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Abstract: Objective To investigate the antagonistic ability of Bacillus subtilis, Sporidiobolus salmonicolor, Aspergillus niger,
Enterococcus faecium, and Enterococcus avium isolated from the processing of Sojae Semen Praeparatum (SSP) to Aspergillus
flavus producing aflatoxin B1 (AFB1), so as to lay a foundation for exploring the growth and decline mechanism of aflatoxin in the
processing of SSP. Methods The effects of five strains and their metabolites on the growth of aflatoxin producing A4. flavus were
detected by plate confrontation method and cross method, and the degradation rate of AFB; by five strains was researched by liquid
chromatography-mass spectrometry (LC-MS). Results The linear correlation coefficient of aflatoxin Bi (AFB1) was > 0.999 in the
range of 10—200 ng/mL. The recoveries of low, medium and high concentrations were 92.4%—97.2%, and RSD were 1.48%—
2.35% (n = 3). Among the five strains, S. salmonicolor had the best degradation effect on AFB1, up to 43.65%, S. salmonicolor had
the strongest inhibition effect on the growth of 4. flavus, up to 64.29% and the fermentation supernatant of E. faecium had the
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strongest inhibition effect on the growth of A. flavus, up to 29.63%. Conclusion There are various microorganisms that inhibit the

growth of AFT producing strains and the degradation of AFB1 in the fermentation processing of SSP.

Key words: Sojae Semen Praeparatum; processing; aflatoxin Bi; LC-MS; antagonistic microorganism; antagonistic ability; Bacillus

subtilis; Sporidiobolus salmonicolor; Aspergillus niger; Enterococcus avium; Enterococcus faecium
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1.1 ##

111 SRIEpk R liE R (CGMCC3.4408)
DT [ S A A P T A ORI O o R (BRI B
Saccharomyces salmonicolor (EJ1). FRIHERE
Enterococcus faecium (BR5)\ SR TE Enterococcus
avium (9R2). %5 Aspergillus niger (JC2) FIAd
YRR Bacillus subtilis (JX2) PNASSZLEG = M
R B I R R S e IR ORAE, HTLPa R
KM BRI LR 2R 4 e -

1.1.2 F59Rh: PDA #555dk. & REUIRIEFREE,
Wi ORI R A3 IR AL, k'S 201911130 20191026,
20201017, F SR AEYEARA R A

P FhFRE IR AL MAIRE S0 g, EEMRS g, M
BFE 1 g, KHPOs 1 g, FerSO4-7HO 0.01 g,
MgS04-7H,0 0.5 g, 7%1f#7K 1000 mL, pH 6.0,

Y R IRk TR 235, EEER 10 g,
W% 8.5 g, KHyPOs 4.1 g, MgSO4-7H,0 0.5 g,
Ji7K 1000 mL, pH 6.0,

FLPH R IR R4 H%IPE 30 g, NaNOs 3 g, %
BHEEY) 1 g, K;HPO4 1 g, MgSO4-7H,0 0.5 g, KCI
0.5 g, FeSO47H,0 0.01 g, L-SETRIN 10 g, 718
7K 1000 mL, pH 6.0. LA EEEFRIEBILE 121 C il
FUKEE 20 min.

1.1.3  i{f AFB, XM, 5 A832707-1mg,
JRE T =98%, ZWMARAF: HEL. L,
#L5 2003191, 20022221, 1AF$=99.9%, T'&A
AT R, S C11265520, 1RFAS>%0=99.9%,
Bhr T AR A IR A A

1.2 Y&

MI-1501Z FH B 7746 . DHP-9082 4l 1% 7544 ,
il ERE AR A R AB Triple Quad 4500 i &
RCUAR €03 - = B P AT SR IR BT AY, S8 [H AB Sciex
/v H]s Milli-Q Advantage A10 & 27K, 3£ H
Millipore A ]
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2.1.1 %% Hypersil Gold (100 mm X 2.1
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mm, 3 pm); R 25 C; JWaIHN 0.1% FRRKE
M-85 BEEYEi: 0~1 min, 35%ZM; 1~2.5
min, 35%~50%Z.JE; 2.5~3 min, 50%~80%Z. i
3~3.1 min, 80%~35%ZN}5; 3.1~5 min, 35%Z.
JiE: AR E 0.2 mL/min; AR 2 ul.
212 JHE KA HWEE B TR Celectrospray
ionization, ESD), IF&FHzl; E 7MW HEE (on
spray voltage, IS) 4.5kV; B JiiifE (ion source
temperature, TEM) 500 C; 4L (nebulizer gas,
GS1) J£ 77 310.264 kPa (45 psi), JI#= (heater gas,
GS2) £ /7 344.738 kPa (50 psi), K AT A4 (curtain
gas, N»), JE/7241.316kPa (35psi). TN
% i J 7 5 ] Cmultiple reaction monitoring, MRM ).
b fE I 150 V, 2R 32V, BEEST m/z 313.0,
T BT m/z285.4. 254.0; {#BEIFA] 5 min.
2.1.3  AHHEGAERINS S AETRFREL 0.1 mg AFB,
TR T S0 mL AR R, I EREEZE,
57, 1L 0.22 pm JEME, BIFS 2 pg/mL ¥ AFB; XJ &
vt it £ Y
2.1.4  HHASERIIHS  CKERIRAZR 5 BRAEI
B2 Rl T AR DL RG 72 A (AN . LR 2 5
BT RAZ . PDA TAAREFE3E), BREL—FF
FEMT 25 mL M1 I5 R, S 37 CHEFE 12
h /G, WeHL 1 mL MM T 25 mL 45 R s
FEWF, 37 CHEFR 2d. HEERT 25 mL HIHK
P s e, 28 CHEFE 3 do BT, WEL 980
ul R BEE WO 20 uL 100 pg/mL [ AFB, 5t [ 5,
& REEHE TR AFB) &S 2N 2 pg/mL, PLR
1120 pL 100 pg/mL Y AFB S 8 i AR P i ) % 1
BEFEMAEST IR, 37 CROCIE 72 ho

Sy IR 72 h & KR 1 mL, HA
ARZEIET, 01 mL FHEEER, 11 269.44X g &
> 10 min, EERZ 0.22 um JEMBEN J5 F LC-MS
iRl /8
215 LMXRRFEHE  KHTEL 0.005. 0.010,
0.025. 0.040. 0.050. 0.075. 0.100 mL ] AFB; X}
G T 1 mL &, AT ERBEEZIE,
ffiZ /% 10, 20, 50, 80. 100, 150. 200 ng/mL [¥]
RPN IR SATL IRET, EALINE . AFBy i ih 2%
N Y=23 904 X+135 965, 12=0.999 3, Jii &K ELE
10~200 ng/mL 2 R UF £k MK R
2.1.6 FEEEHELE WCH AFB) JUEIKEE N 100
ng/mL FIXF IR SR, IESE R AR 6 K, 1R

R4, RSD A 0.62%
2.1.7 RoEtEHEE BULW KB, %I AFB,
XTRE VAR, (2 S IR IE N 100 ng/mL. %
“2.1.47 TUELR S AV ) ) £ D SRR, 2 E 0.
4. 8. 12. 16+ 20. 24 h [ AFB, & &, LPU&H
FUkiHH, RSD A 1.01%.
2.1.8 EEMHER PATHUCH KR 6 1, K%
o AFB, XS, 2 & ERE )y 100
ng/mL. % “2.1.47 TGS 460 TR EAE
T 92117 TS AR, A RlEERE 2 L AT IE,
LA AFB; & &K1, RSD A 1.50%.
2.1.9 fOFEEWEEE  SPATHUC BRI 9 1,
RS IIANAG S T VA RE IR R
FEANREE 3 4y, (KRR AFB 283K 2433104 50,
100, 200 ng/mL, % “2.1.4”7 WK IS %5
BRERAE, IR H I, R T, RIS E
P ) 8% A AR B D% R VAT, SRR 0 BT
RS & tREINFEECR . DURERR R,
&S . w3 AR IRE KR AFB) - F1 (A
W54 92.40%. 94.32%. 97.20%, RSD 734
N 2.35% 1.48%. 1.85% (n=3).,
2.2 S HRFMERT AFB, FIPERRER

AARBAE T, “2.1.47 Wi, 5558 8R, 5 ¥
W RTINS AFBy 1 — @ HIBEMER, Lt
B BEEBE B 6T AFB, (1) B4 FH B 5k, 18 43.65%
A A PR E e . SRR EER AFB,
(VR BB P it B ) 1 s, PR L 1.

AFB; PR = (X R4 AFB) & & — R4 AFB & &)/
FHHEL AFB; & &
2.3 SHRENEX S RMEBE KN
2.3.1 FrERE I ERRAERE (CGMCC3.4408) 141
BRI S K i AR ER R T PDA
B b, 28 CHFE S A, IMANERLH AT EEK
vt A, LW mIEd DIERR B 22, MER
TR 2 it B AT 2R 1 X 10° cfu/mL,
% H .
232 B R R
(1) BRI . BRI IR
FEDUBE, HMT 20 mL M7 3800H, 4056 37 C
FEEIE 120, HEFE 28 C. 120 r/min 7% 72 he
b ERFh IR FE RS, BB GG 3 MRRERAEE,
FARE AR 100 pL AR 20 il N AH R % 4
PEREFRECSPHOIR A . A E 37 CHFE 1d, B
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AFB, AFB,
AFB,
A B AFB, C D
AFB,
AFB;
E F G H
0 1 2 3 4 50 1 2 3 4 50 1 2 3 4 50 1 2 3 4 5
t/min

A-TERR BN 100 pgrmL™! AFB, ST S FEA B-SECOBUEE R R BAIUINA 100 ng'mL™! AFB, STHEAREA C-Rb B2 MU 1 R BRI
100 pg'mL™! AFB, XS REA D-IRIGERE R BN 100 pg'mL™! AFB, STHEGFEA  E-S BRI AL BRI 100 pg'mL™! AFB, X HE S A
F-R A R RN 100 pg-mL™' AFB, XS BF A G- (URIHR H-E 7

A-sterile fermentation broth added with 100 pg-mL™' AFB, standard sample B-Saccharomyces salmoniae fermentation broth added with 100 pg-mL™!
AFB, standard sample C-Bacillus subtilis broth added with 100 pg-mL™! AFB, standard sample D-Enterococcus faecium broth added with 100
pug'mL™' AFB; standard sample E-Enterococcus avium broth added with 100 pg'mL™" AFB, standard sample F-Aspergillus niger broth added with
100 pg'mL™" AFB; standard sample ~G-blank fermentation broth H-solvent

E1 RREAEEE
Fig.1 LC-MS chromatograms

&1 5SHENMFIERRMAREERSRMBEKAHIIEIRIR RIS AFB FIBEMRER (X+s,n=3)
Table 1 Growth inhibition of A. flavus and degradation of AFB1 by five strains (X £s,n=3)

(L7 AFB) FEfE/% T 1 IR AN R /% KR L IE AN /%
L&) BN 17.5340.39 32.14£1.79 16.67+1.04
PR IR 34.024+0.87 32.14%+1.79 29.63+1.56
il B 2 FOA B 27.4940.66 33.93+£2.28 24.07+1.04
Mk £ B PR P B B 43.651+0.98 64.29+3.57 24.07+1.88
ikt 7.2240.20 32.14%+1.55 25.9340.52
BB T bR R 3.21£0.11 - -

B#E 28 CHIE 3~5 d, A% amE. Eiskirit
B, R 1X107 cfu/mL FIFBRE MR,
& H .

(2) Rl B R PR i 5. IR 1 mL 12X 107
cfu/mL R FCERN T 25 mL 205 /2 3 A N K
Begedeeh, 4HE T 37 CHEFE72h, HBE T 28 C.
120 r/min ¥%5% 96 h.

2.3.3 5 ARRFINEE R P 80 2 A K R

(1) PR IR AG U A7 D0 8 ) 7 B 8 i A A K
FIRZM: #4 1X 105 cfu/mL AIFRAERKEE B B 1T
10 pL b T Re Ttk rp gy, FH 5258 XO45F) 20 uL
1 X107 cfu/mL #4580 B Fh 5~V TS5 BRI 4 oo LAY
FEFR 10° cfw/mL (38 M br iR TR T T 5 7R b e

ERXTHRAL, 73 28 CHEEEHRERESI &=
BOf il ot th S An iR v B, tHEIE R,
H 3 NPT

JIV B 2 = (O IR 3l 2 T 4 — S 2 9 o 2 1 K
B/ R 3 e VR EAR

SHEMFERAERROWE 2 . 4R (R
D BoR, 5 HREFFRE IR e i m A KIS
—EPFMHIVE A e R B RO B B 0 3t AR
KA VE B, FIBEZIE 64.29%, RIHERE
S IAEREE . MESERAT R BT S i & A K
PN IZTE 30% 4045

(2) R B R e i vont 7= 25 i i 25 1 AR K i
SO s HSS AR B AR R PR 10 mL, 11 269.44 X g &5
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Fig.2 Growth of A. flavus detected by plate confrontation culture

&5 min, BT, 0.22 pm T EIEBLIEL R
MR 8 mL L BRI ) ERHENA 90 mm (¥ 5 SR L
tr, i 20 mL PDA 553738 52 085, 76
20 pL 1X 10° ofu/mL [A3% i B5 bRl 70,
LS LA SR 1X10° cfu/mL 3% 1 25 by vk £t
THAEX T

5l Bk

BV T
B3 BEHRAE LER S SEEBBE KN

Fig.3 Effect of fermentation supernatant of different strains on growth of 4. flavus
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g, HIHIZEN 29.63%.

gi e, 5 PREEM ORI LIS WO 7 5 o ih A i 1
AERKIE —E MAHIER, R 5 PR AT =
fil= e s A KA, WEARN. AR
Sy 5 PR RE TR I 2350 T R EIE TR
AR 2, ROPIX S bRE@E S EvE EFRET S
SR A= 2 2 A AR R B R BT AR =
A0SR, st € B O P B R ) o 355 R VD B A
AFB) P25 5mT Fofth 4 PRI, T R IS WA
128 5 HoAh 4 BREZ0AK, RIALER 5B i
Ferb, S (A B RE pR 7 B et AR KB
FPEfR AFBy J7 T K3 THORHITER .

3 Wie

RN K RS B AR ] BB A K E
AFT WA, R 256 R 25 5 2 87 AFT
(35 L ifi =2 AFT o fif e AR 24 A 2 4 1] R0 20 ™ A
W2 AFT {555, ARSLIGHESL T LC-MS &
R T AFB, (57, %07 B PRk R
RPEERE, APTRESTRCE, BERRA, K
WI5E R AFB, &b s %,

BT, bt it w5 2 0s e m pia 1 i =
By 2 Fhe TBH AN R . T4t 32 B AR i
TR = AFT B IR175 SR i s 2% A 1 55 o B
HEFEER 3 M Y. WEMAEY . YT
UERESNESE, BRI, (H R Re TR b 4R
S S AR N, R 285 ) 22 I R AR 2
bR, HBMEAEN - EER-EEIERER B
S5 [ RUA-1Y, A2 5y T A BV B AR A FH B2
ERAR R, V5 R0, T A M B2 B KSR
gt LEMZHFT,

Ak, E WSS FEfE AFB) A * AFT
WA K AR AT T RE L. BRI, —ik
WA, WIFLEREE . W RRE A ZE AT, T
T AR 5, fE95H] AFT (537 HA & B
KEIS A E . Osouli ZEUSUF 78 T Ak 5 2F 7 4F B
M419 Jegii EIF o s & im0y 57%. K
FHLAED AR I, R AN 0.25 mg/mL 1%
THE 55 R B RAI AFB) B8 3R e lf, A
98.21%. i /)N REE RO 55 2 I A PRI X gy 1 35 50 v
B R BT LAB-10 %} 14 png/L AFB; 7E 48 h
IR A 63.4%.

AT FLR B IR & B R A B Y 5 RS
X7 AFT 3 i 25 AR K B — e i AIHIE R,

A %) AFBy BIFEfFRA —EMER . SRIGERTE
159, 3R R R B 2 AT T 0T 7 B 2 i 87 A TR 2R
BIIE 30%LA L, 3X 3 s R A vk SR S AR
MIOEFA TR, e = B 2 i 2 B AR A Y R
WA P y-2 % T R (y-aminobutyric acid,
GABA) =R, 5 PRI A (B B ) T 0
BB AR IR AR AFBy BIRCR IR, 41
2B 2R 2 3N 64.29% 43.65%

AR ZH Fi ARIF 7 R B €N R 1 B TR A
R EM R R e 4P e, HFE R B E TR
ke, EERE 3 REFIHAME. ke EE e
B RE B BT ] AR 2 MR 5 & SR R 2L
GV, HAER TR AR 2 R LT RK SRR
(AR IR2230 - [R] 1 3k 7 S ) o et e e € B BRI
W IOAEAE, fm ERIR T AR EST RS
HAOERTLHIF A FERKRAMLLL GABA FPE S
ISP

AEVIER AFT 1 3 ZHLH S 8 W A
B IR S5 I B4 At 7 2R B B T B 2R 20 T 1Tk 2 i 75
FE . WEERH EE S A 5= s w s &
PR E MIC R S miHE AR, R IE/E A 2
AT REY I I BB IR AFT (35 M 45 M0 i X
WRIR A A i DR S PAFI A MG B3R, P2 AR 0
(1] B AR = 4271 U SR AR (28 T50 — MR A 0 2 R AT 1 P
fitt AFB, AEFHBLEI OB FOR I, WAREE TR BiE
WX AFBy [IPRARRIET] 82.6%, STHFFRIN LiE
HEAT AL FE R A K b, ROUREE S i
TXT AFBy B ARRE SRR R, HEM LI Fh i
UL B RREAR AFB) BVETEY) I £ A BEAN B 1 1
K Ab3 5, B PERREIE, ViR E RS AFB, [
Wee AR D TR R L7 Tl PR G 1 e Y o

—e O ER M EA AFT #HEY,
XU AR AT DB B RS E A R
AFT §8/> . Huang S5O 5k 0 K B & i 2 R TR A7
TE—Fhad AR M AT R, B0 LS AFB) 456 K
— P E M E S mHE R RSN, TG AFB %)
ANERITERPE . TR AERO B I & A i i tH — PR g
RUPEME AFB) HORE R MO IR, SR IR 7
TR T4 T ) R R BN AFB PSRRI 91.4%.
TEWR G HI, AFT 7= 55 i AE PR 1T ARl i 3%
G K RAVE IR . AR 8.
B AR ME P AFT BT8R AH
K,
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BT, BV 2070 E S PURE H r 8 kA
KEFANLHIAT T RERBF T A = AFT B
A BRI FH 3 53 R s A A= 4
FHIER o 3844 O AL 32 22 7 F m e ™
Ee ) Soe e o Skl I NTHTR €7 b B2 2 = A Tt
FARKMEG BRI E R AP s E R
IR A — Ll . AR YA RS
ORI B W A KR8, WZEAF B PR AR
PUAERME AN, ARE-ERAIERMZIE, #
REGR AR B LT o B S5 35000 28 it 28 1 AR KA R 5 1
I E B,

AT, 5 BREE R0 7 2 v R Y
A —ERAHIER, XM E AT R 2 e 1kl
il AR = . 5 R I DRI B R RO
7R v T A R E R, B LA EOR
ST AT, HUCULRE 5 PREE A R i A AR K
RO 1 FH o e 1 7 5 e PR AT R A
L REE R .

REGBHEHIE R 2R RE LR 2 S, A
) I 1) SR AEAEAS F AR TR, B i R v ol
VMR R B, Ml 2 S B O A
FVE M B S5 T BE P24 AFT RAEO-12, ARSI =
AT ARSI 1 vk S R S E] S AFT B8
&, RI B BT BRI 3 R K
FooR, LA “FR” BB MR 3 Ry FR
%6 R MR 9 RFFAE AFT V54, HiZE 6
FIEF e KA, PR 9 R RIS 1.2 ng/mL, R
WRIREES 3 R KIESE 6 K. PRI 3 R, H
bl 5 6 RIJAFAES™ AFT BEbk, 2005 it % 3 A
M, KIS 6 Ry sm iRz, M3 K
R B VA HOT UG N . AR RHZ A S
T RS AFT WAER AFB, & 2130
A, W TS R AR R SRS FE AFT 19
KAHLHIBEE B, I ik G B th S Rm P
it B AR AR

ARSI 5 i AR — A i e 4 E R RE I 7 2
B AFB1 X REFEME AFB) B BB PUE, I bt
R B PUHLAI AL 22 2 Pt SR A 5T

FlBFR A EATELEA Z TR
S 3k
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