& é % % ié. ﬁ\ Mar. 20, 2016, 43(3): 550558

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.150448

RN E B E E R E S A BRI & L

FEES Gri' £8F RER HER' Z2ua”
(1. WL RFAEYE ARG WL St 310058)
Q2. WHLHH A BRIHALA FAHOR G WL BU 310024)

B OE. (8] ARALAHHH YCEF005. YCEF053 BlAkmizfik. [F%) @iddR
FRIe Fe B ORISR RAC B & K B3 AR AR AR 40 Ak 18 i B K I e 2 £ IR IIR T AAT 2 W
Y 4E AT AR R ARG R S R - Fedi At &, (42 R 1484049 YCEF005 32 7 2 A 4 (R 2 +b)
AHE 50%. S 10%. KB 20%. EARFE 20%; YCEF053 3702 2 R 48 3%, A 458 60%.

200 10%. KAk 10%. E K 20%. YCEF005 AR 9MAnh o Fadift & (/kg A7) A BEHE 12.96 g.
& @M 12.70 g NH4NO; 4.00 g. KH,PO, 1.50 g. CaSO, 10.00 g. MgS0,0.48 g. 4-7K& 500 g.
AP Z 24 mL. YCEF053 R s ta o Fedd bt £ (/kg 2R A BAE 13.37 g« & & Mk 14.02 g. NaNO;
3.85 g. KH,PO, 1.23 g. CaSO,410.89 g. MgS0,0.52 g. A7K% 480 g. #A+& 20 mL. AL
FAELREET-9d RFRREBEAN T, [40) BiIxt B AL B RAGHAIIR S T LB
EMFE.
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Optimization of solid-state fermentation media for growth of
two endophytic fungal strains
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Abstract: [Objective] Solid-state fermentation (SSF) media for growth of the two endophytic fungal
strains (YCEF005 and YCEF053) were investigated. [Methods] The composition of fermentation
substrates were optimized through single factor experiment and orthogonal experimental design. The
additional nutrients and inoculum dose on the basis of the fermentation substrates were optimized
through the combination of single factor experiment, uniform experimental design as well as artificial
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neural network with genetic algorithm. [Results] The optimal fermentation substrates for YCEF005 are
as follows (W/W): 50% wheat bran, 10% bean cake powder, 20% rice bran, 20% corn flour. The
optimal fermentation substrates for YCEF053 are as follows (W/W): 60% wheat bran, 10% bean cake
powder, 10% rice bran, 20% corn flour. The optimal additional nutrients and inoculum dose (per kg
substrates) for YCEFO005 is as follows: sucrose 12.96 g, peptone 12.70 g, NH4NO; 4.00 g, KH,PO,
1.50 g, CaSO4 10.00 g, MgSO, 0.48 g, water content 500 g, inoculum dose 24 mL. The optimal
additional nutrients and inoculum dose (per kg substrates) for YCEF053 is as follows: sucrose 13.37 g,
peptone 14.02 g, NaNO; 3.85 g, KH,PO4 1.23 g, CaSO,4 10.89 g, MgSO,4 0.52 g, water content 480 g,
inoculum dose 20 mL. The maximum fungal biomass was achieved when cultured on the optimal
medium for 7-9 d. [Conclusion] The biomass of fungal SSF was improved by optimizing the media

compositions.

Keywords: Endophytic fungi, Solid-state fermentation, Artificial neural network, Genetic algorith
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FHEE /D () S8R AT SRR A EARROR, , B 3R
U BB A% Y i T00I0 35 35 B T LU X T 25 25 H AR 1 5% i)
AL, Ay iR R AR O BeE R Y J A iz
HEEAR, R H T2 m s it B
% % (Solid-state fermentation, SSF)J& A4 7= )&
HMTZE, B—NZMHE4La . BEGWIELER
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BORDRAIR A R R M E A R, IFEBE R
AR b, s AR TR RAEE . HATE &
T AN D235 T 1 20 X 24 R s A TR TR R AR AL &
B Rl

WA E A . B )y T B
FENEM . 98 J1% Fusarium sp. &tk YCEF005.,
Fe4fl Pyrenochaeta sp. itk YCEF053 24525625 /3
BIRERTMIRR N AE B, BRI R RRIR
S B R S A EH (O SR ER), IR AR A

PRI AE BRI o A SN FH AR 28 B 28 25 s
BT, AL P AR ECI A [EIAS ek
Fedk, DI m AR LY, SRR Y
BE SR BT AT N A LA AR A A A 7 S AEAR O
R RIS () 1 FH S LS AR AR S50
1 AR5
1.1 EEk

MHAL N A L . ik JJ I Fusarium sp. i bR
YCEF005 (CCTCCM2013592)FIf#5E4 Pyrenochaeta
sp.# £k YCEF053 (CCTCCM2013593) i A 5L 565 43
B, R T b E AR R R O
1.2 EHEE

FhyRE R bL: RSB A B BUIE R 7R 5L (Potato
dextrose agar, PDA)!"),

WARFF IR S A B S 52 (Potato
dextrose broth, PDB)[13 1
1.3 EFHE

IRTEAL . P 280 PDA RHAIR AT
BRIV, R PDA i3RI E, B
TR, 25 °C BRI

— R TWESR K 10 REAR 5 mm BRDE,
AT 200 mL PDB H1, T 25 °C. 150 r/min }%
7% 72 h

TR TSR 200 mL — A TR BERERS
FIWEIFIRAT, WL 20 mL 42F#F 200 mL PDB H,
F25°C. 150 r/min §;37 72 h,
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FIAKE SR F 50 mL R AE 10 g BLfl i
Rigek, 0.15 MPa K 30 min £/, ¥ 200 mL —
PR FHATHEIFIRST, W 2 mL R TR R
Wi, 25°C I5HER 7 d.

1.4 BESABYRELEVMENNESE

TP TR 8 )2k, AR
SPURAIER Y, WENR IR AR, 65 °C Mk
TZfEE, AR H. K%FREL0.01, 0.03, 0.05.
0.1, 0.15. 0.2 g ZiEAK, MA 25 mL 5% —H LR
W, T 80 °C A i PRI 25 min, HUHSIK
WAH, SRJ5 4°C. 8000 r/min &.0> 15 min, ikt
245, Ph 5% =R RmVES X RR, Zet e e
OD260 {Eo

025 g T EEEEELEY, ERAT
FEOTATEES R RRAE T R A% R 1Y S O R A T 4
B, R& K B [ S 5E B R FH RIRE 8 7 s AL By
25 FAXTHR, WZE ODago fH -

1.5 BESkEEFEI ML

151 AEBERML: KB B KiE. &
PE ERIERL(TE) . BRI R
FRIUER Bz . KB . 0. TORIERIAS 10 g fE N BA—
B, TERIIR S KR 50%., $ERE 20%., 25 °C &
FFREFR 7 d, BHE 3R, LABE e s e 208
o REEREIE SR T R Z R i ik
AT, B 04h 3 AP, Wit 4 R
3KPIIESSIRE (R 1), b LR G .
1.52 SMNEFASL: IMNEFRA SRR RIR
5 TR R B B2 G rh o IS B SR 41 oy (R
2), WA 3 AER, BERIMNNETRE AR 24
YRR

HMIE SR 5 R RTINS SRR
R IR e 8 1 & 2 E IR A 4y, #edy 50l
i1 8 & 6 /KFH 24 ke, M3 AEE,
1.5.3 HEHIT 5247 N Matlab R2012b 523
BRI AT S5k

(1) FETRTREEE(PSO) BP A T M2 M 2%
BRR . DUR RS FR B 51T 24 41K
W) 19 4RI BIRE A BP M 4 ()1 2Rk

F1 ABEREXRER

Table 1 Orthogonal test level table of the fermentation

substrates
IKF- Level (W/W) 1 (%)  2(%) 3 (%)
S Bean cake powder (A) 10 20 30
KA Rice bran (B) 10 20 30
FEKMKL Corn flour (C) 10 20 30

x2 MNEFES

Table 2 The additional nutrient components

FEH R WMoy o
Items Components Content (%)
Bl AN, REME, EAHE 1.0
Carbon source
AR APLAR: HEK, JRE 1.0
Nitrogen source  JEHLAUR : AEMREL, BRAREL,
TSHRAN

WEmR L WERR A AW, BERR A 0.1
Phosphate
LR TRFRES , BRFRET 1.0
Calcium ion
BT TR EE 0.1

Magnesium ion

53 5 ABARE R I B EEAR 2886 200 T
$=+0.43mn+0.12n + 2.54m + 0.77n + 0.35 +0.51
s: BRAEUZ PTG m: A S RRE TG

n: it JEeE 0.

WA 541> S AL 4 b D BT M 2% 4 41
g5k 8—>5—1 (& 1),

AR Pl AR T RERE (PSOYIL L BP #i2e
W25 (85— DAUEFIIYE, B 5x8+5=45 PHUH,
5+1=6 A, FrAMRG A KRIEN 45+6=51,
PAR 5118 1) 24 L0 P B 19 AR N GRAeAs
S LAVERIMEAREA BT PSO TIVEII B HL: c1=1.494 45;
c2=1.494 45; Maxgen=100; Sizepop=30; Vmax=1;
Vmin=-1; Popmax=5; Popmin=—5, LMl
SRAE )05 FAH S S B E B ZZE A 45 XHE Error 4
N PSO FERyIE I EE(RL, B

Error=|Sim—Train|
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Sucrose

NH,NO,/NaNO,

Water content

Inoculum dose

1 WEHINEH

Figure 1 Artificial neural network topology

Sim: FIZE ML B I ; Train: FHZEM
RN AAEAS I S BR% 18

(2) NTHzMgsttad:Ii. LIET PSO
VL) BP 2R X 2 AR % AL %) A S B R
GA FILME R BE , F2R BP M4sH h i qd, B
Klm KEYE. 2HRE: ERREK
Maxgen=100, R Sizepop=30, & X FZ%
Pcross=[0.4], 755 & %L Pmutation=[0.2], #fEH:
H MTLAB #fF GAOT A&k T HAH 56 il

2 HRE5HHh
2.1 ARLTFENZKRSEEMEXRR

H P 2 AT, PRSI N AR R R R 22 TP
W8 5 P 22 T 8 22 (R e Bl i e e oy B R
R X R, WK YCEF005S £t 7l
Yo0s=10.131X+0.033 2, R?=0.999 5; itk YCEF053
R FFERH Yos:=11.757X+0.071 6, R*=0.998 8,
22 AEBERMKK

PR ELE EBE YCEF005 . YCEF053 4355k

TPEREz . RBR . G0F . EOREERL 4 FhEE ST 2K
B GURERW, ERECEMIRRN A BRI R SRR
BIR(E 3). BZA LY 20:1, BR&EAEERTE
By B LR R R LA R Sk b S LIS,
WEa LMY ZmaEE T, [, Bkt
BRNHL, BA RIFAESUIRE, AT HENAK,

DABKRZ ] EEALRR, % Ly3HIERH, &its
BERY . FORERL KM 4 IZ 3 K IES IR B3,
L85 R ZKERT YCEF005, YCEF053 KB EY)
it (ODyeo) 5 Wi 1) B 22 73 BT (& 4), 3R 45 18 Bk
YCEF005 . YCEF053 ) fie £ & B2 3k 4l 65 o
YCEF005 e/ B2 & (i L) b2k iz 50% ., &2
DR 10% . KA 20% . EKKY 20%; YCEF053 fY
AR A (B i o) A ER R 60% . SRR 10%.
KM 10% . T KK 20%.
2.3 SMINEFELTHIE

e R LA A b, B 25 S
Wil . A, WERREL . FSERAEEERXT YCEF005 .,
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Figure 2 Correlation between amount of mycelia and nucleic acid content
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Figure 3 Growth of endophytic fungi in different fermentation substrates
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Figure 4 Range analysis of orthogonal experiment for fermentation substrates
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YCEF053 A K M52m(E 5), W TAMINE S5
R, YCEF005 AMINE FRAL 5 A . 25 k.
NH,NO;. KH,PO,. CaSO,;. MgSO4; YCEF053 &
TS MINE FR2H 3 A HERE . 25 PR . NaNO; . KH,PO4.
CaSO,. MgSOy.
24 ANIHMEMERERELFBFM
KRN AS 8]0 SRR, XF 5 AT SERE
ARG EZE, f5RamE 6 FiR. HIE 6 nlAl,
ODgo TEI T HAA 5 SMME IR ZEE 10% AN, M
A Rz ABE Ty, AT R T [ 2 K e
HHAY R

] BP-GA fAbAS At B R 3L By 64 T4
FHLE 7), Lt 100 RISEERAES , 58RI
KRBT (R 3), M4 BP AR THINAS 2 A
B4 F YCEF005 ) ODag fHM 1.60, YCEF053
) ODyo [HH 1.48,

25 BEMEMKELERERE ERE Kk

PR A P A BT R AR TE DAL IS 1 K 8 5
BB R IhZnE 8 B, fE5E 3 REH 7 RN
PR A= Py s s fin, 55 7 2058 9 REeie
I, 9 d BMESEAR RS, SR A

a YCEF005
8 YCEF053

Q,QQ &’» D ‘gz:gw >
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Figure 5 Growth of endophytic fungi in different components of culture medium
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Figure 6 Actual value and predicted value of biomass
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Figure 7 Optimization process of artificial neural network

F3 AIHENEIMER

Table 3 Optimization results of artificial neural networks

A~
Strain Sucrose Peptone NH3;NO3/NaNO; KH,PO; CaSOs MgSOs W ta 7K§t . Iﬁﬁ‘lﬁ Bt Uk
(gke)  (g/ke) (g/ke) (ghkeg) (ghkg) (ghkg) WA comient  AMOCWUM qium  Validation
(%) dose (%)
YCEF005 12.96 12.70 4.00 1.50 10.00 0.48 50 24 1.60 1.513
YCEF053 13.37 14.02 3.85 1.23 10.89 0.52 48 20 1.48 1.492
] =»=YCEF005—e— YCEF053
1.6
-
1.2}
g
2
© os8f
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0 L i L L L L i L 1 i 1 L J
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Figure 8 Growth curve of strain in the optimal medium
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