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Improving the activity of Bacillus atrophaeus E20303 against
the dry rot pathogen of potato: based on response surface
methodology
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Abstract: [Background] Bacillus atrophaeus E20303 can inhibit the activity of the dry rot pathogen of
potato and the response surface methodology can optimize the components of medium for fermentation
and fermentation conditions of biocontrol bacteria. The optimal medium components and fermentation
conditions for E20303 can serve as a reference for the preparation and application of biocontrol agents
against potato dry rot. [Objective] To optimize the medium components and fermentation conditions of
E20303, a strain isolated from the mud of Chaerhan Salt Lake in Qinghai with high activity against the
dry rot pathogen of potato, by response surface methodology in order to improve its antifungal activity.
[Methods] Single factor experiment, central composite design, and response surface methodology were
used to design and optimize the medium components and fermentation conditions of E20303. [Results]
The optimal components of the medium were starch 10.72 g/L, yeast powder 23.60 g/L, MgSO,-7H,0
16.00 g/L, CaCOj3 1.14 g/L, KH,PO,4 8.00 g/L, and K,HPO, 16.00 g/L. After optimization, the antifungal
rate increased from 46.51% to 62.00%. The optimal fermentation conditions were liquid medium volume
of 102.89 mL, pH 8.64, 28.73 °C, rotation speed 200 r/min, culture for 3 days, and inoculum 2%. Under
the conditions, the bacteriostatic rate rose from 51.15% to 72.51%. [Conclusion] The fermentation
formula and fermentation conditions of E20303 with significantly improved activity against the dry rot
pathogen of potato were clarified, which laid a foundation for research on the biocontrol agents

against potato dry rot.

Keywords: response surface methodology; fermentation medium formula; fermentation conditions;
Bacillus atrophaeus; potato dry rot; antifungal activity
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JC R RTE R LG A8 o 5 i O (B 22 [ 1Y) e
B F, ML R R T 5 & WAk IR 2 A8
T A IR AL AP HEA TS 100 A O Ak A AR 21

AR TE SE AT T % T S 5P 04 07
R, A FEEREERBR i 5 —
AT 5 28T 5 9 9 it AT EL AT 8 v 0 o T 42 1
BBk E20303, A< SCE X FRE E20303 HE7HR
ARG . A 2 AT B min o 1 vk A 1k &
B R T R BEAR A, DAt — 4R e HL R AL AT
Shy I S0 B 1 590 £ B S

1 #RE5xF*

1.1 #8
1.1.1  E#k

FEMEETRATE E20303  pH AR 2 1% 5 4
B AR R, 2% N G AT
W (Bacillus atrophaeus, 5 35%"5 5 MF184034);
R ST IR IR T 9A-4-13 AL Tk J] B
(Fusarium acuminatum), BRI H ALK % 7
BIRAE
1.1.2 EFRE

ATCC 213 i R EE 3 (/L)) MgS0,4-7TH,0
10.0, CaCl,:2H,0 0.2, KCl 5.0, HE [k 2.5,
W HE Ky 10.0, NaCl 30.0, Ifg#r 20.0, pH
7.2-7.4, PDA B35 5 (/D)™ 8% 200.0,
B 20.0, BUEK 20.0. DL EEEFRIEA NG
¥ RIS ATCC 213 B R IR KRG SR 551 PDB ¥ 14
BRSO
1.1.3  EFZERF AR

FRE . EAPR. WA . MgS0, 7TH,0
LA, EZERLEERA R A E R
AR , B M A 3k I A AR il A PR\ 5 pH it
A R AR A A PR E] 5 R IR R SRA
il —fEREAS AR A E BiETAES, &
BRIl &R A FRA A .

1.2 A%
1.2.1 MhFigH &

B EP & T RAEMI TR E20303, FH#EEFIE
RILE AT ATCC 213 i KB 5 3E5F g |
28 °C K557 24-48 h, F 8 mm TR FTFLARTT
B3 ANTEE B A T2 400 mL ATCC 213
RS 2R 500 1 000 mL BT LR, R T
28 °C., 180 r/min % A E IR FRHAE 155 24 h,
2% H.

1.2.2 EHFFHEFE E20303 XEREITEIE
R HH &

DL 2% R AU, 4R TR 7
(B V5 AR« TCHLER ) BAS [R) & I 2 A (B
WIth pH fH . KiFRmfal, A . S KR
)M ATCC 213 MR B IARE R &, Rl
4 400 mL/1 000 mL, F 28 °C i R
L 180 r/min MG 7 d, WOR KB -
¥ R AE 4 °C. 14 000 r/min #.0> 10 min,
B WO 0.22 pm SRR SEBR BT, 19 & B
TC TR B
123 ABBILTEIERINEFME

K A AR E B AR 20303 kR
PG A B PE . FE AR oA B8 2R AR
5 mm B ER, 7EPAR R AL E
2.5 om SR ERCE 3 AR EAR, B EAR
NI 200 pL B Rk E20303 (1) % BF G H# IE TR
DL 42 o Dt 1 355 9 B AR O e BR, 7R
28 °C MREFRAE TP H5 3% 24 h, MR H0 TR A TE
AR, IHEAR:

TR (%)= BT v B —Ab PR TR 75 BLAR )/
HETRVE A2 %100,
124 EREIEHERTHMRL

TE ATCC 213 et REFFRILIEA [, 405k
FRARIZERE . BERE . JERY . Tl KRR ik
s alEAREAR . Ak, FRE. B
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£ . (NH,),SO4. NHNO; 1N EIE ;439
l MgS0,-7H,0 . CaCO;. KH,PO,. K,HPO,
M NaClAE R ToHLE: , HA B S AL, 7
HE1.2.2 1 1.2.3 1y 5 645 D0 R B O3
TR
1.2.5 ABEFEEFEENMHKL

FI 8 A3 H 6 B I 2 AN [R) & e 4 1
B SR 0 R W RO G RE , DL R TR G BE ODgoo
R PR AL E RR E20303 1555 41, X AR A3
FiiE . WItn pH fH. KEFRETE] ., R R
PRSI T IR AL . SR E T
M 1%, 2%, 5%. 8% 10%; % 2%
W UAEE Rl R B BTG pH (B, 4350 5.0, 6.0,
7.0, 8.0, 9.0; FEFEEFAIZMHIK 24, 48, 72,
96 Fl 120 h; IEFRWE /351K 24, 26, 28, 30,
32 fi1 34 °C; #4512 150, 170, 180, 200
#1220 r/min; B H0 50, 75, 100, 125
F1 150 mL F 250 mL AHEIE R, i E T 28 °C
FAE IR PR AR FP L 180 r/min AR EERETR 5 d.
FelE 1.2.2 A1 1.2.3 W7kl o R BT
=X 1111
1.2.6 L EERIT-WNEER A EAR KR
%t

(1) KREER:FRILM S

18 1o HU2H A5 (central composite design,
CCD) Al )i 1772 (response surface methodology,
RSM)TLAL 2 AR X 245 2R AF 1 E20303 & ks
FRIEIATUEA o DAL D 77 A 90 2] 248 g o i
EH(Y), BRIEXG). R X)) FHLER (Xs) 4391 M
AR, Hopmii . AR R AR H 1.2.4
WAk . MR OHGBOT, SRS HA
HH N=242k+ng, K, k FoRmar AR R A
B ono TR0 TR TP E A B, &
TR 5 N N B AR S e A A A A
x=(X—X)/AX;, i=1, 2, 3,..., ko X x HH

AR SR, X R Y SEBRSER K
X SRR ARG R SERRK -, AXG DB
Tt o WAL B SR ] RO R
Y=0b,+ Z:bixi +Zzbijxij +Z:biixi2

i T i

b YRR EANGIZ, by HE BN, bi. b
I by 43 590 R — R x; 28 H I ey B0 o (1)
FR REESEFEIAGRI R . KT
.2 1, SR Minitab 17.0 B{4XF i 17 i 52 56 40
P B AT BT (GR 2)0

(2) KBER: R AT

DAKT T 42 21 8 i i it T %) 490 ) 38 S i 7
B, [ RS AR, LIS Rk
1B RIS 3B R pH. B Sl
JE Sy ma TR 3 AR, T =R =K
F-HJ Box-Behnken design, a5 K & M K-
2% 3 FIin o A&k Design Expert 11 X 52555 11
HEAT 1A 53 A I HE AT iR 22 3 A

fi4l Design Expert 11 45545 2246 27 1
FFI B20303 fe 8532 5505 | $ e A5 3% 56
HEATI RS, K SIS B I I L R S T
DA AT RS, IF SR B S35 TR 560 T 3
RS T LRI IE

*1 ITRTEMEERTEHE
Table 1 Experimental range and level of the
independent variables

ARt ZH IR Bl K K F
Variables Parameter Range and level
-1.682 -1 0 1 1.682
Xy TEH 1.6 5.0 10.0 15.0 184
Starch (g/L)
X [Lia8 2 1.8 50 15.0 250 31.8
Yeast powder
(g/L)
X3 JCHLER 4.8 15.0 30.0 45.0 55.2
Inorganic salt
(g/L)
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Table 2 Experimental range and levels of the independent variables
bR BT I X240 VER 1 B Hoy JopLEh
Standard order Run order  Point type Block Starch (g/L) Yeast powder (g/L) Inorganic salt (g/L)
15 1 0 1 10.0 15.0 30.0
1 2 1 1 5.0 5.0 15.0
16 3 0 1 10.0 15.0 30.0
9 4 -1 1 1.6.0 15.0 30.0
4 5 1 1 15.0 25.0 15.0
14 6 -1 1 10.0 15.0 55.2
12 7 -1 1 10.0 31.8 30.0
10 8 -1 1 18.4 15.0 30.0
17 9 0 1 10.0 15.0 30.0
19 10 0 1 10.0 15.0 30.0
3 11 1 1 5.0 25.0 15.0
5 12 1 1 5.0 5.0 45.0
13 1 1 5.0 25.0 45.0
14 1 1 15.0 5.0 15.0
13 15 -1 1 10.0 15.0 4.8
8 16 1 1 15.0 25.0 45.0
6 17 1 1 15.0 5.0 45.0
18 18 0 1 10.0 15.0 30.0
11 19 -1 1 10.0 1.8 30.0
20 20 0 1 10.0 15.0 30.0
) BREAN VR K . FE ATCC 213 Bz KBS 3% 38 v 43 51l hn

2.1 ABEAMCERIE RS

2.1.1  AEE. TR R THLE X E#% E20303

MHEBRETRRFEEEFEEZN
TEARR ST, 243 Z- AT 1 E20303 T

R TR VBN 5 4 T o e Dt I TR LA A S

PEo JFH., Bl X Ry 35 SR B (] A A, ] 32

x3  WARZEEREZRKFERT

Table 3 Response surface method factors level design
= 7K Levels

Factors -1 0 1

pH 7 8 9
$EW i Volume (mL) 75 100 125
i Temperature (°C) 26 30 34

A 2.5 g AFIBBRIE, Z&R:5%)5, Wk E20303
XoF 9 L R ) 0 ok A e e EUIRAR O < YE S
TRy . A RERERIH M, PR R S
39.42% (& 1), 1E ATCC 213 P B 35 77 2 rh 43 5]
A 12.5 g AR RIE , £ 8537 5 , 1 #k E20303
XoJ 5 D L TRT A A1 A 3 1 e s IR R R
¥ EAR. BREAR. FRE . HIREIR
B, PR A N 46.44% (K 2). 1E ATCC 213 X
REEFREE P A 30 g AT A ToHLEL , HoAth 5
K& A, ¥R, WAk E20303 X 5 H
AT A ol 3 e e s BRI : MgSO,-7TH,0
K,HPO,. CaCOs., NaCl 1 KH,PO,, il &
M 36.47% (& 3).
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Comn  Glycerol
starch
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Bl1 FREERRE E % E20303 #1575 R EEE
BEm  AFE/NGFRERIRTE P<0.05 K 2
s, TH

Figure 1 The effect of different carbon source on
the inhibitory activity of strain E20303 against
pathogen. Different lowercase letters represent

significant differences at P<0.05 level, the same
below.
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Figure 2 The effect of different nitrogen source on
the inhibitory activity of strain E20303 against
pathogen.

2.1.2 ZE4FHATE E20303 A EEE AL
VITERY AR | FERRR A AU . MgSO,-7H,0
RITCHLER , wit B 37 A5 2H 43k B C BU X 22 4 2F

FIFFTE E20303 0H] 4% T 6 98 S5 B A

IR R Microbiol. China
40 -
32 b z m5d
g - C 5 C m7d
g5t B
E:“ 20 q
£ 15 ¢
£ d ‘
5+
0

K,HPO,

CaCO,; MgSO,'7H,0 NaCl
Inorganic salt

KH,PO,

B3 AR FCHLE X E bk E20303 H1E| KR A EE
(E3:0EAD)
Figure 3 The effect of different inorganic salt on
the inhibitory activity of strain E20303 against
pathogen.
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IHIVE IR, 53] 62.09%; AbIH 4 (i 5
/N, i5% 48.37%. Horp, AFE 15-20 255
VO LA, BE 6 WG SRR 2E, 45
R 6 I E Z MIFAE LI IR 2 .
213 ZHEVAREIERAZEDH

1 Minitab 17.0 B4 o 9 e 7 i 1%
Tt KB, B 2500 X b B> R ECER A
T AR T VR R LA B e AT R 0 a3 o ) 28
HAEM.

XF% 4 BRI RS, 45 545 R
I g 2 iy A
Y=48.19+0.68x,—0.13x,+0.48x3-0.06x,~0.0 1x,>—
0.01x35°+0.03x1,—0.0 1x,x3+0.0 1x,x3
A, Y B AR, BPRIHR . x. xo Foxs
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x4 POEERITREE. WNEFTNE
Table 4 CCD plan of coded value, the observed value and predicted value

Ab PR X X2 X3 EHIEHES SRR i
Treatment Inhibitory rate (%) Predicted value Residual
1 1 1 1 56.28 58.21 -1.93
2 1 1 -1 52.09 53.45 -1.36
3 1 -1 1 54.19 52.16 2.03
4 1 -1 -1 48.37 51.23 —2.86
5 -1 1 1 62.09 59.67 2.42
6 -1 1 -1 49.53 52.00 -2.47
7 -1 -1 1 60.47 59.55 0.92
8 -1 -1 -1 57.21 55.72 1.49
9 1.682 0 0 54.65 52.41 2.24
10 —1.682 0 0 55.81 57.42 -1.61
11 0 1.682 0 58.84 57.06 1.78
12 0 —-1.682 0 53.95 55.10 -1.15
13 0 0 1.682 56.74 59.00 -2.26
14 0 0 -1.682 54.65 51.77 2.88
15 0 0 0 58.60 58.93 -0.33
16 0 0 0 59.07 58.93 0.14
17 0 0 0 59.07 58.93 0.14
18 0 0 0 57.21 58.93 -1.72
19 0 0 0 59.07 58.93 0.14
20 0 0 0 60.47 58.93 1.54

x5 EPRYREZHEE

Table 5 Model coefficients estimated by multiples linear regression (significance of regression coefficients)

R Source SE AR SS H )& DF ¥ J7 MS F1{H Fvalue P {H P value
2R 1 Linear 97.95 3 32.65 5.11 0.021*
X 30.24 1 30.24 4.73 0.055
X 4.66 1 4.66 0.73 0.413
X3 63.05 1 63.05 9.87 0.010%*
-7 Second power 55.74 3 18.58 2.91 0.087
X2 29.05 1 29.05 4.55 0.059
o 14.64 1 14.64 2.29 0.161
o 22.71 1 22.71 3.56 0.089
MUK T3¢ HAE FH Two-factor interaction 29.19 3 9.73 1.52 0.268
XX 17.61 1 17.61 2.76 0.128
X1X3 4.22 1 422 0.66 0.435
X3 7.35 1 7.35 1.15 0.308

Note: *: P<0.05; **: P<0.01.

AR B PERR I 45 SRR (3R 6): Ml BRI E R AL RP=0.74, UEWTZ A A0 AE i
JHBIAL P=0.043<0.05, ZESRFIRE; KB 72%M990 G A, RS Yo E RER=0.51,
K R W AE S B0 R X L A5 R sz AN B SRR . T L, i RS A X
F o, W GRS LRSS G sE o R, ZRAAZFAIATIA E20303 A BERG IR LAY OLAL IRt .
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o6 [EFEBREE MR

Table 6 Significance test of regression model

e SEAF O AME ¥ F{H P
Source SS DF MS F value P value
K% Model — 182.87 9 2032 3.18  0.043"
%72 Error 63.86 10 6.39

44 Lack of fit 58.37 5 11.67 10.62  0.051
aliiR 2z 5.50 5 1.10

Pure error

4711 Total 246.74 19

T JUERER=0.74; RIS I PUE RER=0.51
Note: Coefficient of determination R’=0.74; Adjusted R*=0.51.

2.1.4 A BEECA AL B9 0D S 43 4R

[ 145550 Ffr il 1R B9 3D Wi o7 T 1 R 2D 45
LR T B AR AR ROR R A~ B AR X
Mg Jo R AR S (3 BAE . 25 R 4k BRI TR AR AT 2%
AR B RS RE, WEIE NS
R R A R Z A A HAE B3 . it 3D
M . TR ] R SHC A S 7 1 26 8 4 L ] sk e £ 1 A
oA EUAE B 5 22 AR X I o 7 (R A T T o o)
O TAT T i 3 ) e AL 55 i 2 I v A T e/
BT

W 15 IR I P ) TOHLER R BE 45 7E 30 /L 4%
PEF TR R A X 25 4 ZE AT B 20303

5y
e
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—_ L5
9 o
< =
8 55 =
2 3
= ]
2 50 R
5 30 !
=1 \\)
S 45 Y

5
S 10 15
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= 4

IE AN B2 BRI Y T B (A) AN E S 2 B (B)

0] % ST F e I EL R TS Y 3D e i T
P SRR XTI Y 2D S5 s R TN EL 4 s o DAL 4
(1) 3D M uj T AT DU R 22 4 2 AT 1A E20303
R 1 5 5 X0 D L TR A 410 ) 23 T B A U K A
P B A9 VA B8 1 AR Ak e AR BH B AR Ak . M R
Ky BEANAS IS, Bl T A VAR B 1) 3 R4 o 32 0%
Wk s M UE R R BN AR, Bl A R A U B
38 AR R I K 2D A P R — 2/
WK, AT UL 55 B A X 4100 o] 238 1) 5% i
A HAER

P35 I b I BB R BE P THIAE 15 /L 5%
PEN, TR RN ICHLER X 25 45 2R fUAT 1A E20303
] % ST F e I LR TS R A 3D e i T
P R A X Y 2D 25 LRI AN 5 s . WAL S
(1) 3D M o T Pl P AT U 2540 2E AT i E20303
R T 5 X6 Dt L TR A 400 ) 2% T B 2 U R
TCHLER W B A8 A & AR B A8 4k . 4 TCHIL
R BEANAR T, Bl AV B 3 R R 2R
HRIFIN s HIER U B AR, JCHLER X
il B S TR AR o 2D 55 i 2 1] 52 B — i 1 A [
TR, AT UL BE B 55 TOHILER X 00 ) 5 1) 52 ) 47 AE
—EMACHAEN,

Keep the value
Inorganic salt 30 g/L

2 4 6 8 10 12 14 16 18
Starch (g/L)

Figure 4 Response surface plot (A) and contour plot (B) of starch and yeast powder.
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Figure 5 Response surface plot (A) and contour plot (B) of starch and inorganic salt.

W SR e R R RIAE 10 g/L 4% FEH.
PET, B ATCHLER X 2545 2R F T 1 E20303 WEE LG 3D iy T AT AR AT, e
PO DA E TR R BT 3D MR, NE AR R, AAERRORE A, 1B Rl A
T e AH G Y 2D S R WA 6 Frn o ABUEFERRE o5 o X EHH AL R T — B i 520K 5
1 6 1Y 3D M o i B A DUA S R Ae 2R AT TR RO E, DA SR A T AR R
E20303 & B35 55 FE 0 R EL A Al R a B 0.068-0.012x,+0.003x,-0.001x3=0;
WLk R A LR e B AR fbm A A B 0.013+0.003x,-0.002x,1+0.001x3=0;
AL, MTCHLER R AR, BEE BB R 0.048-0.001x,+0.001x,-0.002x3=0,
(38 RN R B WD s MR E RS X 3 A On— IR RRRAE : xi=1.44; x,=4.86;
BF, BEAE JCHLEL M B A3 KM B K. x=4.11,
2D FE R E R —E M EDE AR, BT W EERE MR PGP RAS Y 3 AR i fe fE, 3 i iy
¥ 5 ITHLEX MR A E R E WL E mEIESR, KIS ¥=62.00%.
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Figure 6 Response surface diagram (A) and contour diagram (B) of yeast powder and inorganic salt.
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FRARAE Bk 3 AR i, it AR
PR, AR A8 IR S K
A RRTERS () 10.72 g/L, BEEER (x,) 23.60 g/L,
ToHLER (x3) 41.14 g/L, Rl 2 B2, ol
£ MgS0,-7H,0, CaCO;, KH,PO,#1 K,HPO,
RO BT, Hirp MgSO4-7H,0 16.00 g/L, CaCO;
1.14 g/L . KH,PO, 8.00 g/L F1 K,HPO, 16.00 g/L.,
g5 ATk 245 2FAUFF A E20303 A TRERG IR AL 7
H: TER 10.72 g/L BERRAS 23.60 g/L . MgSO4 7H,0
16.00 g/L. CaCO; 1.14 g/L. KH,PO, 8.00 g/L #iI
K,HPO, 16.00 g/L. LSS AR E20303 X 5t
A G 2 R AL T AY 46.51%38 %] 62.00%.
22 ABEHMAERERS
221 AEAEFHMNEHK E20303 #H 542
ETRRREEREEINEIE

WE 7A PR 20 R 2%0T, Tk E20303
R B P TR 6 M s o ANl 7B BRI
FE 50-75 mL BB F ODgoo (ELAR &2 i 25 14
B IR WE 75 mL I B S PR A B R
. WiE 7C Fin, pH {HAE 8.0 Z A HIE R A
ODgo HEZZ 18R, pH 8.0 B3 iAR KM
K, METETEE pH 8.0 5 S H P T i
B Wk 7D s, E20303 B A AR A0 B TS
PEZ B3 37 KA S5/, B3R RBE 3 d
ZHINE M ODgoo [HABZ A WG m s, K
FREL 3 RMAE IR IR SN 63.45% 41& 7E
fiE7n, HEE 200 r/min B ER 2R 5K 0 KA
200 r/min Z J5 PR R 2B T S Kl 7F
iR, IR FE 30 °C HI TR 2R A1 ODgoo ELAR 3
#7830 °C IR ZIR B i KAEH, HFE
R B, BRI AR R R
ODqoo TH 2R FEAK
222 AEEMHMHALRYNDL E S

HE A X B PR R g 25 SR AT o A, IR
pH. #ife . WA 3 MR, DX SRETE

o3 9 ik TR A R & Sy e i, K Design
Expert 11 &1t =2 =Ky b Tk, 52
LN S WS S IE Syl VI N LB UK/ QLD B TR
AT Z oA RIG, AL Y (AW TEER) A b A
DL A4 (pH). B GEWim). C (R AAS A —Hr
[A] 5 7% : ¥=83.48-0.267 54-4.23B+1.37C+8.54B+
4.554C+1.02BC-17.584>-14.40B°~14.42C",

HHE F RIS BT BT AR AR, Xof [ ) 455 75 3
1307 20 M B B AR G, e 8 i, ANk
56 Wi 17 ARG AL B LA P=0.009 4<0.01, FRLP
A8 ST T8 e D A A A 238 Ay g 0 (L T A ST
[l R R B BRI P=0.139 4
(AR FE), NRZLE B 5B RS 8
4, X SR AL B B X, REE 15 3
Lo B 07 LG S SE IR B, A R R LA B
R*=0.898 2, F/n ANAEH IR R BRI 2E S7 HA
0.101 8, JFHAGMELL A 7.254 1>4, X RN
VR4 BE K RT AR B2 A, AT LA T 43 A Fn il
FAR E20303 7EAEEIAM Y pH. 3 & M i
JEE Xk 428 S o e D TR R R A R E R,
WA, B, CH¥RIM B E 25 (P<0.01),
PR EEM FESHTEAL, & X
T 6 995 95 DL TR B B KN R >
pH>MELE .

T I WA S DR 3 R L 2 () ) 52 B A
XTI R A5, AR A LA R 1 3D
i o7 1T P K 2D S gk, g5 SR WE 8 i .

WE 8 fran, YE iR E N 28.73 °C B,
BEW M 75 mL K E 125 mL, pH {EHM 7.0
WRZE 9.0 Byt , KEERAT S8 ST N
o I BT U0 A 238 34 5 350 T U 4 R /N 1
B, i TP SR e BRI R A 2 R KA A, MR
T JIT A% 1) 04 d5e KA 7 70 55 o 2 T 18 e /N 15D
o, HAERLREONER, UiPI RS pH Z
() 7 28 BAE FH S 2
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Figure 7 Antifungal rate and ODgy value of fermentation broth cultured under different fermentation
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®7 MREEIRERITRER Wil 9 Fros, HREERW AN 102.89 mL
:"r?(ll)lreeszlts Response surface experimental design i, KRB 26 °C Bk % 34 °C, pH {EM
7.0 HIRE 9.0 Byt RE A EERON B E T

Test ApH BHEHar C IR PO =
No. B Fluid C Temperature Antifungal I o Jir TR 0 AT 56 48 A B e M KR Sk B
polumelmB (&©) o) S, T A e A R R A R R K AB AN, e
. N o VT 4561 0 5 7 26 7 246 L o 1 B I
s 21 o . 54.89 i, HFHSESLEREMRIE, UL R RRE S
4 -1 -l 0 57.28 pH Z IR 58 B AR B2 .
50 1 1 65.54 wE 10 frs, 246 pH ok 8.64 B, k%
6 b A 0 64.68 TLEE IR 26 °C B K % 34 °C, %Wt A 75 mL 34
o X o K 125 i H0RLRT RO S E TG
s o 0 0 66.50 R RS ST N =Y S RN ) < E -
10 0 1 -1 66.85 THT ) 55 e i B A 30 i KAEL A, SE R Bl 4
0 -1 67.57 BRE , d B & il 5 e v i =2 ) 1) 52 AR
2 -1 0 | 59.97 NS
o X o 3 4L 1075 AR RK
15 0 -1 1 65.78 Eﬁé*ﬂ?ﬁht, ﬁ%%%ﬁ%‘lgx %(ﬁi%ﬂ pH E’:J
6 0 0 0 64.42 ARAk L PR R A S B S B ST R BRI A
7 0 0 0 62.87 ko i R T T A5 3 1) de K AE 38 75 16 45 2R R

*8 MEPAFEMAIESHR

Table 8 Variance analysis table of regression equation

He i S5 A H ¥J5 F {8 P1H

Source Sum of squares DF Mean square F value P value

&7 Model 3 938.64 9 437.63 6.86 0.009 4 Significant
A pH 0.572 5 1 0.572'5 0.009 0 0.927 2

B ¥ B Fluid volume  143.14 1 143.14 2.24 0.177 8

C iR J¥ C Temperature 15.07 1 15.07 0.236 2 0.641 8

AB 288.83 1 288.83 4.53 0.070 9

AC 82.90 1 82.90 1.30 0.291 8

BC 4.18 1 4.18 0.065 6 0.805 3

A? 1 300.81 1 1 300.81 20.39 0.002 7

B’ 873.31 1 873.31 13.69 0.007 7

c? 875.73 1 875.73 13.73 0.007 6

T4 Residual 446.58 7 63.80

J I Lack of fit 318.08 3 106.03 3.30 0.1394  Not significant
4l 2% Pure error 128.50 4 32.12

K2 Cor total 4385.22 16
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Figure 8 pH and fluid volume response surface (A) and contour plots (B).
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Figure 9 pH and temperature response surface (A) and contour plots (B).
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E20303 X T8 25 T 18 o i Jit o 410 ) 280 dme A0

(I35 F5 26 F AN 11 B, s 0000 £ e £ 410 7
RIKFH] 73.267 6%,

I FERS IR A I IE R TIE S SHAS 7R 1) o
PE W R SRS AR L Sy, B it 102.88 mL,
pH 8.64, I&J¥ 28.73 °C. &ML KT ER
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Figure 10 Fluid volume and temperature response surface (A) and contour plots (B).
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Figure 11
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Optimal culture conditions for fermentation broth of strain E20303. A: Optimum pH value; B:
Optimum liquid loading; C: Optimum temperature; D: Predicted antifungal rate under optimal conditions.
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A3 AT DAAR G b Y5000 2 P pHL L YR B R VR o
Xof 484 ST o i i R A ) 32 ) S )
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M 47 TR 325 e 3 o SR AU A 38— L 550
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R 2R EAATER HAE A, IE 2SR5 f AR m]
DLW 25 2 Z B 38 BAE T, (AT S OR &
PR, AR R R A, T H H ReAb
PRESEC KA . BRI, M 7 AT AR AR SR B
AN TR 2 PG BORGT T IRRE, R
IREWFIE JLR R R Z R s HAE A, R REXT X
S A B4 w7 (LR AT T L 3z A A R B
CENSY A T Epy I NIE & EA L W
AR A AT, BT, ma ATk 2 0
T, B2y ATl R TR 75
WS FR ) 1 T4 T R AR T BLCC1-0022
RS, P m TG R MR, gy
B3 2 OV P w17 1T 95 G AR R AN R A R BT
2, it EFRRE 24.1%. T UEE
SR FEL U] 07 TR 925 A0 A 200 < 2 ek e 7 4l B B2 B T
20, AR A PR R AR B 3.374%, FAR
e S TSV S g 7 T 3% 00 Ak X 9 g B 5 9 Ak B
¥, il R R SRS T2 BT,
[ BSp 2 T3 I B

A WF 5 38 3k B PR 2R 6 O o 2 4 2F A
FFIA E20303 KBS EM e EiaE, S&H A
M) 17 TE A TR A A, A9 A P R T IE R UE R
10.72 g/L. BEHEFy 23.60 g/L. MgSO4 7H,0
16.00 g/L. CaCOs 1.14 g/L. KH,PO, 8.00 g/L il
K,HPO, 16.00 g/L. fe il & W 5% 14 by 256 Wi i
102.89 mL. pH 8.64. ¥ 28.73 °C. #&IK¥LH
200 r/min, F5FEEHE] 3 d. SR 2%, #E HAT,
I T o 07 TE A 4 v ZE 4 2 AUAT R (B atrophaeus)
Xof - ST T o o it R 0 R M 1 R TR T e
RESFAF ML ST B A H0E . AT XS 2248
ZEAIAF I E20303 KNG Jr M R e A5 1 idE 4 7 i)
WAL, 8 TR AR E20303 Xof B 4% 21 J6 9 o J5t
N E RIS ] 72.51%., 155 R,
DRTZE W X Z2 40 2E AT IR E20303 X 48 5
T 9 o T D D B M T R AR L TR

Pyt AN S AR AL, LA A B 96 ROCR 55
JTHEATRIESE, NI A e 5 Eh 4% ST I L A
77 e 790 e A 17l 7] A8 ke B MR S ) B Al
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