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The Impact of Environmental Factorson the Production of Bongkrekic
Acid in Fermented Glutinous Rice Flour
LU Yu-jian', QIAO Xin’>4, CHEN Yu-jie', LIU Hua-liang'*, ZHOU Yong-lin®
(1. School of Public Health, Nanjing Medical University, Nanjing, Jiangsu 211166, China;
2. Institute of Food Safety and Assessment, Jiangsu Provincial Center for Disease Control and

Prevention, Nanjing, Jiangsu 210009, China; 3. Institute of Physical and Chemical Analysis, Jiangsu
Provincial Center for Disease Control and Prevention, Nanjing, Jiangsu 210009, China)

Abstract: This study aimed to explore the characteristics of bongkrekic acid (BA) produced by Burkholderia
gladioli pathovar cocovenenans (BGC) and the effects of ambient temperature and humidity on BA
production in the fermented glutinous rice flour (FGRF). In the specific environment with various ambient

temperatures (10+1, 15£1, 20+1, 25+1, 30+1, 361 °C) and relative humidity (20%, 40%, 60%), The FGRF
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was incubated with different bacteria counts of BGC (103, 10°, 10" CFU/mL), and BA in the FGRF was
measured with high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). The

results revealed that BA could be detectable after only one day of incubation. The BA produced and

accumulated by BGC with an initial bacteria count of 10> CFU/mL was more than that in the groups with the

initial bacteria counts of 10°> and 10’ CFU/mL (with a difference of 1-3 pg/kg between groups). Lower
temperatures (10£1, 1541, 20+1 °C) and humidity (20%) were found to reduce the BA production of BGC in

the FGRF. To minimize the risk of foodborne BA poisoning, it is recommended to consume freshly prepared

FGRF promptly and avoid storing it for extended periods under hot and humid conditions.

Key words. Burkholderia gladioli; bongkrekic acid; fermented glutinous rice flour; HPLC-MS/MS
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FwRIaMeE (10°, 10°, 107 CFU/mL ) FHS T
2% (B MMEYSRR BEEHA e R IE
(HP R AR R R DR ) K555 )  (GB 4789.29—
2020 ) , K bRV REIR 0 E T (26+1) °CHI
(36+1) Crlge 5 K, B3R 1 KA TIE BA 4.
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A E 3 ANEENA, EARASEZMET
BiFRE Rl e o IR BROR . ABRIRE . F
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1.5.1  FEATTAL 2
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Bk, WE 1 min, A 10 mL LRG3
(1:19, v/v) , i€ 1 min A 6.0 g C/KFR
BEFN 1.5 g BERREN, WHE 1 min, 4 000 r/min B>
5min, B 5 mL FiEW T i3E 200 mg Cg 43 A Fl
900 mg /KBMEER 15 mL B.OE T, Wi
1 min, B2 mL 35T 40 CARZET, 1 mL
CHE—KEW (121, viv) B, WiE 1 min, 4
B AR UE S LA
152 Ei%&E

R S pl; @i H ACQUITY UPLC
HSS T3( 2.1 mm x 100 mm, 1.8 um ); #7440 °C;
LA 0.3 pL/min; i SIAH R 0.1% H B2 KIE (A )
MR (B) , BREBEBAT A 0~1 min: 30%B;
1~4 min: 30%B~95%B; 4~5 min: 95%B; 5~5.1 min:
95%B~30%B; 5.1~8 min: 30%B.

1.5.3  JiGsMF

ML 25 1 B8 -4k, Z RO IS, B
MR 3.0kV, THAIREN 550 °C, TS0
#1000 L/h, #ELAUiEN 50 L/h, & EHE
PEB X010 m/z 484.9>441.0 F1 m/z 484.9>
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F£ 2 R FAAE S ) I RS ILE 1A
Kl 2,
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Fig. 1 Fragments of bongkrekic acid from M S2 spectra
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Fig. 2 Fragments of sample tested from M S2 spectra
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(236.50~311.43 pg/L ) , 7E55 5 Kif BA F2
PRI FRE, Mi(36x1) °CZHAY BA S (AL
N 3.31~422 pg/l (555 K) , fURQ26+1) °C4
1 1.1%~1.8%, — i, BA BFALTEBRE,
UAE SR AR IR et o e A U0, ot 5 5 5 e P G,
FUANEME IR, ARG 1 S 50 20 58 A6 R At 4%
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sz Ml Se LR ke sk B ATEE X BGC
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LA BIL T ZE i — 2 R R
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K= BA R, (HiE BA B ARKIKE RN
10° CFU/mL. X ] fitg 5 40 3 A KA A )
IR A G, RIS AT B BA I (E AT B BL7E
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i 250 T —— 107 CFU/mL
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2 3
HEFRIFIR)/R
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Fig. 3 Variation of bongkrekic acid content in the enrichment
solution with different inoculum levels
at (26+1) and (36x1) °C
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Fig.4 Variation of bongkrekic acid content
in the Fermented Corn Flour with different

inoculum levelsat 26 °C

222 MERE

S5 6 AN [) Bz Aol B2 TR RR AE 7 RS v R
BA 10, H i TAER: R 3 KJG M ) 1 L&
AR, ARSI A R 10° CFU/ML, 8555
B R 3 K o ANRIFREE R T BGC 75 i df i
77 BA ELLANEL 5 Fros . ARAE™ BA HH AT LI
MBS 2, 43 2 (10£1)~(20+1) °C LAl
(25+1)~(36+1) °C4l, Hi& ™ EM BA S &IK T/
H, IEHATEE NTFZ A E) BA & 2580,
PR IBER AR (<20+1 °C) AT RES D] BGC
FERFM T 74 BA X 5 AR A FARH i
PR AR BGC WYE R KR ¥
30~37 °C, &HECHRE 22~30 °C MrESE
BIRZMRMKIR (4 °C) HE T, BGC A K%
FL™ BA G T, 13X & 0 BGC A KA
HLA IR USRI, B 0 A 5% 1R 3 18 5 25 ik
55 BGC 745 28 8 i 3 o 1) A= KARIH K-

(%]
1

10+1 °C —e-15+1 °C
| WREE —20£1 °C -=-25+1°C
--30+1 °C —4—36+1 °C

= NN
wn o
T

+—

KEFHER & B/ (ne/ke)
S

f=1
(=) W
T
&t—n—
!
<D

(=
—

2 3
BEFR /R

B 5 #EMIRESN 10°CFU/mML HARBETH
RIEPHRBERSETN
Fig.5 Variation of bongkrekic acid content in the
Fermented Corn Flour with 10° CFU/mL BGC at
different temperatures




E 315 2023F F£3H

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

RENT

223 BRI

HTFIE36£1) CHHEEFRE 2 K, MM ok
WR Ao (IR 5) , BTSRRI &
JELAS 25 T, A S 0 A s e v R BRI B
W4 10° CFU/mL F1(36+1) °C, #53EHH Hy 2 K,
MBI A 20% . 40%F1 60%H}, 45 2 KA BA
TR 139, 1.75 F1 1.81 pg/kg, X HE7R H 45
PRERE AT e 212 3F BGC 78 B R h 7 4k BA,
3 #ig

TE R R T (36+1) CHUE 2 Kmf=
BA & RIS T7E(25+1) °CHI(30+1) °CHEE,
X5 3CEHGE ) BGC TR KK T (36+1) °Cr™
A1 BA i E TAEQ6x1) CEREEMM, R
KT, BT H BA & REBEFEIRE (20%~
60% ) Fhmmign, —MmE, g BA hE
FrER e E &Y, X AT RE i TR R A
FE T v A i 40 R ) A OB AR K. TR 2
REW, MBI BA hERRHIEH THCEZ HP
1 UL, ARG B, BRI (10° CFU/mL )
(1) BGC 7£15 4+ i M K5 7= A 1 BA it &
R PR, XN A BA A AEAN
V5 YRR R A T RE B, J94h, 7E4 BGC 54t
() A SUCE 1 RBIATSE HY BA S SR 1 H A
B2 KT BGC TEA [A] P54 7 A= BA Bt A% FIAXHT
HLAIAFZE a3 Xk DA A 9 & B T e ik
SRS PR . Z5 b, MO W AR A A
aok R 34 0 A P TRD A T e iR L T B AR SR
WEIEE, > BA R

SE Wk

[1] KIM N, MANNAA M, KIM J, et al. The in vitro and in planta
interspecies interactions among rice-pathogenic Burkholderia
species[j]. plant disease, 2020, 105(1): 134-143.

[2] ELSHAFIE H S, CAMELE 1. An overview of metabolic activity,
beneficial and pathogenic aspects of Burkholderia spp[J].
Metabolites, 2021, 11(5): 321.

[3] GUDO E S, COOK K, KASPER A M, et al. 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.
[4]  ZTRK, BRE. FEEW A R RO R A A L

(3]

(6]

(7]

(8]

]

[10]

[11]

(12]

[13]

1. DAHFST, 2020, 49(2): 336-338.

PENG Z X, LI F Q. Biosynthesis mechanism of bongkrekic acid
of Burkholderia gladioli pathovar cocovenenansJ]. Journal of
Hygiene Research, 2020, 49(2): 336-338.

ML, ASCR, 225, VUM € 3% - BRI T R 5 £
TRRIERR[T]. )34 T, 2019, 46(19): 177-178.

LIN G Y, BAI W L, LI Y. Fast determination of bongkrekic acid
in foods by LC-MS/MS[J]. Guangdong Chemical Industry, 2019,
46(19): 177-178.

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

SHI R, LONG C, DAI Y, et al. Bongkrekic acid poisoning:
severe liver function damage combined with multiple organ
failure caused by eating spoiled food[J]. Legal Medicine (Tokyo,
Japan), 2019, 41:101622.

JAMENE, BN, FER, . sFA MR E B EY
TR SRR RS T[], PR AR SRR, 2017, 29(1):
71-75.

ZHOU G P, LIANG Q, HUANG T X, et al. Etiology analysis of
an outbreak caused by fermented corn flour in Guangnan
County, Wenshan City, Yunnan Province[J]. Chinese Journal of
Food Hygiene, 2017, 29(1): 71-75.

AR, HHUR, P, A ARRE IR SA PA TEOK T £ 4
OBE A R AT B SR (0], R E B AR AR, 2016, 28(1):
36-39.

LIX L, YANG Z S, GUO Y D, et al. Isolation and identification
of Pseudomonas Cocovenenans Subsp. farinofermentans from
food poisoning accident[J]. Chinese Journal of Food Hygiene,
2016, 28(1): 36-39.

ZHANG H, GUO Y, CHEN L, et al. Epidemiology of foodborne
bongkrekic acid poisoning outbreaks in China, 2010 to 2020[J].
PLoS One, 2023, 18(1): €279957.

JUBRE, IR, PMERE, SF. —BREBER B K If I
TER KR B BT Y 7 25 DL FBR BE 3 M [J/OL]. b DRI 2
#, 2022: 1-7.

YAN Q Y, LIL S, SUN J H, et al. Toxic production and acidity
analysis of a Burkholderia gladioli pathovar cocovenenans in
wet rice flour substrate[J/OL]. Journal of the Chinese Cereals
and Oils Association, 2022: 1-7.

RICHH, FOKTE, BN, 5. MR IR R Rk A A
ES:UREE O EC RS bnd S 2 EVRs N ok i T IU®) B MG Rl B s
2022: 1-13.

ZHU W J, HUANG Y D, HUANG X L, et al. Investigation on
the contamination of Burkholderia gladioli pathovar cocovenenans
and toxins and risk control of wet rice flour production[J/OL].
Journal of the Chinese Cereals and Oils Association, 2022: 1-13.

PRIEHE, WRDUG:, WM, A% BTG (5 S0 P P oK T S I
KM B IR A KRR B KU A AT 1], BB R
14,2022, 38(5): 320-327.




g
FRENLT ﬁm 531% 2023 F 535

CHEN R Q, CHEN H J, HU J P, et al. Investigation and risk
analysis of Pseudomonas cocovenenans subsp. farinofermentans
from Rice and Edible Starch[J]. Modern Food Science and
Technology, 2022, 38(5): 320-327.

[14] Eb%, skZ=fs, fahl, 55, REGEE A T HT iR HoREER
FRAYBTFELT]. v BT, 2020, 39(12): 87-91.

MA T, ZHANG L G, HE Z C, et al. Study on bongkrekic acid of
fresh tremella fuciformis under different storage conditions[J].
Edible Fungi of China, 2020, 39(12): 87-91.

[15] WM, R0, BRogtf, SF. SEAMCRKIETERR Y e ARl R K
FE ). BURE RN, 2021, 37(8): 208-213.

HU J P, LIANG M, CHEN R Q, et al. Degradation effect and
kinetic analysis of bongkrekic acid by ultraviolet light[J].
Modern Food Science and Technology, 2021, 37(8): 208-213.

[16] MOEBIUS N, ROSS C, SCHERLACH K, et al. Biosynthesis of
the respiratory toxin bongkrekic acid in the pathogenic bacterium
Burkholderia gladioli[J]. Chemistry and Biology, 2012, 19(9):
1164-1174.

[17] JU35de, ZRARTF, FMEIR, 55, — UMD AR i T oK 1 7 e

16 5 77 v B AR R R B ST (). B R AR T,
2022(31): 56-59+63.
YAN QY, LILS, SUN Y H, et al. Analysis of growth rules and
toxic production of pseudomonas cocovenenans subsp.
farinofermentans in culture medium[J]. China Food Safety
Magazine, 2022(31): 56-59+63.

[18] HKTUE, skih, FEAR, 4. 2002—2016 4Frh EIM SR A M A

Prh AR AR TR AT 0], TLAERRSE, 2020, 49(4):
648-650.
GENG X F, ZHANG J, ZHUANG Z, et al. Epidemiological
analysis of the reported incidents of food poisoning caused by
Burkholderia gladioli pathovar cocovenenans in China from
2002 to 2016[J]. Journal of Hygiene Research, 2020, 49(04):
648-650.

[19] MPEZE W 7 REERIE Y HRERATRE T )0
BERLR2E2E4], 2005(6): 982-983.

LIU Z H. Epidemiological analysis of 7 cases of food poisoning
caused by fermented rice flour in Baise[J]. Journal of Guangxi

Medical University, 2005(6): 982-983. &




