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8 ZE. x#&wE &£ B(Aflatoxin B, AFB)4MH L E (Aspergillusterreus) HNGD-TM15 %
AFB, X Bt T8 #4744k, 5B & L ikal b, 5 A Box-Behnken 1% +1 /R332, M4/t AFB, %76 8 344
HNGD-TM15 & B T2 A%H0R (&) &4 ). pH Aol Bkt em o & 55, 2R E: A (P=0.0028)
B 1%KF EEABBEN, KHMRAREE (P=0.063 5>0.05), £ R=0.9299, R,;=0.8399, #Hiz
AR ISAZ B RAT, ST AKEDL 92.99%49 AFB, &M% T4k, HF pH At AFB, MR 6)% Rk K. #
HNGD-TMI15 % B £ 2540 #) 48 0.7%, LB @AY pH 4 3.0, KEERE A 34 °C, #4124 0.006%
#E AR, FOREAH 100 mL/250 mL, K EET1E] A 72 h. #Ab)E AFB, iR M E A 5%49 98.30%
R ZHBEFEH 0.006%49 99.94%.
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Study on Optimization of Fermentation Process of Aflatoxin
B; Degradation by Aspergillusterreus
NING Meng-ge, XIE Yan-li><|, SUN Shu-min, MA Wei-bin, LI Qian, WEI-Min, HE Bao-shan, REN Wen-jie
(College of Cereals, Oils and Foods, Henan Key Laboratory of Cereals, Oils and Foods Safety Inspection
and Control, Henan University of Technology, Zhengzhou, Henan 450001, China)

Abstract: The fermentation process of Aflatoxin Bj(Aflatoxin B;, AFB;) degrading bacteria
Aspergillusterreus HNGD-TM15 to degrade AFB,; was optimized. Based on the single-factor experiment, the
Box-Behnken design principle was used to design the response surface experiment for the HNGD-TM15
fermentation process parameters, including carbon source (glucose), pH and temperature, which can
significantly affect the degradation of AFB;. The results showed that the model (P=0.002 8) was extremely
significant at 1% level, and the lack-of-fit term is not significant (P=0.063 5>0.05) with R*=0.929 9 and
RzAdj:0.839 9, indicating that the model fits well, and it can simulate 92.99% of AFB; degradation rate
changes, in which pH has the greatest effect on the degradation rate of AFB;. The fermentation parameters of
HNGD-TM15 were determined as follows: glucose was 0.7%, the initial pH of the fermentation broth was

3.0, the fermentation temperature was 34 °C, the inoculation volume was 0.006% of the bacterial suspension,
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and the filling volume was 100 mL/250 mL, fermentation time was 72 h. After optimization, the degradation

rate of AFB; was increased from 98.30% with an inoculation volume of 5% to 99.94% with an inoculation

volume of 0.006%.

Key words: aflatoxin B;; fermentation process; optimization; response surface design; degradation

with &% £ (Aflatoxin, AFT) 22— #
M5 (Aspergillusflavus) Fi175 4 i ( A.nomius,
Aparasiticus, Atamarii ) 55 2P B 200t R AR
R A R G AR ™, BAL & Z R EW,
HATC /s %t 20 /Fh, FEAHMESR
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R, KN 365 nm RIS AFT
i, AFB & 54 (Blue) %G, AFG kgt
( Green ) %51, AFM J& AFB TESh W FIE N 485
AT A AR Y, WL (Milk) o,
emifg 440, Hrp i %3 % B, ( Aflatoxin B,
AFB, ) TEPESRR . A O ) HAR 2 1 B ks
TE, BUKIER EXUGEN %5 DNA Fl RNA 454,
IR PR E R, T H e lig, e S
R SR AR FEE I RE LA T, R T A 4
(World Health Organization, WHO)FI IARC AZS%(
S RS PEAN TAELL 53 50 AFB, TAE TA Gf ks i
[ 580, AP RA RN EBEE . B0%
P B I Sy IR S E AT,

91 BIF 90 B S 0 = DR AE Y B BR 1 th 2
( Aspergillusterreus) HNGD-TM15 HAF%f# AFB,
MIRETT, WAL EBET 2, T4 HFEf# AFB,
MRE ST, FEAAERFREERNE | Bl flk
W IEFREEFN S A4 R H MR A S 7
B DB AR IR AL L MR LR IR A
WEFRFR o iR AR RIS Hfha .
REWE . RLR pH. IREE, JFUTAFHE AR R
PEFN ST BT RE MR ALEE . 75 2 SL g Bl |-, s
Box-Behnken [H.O G SLH TR, SR H W
MR, X HNGD-TM15 & B &AL,
DR A E R BESEL, B2 Pk HNGD-TM15 [
fi# AFB, FUBETT

1 MBERE
1.1 ##
FIRk 1+ 15 HNGD-TM15( Aspergillusterreus ):

AFB, brifEdh . 2EE Sigma 24 F]; HEE, 205 .
Cisg, KT AR di ik s A IR A A

Agilent 1260 ERURA AL . 3E[E Agilent
/NS

Frg Rt (LY): 3g 4B NE, 10 g EANE,
5 gNaCl, pH 7.0,

RIS FRH L (L7): 3 g4 NE, 10 g&EA
M, 6 g#i%ith, 5gNaCl, pH 7.0,

R FREL 2 (A A SR 5L, IR
PDB) (L'): 200 g D445, 20 g #i%it%, pH A

RS 3 (L): 20 g #i%ME, 10 g B

5, pH AR,
1.2 7%
1.2.1 AFB, #&l

AFB, K 75 2% Skt 12 RO E o
W MWARZ 1 mL T 15 mL &.0% %, A 3 mL
(1) S e IR e AR 7 2 B 60 s, /K 2B 37 2%,
W EW 28 AR, 35 CFARZEE R
T, 0.5 mL JighAl (7K. HEE: 2fF=6:2:2)
VSRR AR A (4 —A% ), IATERET 60's, 0.22 pm
AHUAHPE RS g, IR STHERE

WA S SR . %K A Agilent
Proshell120 ( 4.6 um X 150 mm, 4 pm ), JiahAk
Ko WG - WEE=60 : 20 : 20 (V/V/V ), HEiE
30 °C, i 1 mL/min, #EFERE: 20 pLo Kal#R
PRI, &k A 360 nm, &S 440 nm.,

AFB, MR I i A,

et fipp 48 =

XTI ZHAFBI 5 & — U0 4 AFBI B
X} R ZHAFBIE =

122 kBT 2L
1.2.2.1  AFIEBERINEXT AFB, BEf#31 5
W FERGHIRTFRELRR S . BRUE . AR . R

x100%
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HZ1.2.2,
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M R ERE R R pH (HIEH 2. 3. 4. 5. 6.
7. 8, WEBEMEN 0.006%, T 37 °CTFELE
72h, HEFMFZR 122,
1.2.3 KRBT Z MmN e ik it

R 5 K 3R S 5 (19 45 2R, 7F Design-Expert 8.0
A, 15 ] Box-Behnken iR, LA 2 b
(A). pH (B) FHREE (C) Bt i L4,
DL AFB [ A3 R0 i {H, X & B SR A T e
R8T, FERAEI AR T 1 AFB, BEfER, R
S WA [R) Z R Tl 22 AR . 4% B3R B A m K
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e

b REIBRIENT AFB, FEfif 2 R
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Table 1 Various factors and variable levels of
response surface design

2 AF K-
-1 0 1
ATEBE/% 0.6 0.7 0.8
B pH 2.5 3.0 3.5
C g/ °C 32.5 35.0 37.5

2 FR5TR
21 ABIZBRERSH

M L A, RS RS, me ik
VR AR, SRR (AR R+ R )0.3%,
KB pH oy 3.0, KBRS 34 °C, Hfp
I 0.006% 1 TR R , B i 100 mL/250 mL,
KRB Ry 72 o LA X = AN 52 ) d 2 1 P22 i
U5 pH FI& BRI BE R AT BG4 . 1 Se X A
R ARV I AT A
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2,11 N[ A AN T X AF B R i 58 14 5%

R R, RO MED AR . B
g . AREHELIT R e, B0 I — R LR
SO o AE R IR I AR TP AN [ A i 23 5 e
AR L R A, B ) — A AR R
AN [v) e o % B AR T 25 R BT 5 7 ) e it S A AR R
SO o T L DB T 1 326 428 A JEL P 1 A A
W) B QI = M i B i 22 /0 — s i e R L
HH IR 45 SR R B T %k HNGD- TM15, R
FHA AR R B IR I R i o b v, 1531 96.13%
ML 2 oI, M A IR A 0.7%, KR
X AFB; W R b, 53T 99.19%.

100 f
80 d
60 ¢

40t

AFB,[EfRZ /%

20 a
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BRI %

2 AEAEERMEX AFB, FEREENIE

2,12 ANFEEBEEREXT AFB, [R50

ok B 2 5 T sl A ) A K B Y A R R
2o ik B 3 A 5 00 sl A 0 200 L PR ) VR R A R
il RN AR 5 YA BRI M L RNA 2549 B G S 555
e A ) B A Al Bl . AP RUE M R AR R —
A3 W T RE Y, o e B AR A IR T S R A
Py A BB G ARSI B AR T AR
ARIRER, MAEYRA RS, B TRED
A B v R B S RS AR I PN ) B P BB, Al
fig AR VRN, ARSI IPE T . TR AW R,
T FEE 2 W) A= ) 200 L T A R R AR 7 0 8
i, P, FREARIN ARSI, ANUAERS
S E M R R RS, R BCOR AR I i ik
P A B A 0, WiE 3 B, HNGD-
TMI1S 7ERE R 35 °CHY, AFB, AR 5 ik 3
T 99.19%.

25 30 35 40 45 50
RE/C

B3 ARELBNREX AFB, FEFEERF

2.1.3  A[EIWIG pH X AFB, B %R 55210

R W 3k A v PR R N A A 1 A G Sl AT AR
KN, — Rk, AR A KA —
MEaEA R pH JEREL, AR RN A R Pt B 5
pH 38 N A AN [], B[] — Gl 2k ) 7 AN [ 1Y)
AREB . ARMERA SRS, A
freiti pH E 20K o pH XU Y1 AE K2 2 207
T, pH @5 E M A AR 1k . 5 =)
B, SREZ M G YR E IR A R
HYk, DL U s R A LY Ak
FRRE, RS b S W) T AR,
AR s MY AR . BRILZ SN, pH ik
Xf— e YA IR A R A, R, X
[F]— 3444, pH AR, JE IR 4 e = s 23 AT
W 4 fros , # Pk HNGD-TM15 78 & BERGE i pH
3 B, AFB, FEffRiE, A5 T 99.59%.

100

AFB,[&SRH /%
N [ o)
(=] (=) (=)
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S
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4 T EHY% pH X AFB, FEREZE M40

22 ABITZWNESH
22,1 W20 N T4 SR
TER N R AR FEmt B, LIF%8E (A), pH
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(B) FfEE (C) MNHAER, AFB, % (R)
Shy Wi S, W) 1 TR 53 B S B0 1 O = LR =K
v J] Design-Expert 8.0 # 4% 3 2 Fdls it 414 &
BH 7RI

Y=99.87+4.09A+0.002 5B+2.28+0.61 AB-0.89AC—
0.51BC-6.70A>-1.95B>-1.88C>

R2 MEERITMEIBER

Table 2 Response surface design and experimental results

75 A B C R/%
1 -1 -1 0 90.08
2 1 -1 0 95.46
3 -1 1 0 85.76
4 1 1 0 93.58
5 -1 0 -1 83.31
6 1 0 -1 93.88
7 -1 0 1 90.51
8 1 0 1 98.52
9 0 -1 -1 92.63

10 0 1 -1 96.77
11 0 -1 1 96.35
12 0 1 1 98.43
13 0 0 0 99.86
14 0 0 0 99.86
15 0 0 0 99.86
16 0 0 0 99.86
17 0 0 0 99.86

H13% 3 D7 250 T4 2R T, #6570 ( P=0.002 8 )
TE 1%KF ERAW BEE, RUBURREE (P =
0.063 5>0.05 ), H R=0.9299, R44=0.8399, i}ifA
RS R RAF, T DIBEALL 92.99%FY AFB,
B fif R AR A o 4% DR 3R X A A 6 10 5 e I Ay
B>A>C, Rl pH>7j % i 75 i >l
2.2.2 Wal VLTI Y 43T

M 187 T 53 AT 2 A 1A 2R AR B ST R — A B
ZAN R ZR 1 R B, 38 TR AR K 5 ek A%
R ok, DU ST A VLAY UL 4ok 1 4% S0 5
B i e O Ak A U AR Il 09 D R I A
H R g 7 T P, RO o A ] R A 3R A2 EL AR
F1r HTRPEA L f1 &S AT DL B WA 5% i R 2R
5 O T 22 0 G AR, D R BE Y, AE % N
R AFB [ fif 3 (0 57 W B o 18] da~c O T
HHELHAEHXT AFB; B R A5 m, w2

#3 EEARBFESHAREEMHRE
Table 3 Regression model analysis of variance
and significance test

FER| EHFM AmE By F P{E

MR 416.41 9 46.27 10.32 0.002 8
A 134.15 1 134.15 29.94  0.0009
B 0.000 05 1 0.000 05 0.000 011 6 0.997 4
c 41.68 1 41.68 9.30 0.018 6
AB 1.49 1 1.49 0.33 0.582'5
AC 3.13 1 3.13 0.70 0.430 7
BC 1.06 1 1.06 0.24 0.641 4
A 189.01 1 189.01 42.18  0.0003
B 16.01 1 16.01 357  0.1007
c 14.80 1 14.80 3.30 0.1120

Bk 2 T3 31.37 7 4.48

KA 25.85 3 8.61 5.37 0.063 5

TRZEI 5.51 4 1.38

pegil 447.78 16

R=0.9299 AdjR?>=0.8399

H: P<0.05 53 0%, P<0.01 253002

AHHEZERE A CpH) XFma WAER R K, KA
i EeBENE, HE C (&) MEE B (RE)
Wz, W& BRI MLE T, X5h%EH
Br g R —3%.
223 Il FR AR OT ROHA E

i F Desgin Expert 8 F 4%+ 015 FE#E4T 43
B, 15 B m AR AR S . pH=3.19 . RN
36.51 °C A% N 0.71%, BN E #k HNGD-TM15
X AFB Bt 155 1T 38 99.96%, Ay I UE AR 76 il
ARG, ARk iR R SR R T, 3 K
SEATSLIRAS R K S2PR AFB) BRI 514 99.95% .
99.99%. 99.89%, “F-YJREMEFH 99.94%, BEIIIZ
TR £ 808 A g e T S P
3 g

HNGD-TM15 [%fi# AFB, & BT 24k S50
iR 0.7%, RiEN (FRF+EAK) 0.3%,
KGR pH o~ 3.0, KESEE AN 34 °C, #Fh
4 0.006% 1 TR R , B 2 100 mL/250 mL,
REERFIRIA 72 he fRALIG AFB, B3 M3 Fh =
M 5% 1 98.30% 4 = ) 4 Fh i 0.006% 1Y
99.94%, HLALRCRIN R .
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