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Fermentation medium optimization of Clostridium butyricum
and degradation of aflatoxin B; by fermentation products

LIU Yamei, CONG Lina, CHEN Ming"

School of Biological Engineering, Dalian Polytechnic University, Dalian 116034, Liaoning, China

Abstract: [Background] Clostridium butyricum is a new generation of obligate anaerobic
spore-producing probiotics with strong tolerance to heat, acid, and stress, demonstrating a great
application value and development prospect. [Objective] To optimize the fermentation medium
of C. butyricum and study the activities of the fermentation broth in terms of inhibiting
Aspergillus flavus and degrading aflatoxin B; (AFB;). [Methods] Response surface
methodology was employed to optimize the fermentation medium. The oxford cup assay was
employed to examine the inhibitory activity of C. butyricum fermentation broth on A. flavus and
enzyme-linked immunosorbent assay to determine the AFB,-degrading ability of the
fermentation broth. [Results] The optimized fermentation medium was composed of 18.1 g/L
glucose, 29.7 g/L soya peptone, 3.8 g/L K,HPO4-3H,0, 2.0 g/L NaCl, 4.0 g/L NaAc, 1.2 g/L
MgSO4:7H,0, and 0.3 g/L L-cystine hydrochloride. After optimization, the biomass of
C. butyricum reached 2.28x10° cells/mL, which was 2.54 times of that (8.99x10% cells/mL)
before optimization. The fermentation broth of C. butyricum exerted a significant inhibitory
effect on A. flavus, and the concentrated supernatant degraded 68.65% of AFB; within 72 h. The
results indicated that the active components degrading AFB,; in the supernatant were the
extracellular enzymes produced by C. butyricum. [Conclusion] The biomass of C. butyricum
was significantly increased by fermentation medium optimization, and the fermentation broth of
C. butyricum inhibited A. flavus and degraded AFB;. The findings provide scientific evidence
for the industrial production of C. butyricum and the development and application of
microecological preparations.

Keywords: Clostridium butyricum; medium optimization; biomass; aflatoxin B;; degradation

NP T ERAR AR R A DR, AR Tl A
Hh E AR A TR PRV i R ) R, R R A

T ER2 i (Clostridium butyricum)j& —Fil ™
FORER, WIREEFSMER, ARKdfES

PR, R TR R AT T
PR 12 TR 2 >4 T BIF 5 1) R 1T IR 2R 28 AT R i A
W, FEAAET ARSI Y mE, BAmA,
MR . BU R SO A TR I AE
TE PN REE A TR TH AL I B 2 27 4 7 A T R A
CTRAEFIHENRITTR™ , i 1 A0 i 1E 6 A= K 3
ML 9 E IR IR I REIE 1 I8 T ML Y S
T A3 i R R AR, AT SR LA A S 52

R A YRR

with s R Rl vt a . ArAe s Sr 22 R H
T AR ) — SRR A, RS0 B
PERB B, HhwE e s R B, (aflatoxin By,
AFB)) & # [ Bx & 5E ©F 5¢ L ¥4 (International
Agency for Research on Cancer, IARC)#ffith fy I 2
sREUEYI L, Rl ER R PR RR . BF
R —FEE R, TG R TR, AR
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7 i Rl R R sh i BT AE
WA Bt B T R 00 R BT IE R, WU BB REIA A
P B 5 1 A P o 8 A 2 5 3R I o A AE S
FRAERTZ] BRI IR N T L B AICR 22 0
JRAR g S5 (AL, A ) I 2 0 DR G B R 2% 1 il
R R B AR A e s 2 B2 R TED

CL I8 9 FLA B AR AFB, BE 1 10 2F AT 1
RZ T U FRA B DR AU, 0 A0 5 2 A AT
WL BERZFFFE . AT A%, AR
P IR SR R A 2 T R R K T ST ARGE R A
AR TEE Je R T MR T Y e I 8 IR ik AT AR
b, v HR W R b i A oKk, R T X
R R TR TR A ) B il B T 1 S AFB, /Y
WM RE T EAT RIS, DI T RRAR TR B ALREAL
He 7 R R AFB, BN SRS M dE

1 MHET%

1.1 w8
1.1.1 =k
TR (C. butyricum) CICC 23847, Hi[H

Tk A Py O oL s B 25 TR (Aspergillus
flavus) i 4= 52 56 2 FR 8 .
1.1.2 FERFIFLEE

P sh sl U R ERE A R
ANwly LFREN . PIEPEVERY . ASAREREREE, K
HT RO FRE . ERR. KE
EEM . B . Rk, JE IR A
BEARGRTAE A w]; &R R B s, b
MR AR R A Al Wi E R By B
Y E (ELISA)KG I 370 &, TRINT &) I A= Wy 4%
ARy A PR -

UV1000 5001 WA 0t BT, il RS
BB A BRAE] ; C-32 HERE, C-35 RE
FRRAE, SRR St BEARAY,

Molecular Devices 2 F) o

1.1.3 EHE

i F3E (L) : FRE 100, HEAWK
10.0, BEREHZKy 3.0, AI¥EMETER 1.0, #E b
5.0, ZE4N3.0, EALENS.0, LR RERIRE:
0.5, Blgky 17.0 (BASE IR ), pH 6.8

BEhh R MR IR (g/L): HAHE 10.0, KRE
FEE 25.0, BERRE A0 3.0, & kN 2.0, &
BREN 4.0, Z5FEREREE 1.2, L-PRta Rl
0.3, pH 6.5,

PDA }iFH(gL): B 200.0, %
20.0, BiIEH 17.0, pH HER.

1.2 FHiE
1.2.1 FhFimHl &

HU-80 °CH M R T FRIR A 200 pL 2
FT%A 10 mL Fhr3E 3R 50, 37 °CHE
BIREIESR 12 h, AR, HHE 2%
(RBUP B 2 AT 80 mL FhFa5R 5Lny
100 mL P4, 37 °CHEF TR B KhE3% 12 he
1.2.2 KEES

AR TR 4% (AR B0 RHERp
AR AT 200 mL A & RS R LAY 250 mL
S, 37 °CHERE IR FHESE 24 he
123 AEIEFEMMRL

PATR V1) ODgoo M HEHR , i1 Minitab19 %4
P BT 1 S At R R R I TR AU 7 A
K& 147 Plackett-Burman 56511, Pess ik
X T R B A ) 5 T e o 3 1 PR R RN R I K
JuHE, SRJEiE A BE Y 5 A Box-Behnken i
BT X)W i 2 7 DR 28 R A 7 ) o T EL Ak o
124 TEREEAEBAMEHRSHOMEINR

W TRRRELL 4% (IRFUEO MR
A R R FR 5L, 37 °CCHrEL 57 48 h,
Z T 10 000 r/min 2.0 10 min, WEE FIHH,
SR FH A R 0 i o) ol R R B R R .
FI R I B R WL £ PDA iR
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H, 37 °CH;FE 4-5 d, TG A B KTk
T, SRR A . T EHC 100 pL A8
WIRAT T PDA “FA, M KGN ET
SRR, T AR AR RO AT RRAR B K IR TR 4R TR
200 pL, 37 °CH;3E 36 h, 10w Bl B A%

W12 g TKRBEA 5 mL KL & B 5
F5 1 mL BRI, 12 g
FoARBEEA 5 mL AR 1 mL o i &1 &
WAEMRIZH, 12 ¢ BB A 5 mL R
WA B IR S | mL R EERCAXTIE4, 37 °C
WEGHETE 48 h, WSS T BRAR I A e v N 2 ith 25
R R A3
125 ABEMRBEHSESE B,

W TRRRELL 4% (R EO R HFh
PP R BRI, 37 CREERFE, BURFRAR
IFIE] (12, 24, 36 F148 h)fYEBEEK 10 000 r/min
B0 10 min, W BISW, £ 0.22 pm B IR
BRER, 28 325 e 4 Sk 4 15 WMk 4 Wi . BX
900 pL #45#, fIA 100 pL 400 ng/mL AFB,
30 °Cib¥ G & WA FRTEI(6, 12, 24, 48,
60 1 72 h)JF U, @il WS 7 B, B
9% (ELISA) R M & E AFB, &5, LUK
B 5L %0 BR (75 400 ng/mL AFB,), 1% AFB,
B ey AR

S RPA =X
1.2.6 AEBHTBRMBEHSESEE B AEHAS
FIEERLAG

A3 E T RRAR P R W . RIE W . A
U ARA AR AFB, BRE M B T RAR TR IR 4%
) FE P B B Bl T A e SR Ak, 37 CCHRFE KA
it 24 h, U1 mL ZEER T =i 10 000 r/min
0 10 min, 43R FISWFIREAR, FIHR
2 0.22 um BELUERRE, & H; WA PBS
(50 mmol/L, pH 7.0)JE4&/5H-T=i 10 000 t/min

JxlOO (1)

B0 10 min, BOEREAESIMA 1 mL PBS
HE, . ol AR EEER . FIEWR .
R PN 400 ng/mL B AFB, ZAUKE N
40 ng/mL, 30 °CHEEHE N 72 h, i % #
TR By BB (ELISA)K IR 7] & 2
AFB; &g, LLUREER: SR A% (7% 400 ng/mL
AFB)), %M (1)H5 AFB, 3,
127 ABBRLBEZARALERMEHNESEER
B, MR R E2M

Fie BESCHR 127 Bk ks, A B b3
A BB K. SDS FIZE 16 K+SDS
X 4 FPAb RIS T AFB, (YRR ARBE T o 4% BIE WA
FERT 4 4, Hpa 1 ShikKiE kB
10 min, 41 2. 3 F1 4 25 H 1 mg/mL 2 i
K. 1% SDS. 1 mg/mL & K+1% SDS 7&
37 °CIEF 6 h, SRIGHASHIMA 400 ng/mL
) AFB, 24 JFE H 40 ng/mL, 30 °CRGHE
RN 72 h, &R B B AR
(ELISA)f il 57 &l AFB, &k, LUIRALHE
B & BT b3 %R (S 400 ng/mL AFB,), 1%
AKX (DI AFB, B
1.2.8 HUED

I BHE I Minitab19 . Origin2021 5
SPSS 25 B A T4 it ot AR .

2 BRS04

2.1 Wi Ry R I it

Plackett-Burman R5 #5 1J& —F F FH —Bir
22 W7 B — U PR U 350 DA 22478 it i R
Hh e BB R A B ik LB AR FE ODgoo
NN AE , T 5EH A Plackett-Burman R0 15 11
MAEERE) . REEABROD) . AAHOG)
IR (X)) . ZE AR EE(Xs) . ZTREM(Xe)
-2 PR ER TR (X7)iX 7 A>3 Hh i ade oK
AR AP BER S X 3 X T R IR
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P AR BT B M 4 T 2R (P<0.05), HLXFT
R 12 AT 1) A A S i 1) SR E 00 (60) Bl 5 328 B
X3 AR TR BECSRE, LA ODgoo 5 5
) — 2 5040 A A e o T 3 3 A Pt s o A
Box-Behnken {RH0 531 E1 T = K 2 = /K4 i)
NG HT £ KPR ILER 1.
2.2 oMz ERIELE R

fty Bl Minitab19 4% 4 2 B 1 748
R [ e/ ] IVATTRCID= Y R B T 2
s LR R oK o IR R R LG TR ik
T [ A R
Y =4.9867+0.0450X, —0.150 0X, +0.1425X,, —
0.259 6X} —0.184 6X; —0.629 6 X; —
0.1725X,X, +0.007 5X,X, —0.162 5X, X,
AP, YRR ODeooo AT iR T FE2E
M 37 TET P <5 v 4k PR 5 T TR T, S e A R S A U
B, RUHARBILZHEAEN TS, Lk RIE
S EAEEE , D0 R 2R R S8 AR TS 3%
FH 2R 3 T L 1T 7 2243 BT B/ B I 2 (P<0.05),
HZIH P=0.418>0.05, 1602 4DII0A 2 2,
PUE R R=0.997 3 F BRI L6 A MR 4T
LG YE . XXy 19 PRI KT 0.05, U B #25
WHHRE MW EERARE, HEmL
Pl A B (B 1) HAth =R IR P AR/
T 0.05, ULHXSHRBMALEMAEHDE, &
Xof P 3k A v DA R 1 AR A e KT I AR R

FIH Minitab19 %K {4 3 Afr 45155 R A% 1A
X;=0.272 7. X=—0.575 8. X,=0.171 7, B4%j
ik 18.1 g/L. REHEMAMN 29.7 g/L. BHRA
TR 3.8 g/l PRFEIEAE K b AR HAm A
RBAE, TR RS TR B0 A b AT R i
¥, B53% 24 h J5 A ODeoo A 5.10, HHAITH
I () 5 KA B ODgoo M 5.04, 1R/ T 5%, it
R [0 0 R AT A, T T R R T R T A ) o
SR

% 1 Box-Behnken i&1Hi{536 F = &K
Table 1 The factors and levels of Box-Behnken
design

Coding Factors Levels (g/L)

-1 0 1

Xi Glucose 13.0 17.0 21.0
X, Soya peptone 28.0 32.0 36.0
Xy K,HPO4-3H,0 3.3 3.7 4.1

# 2 Box-Behnken it i it R

Table 2 Results of Box-Behnken design

No. Xi Xa X4 ODyggo
-1 -1 0 4.50
1 -1 0 4.89
-1 1 0 4.54
1 4.24
0 -1 3.89

1 0 -1 4.01
0
0

1 4.17

1 4.32
-1 -1 4.02
1 -1 4.05
1 4.62
1 4.00
0 4.98
0
0

© NN L AW N =
|
—_

O

10
11
12
13
14
15

5.02
4.96

S O O O O O O =

23 MR ERNEMENSRERTE
W T TR AR B[R] 2 31 S e B R 77 3k
e o7 T OC AR 5 B R e 3R A 45 5% 24 h 5, I
BRiTEOL T, SR R B SR T TR AR A
Y (A g )l 8.99x10° 4~/mL, HiAL)E HY &
MR T IR A i 2.28%10° 4~/mL,
SERALRTE 2.54 5. RALJE &R B R
oA 96 mmol/L, LALHT & W H S BR 7l
86 mmol/L, #m T 1.12 f%5.
24 TERRE AR E M EERIHIHIR
B B R 22 R T TP R R UL I 7 AR R R B
PO R W EUR H A o AUFFER A4 bR k) 2
WRT T R B & B 00 2 ih 25 18 A K i 3
M, Z5SREH], Wdn 5 F5E 0 T TRAR Bk TR
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x3 MEEETHAESTER
Table 3 ANOVA for response surface design

Source Degrees of freedom  Adjustment sum of squares Adjustment mean square  F value P value
Model 9 2.267 39 0.251 93 204.27 0.000
X, 1 0.016 20 0.016 20 13.14 0.015
X5 1 0.180 00 0.180 00 145.95 0.000
Xy 1 0.162 45 0.162 45 131.72 0.000
X’ 1 0.248 80 0.248 80 201.73 0.000
X22 1 0.125 80 0.125 80 102.00 0.000
X, 1 1.463 54 1.463 54 1 186.65 0.000
XX, 1 0.119 02 0.119 02 96.51 0.000
XXy 1 0.000 23 0.000 23 0.18 0.687
XXy 1 0.105 63 0.105 63 85.64 0.000
Residual 5 0.006 17 0.001 23

Lack of fit 3 0.004 30 0.001 43 1.54 0.418
Pure error 2 0.001 87 0.000 93

Total 14 2.273 56

R*=0.997 3, Adj R*=0.992 4

1 BEIZHESFFENREMEANTBRRESE KEMAES L E (A @ E(B)

Figure 1
on the growth of Clostridium butyricum.

Xt B R A 0 e I RRCR (] 2), MR
Bl EAR AT X 30 mm. HE—BWF5E T TR R K
PR TR A TR AR e B TR O A .
SEREIR 48 h e, [RIINHERR T A - 2 1
TR I A SR T A e 55 I 5L M A T
FIR X B v ) R DL B b B B AR A, T ] A e b
TR SR B R A T B A R P

Contour (A) and surface plots (B) for interaction effects of K;HPO4-3H,0 (X4) and glucose (X))

i T A R (] 3), WA T MR TA A B mT
AN K R G Bl R R AR
25 TEHRREABGNEMESFTEHEB ME
fRtE

T PRI E T AR5 3 B ] A 2 TR v A T
AFB, [FEMEREST, W&l 4 aTLIE Y, AR SR
12 h R BRI AFB, FEfRRmEAL, (h
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B2 TERREAEGXE DS EIHER
Figure 2

Inhibition effect of Clostridium butyricum fermentation broth on Aspergillus flavus.

B3 TEHRRELZEBAEXERMHLEEHBEHRENER

A: XTHRAL. B: 304, C: JRH

Figure 3 Effect of Clostridium butyricum fermentation broth on preventing Aspergillus flavus infection of
corn meal. A: Control group. B: Experimental group. C: Infected group.

42.35%; T K IEREFE 24, 36 1 48 h BIWR4
X EE 2R R AR R BEACHH R o I T IR AR TRk T
AR AFB, BTG PEA S TER ARG % 12 h BF 5
WA, BiFERAE 24 h SIS PEAL A A AR
AR, LLRBER IR 24 h 0K BE EIS 1],
2 AN [7) Jsz o7 B [ B 2 v 40 V6T AFB, R
fiffe )1, mIE 5 AT LLE t, BEAE KNI ] ) 5
hn, R TEVE 45 T AFB, B AR 2B A0 1 K
0-24 h BEMFAIGINAFECL, 24-72 h FEfFRIY
INZENE, 72 h KRR 45 W AFB, B i 32 n] 15
68.65%, 72 h JEBEAE SN [0, e Tk
AR AFBy YRR R IEANAS i T R IR
R BV 48 0T AF B W AR 8 0

80

-
S o O

=1

AFB, degradation (%)

[ [\ W p wn [=))
[} f=) [
T T

(=]

0 1I2 2I4 3,6 4I8 6l0
Time (h)

4 AFEIEFES AR L ERST AFB, BIFERRER

Figure 4 Degradation of AFB; by fermentation

broth of Clostridium butyricum with different
incubation time.
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AFB, degradation (%)

0 2.4 48 7‘|2 96
Time (h)
5 24 h ZEERIT AFB, B FR1ER

Figure 5 Degradation of AFB; by the fermentation
broth of Clostridium butyricum cultured for 24 h.

26 ABETREEHNSSZEBIETHAS
FEMHHE

Gy AR T T RR AR TR R R . R TR 3
AR BN AFB) I RERRVEIT, 25 R aE 6 fir
TNo TERNE 72 h &, TRRRE AR AFB,
I RESR R 54.56%, KR FIEXT AFB, BF%
fif 2R 53.50%, AR AFB, BRI
9 2.60%. HULATLIFE 1, KB X AFB,
) R i 2 00 25 5 T R AR AFB, AR 2, 136
Fefi# AFB, BUIGYELL 73 FEAEAET T IRIR A A&
PR ) 3 AN o
27 AEEBREAERLENEHESE B
P& i 2R BN 52 M

X T R AR T & B 3 4 AT . 2K
Pl K, SDS, [/ K+SDS iX 4 FlikbH,
BAFIAL PR 1) R R IS X AFB, AR 2K
B, GERWE 7. SRR, BRI B A
Wb, X} AFB; WIRERRRAUN 29.52%, SXT
PELH AR LU AR T 44.82%; Ll B K. A8k
7 SDS AbHEJE, WX AFB; REARR 5 X
WA L BIFRAR T 66.54% . 37.12%; 45
SDS+#& 1 F K AP 5, KWK EIEXT AFB, 1)

=
=

wn
=]

I
<

AFB, degradation (%)
(9]
S

20
10 -
D
. 7
Fermentation ~ Supernatant Cells

broth

6 THREAEG. L&, B AFB, #9f&
BAER  ARVNE FRERIR 2 57 18 3 (P<0.05).
T

Figure 6 Degradation of AFB; by the fermentation
broth of Clostridium butyricum, supernatant and

cells. Different lowercase letters indicate significant
(P<0.05). The same below.

70T

AFB, degradation (%)

7 RESLEEABERLEEN AFB, EER
Figure 7  Effects of different treatments of
fermentation broth supernatant of Clostridium
butyricum on AFB, degradation.

B R RAL N 9.9% . Xu FEPWERFFT U FC2EAUFT 1
Féff AFB, B & B0 & B 105 2440 8 11
K+SDS AbFHJ5, AFB, FEfERMH 77.9%M K%
15.3%, F ML B alifh i —Fh AFB, B
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Wi, i 4% b 2SR TR B B 2R A N (Bacillus

aflatoxin-degrading enzyme, BADE); Wang %'
SrETEEE 2 Bk AFB, PRI, MR
H16v8 FIZFfLFF I HGD9229, 13X 2 #k A AT
TR, KL IR G BIE XS AFB, FEA# A5 AH
Fe— AR AE R IR B BRI, JFx bR gR
W BT 2 BRI PT AFB, BEFEEGIEAT T 438
e MR A T EIE . 456 Bk SCERES Ry
Brnl DUHEI , ASWFSER0 T BRAR I & e b3
XF AFBy B¢ FH BT PR 2 T R AR T8 0
AR NS, AL AFB KA REAE

3 W54 ®

B 5 B A R TR B AR 1k 7E S i e ) v (i
M, 84 W A - TR A B i AE R
B = S A e N R EIN 2 . T R T
VENZEIS R AT, REREHEHT IR RN Tad 7 Fn
FEER RS S, B e T A,
TE S A R A& AR A BRI,
M2 32 e . (HIE B AT T RR K H A9 A& 8
IRV AN, R X R 7 AL R A
T RGE MRS, NIRRT E
), WEEPX TR CBMOL k. &K
HEATARAL R A W S AR IR . R R
AR, HARRBA YRR, EEHE%
Y5 T RM B HDRyYBI1 MR T 4L,
HZEEGE 1.478%10° CFU/mL, W LR T2
DAL 5 v T TR M B ) B AR T b B L
AR AW A B TR O AE T T R AR B Y
Kl HARE MR FRELA Rl . #A
B 18.1 g/L, KREHEM29.7 g/L, BEIRA —H
3.8 g/L, AN 2.0g/L, ZMRMN 4.0 g/L, 4k
BRAREE 1.2 g/L, L- P fEhmesh 0.3 g/L. i
LI TR I B Al ik 2.28%10° 4~/mL,
SEARALHTRY 2.54 5, BEIR B4 0 & T iR /K

e, R T RRAR B A Ja R AR i I PR A R e
MR

TERMRTE H A BN F IR . &
Kshpyiakie, PR T R IE
ERA YRR, FEAREOR WA, e
AR AR, (HCTF TR AR B P o A
TRl AE R R o i o i R R A SR R DL
AT TR ZE M MR T TR M2 P R WA A4 VR L 1
FFmisEos s mmm AR, SR8
TR TR K TRV B I R A AR K LA Y
MHIVER, X PTREZ th T T MR ik B b =
ARENLER, T ER . RN IR REASFE R B
JEE R AR 2 A8 55 o AR K A R A 7K, A
T R AT A5 kb A1 1) 5 ot 25 O ) 96— 1 ke RN 22 4
K, Wi TEEERENT A

W R 5 Y A RS
G, AR KA TR, Hid,
AFB, J& 5 1 8 75 2 o A K sh W stk ek 5
ZEAR M A S F otk B R SRR S ik
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