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B E: MATEHIANEE (DON) 247 @G RKERM =W, LERRBAAF L, £ SL-W9E
KRBT, AT —HRT VA 52/ DON #9463 5 04T 5 ASAG-35 #EATA B, A7 pH. BE. #Mak
ROABKE A F T LA, IRSFBEFOAFEHN T I, RELABR I L LM4AH: pHEHE
7.5, BESMESES, KR 12h#E4RE 37 C, RhERSBEF| 39 CAELABLER, ALEF
12 h —RMAbe 10 /L 6948 %, 30 h B4R B, ARKEMHT, FIa47T%3)2.9%10"° CFU/ML,
FIOETIAZ) 96.7%. Ht— iz K BERH| R ARE A A0 B R TARR A T3] =4+ DON 49 ALk,
Y5 oMARARET THRAEE<30%, BAREANE >0.1%0, BF LB THBBLRARR S = F 6
DON &%, &&MmEY 98.8%.
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Research of fermentation preparation technology and preliminary application for
Deoxynivalenol-degrading direct inoculated microbial inoculum

DU Wen', CHANG Xiao-jiao', ZHAO Yi-fan', GUAN Yu-long”, SUN Chang-po', LIU Hu-jun'
(1. Academy of National Food and Strategic Reserves Administration, Beijing 100037, China;
2. Anhui Gujing gongjiu Co., Ltd., Bozhou, Anhui 236800, China)

Abstract: Deoxynivalenol(DON), as a secondary metabolite of some fusarium species, has been harmful to
the food and feed industry. To improve spore-producing ability of Bacillus subtilis, the fermentation pH,
temperature, supplemental carbon source and duration of Bacillus subtilis that efficiently degraded DON
were studied in 5L-quadruple fermenters. The best fermentation conditions were determined, the
fermentation pH was controlled at 7.5 and the temperature was controlled by stages, kept at 37 °C for first
12 hours, then raised to 39 °C until the end; 10 g/L molasses was added once at the 121 hour, then the
fermentation was terminated at the 30th hour. Under the optimal conditions, the number of spores could reach
2.9x10' CFU/mL and the spores’ rate could reach 96.7%. The fermentation liquid were further prepared into
direct inoculated microbial inoculum and applied to remove DON from grain processing by-products; Under
the condition that dry matter content in the composite material culture medium was not more than 30%, and
the inoculation amount of the bacterium preparation was more than 0.1%, DON in the grain by-products
could be effectively removed by fermentation and the highest degradation rate could reach 98.8%.
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1 420 =5 ) Hik 7] 24 M 5 Deoxynivalenol, DON )
NAWM R, B FpmAahEiER, %
J2 HH AR A5 T T AR £ 40 0 TR AR ) — TR R R
FACH Y . BRI . W i,
T, izfi . HESEZH YRR ERE, N
T 7 A R ) BRI AR e )
S — 7 A RDR TV 5232 B Rk, 53—,
REEsENEL . a2, EL. %
PERE, WMEE A, EEWT, BILRE %
FFEPERER A, X F ol pU™ R IRC ) J T,
DON (W ER 5 A W B . 2RO | AR Wi i
5T A A I Aot v T 3 A A R A AR
T DON, i A W ARTE S IC R AR ™4, B
A, JCKT5 Y RS A R A OV 1o O vk
P55 AT LU DON {1 B BT , k61 22 2 Uil s
i e f3 2 Al LI DON AYFIR G, ZEmeR
251805 5 07 e 15 2 B A DON AT 18, i 450
8 3k 7 B S e B — MR A R 2 SRR T A A S
DON. AT UL, A= W R i i PR H AT v 00 X
PE, AR A, 1B T2 2 BT,

Fili B ZF FOAT B AR AR B T2 AR AR R — T
YRR 2T, BRI . R
FIE . TR S TS, ACBRE RS, X ANBLH,
ARG, JRARGF A YRR TE . 2 B AT
TR BUSE MR HLIA R S Z M,
TE T A B AE P2 A R rp R S5 v 2R A A A Bl
K, DMBSIERIE SR, SR, Eagslt?
T SRR RO 7 25 A6 1Y) 5 R B RN R S B AT T
HARAL, e B FR B IC T PR R E SR, Rk
Z RGN R BERET 5 T 258 . 2R — el T
JRBE I ELUSH T 2R, B T & b
JOR 2 FELAT TR 1) BT ARV A ADRAS I AR B T A A
7 BUDAFIEIETS e WA 0 ROE A X
AT 9 2 U PR R 2 00T T T 0 R P T MG 25
ol R 9 NS P SR AR S T B
FERE TR N TN R I, E— s FERE B

il T B E X NE Vs Y. BRT, X 2R
ELE R I £ T2 BE AT o O A TR dl
Y B B R AR VIR, ARG

FERTII0 TAEH, FRATT 05k 46 15 8 — bk AT
DL R A% DON [ A B 2EH1FT R ASAG-35, Jf
X AT TR R B 2R AR AL, i A
B RIEAR IR A0 E T IR R i e R & b R
o TEIZTAER AL I, A SCTE & RERE o X%
DON F#fi# I ASAG-35 77 2l K Tl 4 1. 2347
WFSE, DT 4t v Aty 0 24 0L AT BT 119 2 960 5 12 0 24 4
R IR RIE R R R BRI, PN T
YR DON FERMIFEM, R RIZEN T
Tl A A 7= RN, SR AL T R S
1 #MRE5AE
1.1 XBREMHSERE

B fi# DON A 5 2EfUAT T ASAG-35 HI AL
AL,

WAL RE AL MRk S /L, B 10 g/L,
NaCl 10 g/L, 3ifi5 2 g/L.

P PR 73k . BERERY S o/, EEAN 10 g/L,
NaCl 10 g/L.

REEFREL . INEERE 5 g/L, KM 3 g/L,
AL 5 o/, B ST 1 gL, BRRRE T 1.5 /L,
BiFRAE 0.2 g/L, KRB FREER st

VBT TR B 2~20 g/L.

TS THEIOE IR AL a5 /L, IR 10 g/L,
NaCl 10 g/L, ifig 2 g/L.

HPREE SRS . Bk ANE I TR YR
150 g, Pkl 4Min DON %%, K DON & ik
BN (3 000+£50 ) pg/kg, fKERE 1 L, JH7
pH #] 6.5, 121 °CKJH 20 min, FKE/NE R
YIRS YR B, T pH ] 6.5, 121 CK
® 20 min,

REWEIGFRE: Wk (EXK - &H
B FORAE : FAMH=2:5:3:1) 150 g, ¥
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KLl AMIN DON # % ¥ DON #5015 B A( 3 000+
50) pg/kg, MIKEZES 1 L, 8% pH # 6.5,
121 °CK & 20 min,
1.2 FEMNFESERE

BLBIO-5GJG-4-H T L WGE: LiBE AW
BHEABRA T ; SW-CI-2F B TAER : i
B SHARAIRAT]; PYL-125 BIREFAR . R
7 3B R 3 (X A4 15 A A B F] ; EVOLUTION-300
RV A0 DLA3 66 BT T 56 THERMO FISHER
SCIENTIFIC; Waters 2695 =80 AH (A i . SE[H
WATERS; YC-015 /NEIWESE T4 . bV HEREAY
A RAT
1.3 K HE
1.3.1  FEF A TE AL S5 7 i A

W PRIE T —80  °C UKAE Aty B ZF AR AT BT P A
IR RS AR TS AR R L AT = X R 2
IR, 37 CHEFR 16 ho P45 I3 (A B 25 FL AT 7T 51
VR R R B TR AL R FR P I B, 37 °CHEFR
12 h JFERBCR TR KB R TR g, 37 °C,
220 r/min 37 16 h, REF T .
1.3.2 5L HhkEHERF

5 L K ERERE IR 70% 09 R B L, A5 pH
) 7.0, BB IR BRI 10%(vv)EHEA S L
RTEE , WG KBS IR 37 °C, KU 0.2 vwm,
3 r=300 r/min, HA DO=30%, 153 26 h,
1.3.3  SEMA 7 BMRAE K SO™ 2R SE g i i

TEWIG R ARt 1, & B R Y & TR
JE 30, 33, 35, 37, 39 °C, WFFEIEEX Mk AE
K g7 2R RE IR B R R B & 8 pH E : 6.0,
6.5. 7.0, 7.5, 8.0, W5 pH {HXFRREA K S ™
ARSI KPR . RERE . BEE . JEM . M
R SR 2SR M ANEMIR IR, IS R R
PRAE A B ZE AL B 52 5 B A R RHIR IR IR BE
WG X B R A O™ ZE ARy s e s Bk
IR . pH DA SCRMEHRRIEV BE , e Fidhs A TR ]
1.3.4  J T TR W TR 32 1

WM, M IRAEHFE 10 min, BCEZE
TC UKL 4R 5 4 & T 1 000 r/min 2.0 20 s JF HX |
JERBER, TE 530G BT 600 nm T I8 & 1%

WG
1.3.5  EAHFRIHIVE

BB pH TR 3.5, mHAFINA 20%

(w/v) B2 5 FE 50t , W25 TR AL XU EE

160 °C, HXJERE 70 °C, KU#E 30 m*/h, Liikk}
& 10 mL/min #E1THI%E k.
1.3.6 T B EIORI 2R A 5500 o Iy ik

OOy S R R (e se
BFM) R, FERABCIEOTE": il
AR ECRTE 80 CKIR MR 20 min J5 HP-HR
TR A 2RI TR i i, 2R R A
T HFE% = FRE TR A< 100% .

1.3.7 DON {5 J5 %

DON & & W % 77 ¥ = B H 5 &
GB5009.111—2016"", B Ml (il ST
%4 C18 (259 mmx4.6 mm, 5 pum, xbridge );
B . 7K/ EE=80/20 (v/v ); I#iE 0.8 mL/min;
FEIR 35 °C; #EFERE S0 pL; AUk : 218 nm,
DON [EffE3 (% ) =FEff )5 1555 DON it/
JE 553 DON & % 100%.

1.3.8  HdEsr#r

YT 3 UK, K SPSS21.0 AR X 5L 4
P EATEET2E 00T, PR AL A L R s 7
i T KA, WK E N 0.05; 3
BRI 1] (9 LU R HT L TRT 3R  22 43 BT Duncan’s
TP AT, S KT A M R RE R
0.05,

2 HEREQH
2.1 AEREMEAERKMEFRAIIG

AN 7 U B85 % A B 2 AT R AR KA SR 52
Wi, 5L & EERERRR 10%, P83 K& 0.2 vwm, #%
# =300 r/min, F% DO=30%, HIE/HEE
30. 33, 35, 37. 39 CH#fr kM, Mt ZEAAFiE
KR W 1, KBS a0 B RO 25 96
HOLIE 2,

1 AT, CYREEREERT 37 °CHF, W
PR BEAL T HARACE:, 2 R B R 37 °CH139 °C
B, AR ROR DU AT o (AR DGV A S AL K T
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g' R E T pH 7.0 BZEMR, itk nl WL, pH 7.0
30l BARA R TR B ZEHAF A AR K, (BJRAR T 25
25} AR, Tk pH & A 7.5, A IRk o

§ e = .
8" s REEAE N ZEA0, B 2R AR R
10}
05 L 401 o pH6.0
0 Yy 39T 3.5 e-pH6.S5
0 2 4 6 8 1012 14 16 18 20 22 24 26 30 & PHT70
At E]/h -=pH7.5
Q§ 2.5 % pH 8.0
B 1 TI_JIMFXTEIWE‘kE'J IlF] o 2.0
15
1.0
~ Premidg g g 120 o5
g 0 2 4 6 8 1012 14 16 18 20 22 24 26
< A fa)/h
% E3 RE pH HE KL KM
3
= T, 8- mmiEE R R 4120
ks ‘ 1100
30 33 35 37 39 2 6l
HEE/C © 180
o =
B2 FREEMEE=S S 4 60 %
m BB 2 & =
ke 140 ¥
820 120
B R 37 CHE R B AR B & T 39 Cry ik Eﬁo 0

WRE, TR R AFREMS, R 39 CRYH
TR = T R BEEE 37 CRYBMRHE ., hE 2
AU, B IR RSN, R R I TR B BORN 2
TR DA K 2R A e RIS A, 39 CRyZFfuhy
93.6%, WERT 37 CZHFMFE (P<0.05), Mt
AL, 37 CCHAFITF ARXTEUNREANER, 39 °C
A FI T R BT AR 2R A A TR

2.2 AB% pH XM E KA K= ZF AT S M

ANR] pH XAl B ZF AT R A A AN [ 52
5 L REREEERD 10%, P75 X 0.2 vwvm, %l r
=300 r/min, A% DO=30%, i 37 °C, pH
IYEE N 6.0, 6.5, 7.0, 7.5, 8.0 #EFTKEE,
MR ZERIAT R R AR 2 IR 3, RERZE A
TG B ZE B L R 4,

HIE 3 Al 0L, 24 pH iy 6.0 i1 8.0, A5 241
FFEE A e B 2 Ak T3l KF, pH A 7.0 A, Ah
ZEHIFF A B9 A KO B B, BRI JE ODgoo 1T LA
kF 3.5, 4 W, pH Ky 7.5 B, HEiAEE
BAAKT pH 7.0 B RS E, (2 2R 8 2

6.0 6.5 7.0 7.5 8.0
pH

E 4 A pH X E K= FRFIE

2.3 R X B AR A FN P SF R R B2 0

DA B BR SR HEAE g X6 B, AR I 2% [m] i 15
()R BERG SR B SR g0 2, AT AN B ZE AR R 2
A, DL 5%t s 43 250 mL #EJHh (3
W 50 mL), fEfE# 220 r/min, #EE 37 °C. pH
HARAME T 5555 24 h JE RN B 1R A KRN 7= 25 9
Iy, BRIWE 5,

PR B e FHE . 100

S = N WA WA 0O

i B RIEAISU(10° CFU-mL™)

60
X HATRE R R SO BORE SRR I
IR

B 5 HREMBEEFETFEEKZE
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M 5 A0, &S o 5 X B2 1 AU
3x10° CFU/mL, YUINEIENE . 500 . S A
FEAE A ORI, il B 2 FAT BT 1) 176 P 5 Wl 25 48
& (P>0.05) ECA FTREAR, U ZA R 2 AT A
ANBEA BRI X SR, A INRERE | BEE A
PN RRIE, Bl LB E R (P<0.05) AHE
ZEFRRF B S TR A, TR SR B R, A
T BN ZEfB0 3 8.1x10° CFU/mL il 7.8
10° CFU/mL,2E 0% 96.3%, it LR 451 8 7F
FRH IR, LA AR R R ZE AT TR & TR Y T TR
FZEAL 75

B T ZETRAT R LA 10% M3 Fp 48] S L &k
EEfE ) X 0.2 vvm, #3# r=300 r/min, A%
DO=30%, i#JF 37 °C, pH 7.0, KEEREFE 12 h
Ja R —RPEANEE, Araldsin 2. 5. 10, 15 g/L
BEE, 7K EE 36 h 5 K ILEL I B AR 20 8K
R ILIE 6.

E 25, wIEEE R - FHE 0
220} ] 3(5)
Q
215t 185
S s 180 *ér
% 1.0} 175 ¥
®os ] : 170
X 165
1

3}% 0 | 60

2 5 10 15

VHEWE/(g/L)

Bl 6 AREZERMEX BRI

HIE 6 AT UL, BEE RS I A, 6
BORN 25 TR A5 o 2 s %em@%mumm%
B, R TS S T R ORI 2R o i
B4 2.0x10" CFU/mL 1 1.89x10'° CFU/mL, Zf
138N 94.5%, AN 15 o/L BEEE R, 3% W EOM
B W T (P<0.05), Mkl L, 10 g/L
VIR S S 0 i e A7 ) 1l R 2 LA R 1 AR R AN 2
LR 2 1
24 mEABRKEOHE

ST RERERF 10%, AT K 0.2 vvm, #%
# r=300 r/min, JFH DO=30%, A8 pH 4F2
PEthlAE 7.5, 37 CABE 12 h GRS EES] 39 °C

B RBELEH, HAESS 12 h — AN 10 g/L Y
W%, EE 12 h JF4n, BERE 3 h BORE, AT
BOR 2R 6, JFifE A E R AT, RIS,
e 8 fiR .

AL M R

N w N
T T
—_
[=3
(=]

—
T

(=]

T B R 2 %010 CFU-mL™)

12 15

18 21 24 27 30 33 36

i /h
7 HEFANEESRERBRGTABER

M 7 AT UL, B R E RGN, R AR R
W N, &BE1ShJE, ZFMBUSKTEOEK, ER
BOM ZE OB 2 K 3 30 h AR KA, 2091
4 3.0x10' CFU/mL 1 2.9x10" CFU/mL, #f ffl %
R 96.7%, Bl IE AR 2R R A BT R, Ul
B R B O BR B AR AR KA, BT AR AE 30 h {5
1K o SRR, 78 A T BT I IR 37 °C
P SRR, AEREDECT SR E 39 °C
FIBCEERUAE S, I —UMEAMIR 2, FE A R 2
TERF VR B AR R, BnE v S R 2R A, AL
BT
25 EXREFIEREIMIE~Y DON MEREHH
IpA

W R EER pH V3N 3.5, mAPImA 20%
(wiv) MR FIF 5Bt W2 T RALEE XU
JE 160 °C, HKUREE 70 °C, KK 30 m*/h, DIk
FHe 10 mL/min #7055 T4, B HRR ],
A4 E=100010/g, &KE<5%.,
2.5.1  HAREFIREARA R E I TR =1 DON

BAFEHILL 0.2% (wiv) BIRERNE4E 2Pk
B 30 °C,220 t/min 544 F A B2 5% 15N,
BRI 22 #0kL B DON #5 i, R iniEl 8
B, % E AR FE FORFE I AN E A YRk b i
S R U, FRAR R TE 90% LA I, DON 5% #4 &
1 500 pg/kg LA R 5 fE/NEZRRE . FoREZ . FoKE
PR3 R A VR 28 v g 4 A 8 SRR X el 557, (L e
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RATE 50%L L, HJF P T RE YRk b i 8 Rk
Sy AP —BRIREL RN £, WA RRERER
B YPRHE RIS 5 TR A TR 7E K MR 3 o iy
iR 2% , DON BEf#E AR T 10%, 20 Hr HF A
AR R LE ERH P MR & B s, AR T i%EF
FELFF PR 2R K S IZ TR ZEAR BN &I 79 DON & J#
R I kOB, B 12 R R

120
100 |

DONP&S#E/%
[
S 3

N
S

20t
0
G G O F gk g
LA g g g
%49@@@%@%@%
Yrkt

E 8 EHREFMEBTREYHHE DON

2.5.2  ELHCEE A E AR TRl =4 DON
ok ik 1) 552 M)

A3 AR HEFILL 0.01% ., 0.1%. 0.5%. 1%
MR EERIE G YRR AT, 37 °C, 220
ZAF TR 15 b BOREE T € Pk DON

i, DON [&fiR A 9 i, BEE HEE 1%
FhERYIE AN, DON (YRR BEZ 38, 45 )
RN 0.01%, DON MIFEMER R 62.2%, Mk
iR 0.1%0F, BN 92.7%, B 0.5%F
1%5, DON FEfi# 35351 R 96.3%F1 98.8%., 427
HTE 0.1%VL LB, DON B #1538 2] 90%L) I,
DON %% B3 575 500 pg/kg LA R, 383 0.1%LA F 1Y
PR 7 e i T DA e b e A 4 kL 9 DON

il

0.10 0.50
AR %

r/min 2

120

—_
(=3
o O

DONEA#ZR/%
B O ®
S 3

[\
(=]

(=)

B9 EREEMHEXYRFH DON RSN

253 WRHE R TP OR R T 5T 0 R R i
AN T84 DON 5%

A3 PR LA R DL 0.1% 3 R R B 2R R T4
& YRR E T, BT 30 °C, 220 t/min
SR ERE 15 h, HUREHETI0E P16k DON 7
i, Z5RANE 10 FUR, CYPRE SRR T T
TE 20%LL T IF, DON FEARSCRELS, FEff 2347
90%LA -, DON FR a7 500 pg/kg LT, H+
Yl g R 30%I0), FEAR A R EFER (P<0.05),
REfR R 55.1%, JFEBME YRR T &
RGN, KRR TR, S PrILEE, Pk
BFREDTY SRR, SBOFEAANL, BigEH
REFERI A A J5 (o JC IR Ak L1 Bl I TSI A 2K
Hu BRI R ) DON, H UL TT WL, PRy sk
Koy, AR TR A LR

II--_
20 30 40 50

TYRE R %

120

—_
o O
oS O
T T T

DONRES#ZR/%
£ O
S S

[\
(=]
T

(=]

10 FEFHREEMPRHEFTET
B E P DON RIS T

3 g

PG R RSO RRIE  R  E
A AR G2 AT B P 2R MR AR 2R 1, BT LAAE
AT, R AR 30%L 1, TR R
JE wi%ﬂWﬁ&%ﬂgﬁﬁﬁ%%m#ﬁn
XA G525 JRAT R ™ 2 LA SR . AR A
B NIRRT, RO ) 4R
ﬂﬁﬁ%@ﬂ@?%@m%m,$H§Wﬁ%%
pH MEATIE, AT R R, SR pH &
H7E 7.5, EAMTIFAMAR, #EEmFR,
My B B it A, BIE AR 12 h x50
Bl =R 7E 37 °C, MITEMAR, W12 h 5
R R 39 °C, HATH TR B 2F LA B A=
JRZEAL, 35 SCHRAIE B 25 A T P02t
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G, FEAHF I B A o o A i) 449 /0 T 4 i e 22
(10 2 TR ), IR Tl A = i e e SR 40
FAAR Tl BERE

RSB WA R T A ROZE R R a9 AR R PY, B
SRR . REME A 20 SRR U A B 2R AT I
PEEERLA RN K, X 5 R AP B A i 5
BARAH— B FEARDEFE T, RO A A AR R TR
%MQE@%%%$,Mﬁ@ﬁﬂ%@$&$ﬁ

EiE . WEERNE AW, Hh o aFEEm
i%%ﬁﬁ%ﬁ 7T LR (2 i 20 B Y )
JoT, 3 DA 350 B O R T AR B A R 2R A
FEBA Az 4 SCRT DA HE ZE A0 19 26

JI5E S5 e 0 TR A B ) A A — A A R
I AR P BT, XA T 5
ELR B, T A 5 27 AT A1 A1 70 1E 76 Ak 247
Mz i o A5 T K R o e e i AR
I S8 ) R T LA DA ) e A A T AT SO
PAF AL R TR NS, BT 2F A %, I E
R R R F S JR R TR Y5 DON

BB, ORI, M R L
R BT -
5% k-
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