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TEE . HIREREFREX | BB GEEN S i ZLBR T (HB02) #H17 TH53%, HAAEOREF LakIlE T 5
IR EPERRNTRR (VFA) KELRM & &, JFE R R ib il 1z oo 2 th 2 AL KA = fE g il scR) . iXm g R R .
ZEARUZ ARSI FAER S, MR R MRS WARE SRS rh AR B, 37 CHEFE 48 h 5 R QR 51.75
mmol + L™" FABZ0.77 mmol - L™', TR 0.37 mmol - L™" | FLAR 28.06 mmol - L', FLERIREFMWH, FFmEPRINMZL
MRz, 3575 pH (MG, Wi R AL, mdth&EEE B, -2 NA MY Ea%E, RUFLERITEUE pH H X
AEFIHI B ph B AR K MO AEII R =3, Y HBO2 SigfhE St sent, SHEFEL - B ME M EEER B, mEy L EihEn
MIHFEEHE (P <0.01), #51. HBO2 nf B inl s i K R i d& s E B, M,
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Inhibition of growth and aflatoxin production of Aspergillus flavus by
Lactobacillus curvatus HB02
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Abstract: Lactobacillus curvatus HB02, which could inhibit growth of fungi, was cultured on doubled-layered agar or in liquid an-
aerobic cultivation medium. The content of volatile fatty acid (VFA) or lactic acid in cultural medium was measured by gas chro-
matography or colorimeter. The inhibition of HBO2 on growth and toxin generation of Aspergillus flavus was determined by co-culture
of HBO2 with the fungi. The results showed that HB02 grew faster in MRS liquid medium than in solid plate. And in the cultural
medium, the content of acetic acid, propionic acid, butyric acid and lactic acid was 51.75 mmol + ™", 0.77 mmol - L', 0.37
mmol + L', and 28. 06 mmol + L', respectively. The further experiment showed that the more lactic acid was added in the me-
dium, the lower the pH of medium was, and the lighter the mycelium was. While the production of aflatoxin B, increased with the
decrease of pH, which implied that the low pH resulted from lactic acid in medium inhibited the growth of Aspergillus flavus but not
the production of aflatoxin B,. While the HBO2 strain was co-cultured with Aspergillus flavus, the weight of the mycelium and the
production of aflatoxin B, were both significantly lower than those of Aspergillus flavus cultured without HBO2. The results implied
that the mechanism of the inhibition on the growth of fungi and the production of toxin by HBO2 strain resulted from many factors in-
volving the low pH of medium, other metabolized production and interact between microorganism.
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FLBRFT RN B 2 2 75 A A I A T, X o 2 2 B A ™ AR R A R T, e P Al 45
AT, SR HBO2 X H AT AE AR Tl A B R A 7 v Y e ™ R ) L R —— I A 2R R
FEEE I EIE FHEA TS, RIS HBO2 X LB 7 AE B il 4 FH (9 T REBIL A

1 HES R

1.1 RXIedry

1.1.1 iR HBO2 HAEFTELE SR, i &Em 70 - 1 #ik (WersmheE) hme
T 955 T8 o7y 42 i o ZEOY

1.1.2 HEE5FE R MRS KiFik (pH 6.8, BEFRIEMMA 20 g - L' CaCO,), FHT BRI AR &b
7 K HB02 S B 2208 PYG 5353217 BTl mex i ih 8 A K K- 3 1 it g,

1.1.3 fkFFLEs TR e vt s d R B, adE s B VL9048 3R A A 06 A % Jm) 2
W HASHEE GC —9A AU MR . CR3IA BUHHRALBEALAN UV — VIS 756 MC R4 Tt

1.2 RIEH*E

1.2.1 REETT ESE, X HBO2 (S5 FRRe i T U, I 38 Ak X B SR W A I T A R R
FEMCIERN [, PR 2 PSR s (FHELRRAEC A AN R FR B 1) PYG S5 3R 38 G e vl 8, sife i &
AP R MRS KRB T HB02 Fat i & ny % a%) s ih &M A K 7818 00, 438 HB02 Xt
B DA K SRR RN

1.2.2 HBO2 #Z5EimHEE KA E RS MRS Bz (pH 6.8), 37 CIRER 3% 24 h J5 G E 1T
B, B AR BOAE N 1 x10° CFU - mL™", 5,

1.2.3 WEHZEHEFZE EFA 1 mL @EAF I MES 10 mL 2 R MRS 35383 (45 CAEf), &
AYRAT . BEREE F AR R B35 3R 329 15 mL, TREERE T R BIEE SEAR T 37 CEFRBErhigse Y |

1.2.4 BEREEFFE HEMWRA R MRS F 558 A T b H 2, A S bR 5 7R
FIIRT, #CO,6~8 h IR, ERFMAEARBIER, MAEREAREEREE, M TFIRED,
TR TR, RSB REIRAKE (121 °C, 15 min) , JHE TS RS THER R 55

1.2.5 HB02 7£ MRS R EFEPREEFHOERKMENE 20 HBO2 T MRS Mk =%, 37 CH
B 15 ~18 h A L, 1N RBER T2, IR R R R A MRS WRER SR, 42
Pt 5% (RBUM0) . IREWAE, HEGERBOR G ZERARAVER 0 h I9FES:, T & BRI Ag fE,
VIR RS IR I E N2 O IR . #F 37 C oM FIRGELRE, 4rHIfE0, 2. 4, 6, 8, 10, 14, 24 48
72 h BOREIRE Ao (i, FRLAREFAESFRIENE NS IR, DL A g [EAE RO SR AN A et 272
1.2.6 HBO2 EFWIELZMEMBINABSENE HELEMWEHR S EHSHOEENE ", 6%k
fF: BAONAR, W30 mL - min ™', BBRRRZSAR, WAL 300 mL - min ™', BIEATREE 100 °C, ZRE
200 °C, FEFFTHRN 8 °C - min ™', 4K 3 mm - min~', HJE 100 mV, Ty 11, PEEER2 pL, 7E00E
BEARE LG R TR AR A . FLRR S RINE S Mk e M B H gk

1.2.7 BEERBAFERNGE EEME T YRR, 28 CREFE 10 d 5 e PhivRhm -7+
KRR ERGZ ol (S nhiR 80 0.05% , RFRE) wh, SRJEH & B B 6L R i IR 6 92 vl ik 2D A
U LIBR 22 ARAA, Bl T EIHEE N 1 x107 CFU - mL™", 4 CAA7ERFM,

1.2.8 FLEWEHBSERMTSHNEM UL 85% AWK PYG 53R MPIS pH (E4r BIHEE R 3.0, 4.0
5.0, B EIAR3 R pH E K pH {4 6. 8 B PYG B537 545 100 mL, 30 1 mL B &/ T2 (1 x 107
CFU - mL™"), 28 C#ERFE 15 d, fEREFRMEE 3, 6. 9, 12 FI 15 RIMEREFRW T pH H, AFB, "
M A 225, LL pH 6. 8 AY PYG R SEAE X HR4H

1.2.9 HBO2 M EHMBAKMZSHEN ¥ 1 mL HBO2 538 (1 x10° CFU - mL™") F11 mL B ih5
72U (1 x107 CFU - mL™") [ARHZERNZ] 100 mL MRS WZH (& 1% W3%8E) , 5308 %% HBO2
FE37 CIRER:FR 24 h, ARG HEMAE MR 7B, 1% 1 oL #EM&HEMTFE]E (1 x10" CFU - mL™")




%3 WAMESE . 25 FLRRAT B HBO2 ) 35 ph 8 Ak K B = i 2127 -

FERIF] 100 mL MRS P THVE TR . 3 NHAE 28 CH538 15 d , TEEFRINEE 3. 6. 9, 12 F115 K&
IR pH A . AFB, FIE AR R 2277 5t
1.2.10 ZEHEELZL~EH0IE 45 H Whatman No. 4 JEALHIIERE 72, B2 AEILT, 90 °C 4t
#5624 h, SRIFI RN TS D EEE, e L™ &,
1.2.11 AFB, FEHNE FNEZ G5 (TLC) ™S . WD AFB, 28 6T BE 5 hRE S R I 1 &
(0.000 4 pg) ZINHRE S, WEES T AFB, P50 0.05 pg - mL™', ERIEZOGRERTEE, W
W PER R RS /D I, LRI S DGR B B (IR RO — O Ik, AFB, PR (Y) %
WMFAKITHE: ¥=0.0004 xV, xD/V, - m, HHo. 0.000 4 HJ AFB, FIFACK I ; m NI NG I
YRS IREL, v, AIINAGE ISR AW ARRL, v, I BURAR DO S B RERAR R D SRR A5 B
FEEL
1.3 HESITHH

IR 3 Ik, DARZZA AFB, ;=& FEIETT0T, R SPSS10. 0 H LSD ¥&#E47 77 22 43 A Fl
25 5% 1 EER

2 ZR545H

2.1 EEES
HBO2 7EXZRE 923 B A KGNS, Wsso/N, FUE . IRFLAA . %8508, 54£0.9~1.1 mm,

2.2 HB02 7£ MRS #EEFEPFREEFVEK 25¢
g 20

HITE T AT, FEHERNIS 4 h N, Ag (HELEL ,i;
N, B4 WG, AglERHL LTS, JE AT osl
AR, 8 ~24 h Ay fH LTINS, 48 h A, fH = e .
HOBLUR R, BDANE S IR AR BUS TR TR corotoen s amn
B YTE 24 h BURE,

El1 Etk HB02 FIA < 2k

= 4 M- AE B BA T | mA S
2.3 HBO2 BEAERRANER K ALK E Fig. 1 Growth curve of strain HB02

HBO2 7F MRS WAARE SR IRERG R 24 h )=,
PR & A FLIR L KRN 2R £ 0 R AR TR . $REU T QR f, 3580 5175 mmol - L7,
YOEFLEZ 28. 06 mmol - 17", R, THRHA 0.77 f10.37 mmol - L',
2.4 AEpHEMNEHEFZREHESEB, FENENE

MR 2 TUL, B pH (EAREAL, BB 2L 8 R FROEH, 1M AFB, (=N E FTHEs, Fiiteesy
Mr&l], 7eXsaRm3 ~15 d b, HAS 6 REUSIFLIRES SR pH 5.0, pH 4.0, pH 3.0 A e w22/ & It pH
6. 8 LHIE L~ T W EEE (P <0.01), 1 pH 5.0, pH 4.0, pH 3.0 3 ZHAERFEAYES 6 ~ 15 KR AFB, 7= g

e st s d R B, i BB E TS (P <0.01), H3 HZETRFEER (P>0.05),
45 4.0 -
4.0 F T, i5f e
Ig 351 A _E 30t b L
?E 3.0 F g_‘é 25| e »
o = 25F ‘3'. %’
o B L= 20F
Gz 20 =<
ET st = wz 0T
3= Lk
g 1ok - E -~ 1.0
8 05 F i #TE 0.5
0 - . . 0 :
3.0 4.0 5.0 6.8 5.0 6.8

pH ’ o 40 pH
m3d; m6d; m9d; Ol2d; Oi1sd
B2 AEpHEMNEMEEZ (A) X AFB, (B) FENENM
Fig. 2 Effect of different initial pH on yield of mycelium (A) and aflatoxim B, (B)
T SR (pH6.8) MHHEZERWMEBE (P<0.01), . Compared with control (pH 6.8) P <0.01.
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XS EBIEHT TR, H55R 3 ~15d, BEREZ S E RATE pH 3.0 415 pH 6. 8 XJ 4
ZHAREETE (P<0.05), 1 AFB, R 8B7E 4 A2 E#E LB EET (P>0.05), 6 ~15 d iyl
BN R R4 HZ A IERFERESR (P>0.05), MpH5.0, pH4.0, pH3.0 2405 pH 6. 8 X 4]
ZHEABEES (P<0.05, P<0.05, P<0.01),

HHRMEATZE SRR (1), KigE3 ~12d, pHEERA R Z N WR—E M IEMEHE, B pH (A
TE3.0~6.5 ZEF, BEE pH HAFEML, W™l ; ¥ 3 ~15d, pH{HS AFB, /& Z [A] /s —
ERTAREYE, B pH HTE 3.0 ~6.5 Z[ali}, FZF pH (HAFL, AFB, FPRRMEL, HH7E6 ~12 d
R M EER B, P2 AAC, BRI 8 m R,

#*1 pHE, EHEHLFEREHESR B, FEZEANEXEYN (R)

Table 1 Ratio of co-relationship among different initial pH, yield of mycelium and aflatoxin B,

N PpH {E I 22 77 pH {HF1 AFB, F=iit W 2L7= A AFB, PR
Cn ! . Between pH value and yield Between pH value and Between yield of mycelium
ulture time of mycelium yield of aflatoxim B, and aflatoxim B,
3 0.551°* 0.229 0. 351
0.814 0.904 0.979
9 0. 879 0. 623 0.289
12 0. 739 0. 589 0. 888
15 0.012 0. 689 0.232
Note: * P <0. 05.
2.5 HBO2 MEHBAKEFHFHNXI
k2 vl W, 5 H R F2 THILBTE HBR MEMEEKEFESHEMm
T X IR ZEAH L , HBO2 i Table 2 Growth of Aspergillus flavus and AFB, production in the present of
%?}@ %jii% ?%E"J ) Qﬂ% 4 Fg%ﬂjﬂi Lactobacillus curvatus HB02
E%{}i//l\ (P <0.01 ) Ei@ﬂiTﬁ A HEFROE/D pHAH P27t /mg - mL~! AFB, 71&/pg + mL™!
’ Groups  Culture time pH value Yield of mycelium Yield of aflatoxin B,
th AFB,, Tixf B4R AFB, 775 N 3 s — —
Ewm, HFHAESRENSE 6 ~9 K 6 3.5 — —
REN T i, JRERIRI 2 AT 2 i ié - -
. - . 0.023 +0.010" * —
i, HBO2 5 il 25/ 1Y pH i 15 3.5 0.029£0.008* * —
FGRE 22 77 & ¥ L Se 3 F HBO2 1Y 2 3 5.0 — -
B M3 RS 12 d B 15 d 6 5.0 - -
e . e o 9 5.0 0.019 £0.002" * —
(B 227 i, KB pH R 227 i b a0 00ssa00m- -
AR, AHIC R BT HR 0. 799 15 5.0 0.166£0.023" —
(12 d) F10.784 (15 d), EI]IZ@% 3 3 6.5 1. 638 +0. 430 0.80 +0. 14
. 6 6.8 0.940 £0. 210 2.10 £0. 15
S R r=wE>
pH TEE/JIK%{EE’ @LFE{}&/O 9 6.8 1. 151 £0. 300 2.22 +0.28
\‘ ‘A 12 7.0 0.861 £0. 180 1.08 £0. 10
3 -l:j-lb 15 7.0 1. 163 £0. 260 1.12 +0. 08

EE FDA (B 525 TE: 1) 1. Bl FLERATH HBO2 1£ MRS WA 555% 24 h J5 EF B I FE M1 T L. curvatus
A HBO02 was seeded 24 h earlier than spores of A. flavus; 2. 25 HiZLERFTH HBO2
E’) Ml AAFCO <% B *+ e S5 e i A 70 1 R i 2 AP 2 MRS A% L. cuwrvatus HBO2 and spores of A. flavus

J'% TJJ‘%) T’IE 1989 ﬁz/l‘\\zﬁ E‘Jﬁ%ﬁiﬁ were seeded into MRS medium at the same time; 3. {X# [Z 73R %) MRS
i%ﬁjﬁ}t@ 43 *EF . ﬁ;*?l_ﬂfi*?%ﬂj A7 (XTEEZH) Only spores of A. flavus were seeded (control).
12 *q;l Epﬂrék%ﬁ*ﬂlili?ﬂk%ﬁ 1999 2) %% SXFRRAM L2 R B . Compared to controls P <0. 01.

AR AT SRVFRE A 12 A I RAE Y A 3 ROESLIRAT R, 726, i A2 Tl B 57% &4
FURRFF R 1 Al P FLIAT B8 2 A 3 T LS B Il A 5P T O I DG T LR T A 4 4 K
A E N TERUA ST T IR & i 43 B i FLIRAT B0 R e A T 078 Akl . AR BESF RS i1
FHT S ARSI FUAF TR0 4 28 €0 A7 400 R PR A D S P R R Ik A P20 17 28 2 O A S 0 43 S 1 X R
i FLERAT I HBO2 REMMHI HIE K,

W A BRI R MRS AR IR B RS SR AR Bt i L= FLIRBE JT 80, PRAAST SR 48 h
JE FLRR VR 2 15 28. 06 mmol - L™, FLERAR AT AR RAM BB o A Ky A Bk, oA FLAR K



%3 WAHESE . 25 FLRRAT B HBO2 ) 35 ph 8 Ak K B = i - 129 .

REISREL IR , K BAAE pH 3. 0 ~6. 5 YuHl A B i a1 A KR pdm ], HLEES pH (HAYFEAR, #h%E
22 s s MR, AFB, B NIBES pH ERREARA I i ka3, IR ai iy ZLIRE LAY 1% pH {3
FFAReA St b i a5, Tog, BATOK HB02 S ihs —fiEe, KBS 5% 00 & HE A
b, LR IR AR 2 A s, 0 E R ORRRAR, IR RN . HBO2 X B 2 X H ™
T A0 A A P L R e ) AF pH (L H A A 7™ 0 DA R Bl A 0 1) AR B 465 BT 25 22 DX 3R B [ A 0 285
%[8—10] .

WAEILESR IS PP A T —E R a N, DA S th a4 K5 I Ao, B Lt 41
X o 2 A A R A P AN 5 SR 0 (R FEE i BB SR Se P AR, SRR IR . LSS L
FRAT T HBO2 o BT it 5 S 3 /R I, FRAT s e B0 8y -t o L R o ) 7 BRARAT 2 W, 4 HBO2
S E R T FINHE A S Ry HBO2 JR b s th &/ T AL, pH Jhm, 4RI o fE I FLIR
X o A SR R I, sl B SR PR R, AT TR R PYG S SREE . BEFREE pH
EAEI IR S AR, R DR O B Y 5 I 15 R 2R v OB I B8, Bt Q= ) b R o B i 22 1) A
W, pH HIZWITHE . TR AW, AR 200 T IS SR R R ] p A KR, 7555
FREE 15 R T EA P, AFB, PP EAERE SRS 10 ~ 12 RiAB|mE, BEE M TRE, TR
JEH AT RE 2 AFB, $ I8 22 F VIS RO 48 Gk A2

FUMR A S a2 WO R A, ANIRAE A B T TR LR T 1 ) o i 2 R A T REILY, 2F
T S Bk HR o P X 8 fhh 2 A A PR T A LR B, DA D B B A K S i A 7 O AR fE
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