 2% P. cocovenenans subsp.
farinofermentans i {4 4% 1™ 25t A7 1 252
Buckle ZEMAHF5E 2281, pH (B AT AL 50 X B Ak
W= EERe N A E LR, 455N, &L
PR VS TS (R38N, ™ B TR R 9 A B U 2%
WERE T 5 A 2% A4 H pH {EIH %2 5.0 LA
T, WA ARER; 5o, AREH, A4
B B R HOK I DR R AR A HE R =ik 19.04%,
MAEREIE, SR S ENEMN 2 52, &
3 18 T 25 R V0 R 2 08 40 R T T A AR AR
P. cocovenenans subsp. farinofermentans fit) {5 %
A8 KR o
1.2 KREZFEER BV M AR EFN PR 245068

B XK B TRT R R RN, 1997 4[] &A1 1Y
WS/T 12—1996 { 527 {5 5 A 7 1 oK 11 7 A 2
Y b B 12 W bR E K Ab BRE N ) A7 b A oY
245, NWKEEREY 2 EiR4Lt T a5
AR PR U4 % AR MEXT P. cocovenenans subsp.
farinofermentans I TE &2~ 12 Wi 7 ik . stk
SIS VR AN W S ) Oy A T T R A R R
E. B, TEMITH GB 5009.189—2023 (&
i I 2 AR U B R R TR R ) ) T
FIHTF GB 5009.189—2016"6, 38/ T 25 — Fl k6
W5 ik —— A - i/ i v, IR A I %
SR R 5 | R A T B L T R R
R S R B ] i - GB 5009.189—2023
38 2L 5 35 WA €85 78 I B 3 AR €57 - AR EK T
TV, SR I TONS K PR AT IR 1) e I R R AN
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HERPE, KR HBRFERE 1.0 pe/kg, EEE
AL &= 3.0 pgkg, X — KM F GB
5009.189—2016 Hr gk iR 0.005 pg/g F1E &
FR 0.015 pg/g HARE; [FEF, ZbrifEd it
T GB 5009.189—2016 H = (i vk pY 45
THERFAR, TR T AN 25 SR AR pEL o
AN, A FEARHE T/HZBX 35—2021 &k
BB R MUK BE IR & 8 = A0 A (35
YU T/HZBX 060—2023 (& it hEw E ALK
PR AT TR 1 I R - O/ k) U
T/SATA 042—2023 ( fE R AN HPOK B IR 140 5
VRAH % - ER IR Tk ) U1, T/HZBX 35—202117
FIAE T 6 e v 2% FIOKIRE AT IR 1Y) /= 50U £ 1
WEdT, HHoKEmEIRAR HER A 0.1 pg/mL,
FE PR 0.3 pg/mL; FHES T AR B & A2
T/HZBX 35—2021, T/HZBX 060—2023"8 %]
T/SATA 042—2023" A {UELE T 8251, 68
TR VR AR B . SRR DR, HAK
M, T/HZBX 060—2023 S8 Hi it i Al (2,35 5t
T/ B A R TR R A A R BR 4 0.05 ng/mL,
FEREFRA 0.1 ng/mL, X HIEEFKE ., =H B
AR HFNTRR b A [ 2R 0 51 R 87.1%-96.7%
86.8%—94.0%. 89.6%—95.7%F1 91.5%—94.8%!"%;
M T/SATA 042—2023 4 X} &f 3G KM Fp K i
PR 1) W AH 835 - R R B s A I O ik, R A

15.0 pg/kg, BIEFEHEIR 70%-110%", DL |
Je TR E AT i — R YK EE TR R A AR i, T H
T ) TG A X0 A P T 1R % o 10 s o

FEFR EhRUE T 1R, GB 7096—2014 & %
4 [ A M R TR SR ) PO BB L E T
R H R HL A OK 8 TR R Y O AR O
0.25 mg/kg, FRMT, XF T HAD &b oK EE TR R 1
PR, H T JoAH N B bR AE RS .

2 XBEBRNYEEGHMTE
A4

21 HEEH

HEHA, KEFRD SR FEEEPE
B J& PG S A ] o R R TR R R BT R e i 1Y
MRz —, HIETRKFIE 40%-100%2",
ARSI, 1951 HF 1975 46, EERE
VG TR (2 DR A0 25 A1 B M A1 ¥ G 1) R o i
FH oy REESERGF I 800 HU2, ARIEE R &
T 5 i A 0 D) 45 5040 T T A T R e L FR
FEI7E 2002 4F- 2 2016 (A4 & A 16 2 KRB
Ro M EY bR f, 80153 AB%E. 51 A
T, WBIEGEER N 33.3%%2; Ak, 2015 4
FEARUN L 55 L o i 2 T 80 LA A K i AT
MR REEE, S875 AFET-PIE 1),

x1 KEERFSEHLE
Table 1 Summary of cases of bongkrekic acid poisoning
AR I a] T N3 L AN 22 3k
Location Time Number of poisoning Death toll Reference
BLZ T KR Tete in Mozambique 2015 234 75 [23]
t1 [ Wi VT Zhejiang in China 2018 3 1 [24]
w1 [E 22 Jp VT, Heilongjiang in China 2020 9 9 [25]
[ ] 4 Guangdong in China 2020 11 1 [26]
EVEE J& PG 0 TR 1895 9 5 [27]
Java in Indonesia 1951-1975 7216 850 [27]
1975 1036 125 [28]
1977 400 70 [29]
1983 450 42 [30]
1988 200 14 [31]
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22 HEHFLRERLE

KRR 2 fE R T th & aE R . /DR
SEuegE R, HIR LDso 4 0.68-6.84 mg/kg,
Bk 25251 LDso N 1.14 mg/kg, MBEIELAZHH
LDso M 1.4 mg/kg; 73— JEF X KR B9 %
BY, ORFIE A 2 mg/100 g BYK R R 23 7E
2-5 h WRBECKRAET:; MAER—TFR$,
57 1 mg/100 g 95, KEAWE, (HFE4 h
Jo PR 25 T AR AR ) 2 S R RAE T . Ui
Ah, WA R, I K R R VR 1S 3
200-300 pg/L e BatH . MR HE A R i &
245k 4 2004 800 mL R, KB R 1Y EAE 57
W2 1.0-1.5 mg.

KPR R A Y KR M 5, 7
NN B R RS, S8 51 hE, IRIBEPK
PR MR B IR TP Y 1.56% (3% 2), X3k
AL A0 DL B8 CHE M . K 9% T R 7E 90 1k

*®2 REBEREANARHEERL
Table 2 Metabolism of bongkrekic acid in human
body!**!

HRAL KT T PR YK T HEE J5 B A
Body part Bongkrekic acid Post-eating
concentration time (h)
PR Urine 7.04 ng/mL 51
1 #% Blood 450.80 ng/mL 51
137.70 ng/mL 218
FFIE Liver 0.79 ng/g 125

RS, AT DU L i e AR 25
NHLFIE . TR, BF T aES
PR Mt | BRYS RIS AL R G e 22
RGUEAR, FUE AT RE B A B BE
MIRERRRT, LIRS B B RIIA,

KR P BE A I R R BUE A AL, 2%
SR AL RAGME R P, £ 3 )
H R BRI F 7 EROOE R o B AR

*®3 REBEIREANERRIEF

Table 3 Metabolism of bongkrekic acid in human body!?”!

LY NS RApepiites

Organ Human pathology Microscopic pathology

Ji%i BRI e M K, il M ITAENE, /NKIRSE

Brain Hyperemia, edema, and herniation of the Neuronal degeneration, cerebellar necrosis
leptomeninges and arachnoid membrane

O O JILB BT SR A, o PR BRI 1B 1 OAUMIKAE R, zsiafe, ot , A0z R

Heart Hyperemia of myocardial interstitium, Myocardial hypertrophy and swelling, vacuolation,
hemorrhage of endocardium and epicardium granular degeneration, and nuclear disruption

Jiti MAEY 3K Fem ., JRkhrE i i LY 5K, ALLANE . AR . AR A

Lung Vasodilation, hyperemia, and focal Alveolar dilation with presence of erythrocytes,
hemorrhage monocytes, phagocytes, and leukocytes

JHF 1 A A, ARRI S, FRTEK B INIEHRUGIRBE | MK BRI AR T

Liver Membrane wrinkling, volume loss, and Lobular central necrosis, swelling, and fatty
yellowing of surface degeneration

&1 B, Rmd, BNVE B AR I N R NS AR, BORLR i

Kidney IR, B RA AR
Enlargement of volume, surface hemorrhage,  Cell rupture in proximal and distal convoluted
fatty degeneration and necrosis of renal tubules, with granular and hyaline casts
tubular epithelial cells, with mild regeneration

AL PRSP 5K, e /NS KA BT 1 R R i

Spleen Dilatation and hyperemia of splenic sinusoids  Subendothelial plasma protein infiltration in small arteries

H WEEER S, BY ok, FEAR S M B L, IRAE

Gastrointestinal Lymphadenopathy, gastric dilatation, and Edema, hemorrhage, and necrosis

tract patchy hemorrhage of mucosa

o)) U eintiiy /

Chest and abdomen  Small amount of fluid accumulation
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KEEW IR & — PP b AT R, i
LR IR N A 4% 1R 5 L i (adenine nucleotide
translocase, ANT) 52 Wi 20 fifd %) 1w A . 7EZR
B, A R = W2 17 (adenosine triphosphate,
ATP)i#ll # i 14 ANT 55 M —Bl& AR 1 (adenosine
diphosphate, ADP) A 7546 , LARFLE Jp b 1A
Fiteft ADP (& 2), 75 I J %) oK 1% 1 R 2
FE F AR B A=A 5, Welling 550K B0
ZH 2 1 R 2800 5 B R 40 R A S R A
TR, AR BN bR, X —458%
R A b G B 17 DK T T T 000 ) 28 s AR il 1 112
Uio Peng SEBUE IR T ORI IR 5 | e 24 (A 7
B AL, R BOKEERFRIE A ANT BIRCAE,
WA ANT BiE 78 5 5] (“m™ ) 22 ) IR A& DA
T L EE L BE 1, B2 s o IR B 1 YRR
1 pmol FI K 1 R BV T BELWT ADP RYBERR AL 5 K
DL AEPOVR I, ORI TR R ] 5 B AR P s
Wrd | B TR RS A, MRS /N
JHAH L | i 2 oT R 22 ST A 2k AR 51477 . B
DK P T 198 70 St R 185 0, KEL T P 5 D) 45 3 e
o5, gEmE A, s R . A,
WA BRI, KRR AR 0% 1 5 5P iR
LML A, PO AE Dyl 1 2 T REET

Mitochondrial inner membrane
Mitochondrial

matrix Cytoplasm
—» ADP+Pi [ |
H - H*

ATP <: ATP

Bongkrekic acid

ADP ADP

B2 KREFFEBGAESNIAERE ErERNE
Figure 2 The mechanism of bongkrekic acid on
mitochondrial matrix membrane.

TERCH g, Li BSR4 Fah 112
BT TR IR S ANT 8] fFa e 1
SrFIEAEAER, R T KB R E o JE 1 R
71+ BKAE RS R ANT FALHL
il 5 K P B R E 2o 5 1 Pk 25 A 3 b AR 3L GIn-93
Tyr-196 . Arg-287 il Arg-245 & .58 S st A 54
M, 5 ANT MR 256 A mEe. il
Gy AT L B KR E AR RS MR i B i 5 SR
7N, Tyr-196 SOKEERIRES 26 Mifk )R 51456 2
B ANT B I IGMES G 0 S 2 A2
R E IR

3 OKEEWBRAEI T R R

3.1 REUSFEM G A

HRIT, AREE TS e A I K 9% P iR ) 3 22
7 L5 WOAH €6, 33% 5 (high  performance liquid
chromatography, HPLC). %84M 606 2 K
o, 3% - 7 ik 86 15 (high performance liquid
chromatography-tandem mass  spectrometry,
HPLC-MS/MS) . 4= 21 i % B0%F i J7 K 1 i
oK B TR AT T OMOAH 83 - BT 35 Bk (liquid
chromatography-mass spectrometry, LC-MS)Z#T,
[IRCRRE] 78% LA L, HEMIBR K 2 ug/kg. LC-MS
P DA PR L a7 BORD 25 R AR E R AL, AT R
B RAE I BB T B
95 SEHOUIEAR T[] £ it B B v oK T T TR 1) R
AR €61 5 B 5 3% (ultra performance  liquid
chromatography-tandem mass  spectrometry,
UPLC-MS/MS) € J5 1%, 45 R B 1EA R
PRUEETS , KPR R 1 [ESCRAE 80.6%—104.8%
ZIE], KRS 0.1 ngkg, ERRA 0.2 ngkg.
Liang S5UASEE I A HIRE MR I8 A0 9K
(Fe3O4/HNTSs) X A ThI A ity v A T 7 PR A 1 7 PRk
PRI, DRI AL B A AR Ge e IO T R BE
Pt | TR FLYA RNE AR . 2O S RO
AH T - DU AR AT /i F 3 B TE B v o R Do R
M, REUETTE 03 pgkg, EmRANIAEE R
1.0 pg/kg, [BICRTE 79.8%—102.6%2 0], H 5
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MREEIR F [R5, R N AR 45 G i e RO AH €03
R BRI AR, g7 1 ) A ARG 00 S e AR - v oK
AR I S K I TR R 10 3, e PR I it PR 4
Sk 0.25 pg/kg F1 0.5 pe/kg, FEIHhntrEITEE
N 94.2%-107.3%, %5 ik R A I e 1 oK T i

%4 TEIBTGERAR NG RAOHN

ity PR TE BT RR P S K I R IR AR 1M 17 A LY =
o AR RSO ARG K 1 T R IR, G 45
ARMER I 2 OB TR R R B S BRE . 3K 4
BT AN [5)  RiT Ak B A AGE I [ Wi 5 R
B FRY 20

Table 4 The impact of different pre-processing techniques on detection results

R b HiAb 3R LoRllIRrS EIES Krth R 22 30k
Sample Pretreatment Detection method Recovery  Limit of Reference
rate detection
(%) (ng/kg)

TR KA HHb/60 °Cic 4 5k Ultra performance 80.6-104.8 0.10  [40]
Rice noodles, rice Direct purification/purification after liquid
vermicelli concentration at 60 °C chromatography-

tandem mass

spectrometry

(UPLC-MS/MS)
Aoy ik FesOo/HNTs [&]FHAEHL Ultra- performance 79.8-102.6  0.30  [41]
Rice vermicelli Magnetic Fe304/HNTs solid-phase extraction liquid

chromatography-

Q-orbitrap

high-resolution

mass spectrometry

(UPLC-Q-

Orbitrap HRMS)
AR [ 2 AR High performance 94.2-107.3  0.25, [42]
Tremella fuciformis Isotope internal standard liquid 0.50

chromatography-

tandem mass

spectrometry

(HPLC-MS/MS)
Ky 80% -2 /K 2 H HPLC-MS/MS  96.1-98.4  0.67 [43]
Rice vermicelli Extraction with 80% methanol-ammonia solution
v MAX U UPLC-MS/MS  80.6-853  0.40 [44]
Medicated leaven MAX extraction column
HEE N N i) BRI, BEOER EWW, 3 0.22um UPLC-MS/MS  81.0-90.4  0.01  [45]
Rice noodles, rice ERE e
vermicelli Ultrasonic extraction with acetonitrile, collection of

supernatant after centrifugation, filtration through a
0.22 um microporous membrane

SR A A B B UPLC-MS/MS  80.4-96.3  0.00 [46]
Luosifen Methanol as the extractant
KAy . KT 80% LA HEIR, TRA RIS B /v High performance 83.3-95.6  30.00  [47]
HRH WAX ¥k liquid
Glutinous rice flour, Ultrasonic extraction with 80% acetonitrile-water, ~chromatography-
cornmeal, Tremella purification using mixed-mode weak anion diode array detection
fuciformis exchange (WAX) column (HPLC-DAD)

(269 nm)
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R b HiAb 3] R 75 EIES Krth R 22 30k
Sample Pretreatment Detection method Recovery  Limit of Reference
rate detection
(%) (ng/kg)
12712 IR IR i i NI=H ZITERB R Ultra performance 87.7-111.5  0.01  [48]
Glutinous rice balls, rice Ultrasonic extraction with acetonitrile liquid
noodles, wood ear chromatography-
mushrooms Q-exactive (UPLC-
Q-Exactive)

WHE, KE. #% FH LI eI 17 B iR UPLC-Q- 89.0-96.0  1.00  [49]
Tremella fuciformis, Vortex-assisted extraction with methanol Orbitrap HRMS
wood ear mushrooms,
vermicelli
TER I K-, P-SAX [EAHZEBU:EHk HPLC-DAD 96.5-105.1 / [50]
Starch products Extraction with ammonia-methanol solution,

purification using P-SAX solid-phase extraction

column
ER 30 uL + AR AEER R . 300 L PNEAE 4> High performance 83.5-98.6  1.00  [51]
Tremella fuciformis HoRl, BRI pH B 2.0, SFIRAH 15 min  liquid
products Dodecanol as the extraction solvent, 300 pL acetone chromatography

as the dispersant, phase solution pH adjusted to 2.0, (HPLC)

extraction at room temperature for 15 min
L R, @Ak, &.002, HiERA  HPLC-MS/MS  80.6-95.6  5.00 [52]
Tremella fuciformis FH s e 2%

After methanol extraction, ultrasonic agitation,

centrifugation for layer separation, methanol

used to adjust the volume of the supernatant
TR K THT Z B, QuEChERS ik, W A UPLC-MS/MS  88.7-101.5 0.50  [53]
Fermented rice flour WET, 10%ZME/KEH, 15 0.20 pm JE JEERR

Extraction with acetonitrile, purification using

QuEChERS method, supernatant blown to dryness

with nitrogen, reconstitution with 10%

acetonitrile-water, filtration through a 0.20 um

nylon membrane
HE . BAH 80% FH LA #2 1L, QuEChERS ik HPLC 90.43 0.10  [54]
FOKME ., R KH Ultrasonic extraction with 80% methanol,
Tremella fuciformis, purification using QUEChERS method
black wood ear
mushrooms, cornmeal,
wet rice noodles
KM, HE . EAH. 1%LR-IERE, Poly-Sery MAX 5 Solid-phase 90.0-104.0 2.00 [55]

¥ R EERRL
Rice vermicelli,
Tremella fuciformis,
corn flour, coconut

fermented beverage

Sy ERE

Extraction with 1% acetic acid-acetonitrile,
purification using Poly-Sery MAX strong anion
exchange column

extraction-high
performance liquid
chromatography
(SPE-HPLC)
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3.2 ETREFREREN TS A

FH A P2 2 1 PR SR SR I T A T K
o T 1R 2 R B I AT P02 e v SRS g 4
B FIRSTAEOR EE T R T TR 1R il IR He i iR
&, RE AR B EORE . Wk A R
SEdh, KIFRIAE] 0.5 pg/kg, [FIER LR
(90+20)%; I F5 = DT A M R IR R IE RS,
IR A& T OREE R R B L R TRE Uik, 288k T
DRIOK e T T 2 A it T - BBOP AR AR AT TR P e R
R, W AR AN R T T s BB
4 RS A 4 e 8 )22 AT 9 P T R T K TR PR
(K 3A), Hogm Ry 1.2 ng/kg, LHEER
9 1.8-7.2 pg/kg, ZITEMBRIEIEATE A,
PRIR AT R B IE & AE N 16.0 ng/kg; UILAh, Lin
GO e T —Fh I T (] 43 HE o e s AT
SERKHN 5, KPRy 0.282 ng/mL, [EICR
1E 81.22%—119.48% 22 [8] (] 3B),
3.3 ETHEYERSB[AVRERN G X

AR, ARG L RO
FERR SRS, Tz T SR A M
M, Zhang SFOEL T2 Jok e 06 1 1) 44 K 4 b+
4D 0 A s e e S B 5 A Tl AT 1R =2 ) 1 e FL A
HAER, #ESL T — ORI R W 2L A0 -] IO
AR RETFHL APP BUBL A K- 65 (K 4A);5 %07
PR ETE I 0.10—1.44 pmol/L, i FR Ky
12.33 nmol/L, A& H T b o oK i B R 1Y
R, 38 AT R T OK T TR 2 TR R L I DR O
2, Cao SEONUHE T — Bl X K P PRI 1) AR
K I EFNDCAL AT AT (Kl 4B), o, L
75 B2 RTINS A 11.29-30.46 ng/mL, K5
WIFR A 8.45 ng/mL; 2L YL PEAG I
8.49-46.19 ng/mL, KMFRA 4.78 ng/mL. %
Jeik Mt gk A, BEREW M, M EE
AEARIN, IR XT B AR 00 R i I e
Xuan FE1%hH ) {41 h R T A TC A AR
YIKER CuS@Au-Pt, ZANKBK LA 8N LA
SR, SRR Bl AL Y G
BYOKER CuS@Au-Pt 540 KL 0 3% 2 Mr 4

B, SEBLT RO TR TR R 1) v R AR, IR A
HBRMEE 0.66 ng/mL, T [ 15 5 K
J& ., KUYEREY K T2 1 45K 40).

i LRk, DUF 3 Fh R BRI kA A
Bk s (1) KBS AR SO (03 - 5 Bk
i A AR R R I AR, 18 TR S R vE A
FE AN o R W 1A A R R R
AH G S THES RN . Tl
FeARNG . AL, K4l 5 A o i Ak B 2o A
EH U, (2) S 2E PRI Ty ik JE T R
Ba 3 FI G JZ AT B AR A DR A6 T 32558 T
PUgIE . et e EdiE R, AT
R g . SR, HTORBEREBR AR, 2RI
PUARE R RIME . PUIARAE A G328 43 b A% 0 AR
HEE L SRR A A T S R E R R
D25 SRS B P N o (3) 2B W 1% B Ao
T3k % 8 FH AR P 178 PR G ) AR S s
Wom, BRI, PR A R T B A T
B AN S S A A S ORI 25 SR A B B PR 25
Rt , s se ik HAR R H B A, A2 SCBRAE i
i 7 LGS A SRR 2R AL, LUIR
R R | T AR

4 HERE5RZE

AR SRR T KR IR TE £ o 75 e 43
A sEPEAERALE . R PRERIE AR, RE B
AW AR5 3 L 1 073
HE— S, AR I TR LT LA T
(1) BHAAE S R TR R A8 IXURS: o5, 336 sk
Joke TR 5K R TS s RN T
77 5 700 Hd 0 2 T M ) O R IS o R K T A PR
TR, XJEE NI A IR N B AT 4 ) B
AR, HRREMI IR B R R 7 5 Al
B RE I DAERT E HBE R E AL, %
. MR TR S A KT PR
WA AR Z MR XU R 2R 0 (2) £FXF Bk
DRUBSE 5, B2 M DU JEURE- A 7 48 L 4 e 25 1) T B
HEHE . 7  R I PR /A I
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Negative Positive Invalid
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o
%
BAT i
Neganve BA content (pg/kg)

\ %* Bongkrekic acid

,

43
S

* Antigen of bongkrekic acid
A Antibody of bongkrekic acid
Positive Y Goat anti-mouse 1gG

. Colloidal gold nanoparticles

) T lmc C Ime

/

Sample pad NC membrane Absorbent pad

C line

/

2T line § C line

BA Eu-BA-mAb Eu-SA BA-BSA Biotin-BSA

° ¥ :

3 KEBEREEREQMREE A KEFERIAS G2l gua it B. KRR E
DG E TR, BA: KEEE R ; Tline: MR ; Cline: FifEZk; NC membrane: fi
MREFAEZNE; PVC pad: RAE LM Eu-BA-mAb: B [A] 50 HES G IR - K I R R B ve PR PR ; Eu-SA:

I 1) 73 BE DG HOR - 22 R AR 5 BA-BSA: KIFRMR-/1- MG & 115 Biotin-BSA: EWR-A-MIEHM .

Figure 3 Schematic diagram of rapid immunoassay for bongkrekic acid. A: Colloidal gold immunochromatographic
test for bongkrekic acid™®. B: Time-resolved fluorescence immunochromatographic test for bongkrekic acid™.
BA: Bongkrekic acid; T line: Test line; C line: Control line; NC membrane: Nitrocellulose membrane; PVC pad:
Polyvinyl chloride pad; Eu-BA-mAb: Time-resolved fluorescent microspheres-monoclonal antibody against

bongkrekic acid; Eu-SA: Time-resolved fluorescent microspheres-streptomycin avidin (SA); BA-BSA:
Bongkrekic acid-bovine serum albumin; Biotin-BSA: Biotin-bovine serum albumin.
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Bl 4 KEEHRAEVRSREE A KBERBR M- P WG RET-HL APP BUBLASINF- 5 755 B 1A 160
B: KRR AU - L 5O A R BRI, C: BT EE[E THmAIK IR CUS@AU-PT Jkid ik
VIR REREE B 2B L A R B E Y, RT.: #; Ex: #%&; Em: &4 TMB: 3,3.55'-1
LI ;. oxTMB: 4L 1Y 3,37,5,5'- D0 LI A i s 1gG: SR E M Go

Figure 4 Schematic diagram of bongkrekic acid biosensors. A: Schematic diagram of a dual-mode detection
platform for bongkrekic acid using UV-visible light and smartphone API®”. B: Schematic diagram of a
dual-mode colorimetric-fluorescent sensor for bongkrekic acid!®'). C: Schematic diagram of a multimodal

immunosensor based on color signal-enhanced nanoballs CUS@AU-PT as peroxidase functional probes!6?!.
R.T.: Room temperature; Ex: Excitation, Em: Emission; TMB: 3,3',5,5'-tetramethylbenzidine; oxTMB:

Oxidized 3,3',5,5'-tetramethylbenzidine; [gG: Immunoglobulin G.

FARE, RS DA 5% A5 06 R A ol RE 5 X
A R T AR A A, BRiR T
ZREIE, KRR BREEAL T IE R K
s RS AT P DA I RE, B A E
(O A FRE R 17 A, IF ELORBE A 5% A A T2
AR T B SR B A e R, IR
H RS ah R IE LR IR, A ARH:
BE AN E K, WS A I T
(3) B RR RO T o F T oA XK 1 R Y
RSP aE 251, ARUEALIA YT e AL T s
A, HA 2R R R 3 AP0 RE 25 1) (A5 Al i
R OLAHRRER) R OR I R R TP R ACR A B 12
A7 S0 BEL VBT 300 40 57 A 2 A S BE L DRI A A
KT TR R A RSO 2k . 3 A AR R A s ik A2
i et A A S N A T A, LA AT
XHERIRREZG D) . (4) il KB IR UG
A TR B R RR B, il ad s e e AR AT A 9L
IR 2 B S e BEER & . AN TR BB,
A TP RARIA | v 26 0 i e S 1 1) oK e
TR R PFUN T (NZ RS B SR D TR LRSS
JEARA A R K51 o (5) TF AR REALAR I £
Ao EEGEWRIREEOAR, FREEE 2 FbL
s S B SRR OK I T R A R L ORS TEAG:
P i B i o & 1= RETRAS I RiIE SRR S
MM, W R AR A KRR,
Pl ot ) 52 it B LR AR

1E& Tk~ ¥
AN : BSOS SRR s AR

FURSCHR AT s #9818 s B Bs A% 52 5
WK : WSO SE A 228] . 225 30
Ak NS 22 B SCHERR BT AR o B

1B A 25 oF BT = WA

PR 75 W 4 JCAT AT ] BB 23 B2 M AR SCPIrff ot
TAERMEMATT R i sl AR R

REFERENCES

[1] ANWAR M, KASPER A, STECK AR, SCHIER JG.
Bongkrekic acid: a review of a lesser-known
mitochondrial toxin[J]. Journal of Medical Toxicology,
2017, 13(2): 173-179.

[2] ZHU Y, WEN XW, CHU M, ZHANG GL, LIU XF.
Consumers’ food safety risk communication on social
media following the Suan Tang zi accident: an extended
protection motivation theory perspective[J].
International Journal of Environmental Research and
Public Health, 2021, 18(15): 8080.

3 ARIE, JEE, UL, AR WE VL, W,

TR A T it P ORI T R PRSI ¥ A AF 5 A A
SE[T]. B, 2023, 48(12): 299-306.
LIN J, GONG L, PI JY, SU Y, ZHANG T, XU YW,
PENG QZ, WANG FY. Study and establishment of a
rapid detection method for bongkrekic acid in food[J].
Food Science and Technology, 2023, 48(12): 299-306
(in Chinese).

(4] BRopAf, BRid4:, WIms, vededs, b, £, &
SCAE, XA, K, XIHFAE, REZ, U,
oK AT FHGE B+ A8 {15 B T T K THT I o 45 % 9]
SRR SB[ B A AR, 2021, 37(1): 260-267.
CHEN RQ, CHEN HJ, HU JP, XIAN YP, YANG J,
WANG B, ZHU WX, LIU DH, HOU XC, LIU CS, WU
YL, ZHOU YX. Investigation and risk analysis of
Pseudomonas cocovenenans subsp. farinofermentans
from rice and edible starch[J]. Modern Food Science
and Technology, 2021, 37(1): 260-267 (in Chinese).

(5] Jsale, Mobhles, 2w, oh DM, EIE, JAFs. 2018 4
V2R AR R TT R it SR R ECAR it R A N T T K
TS RR AR SAT[D]. £ bl A B A 2= 4, 2019,
10(13): 4112-4118.

SU JN, YANG DT, LI WS, ZHONG WY, WANG X,
ZHOU L. Investigation and analysis of Pseudomonas

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



NG | 54

B ORI T R I 207

B VENL I B Ay VAR 7T Rt e

2453

cocovenenans subsp. farinofermentans from rice flour
products and starch and its products in Guangdong
province in 2018[J]. Journal of Food Safety & Quality,
2019, 10(13): 4112-4118 (in Chinese).

ROCHUR, BOKAE, ST, RO, BRSOV, IO,
%$x,%%h,%%%,%?m R M1 B AT T R
TSP o R 75 2% 149 75 G I8 A 5 KM 2 7 KUK 2 1 0],
Fh KRS 231, 2022, 37(12): 203-211.

ZHU WJ, HUANG YD, HUANG XL, ZHAO ZF,
CHEN WC, YOU ZW, ZHANG FY, CHEN RD, LIN
TH, CHEN JC. Investigation on contamination of
Pseudomonas cocovenenans subsp. farinofermentans
and risk control of wet rice noodle production[J].
Journal of the Chinese Cereals and Oils Association,
2022, 37(12): 203-211 (in Chinese).

IR, XG4, RiES5, WhiE, M. WRm A
S 8 2 (0 P L K T S o £ 35 2 B % A [0].

=S WI 5, 2024, 40(1): 96-100.

ZHANG HY, OU WQ, SONG SF, HAN JJ, LI SY.
Pollution status and detection of Pseudomonas
cocovenenans subsp. farinofermentans in wet rice flour
and wet starch[J]. Journal of Medical Pest Control,
2024, 40(1): 96-100 (in Chinese).

e, BOR, KRN, R, Hm, Rk 2
Ky 2 i Az 7 2 R OR R T R 15 Y L A (0], )
AL T, 2024, 51(12): 166-168, 171.

HAN YY, LI H, ZHANG LP, REN YY, YANG L,
CHEN YM. Pollution analysis of bongkrek acid in the
production process of wet rice products[J]. Guangdong
Chemical Industry, 2024, 51(12): 166-168, 171 (in
Chinese).

PRIEAT, BRDUE, SISOMS, deeds, R £28, 22
A, T PSR (P BRI A T A L KB B
FUIEORE rb A A 457 2 LA S XUR: 23 (0], BRAR T i
Bk, 2022, 38(5): 320-327.

CHEN RQ, CHEN HJ, HU Jp, XIAN YP, WU YL,
LIANG M, HOU XC, WANG L. Risk analysis of toxin
production by Pseudomonas cocovenenans subsp.
farinofermantans cultured in wet rice noodle and its
raw materials[J]. Modern Food Science and Technology,
2022, 38(5): 320-327 (in Chinese).

[10] YAO YT, ZHONG XW, ZHOU Y, ZHANG HF, ZHAO

D, ZHANG WW, LIU YF, XU JX, XIE CJ, YU C,
WANG YY, CHEN ZH, CHEN KC, YUAN 1.
Exploring the characteristics of Burkholderia gladioli
pathovar cocovenenans: growth, bongkrekic acid
production, and potential risks of food contamination in
wet rice noodles and vermicelli[J]. Food Microbiology,
2024, 120: 104449.

[11] F#, Xl*f’u@}. AFR-25: 115 P T T K T I o 2 K T T R

IFE ik
49.
WANG J, LIU XM. Research progress of Pseudomonas
cocoanum subspecies of fermented rice flour and rice
fermentation acid (review)[J]. Chinese Journal of Food
Hygiene, 1996, 8(2): 43-46, 49 (in Chinese).

B PEE R TIALRE, 1996, 8(2): 43-46,

[12] BUCKLE KA, KARTADARMA EK. Inhibition of

bongkrek acid and toxoflavin production in Tempe
bongkrek containing Pseudomonas cocovenenans[J].
Journal of Applied Bacteriology, 1990, 68(6): 571-576.

(131 BRI, WRAEHE, ARICMR, v, i, R £,

BEMS, XNAHT, SO, SRR A IR K T LB
R0 2 A1 P T TP K TR I 5 B o A (0] B R

(18] N i bn AL b2 f b P 35

1%, 2021, 37(6): 320-325.

CHEN HJ, CHEN RQ, ZHU WX, XIAN YP, HOU XC,
WU YL, HU JP, LIU DH, DAI H. Using rice soaking
and rinsing to remove Pseudomonas cocovenenans
subsp. farinofermentans during wet flour production[J].
Modern Food Science and Technology, 2021, 37(6):
320-325 (in Chinese).

[14] Hp e AR R[] T A 5. 400 25 M5 BAL A 17 1 K T8I I Fo

BRI Wb E XA FRE N WS/T 12—1996[S].
Jent: P AR AL, 1997.

Ministry of Health of the People’s Republic of China.
Diagnostic criteria and principles of management for
Pseudomonas cocovenenans subsp. farinofermentans:
WS/T 12—1996[S]. Beijing: Standards Press of China,
1997 (in Chinese).

[15] W DA R b2, BT A AR, &

A E R bR E b R OK B R A E - GB
5009.189—2023[S]. dbET: o [EFREH AL, 2023.
National Health Commission of the People’s Republic
of China, State Administration for Market Regulation.
Determination of bongkrekic acid in National Food
Safety Standards: GB 5009.189—2023[S]. Beijing:
Standards Press of China, 2023 (in Chinese).
I%Eét%ﬂlﬂz'élzﬁéi I%ﬁuu?”"kﬂf@
AR, L E AR R AR I
GB 5009.189—2016[S]. dt mT: o [H ¥ #E Wi AL
2017.
National Health and Family Planning Commission,
State Food and Drug Administration. Determination of
rice yeast acid in food according to National Food
Safety Standard: GB 5009.189—2016[S]. Beijing:
Standards Press of China, 2017 (in Chinese).
SO TR MEAL Ph 2. B Al TP 2 B R MOR I8 1R 1R Y B
MAE, ERCRR (353 T/HZBX 35—2021[S]. M
M REUR, 2021
Huizhou Association for Standardization. Determination
method for toxoflavin and bongkrekic acid, high
performance  liquid  chromatography:  T/HZBX
035—2021[S]. Huizhou: Huizhou Civil Affairs Bureau,

2021 (in Chinese).

EE PNl
T BOR 3%- T/ R vk T/HZBX 060—2023[S].
M BT R, 2023.
Huizhou Association for Standardization. Determination
of toxoflavin and bongkrekic acid in food poisoning,
liquid chromatography-mass spectrometry/mass
spectrometry: T/HZBX 060—2023[S]. Huizhou:
Huizhou Civil Affairs Bureau, 2023 (in Chinese).

—_

—

(197 TRINT 73 P 2 6 38 K oy v oK 88 7 R 10 0

TROAH (03 - B3 B B %95 T/SATA 042—2023[S]. Il
BRI RSB, 2023.

Shenzhen  Association of  Analytical  Testing.
Determination of bongkrekic acid in fresh wet rice
noodles,  liquid  chromatography-tandem  mass
spectrometry: T/SATA 042—2023[S]. Shenzhen:
Shenzhen Civil Affairs Bureau, 2023 (in Chinese).

[20] A N ROILFRN [ [E 5 DA AT RIE TR R 2. B

TGRSR &I GB 7096—2014[S].
Jent: P bR E R, 2015.

National Health and Family Planning Commission of
the People’s Republic of China. National Food Safety
Standard Edible fungi and their products: GB
7096—2014[S]. Beijing: Standards Press of China,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2454 WA

FiE Rk

Microbiol. China

2015 (in Chinese).

(217 % /& . 38 B oK B B RR h 5 [0). RN A 3R,
2020(24): 53.

ZENG XQ. Beware of rice yeast acidosis[J]. Nongcun
Baishitong, 2020(24): 53 (in Chinese).

[22] B0, sk dh, FEAR, 118, 20, i, Ba

Er. 2002-2016 4 Hh [ B2 A5 5P B £ ) b w4l o 2
P58 B AT IR 4 M 0], A BF ST, 2020, 49(4):
648-650.
GENG XF, ZHANG J, ZHUANG Z, FU P, LI WW,
YANG SX, GUO YC. Epidemiological analysis of
reported events of food poisoning caused by
Pseudomonas cocoanum in China from 2002 to 2016[J].
Journal of Hygiene Research, 2020, 49(4): 648-650 (in
Chinese).

[23] GUDO ES, COOK K, KASPER AM, VERGARA A,
SALOMAO C, OLIVEIRA F, ISMAEL H, SAEZE C,
MOSSE C, FERNANDES Q, VIEGAS SO,
BALTAZAR CS, DOYLE TJ, YARD E, STECK A,
SERRET M, FALCONER TM, KERN  SE,
BRZEZINSKI JL, TURNER JA, BOYD BL, JANI 1V,
GROUP CI. Description of a mass poisoning in a rural
district in Mozambique: the first documented
bongkrekic acid poisoning in Africa[J]. Clinical
Infectious Diseases, 2018, 66(9): 1400-1406.

[24) WEEFEL, EAOTE, U, RIEME, WAL Pk, X

AIT, BLHCEL, $A 5, 27, AP 2018 AFEHE R
i £ P A A R W SRR AT 0. b R AR
Zei, 2022, 34(4): 822-829.
HAN HH, KOU BY, MA J, YUAN XJ, TIAN T, LI
WW, LIU JK, RUAN JQ, GUO YC, LI N, FU P.
Analysis of foodborne disease outbreaks in Chinese
mainland in 2018[J]. Chinese Journal of Food Hygiene,
2022, 34(4): 822-829 (in Chinese).

[25] YUAN Y, GAO R, LIANG Q, SONG L, HUANG ],
LANG N, ZHOU J. A foodborne bongkrekic acid
poisoning incident-Heilongjiang Province, 2020[J].
China CDC Weekly, 2020, 2(51): 975-978.

[26] BT, Ba, BRI, WG, 5KKCE. 2018-2020 4F

JARA IR 2 B R T R Th s R A T 2 BT ().
Hp AR 2R, 2022, 34(1): 158-162.
CHEN ZH, HUANG R, LIANG JH, WEN J, ZHANG
YH. Epidemiological analysis of bongkrekic acid
poisoning due to contamination of nonfermented rice
noodle products in Guangdong Province from 2018 to
2020[J]. Chinese Journal of Food Hygiene, 2022, 34(1):
158-162 (in Chinese).

[271MENG Z, LI Z, JIN J, ZHANG Y, LIU X, YIANG X,
REN H. Studies on fermented corn flour poisoning in
rural areas of China. I. Epidemiology, Clinical
Manifestations, and Pathology[J]. Biomedical and
Environmental Sciences, 1988, 1(1): 101-104.

[28]COX J, KARTADARMA E, BUCKLE K.
Pseudomonas Burkholderia cocovenenans[M]//
Encyclopedia of Food Microbiology. Amsterdam:
Elsevier, 1999: 1871-1875.

[29] AHMAD RIYANTO R. A short review of bongkrekic
acid in food safety perspective[J]. Food ScienTech
Journal, 2020, 1(2): 65.

[30] KO SD. Growth and toxin production of Pseudomonas
cocovenenans, the so-called ‘bongkrek bacteria’[J].
ASEAN Food Journal, 1985, 1(2): 78-84.

[31]ROMULO A, SURYA R. Tempe: a traditional

fermented food of Indonesia and its health benefits[J].
International Journal of Gastronomy and Food Science,
2021, 26: 100413.

[32] YUAN MD, HAN RW, BAI L, DONG YP, XI Q, DU
QJ, YANG YX, FORGHANI F, YANG QL, AHN J,
WANG J. Recent advances in the characterization of
Burkholderia gladioli pv. cocovenenans and its toxin
production[J]. Food Reviews International, 2024, 40(3):
867-882.

(B3] I, T35, A, XI5, #A0R, . —ik

KT TR R B A B DR 2 a2 W (). P IR R TR
7k, 2022, 34(3): 606-610.
ZHAO LG, LEI L, SUN J, LIU Y, CAI ZB, YIN JW.
Etiological diagnosis of a bongkrekic acid acidosis
incident[J]. Chinese Journal of Food Hygiene, 2022,
34(3): 606-610 (in Chinese).

[34] WELLING W, COHEN JA, BERENDS W. Disturbance
of oxidative phosphorylation by an antibioticum
produced by Pseudomonas  cocovenenans[J].
Biochemical Pharmacology, 1960, 3(2): 122-135.

[35] PENG ZX, DOTTORINI T, HU Y, LI MH, YAN SF,
FANNING S, BAKER M, XU J, LI FQ. Comparative
genomic analysis of the foodborne pathogen
Burkholderia gladioli pv. cocovenenans harboring a
bongkrekic acid biosynthesis gene cluster[J]. Frontiers
in Microbiology, 2021, 12: 628538.

[36] R4 H, RULIR, FEGEAE. KRR b g/ U A

HARPIE SBR[, 25 4R, 2010, 7(26):
36-38.
SONG XT, WU HJ, ZHUANG BX. Morphologic
changes of intoxicated mice hepatocyte and brain
tissues of bongkrekic acid[J]. China Medical Herald,
2010, 7(26): 36-38 (in Chinese).

[37]MURACHI T, KAMEI A, SOEDIGDO P. Effect of
bongkrekic acid, a product of Pseudomonas
cocovenenans, on thiol proteases[J]. Toxicon, 1982,
20(6): 1011-1017.

[38]LI HM, LIANG Z, LI Y, WEN JZ, ZHANG R.

Molecular docking and molecular dynamics simulation

study on the toxicity mechanism of bongkrekic acid[J].

Toxicon, 2023, 223: 107021.

L, 2K, KRG, DR, kg, FREL K

AR €2 3% 0 AT I T J5 35 B P RS I K P AT R [T, £ i

Tk, 2018, 39(7): 319-323.

LI HN, YUAN F, ZHANG CY, MA WL, ZHANG F,

LUO YJ. The research of detection bongkrekic acid

(BA) by LC-ESI-TOF technology[J]. The Food

Industry, 2018, 39(7): 319-323 (in Chinese).

MEI7, X &, E0, FFEHE, HEis, R,

BB e AR €0 1 - IR B 9 ) S K A

R K B B RR (0], B il 22 42 BT R A I 22 4, 2019,

10(13): 4074-4079.

ZENG XF, LIU JF, WANG LY, QI CY, YE JY,

LIANG XX, LEI Y. Determination of bongkrekic acid

in rice noodles and fried rice noodles by ultra

performance liquid chromatography-tandem mass
spectrometry[J]. Journal of Food Safety & Quality,

2019, 10(13): 4074-4079 (in Chinese).

[41]LIANG M, CHEN RQ, XIAN YP, HU JP, HOU XC,
WANG B, WU YL, WANG L. Determination of
bongkrekic acid and isobongkrekic acid in rice noodles
by HPLC-Orbitrap HRMS technology using magnetic
halloysite nanotubes[J]. Food Chemistry, 2021, 344:

[39

—

[40

—_

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SN IR EE S N

B

BRI o3 AT B3 PERLA B AS I 7 92k e it 2455

128682.

[42] MK, B, Bfdn, TEALRS, K4Egi. MR N

- o RO € 3% - B K S - A [ P G0 i L -
HOR I TAT I A0 S oK I TR R (D). 20 RS2 22 4T, 2024,
40(1): 88-93.

XIA BL, YANG N, YIN JJ, WANG ST, ZHANG WY.
Simultaneous determination of bongkrekic acid and 1s0
bongkrekic acid in fresh Tremella fuciformis using
isotope internal standard method by ultra performance
liquid chromatography-tandem mass spectrometry[J].
Journal of Analytical Science, 2024, 40(1): 88-93 (in
Chinese).

[43] THGVE, 1R, SOUA. SO 3 - # 5T

T2 K oK B FR[T]. b= HT L, 2022, 31(9):
12-15.

YU HY, FENG J, LI YY. Determination of bongkrekic
residue in rice flour by ultra performance liquid
chromatography-tandem mass spectrometry[J]. Chemical
Analysis and Meterage, 2022, 31(9): 12-15 (in
Chinese).

[44] 8 = ZORAR (3% - A3 36 5 315 7 DR 7Sl v o oK

BER PR [T]. (41, 2019, 37(9): 963-968.

WANG JH, QIAO YS, WANG J, ZHU Y. Rapid
determination of bongkrekic acid in Liushenqu by ultra
performance liquid chromatography-tandem mass
spectrometry[J]. Chinese Journal of Chromatography,
2019, 37(9): 963-968 (in Chinese).

[45] % =, ZER, Y, (EME, MOCE. R Al B

A= i AU €35 - R IS 1 1 00 S KBy . DR e
FIKFERIR)]. B & R 2=4k, 2021, 12(15):
6062-6067.

LUO L, QIN WZ, WANG F, REN Y, LIN QH.
Determination of bongkrekic acid in rice noodles and
chow fun by ultra performance liquid
chromatography-tandem mass spectrometry with
ultrasonic assisted liquid-liquid extraction[J]. Journal
of Food Safety & Quality, 2021, 12(15): 6062-6067 (in
Chinese).

BT, BRoRE, H 2, VPR, MR, s AR
€0 335 - B I T 5 00 5 A9 ) Ay v K R TR R (D).
1284 A I 2430, 2020, 11(13): 4273-4278.
QIN DJ, CHEN RZ, LU Y, XU RR, BI QH.
Determination of bongkrekic acid in Liuzhou river
snails rice noodle by ultra performance liquid
chromatography-tandem mass spectrometry[J]. Journal
of Food Safety & Quality, 2020, 11(13): 4273-4278 (in
Chinese).

POKBE, SEl, RFOC, wmee, WM, I, A
J%. QUEChERS-UHPLC-MS/MS il 7 P A H- e K i
PR SR B [I]. B AL S LA, 2022, 38(7): 63-67.
HUANG YQ, MA K, WU XW, GAO L, JIAN YC, LU
Y, YANG CB. Determination of bongkrekic acid in
Auricularia auricular combined QuEChERS with
UHPLC-MS/MS[J]. Food & Machinery, 2022, 38(7):
63-67 (in Chinese).

(48] BXAL, e, BUmN, REMESE. G - DU

FF R 37 I B g 20 B 5 338 0 D 2 £ ) S Rk 4y v
B K BE B AR (7). P B AR IR 24 Ak, 2022, 32(3):
291-294.

ZHAO J, CHENG L, HE LY, TANG XQ.
Determination of bongkrekic acid in food and vomit by
ultra-high  performance liquid chromatography-
quadrupole electrostatic field orbitrap high-resolution

[54

mass spectrometry[J]. Chinese Journal of Health
Laboratory Technology, 2022, 32(3): 291-294 (in
Chinese).

[40] ¥, S48, BB, PRWISr, DREE4E, wEAE B

o BT (S - DU AR AT 5 R 37 0L 1 B v 0 B i s R
O A A UE £ ORI R[], £ 4 42 B i 4G
WM2Ez, 2021, 12(18): 7267-7271.

HAN C, WU J, TONG YK, YE ML, RAO GW,
HUANG CQ. Rapid screening and confirmation of
bongkrekic acid in foods by ultra performance liquid
chromatography-quadrupole-orbitrap high resolution
mass spectrometry[J]. Journal of Food Safety & Quality,
2021, 12(18): 7267-7271 (in Chinese).

[50] HEF U, BAMEWE, fyf, ARufsie, MM, K. mak

VBURH €0 ks R ST A9y R H i it v oK 1 TR R )
1. &AL, 2021, 46(3): 308-312.

KANG CX, MAO YN, HE Y, ZHU JX, ZHOU Y,
YANG Y. Fast determination of bongkrekic acid in
starch and its products by high performance liquid
chromatography[J]. Food Science and Technology,
2021, 46(3): 308-312 (in Chinese).

R, R, BREUL, SN, DB, AR, R
AR, A5HEIR . SIF AT AL E [T I8 A fol 2 TR - o R0 AR
G I E B OB R R ()], B AR, 2022,
47(4): 342-347.

HUANG Y, LIANG M, CHEN YK, CAI XM, WU SM,
YE MW, WU LQ, LI YM. Determination of bongkrekic
acid in food by dispersive liquid-liquid microextration
based on solidification of floating organic drop with
high performance liquid chromatography[J]. Food
Science and Technology, 2022, 47(4): 342-347 (in
Chinese).

—_—

[52] B &0k, B, BSCHE, MM, A, KR,

o SV 0L 38 - 8 T 5 3 0 DRSS IO B - v 0 K T R
B2 [J]. B % 4 OEE R A di, 2019, 10(19):
6538-6541.

ZENG LH, LI SY, LI WQ, LI BH, CEN JB, OU SJ.
Rapid determination of bongkrekic acid in Tremella by
high performance liquid chromatography-tandem mass
spectrometry[J]. Journal of Food Safety & Quality,
2019, 10(19): 6538-6541 (in Chinese).

[53] 5K A6, WUsuK, MWLM, BEH, HKkE, KA.

7R o RO R €0 5 - = WA 3 R B g A R A
P DK THT PP K % T TR P B 3R 0 3 i [0, P R AR A
ARk, 2022, 32(3): 284-287

ZHANG W, TAN JB, FENG GW, MA QQ, SU YH,
ZHANG RIJ. Rapid determination of bongkrekic acid
and toxoflavin in ferment corn flour by
ultra-performance liquid chromatography-triple
quadrupole tandem mass spectrometry[J]. Chinese
Journal of Health Laboratory Technology, 2022, 32(3):
284-287 (in Chinese).

MRomls, EmeEE, skd2s, MO0y, W, ROSUH,
R, T ST il R T A RIOR T T R [ I
Rl Jr gk i EoE 9], &b, 2021, 46(5): 301-306.

CHEN JC, WANG XQ, ZHANG FY, YE WF, HUANG
XL, ZHU WJ, ZHAO ZF, GAN WIJ. Determination of
toxoflavin and bongkrekic acid in foods by HPLC
method[J]. Food Science and Technology, 2021, 46(5):
301-306 (in Chinese).

—

[551 80 F.0, BRULER, £5°, BEY), ZNE, B,

WRFefk, 254518, SPE-HPLC yHeiil & £ & vh ik
PR TR 1R T LB B KUB PEAR ], & Tk BHE2, 2021,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2456 WA

FiE Rk

Microbiol. China

42(17): 256-262.

ZHONG YX, CHEN YM, WANG Y, HUANG JC,
PENG MJ, SU YY, CHEN JX, CAI WY. Rapid
determination and dietary risk assessment of
bongkrekic acid in foods by SPE-HPLC[J]. Science and
Technology of Food Industry, 2021, 42(17): 256-262
(in Chinese).

[56] EIkJT, i, M, HEE, e, BN,

T KT IR A BT I B G g O vk AN A
CN113511992B[P]. 2023-04-18.
WANG ZQ, CUI HF, FAN JJ, CUI TT, HE FY, WEI LJ,
WAN YP. Bongkrekic acid hapten as well as
preparation  method and  application thereof:
CN113511992BJ[P]. 2023-04-18 (in Chinese).

[571#hF5 2=, fhER T, MRWEWT, AR, S, M,

KN, SRER AR, A MRS G R R R A 1A S L
JH: CN118684768A[P]. 2024-09-24.
SUN XL, SUN JD, LIN WX, ZHENG MY, MA WC,
GAO S, YE YL, ZHANG YZ. Antibody specifically
binding to rice yeast acid and application thereof:
CN118684768A[P]. 2024-09-24 (in Chinese).

[58] W5 54, fRIRM, Jhasm, £F, WLWw, MO K
A A A g 23 B 12 R A I £ P B OK R T R (],
6 24, 2023, 23(2): 309-318.

CAO XM, XU ZL, SU YY, WANG Y, LEI HT, XIAO J.

The rapid detection of bongkrekic acid in foods using
colloidal gold immunochromatographic assay[J].
Journal of Chinese Institute of Food Science and
Technology, 2023, 23(2): 309-318 (in Chinese).

[S9]LIN WX, SUN JD, ZHANG T, XU J, HUANG WT,
SUN XL. A rapid and sensitive time-resolved
fluorescence microsphere immunochromatographic test
strip for bongkrekic acid detection in edible fungi[J].
Food Bioscience, 2024, 59: 103846.

[60] ZHANG YQ, HOU SY, SONG HL, LUO X, WU D,
ZHENG F, LIU WY, JI SL. The dual-mode platform
based on cysteamine-stabilized gold nanoparticles for
the high throughput and on-site detection of bongkrekic
acid[J]. Food Control, 2022, 136: 108887.

[61] CAO XM, LI LH, LIANG HZ, L1 JD, CHEN ZJ, LUO
L, LU YN, ZHONG YX, SHEN YD, LEI HT, WANG
H, XU ZL. Dual-modular immunosensor for bongkrekic
acid detection using specific monoclonal antibody[J].
Journal of Hazardous Materials, 2023, 455: 131634.

[62] XUAN CY, CAO YY, WU HY, WANG Y, XI J, MA
KX, FENG QL, SUN BY, YAN HQ, WANG L.
Bioinspired Core-shell nanospheres integrated in
multi-signal immunochromatographic sensor for high
throughput sensitive detection of Bongkrekic acid in
food[J]. Food Chemistry, 2024, 460: 140565.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


