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Abstract: This research was to investigate the efficacy and mech-
anisms of removal of deoxynivalenol (DON) in wheat flour by
Bacillus natto 16-1 by ELISA and high performance liquid chro-
matography / tandem mass spectrometry (HPLC-MS). The re-
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sults show that, after 5 hours of culture, the DON removal rates
were above 53% in different concentrations of bacterial suspen-
sion, fermentation supernatant, bacterial lysis liquid, crude en-
zyme liquid and cell wall suspension. And there were significant
differences among different concentrations of bacterial suspension
treatments, and high concentration of cell wall suspension treat-
ment of DON removal rate was up to 62.85%. After 10 hours of
culture, the DON removal rate of different bacterial components
was above 57 %, and there were significant differences among dif-
ferent concentrations of fermentation supernatant, bacterial lysis
liquid and cell wall suspension treatment. Except for the cell wall
treatment group, all other groups can degrade DON as a small
molecule mass substance. The cell components of Bacillus natto
16-1 have a scavenging effect on DON, and this effect is somehow
related to the concentration of the cell components and the treat-
ment time. The mechanism of DON removal by each cell compo-
nent is mainly biodegradation, and the cell wall may removal of
DON by biosorption.

Keywords: Bacillus natto; deoxynivalenol (DON); removal

Xt 55 2 W44 A S TS Sk )] # 4 B (deoxynivalenol ,
DON, 3, 7, 15-= ¥ K12, 13-3F % 9 3t 1 -9 #5-8
i), J& h ARS8k J] E Fusariumgraminearum 5= 4 it B 5
HEERD Y, Wk 8 R A/ E . FRFK T 55 R
P AT L 2 B AL EDRL R P R T Bt R R
MRELMAERNSTERZ — AR EEANAER&E NS
e MR K AT E N A R IR R
HLRET R S nl ST B B R A AL
PSRN



&M | Vol.35, No.3

HRE Ak 2 R 5 R 7 B A W B AL R AR W)
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1.1 #HHEEE

Y4 H MU Bacillus natto 16-1(Bn16) ; i 4 55 %
I E AR 5

X it 8 2 (DON) ; 25 [# Sigma 2 7 5

S UL s 2 B s [ 25 40 2 0 A BR 4 )

RN RE 3.0 g, HE MK 10.0 g, &ML 5.0 g,
FWKERE 1 L.pH K 7.4,121 CEHE K 20 min;

B F K- :GL124-1SCN #Y , #8[# Sartorius 23 A ;

M TAES . SW-CJ-1F 8, 35 M e AL BRA 7

4 B3 KB JF-SX-500 B, H A& TOMY 47 ;

# 4K Y & 4 . Millipore Direct 8 %I, 2% [E Millipore
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12,1 AW K KB LWERME & WEREERKY
(28~38 h) Bnl6 K, A W H MK EEFE 1 X
10" CFU/mL.#& J& #4710 580 76 B . 43 I 3R A5 M B2 oy
IX10™ CEHe ), 1 X 10" (g ), 1 X 10" (fIk ¥ )
CFU/mL 3 #H W . #4WE Bnl6 KEEHR T 8 000 r/min
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4 °C .10 000 r/min B> 15 min. 53 5 605 U8R B A &
WO B T R . R R LT AT YRR B
AR B B A e b A A A RE SRR R . &
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AbFRZH B DON R fRR B8 5] 57 %L E . 4bFE 10 h A [H
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KBTI R IR FE . Yu ST N 1 1 P
Yo B B0 2F AT I (Bacillus) 0] 76 R & 1 T %
DON %44k 4 IG5 1 (1 25 38 b & 4 dE-DON. Li 457 38
1 Sl P UE S8 2F J AT B X DON HA B VR . A8 it
50 v A [ Vi BE 1 90 2R FRAT T B 16 T8 2 X DON B 5
B W B AE R UL B g0 T 2E TR ) B A R
DON [RE ) . 40 T 2F FAT 1 8 S =2 PGB Pk 1 2 Al 2 2
TORF B8 1 — A A B B O BOw M 7T R A — 2 Ak 1Y ik
KALE Y . Bal6 % DON W34 BR LA FF i — 2B 055 .
22 AEAREMNEFMHE Bnlo X8 LiF &I DON

BBt B R

Rl BE ) Bn16 & % _E 35 WO /N 22 B Bf b DON
FIBL RO 2 iR,

R LEWFEZE S A b Bnl6 =AM/ 7™
Yy, AT e BE A B K % b3 R AR R vk R T
& 2 LA NER S REWE R Bnl6 KB LK
25k 5 h M H J5 . DON W B Rk 5] 56 % LU L, HiEBR %
Wil Sz P I S e B A 385 R 0 R 1 A B TR) A AE K 4R
o WFE 10 h 5. DON SRR R R B FRR. 45K ERY,
Bn16 (AR Y5 vh & A W3 Bk DON [ 4 5 . 3 Bk 45
5 0% T L 3 O B R A I ) A G
23 MEFHEITHE Bnle T HEMB KT DON KB H

R

ANIE VR BE 1K) B 16 2408 808 /N 22 93 R DON 19 i
BERCR AN 3 TR,

B £ 3 W LA . /AINER SRR Bnl6 ZHEK

£ 1 TERE Bnlé BEKRX DON BB EH R

Table 1 The removal efficiency of DON by different concentration Bn16 suspension
a5 /N M DON BR B W e /(10 g - g~ D) DON J§BR 2/ %
0h 5h 10 h 5h 10 h
o R 2 26.0140.17 11.3140.01 10.98+0.01 56.16% 57.42
ok B2 26.0140.15 11.7140.01 10.94+0.01 54.59b 57.58
R J3E 41 26.0140.17 11.9140.01 11.0540.01 53.85¢ 57.17
POPi 26.01+0.11 25.8140.04 25.7940.03 — —

T RFE/NG 728 £ R B 4 H] 22 5 1 2% (P<<0.05) 5% — " KR DON JERRHR A 0%,

x2 AERE Bnl6 %8 BRI DON it SR’

Table 2 The removal efficiency of DON by different concentration Bn16 fermentation supernatant

g1l /NZE Ry DON BB /(10 T pg » g7 1) DON 5B/ %
0h 5h 10 h 5h 10 h
e VR B A 26.01+0.17 11.23+0.02 9.83+0.01 56.49 61.88*
o B 4 26.01+0.15 11.1640.01 10.7140.02 56.76 58.470
R e 4 26.01£0.17 11.18+0.01 11.06+0.02 56.68 57.12¢
Xf BR 26.01+0.11 25.8140.04 25.7940.03 — —

T ORI /NG TR 7R 4 X g 2 ] 22 5 W 35 (P<0.05) 3% — 7378 DON W R K 0%,
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Table 3 The removal efficiency of DON by different concentration Bn16 lysis liquid
A /NFE R DON SR BB/ (10 Tpg » g7 D) DON & bR 3/ %
ZH.7;
! 0h 5h 10 h 5h 10 h
FREEA 26.0140.17 11.1740.01 10.6840.02 56.71 58.59
rpok A 26.01+0.15 11.1940.02 10.8740.01 56.62 57.87
IV B 4 26.0140.17 11.3140.02 10.8940.04 56.19 57.76
Xof 1 26.01+0.11 25.8140.04 25.7940.03 — —

T “—7%7m DON EBR 3K 0%,

Z3t 5 h & )G, DON i bR R85 56 %6 LA L, 23410 h
PFE ST 4 A 2R T DON I Bk 38 4% & vl 3k 58.59% .
10,5 h Zb B 2 [0 £7 16 35 25 5 H [R) — b B st [ ) R
T AL AL 22 o) 22 S R BB 2. LA R &5 R FEH] . Bul6 [
Jia P BT g & A AT Bk DON B9 I (H R AR X I W% T .
X £ ) X DON (1435 B 75 F 5 6 0 26 5 i 5 7R 2 A U
Kxﬁi
TR 2 it T B2 LAY A2 Bn 16 4R ML 2% N PN il 45 K 4y

?%ﬁﬂ%mﬁ*4%$ﬁ%%ﬁm@ . & R 5
X DON {1935 B /6 FI AT BB AL T — A AH L1 240 1) ok 72 L Bt
B4k DON 3% ﬁi%%’”%’%%&mﬁ“%imﬁﬁiﬂu S (H
T R 5 o 3 B S KR
24 AEREMNEZFHEFE Bnl6 HHIREERIT DON

BRERR

A ) e BE 1Y B 16 KL B % /N 22 4 4 6 DON 1y
AR AN 4 TR .

Hi2e 4 mTLUA /N BY S AR B9 Bn 16 52 1

W E G - DON i RR %555 622 DL b, 45t 10 h g
B 5 A [ e B 1 HLER A O DON Y B 28 24 4 T 42 5 . {1
Wi SWEAZM YR AR EES ., UL RE
1, Bn16 M 41 EFT/NEE B i) DON A 3% B R L 1 AL
5 DON Ff (9 75 FH s [ 45 56

HLER R EE R4 R Brl6 19 M SNG40 55 Hi 17 G
MEEEES, PP & BLE R P K E A B IE 76
< 0 A1l 2K BE 8 1 3T IF DON &5 ¥ b i 35 48 4 B K it
DON K[ ff DON, [a] B . B V& o v] B 25 A — 26 I At 5
T B A R — AR R L A W R B
il 790 e B8 v T LA R K B L 10 b A S T B i R 1
) F 780 e B A b Al 4 1 2 R AR S B0 pHL B AR
T A ROt R T B e A R K
25 AEKEMNSFAFE Bal6 405 S RKIT DON

SRR

AR He B 1Y) Bn16 40 i RE &k T8 X /N 22 B B DON
ML RE R IR 5 FiR .

£ 4 TREKE Bnle HHIREERI DON K BERHRE

Table 4 The removal efficiency of DON by different concentration Bn16 crude enzyme liquid

- /NZE R DON BBk /(10 Tpg » g D) DON 4 bR 3R/ %
0 h 5h 10 h 5h 10 h
e v BE 4 26.01+0.17 9.76+0.05 9.56+0.05 62.18 62.93
T B A 26.0140.15 9.57+0.12 9.52+0.10 62.92 63.10
fiHe iz 4l 26.0140.17 9.6540.03 9.5640.04 62.61 62.93
X R 26.01+0.11 25.8140.04 25.79-0.03 — —

T “—"3R DON &R HE N 0%,

RS AEKE Bnl6 MR KX DON MR EHR'

Table 5 The removal efficiency of DON by different concentration Bn16 Cell wall suspension
- /NFE By DON B BRWE /(10 g+ g 1) DON V& B3/ %

0h 5h 10 h 5h 10 h
R e B A 26.01+0.17 9.5940.08 9.6140.05 62.85 62.73b
rhk 41 26.0140.15 9.88+0.01 9.55+0.05 61.72 62.97¢
IR B 21 26.0140.17 9.83+0.01 9.64+0.02 61.91 62.62"
it B 26.0140.11 25.8140.04 25.7940.03 — —

T “—="3R DON RN 0%,

1
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3 5 ATLAA H L /NEE R R R BE 1Y Bn 16 40 i B Bl 4
5 h #EF G . DON WEBRFE X 61.720 L |, B4 45 Bk
RIEF A 10 h J5 AR I 25 5 2R, G BE 4l
J BE RN DON & B 34 7 2 & o (H = W B2 W g F
K6 5 3 1 i 5 4 M ek 9AR 114 R JRE % 4 L R T R R A K
DL 25 R 3R W1, Bnl6 (¥ 40 il B2 BT [ AIG /N 22 8 P (1 DON
Mo VB P AIOR 5 A I R I 5 RN K U — Wk
T BRSO 2 W A R T B A KRG

H AT 5T & B . B 28 F— S 8 2% G BH M 1A X DON
A W VR X 5 AR IR 06 O 25 B AR — 3, a3 R T
A R T 390 094 o KD abb e W s o OB R 5D o B R R E M A

2.6 AEKLEHX DON W SHRILE
Bn 16 A [ 41 fitd 52 4 %o /1N 22 3 o 15 DON A9 785 B 350UR
mzE 6 fimR.
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B 6 W LIE W, [/ — 2 i 5oy 5 /AN E R IR G ) . E
A 10 h J§ DON B35 BR 2 B 2 i F4EH 5 h 9428 . 1w
AR Tv) 1 R 0 A ) Ak e B 22 [ 1) 25 S /N . AR Ak
10 h J5 % W BE ALY DON 35 BR % BR & B L35 i Ak #1400
A A3 20 1 e i R AL A R SR R T bk B AL U A
Hrl BE L B DON [ RE I B 3 1, Eo S AS [A] A 2
W24 2 AT Bn16 % DON %5 IR 2 &% B, A 7] 40 i
B4R /N 3 v DON (3 BRACR A B 2 i 22 5%, ol
2 T 5 20 R B R T R DON 19 38 182 % W 35 v T oA
5 AL FRZH LA H] RRIX 2 Br16 Vg B} DON 1y 2 4~ 3
BIRAR . WEIRXT DON B3 bR 5 5 40 i BE B 7 6 Ab #2
M FFEERNHBMZER. B Bnl6 X DON [
BRI S 58 4 A7 7 T 400 B A1 JEE L FT B 448 A A0 B P 0 B¢
PR IE A7 72 25 B 26 ) . & 11 % DON 45 — & 09 % it
TEM .

£ 6 Bnl6 REIMAMA ST DON KERE
Table 6 The removal efficiency of DON by different cellular components of Bn16

DON {§BR 3/ %
ARBRIFE] /b AR B X
[EE=3lid KEELEW WA L3 Al 24 1D BE 8 T

# 56.16 56.4947 56.71% 62.18 62.85"¢

5 h 54,59 56.76 56.62" 62.92 61.72%¢

1% 53.850 56.681" 56.19"8 62.61C 61.91°¢

i 57.42°0 61.887" 58.59%4 62.93C 62.73%

10 h 57.58% 58.47h4 57.87¢ 63.10°" 62.97%

1i% 57.17°A 57.12°0 57.76% 62.93 62.62°8

T ORF/NG PR FRR S B 2 () 3% 22 7 (P<C0.05) ; Rl KRG F R RATA B4 2 A 8% %7

(P<<0.05),

DB S5 RF 0 AN AL BB AS 18 2 A B AL R K .
rh i BE (%R B il A 40 L BE S PR VR AL B 10 h Xt DON ¥
I 240 i ik B AP R
2.7 ARELEHXI DON ML R b

K LC-MS X A [ kb B 41 1 1 FH R 0 205 4 A6 0 L A6
MEE R e 1 FioR,

HH & 1 A] 1, DON A5 #E i B AR X 43 i it Dy 293.30,
Zegdtk Bn 16 BRI 4 T 24 VR ML B VR 0 1 U H
AT MR 4y F B A 277,283 ZEAT I HT M R s 2 K T L
TH WAL LS R AR S R 4y F A 283 5 A 1R W I
Az T 0 A BE A B AL IR TEHT W T A . DL RS R R,
Y0 G 2E AR S B DON B BIL I 7T 68 A0 55 A= 0 W B A=
Y A o Tl S5 R 43 0 0 JE ok A W R AR AR 2 PR TR
WA it 7 49y, T 200 B %k DON 9 315 B 7T R HL 22 3l 5 400 g B
LAY W BV . AR R 5T eh BT R Y B R B R K L
WG AE 5~10 h (/E I v, Bn16 4 7] BE ™ AE /b &t 1 45 Ml 41
Y R G R R R AL B LT 2 AR R R .

WEge ™ B, fal 2k 0 4 A B X DON 19 37 o 6

FE AL B AT S A AR A R R H R
BRI BB = 0 T Fodt DON B I B . X 5 A iR 56
iR —3.

fafe A 4 il M)A o K i RN S 6 4 2 O X T DON
B C-12, 13 FF 48 4L 1. C-3 358 0k 45 {7 5 17 B W B
figgtl s 2 g F Palomo 485 % B E b (Y g
U5 6 B A i Ak K i B 481 & B i B BE L FT BLKE DON %% 4k
B DOM-1, 3§25 %5 #1 Young %5 % 3 DON 4=
VIR 1Y) o5 — 2B T RE R A W B A B ZE B 5 1 F
DON Z5#g iy C12/C13 PR SE Ml & A KR A AL, A
I5 94 ZEAAT T Bnl6 AR $R U AL B % fig DON J5
A A 2 BT A8 HAE AL 92 38 2 K DON 25 1 iy
AT P AR 2 A R L R 0 i 2k R R ARk F K
fit DON ¥ H W . 5 F ik —$ W5,
3w

AR 6 o W 9 9N & SE A B Bacillus natto 16-1
2% 41 I 4 Yo /N 22 8 T DON ) 35 I BE 7 % 0, T 8
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Figure 1

R FE W LB R L 4 T AL A R RN AN i BE X AR R
DON 88 77 » H o il A= ¥ 6 0 40 Jifd B 22 7% ik DON E’Jaz
BEANML A 110" B TR Bk VR T A5 17 R 4 T O 5 4
BEBVEM S /NERRE R 5 D 1(g/mL)IBEFE A 10 h
Xf/NZ2 B o DON Ji BR g ik BB A i 2R, . TRI A AR 8
UESET 4N M BE N AR ) B 28 T S OR8] Y L R BR
DON., {H X T4 [ 15 A= 90 186 e i 1) DON HIL i1 L B A 7 )
LA B W fife 7 0 1) 55 1 o e i — 2B BT

FIHI A 9 06 75 0 A B #E 4T DON B 75 40 31, A8 )
F AL 2 B T v S E R A 0 75 A B AR o xR
PR A A3 1 52 0 A T AR S B A R (E . B
P A 43 % DON & BRAE T 0T LA 5 IR 4 7 B0 75 RO A
R 1 Jey BRE AR AT A 5 0 P 40 T A SR I 4 2 R
BEAGf BRI R R SE Tz . PR TR 5 O AR 0 R e B
RIPL I -5 7 75 309 A RO 43 AT 2l Ak 41 B DL R
— 5 1 R R R SR Ol — BB ) N 2L B 2 A W R AR
BEFETT 1]

S 2% 3Lk
[1] BERGER U, OEHME M, KUHN F. Quantitative determi-

nation and structure elucidation of type A-and B-trichoth-

Bnl6 R F) 20 i % o B % DON 85 LC
LC-MS results for DON degradation by different cellular components of Bn16
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