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B E: R TBERLFNFE Suillus luteus) KN ERFHBRRAEHR, ALBEEB ALY
Aal #—FRREXERSEFH BIF R EILPEATRFTHRL. L2RAFERAEX
FRKAERHBRUFHEACL SO ETRFRMARY A F 270 mL/L, B & ¥ 6.7 g/L,
KH, PO, 0. 25 g/L.MgSO, « 7H,0 0.3 g/L..CaCl, + 2H,00.19 g/L.FeCl; 48 mg /L . 424 #0.1
g/L.VB, 2 mg/L, £ %% &% 100 mL/500 mL 344k 52 10%,474 pH £ 5.5~6.5,4 i
150 r/min 844 F, BA B KT 12.0 g/L, AR ET 40.19 %, A0 BAHHELHLT
pHFRE&NEhAKGHa pHUEBEAS SHELETFHAXpHATHERL, AR GHHE
EEEBRBFLE0NALERTHESHETHH/ERK,
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Optimization of Fermentation Conditions by Suillus luteus

LI Min'?, YAN Wei*!, DU Guo-cheng’®, CHEN Jian’, LIU Li-ming’
(1. College of Forestry, Inner Mongolia Agricultural University, Huhho 010019,China; 2. Key Laboratory of In-
dustrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214036, China)

Abstract; The biomass production by Suillus luteus under submerged fermentation was carefully
investigated. The optimum medium components and environmental conditions for the mycelium
biomass of Suillus luteus were obtained by the single factor experiment and the orthogonal
experiments, as follows: 270 mL/L wort, 6.7 g/L yeast extract, 0. 25 g/L KH,PO,, 0.3 g/L
MgSQ, 7H,0, 0. 19 g/1. CaCl, 2H,0O, 48 mg/L FeCl;, 0. 1 g/L citric acid, and 2 mg/L VB, , and
broth content 100 mL/500 mL, inoculation size 10% , initial pH value 5.5~6.5 and agitation
speeds 150 r/min. The highest mycelium biomass was achieved at 12. 0 g/L after 10 d cultivation
combined with those optimum conditions, higher 26. 35% than that of the control. In addition, it
also observed that the high mycelium biomass was attained at pH 5.5 and DO> 20%, by
enhancing agitation speeds step by step.
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HRERRSHYNREFZ - LENHKIFEEH
HEEMER—FEEXERR. BREAE
THREFHYBRENKIETHEERHR
WD R R BT, AR BB S 1%
EHHHE B, WIRH A (Suillus luteus) B
RBATZEMMEERAEEZ — AXBHRAGFHF
FNARREETEEPERTAFHAAENES
BUY mEHRERCIURERERETE.
SR, O 1 4 I B 4 B A, BRI T L E KB
EERRNTEMA. Rk, Tomoyuki Hatakeyama
EWAFHEREHEA T TRRESILERNHAR,
RO AFHEEUHEE AL _BmRE
REDABRE FEBEAERNERETEKR
U, PP S AERE K 22.5~25 CHI pH 6~7
SEENBAGTAFEEETERS 6 /L. B
ERERFEHUHRTEREFRAGNEEKER
B B BAREETERN0.49 g/LM, bR
L ERFAFFERESEAIRD, B AR
S H R MERE BHE EARAEEFH
MEEERFEEBENEW, D EEERHEE
THWEM L, RAEXER. RERART EF
HRREGMNBEEREPBAAFFEERE
W, AR BRBELZE, A LHAABREN =R
HUREAL 4 7 B e R

1 #H#5H%

1.1 H#H

WERTL A4 P (S, luteus) , HNEH R K%
HEREREYHEARTRERE,

1.2 ¥FxHE

BRI HE W 20 ¢/LLIBAREK 2.5
g/L,MgSO, « 7TH, 0 0.5 g/L,KH, PO, 1 g/L, %
#9315 mL/L, B % 0.03 g/L, A & Tt %
1 mL, VB, 40 pg/L,3A8 16 g/L; BT E (g/L):
H,BO, 2.8, MnCl; « 4H,0 3.67,ZnS0O, » 7TH, O
2.3, CuSO, « 5H; O 0.925, Na, MoO, * 2H, O
0.27,

REEE R M AW 20 /L. % 10 mL/L,
EHW 2 g/L, B fEE 5 g/L,KH, PO, 0.5 g/L,
MgSO, » 7TH, 0 0.15 g/L,¥# & 0.1 g/L, CaCl,
«2H,0 0.5 g/L, (NH,), HPO, 0. 25 g/L, FeCl;
0.12 g/L, VB, 2 mg/L,

1.3 EFFE

BFHAHELEETEESERED KEH
#EEESEE2~3 K25 C EFEF6dEH.

WKL SR I T AR ZR B, 3924 500 mL =M+
433 50 mL BiKIEHE, R ERS K 10%, F
25 'C,150 r/min 3% 10 d, #tEEFFaE,5 L £ 8
HEBEE 2L, A% 2 C, 8K E 2 L/min,
3 mol/L NaOH ##| pH 4B HE A,
1.4 S4AE

Ba4sYENERATEE AREMERA
#BHREl,

2 #RBoH

2.1 EFRFHNERASLHFEFEEKNEE
2.1.1 RABRBRSBRAFFEAREKGER

BRRBEEAIEFELERSAE, B AR FE K
R OEHE MBS F R %5 B R B B 5 A8 57
HEEOMBAAFHERRRNE . ERLE
1, ERFKERIEF EEEFH B, KLU
FHEH ARER EHEERKO.5 ¢/L), KK HIH
B, FESPH RN, (F=12.32) > (Fou =
40D, ZRBREE ZAHREARBHEKEKE R
EXW.

12 0

o
T

£ ¥ &/(g/L)
w (- %

A B C D E F G
BR
A %% Bt C. %M D. W, E £8,F. T8
W ; G. W& 1 g/dL MEFI1 %
B1 AERAMSBFASHFEEaROEE
Fig.1 Effects of carbon seurces on DCW
2.1.2 BRERSHEABAAFHAHKREKRY
Yoo WERERENEFUNE EBTEFTHE
ROBTERAFFEAROEN, LA 2. £F
RS HR 270 mL/L M, HEEXBRX,H
10. 2 g/L, #— B R E E F 1 A4 O 2 % B i
ERFERKOMEER. FEFIWRR,(F=
44.61)>(F, 0 =5.99) , Z R K B & . KA X FIHE
BOoBxaRil 4 REdEERE R ERW.
2.1.3 AARRABALFFEGRhEKG YR
PL270 mL/L Z2FH ARBEEARNARLSF
BRERARABEHMBRMOEE, FEAFER
BXEAAFTFEEROE W . ERLE 3. FHl
ABREEYVAREBAZBREHBHAALFTEME
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Fig. 2 Effects of wort concentration on DCW
K.HAFYUBSESREN, BEBLBTZK,
FEMFTERN, (F=21.23)>(Fo.q=4.01), %W

BRERFRARTER HABEEETL.
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A EAK: B.ME¥: C BAMY: D.HME_&, £ M

& F. WM G. EOM0.2 g/dL, BB® 0.5 g/dL FIB%

ME 4 0.025 g/dL
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Fig.3 Effects of nitrogen sources on DCW

2.1.4 SRFAERESBARALFHAHRLKS
¥h HEHBBENEARE . ERTHSEREK
EXEEENHEW, LA 4. BEEREKRERG6.7
g/L it EEERR,H 10.9 g/L,i#— S RE B
FRBRBWE BEBHBMRER. FEMERUA,(F
=25.99)>(Fo0n=5.06) , W X BA R P BB K

FREEMHGEREGREYW.,
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M52 % R R E/(g/L)

H4 BREXARRENEXALFEHEEROT M
Fig.4 Effects of C/N ratio on DCW

2.2 FEFUHUNBRAFHEREEKHE MW

2.2.1 ZREINBRAGFHEERERGY A
ARERBHEEEKAOZMILES, RHEN 30
mL/500 mL Bf, A BB RR. KBEEMN 30
mL/500 mL _FF# 3| 200 mL/500 mL B}, A BT
FeT 32.1%., HESHER,(F=25.48)>(Foa
=5.99), N EAERRERE K4 FHEHK &k
BHEBETL.
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Fig.5 Effects of medium volume on DCW

2.2.2 BRARSEFBRUFHEETALKY
Yrh BEEXBEFRERENEESHE M
(5%~20%), Wik B RE M, LEMHEHRIK
H10% ~15% 0, B v B3 iR A BBk E, B
He6, Hit . EGEHRFUEMERSHE 100K
H., FESMHER,(F=103.22)>(Fon=7.59),
WHARREMEXNAGER BEYH.
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Fig.6 Effects of inoculation size on DCW

223 % pHENBRILFHEERLRSGY
w HE7AES,EFREV S pH EXEEKE
KEMRKKEW. ERMH p HEKFS.5XTT
6.5 0, Bk AEKMRE; pHEZES.5~6.5 WHEM
BARARKERARHFAE, Bk o HIEWEXER
5.5~6.5, HEFHEH,(F=414.05)>(Foa =
5.99), 8 pH HM LK EBEL M.
2.2.4 BHHEAERALFFEHRALKOTH
B EEERAOERLE 8, Fid ks
WARMFHEEKMEK. HiEH 125~175 r/min B
BEEE KRBT, 150 r/min MEARXIFRE LK. B
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W, G R 150 r/min KE TR, FEHHT
W ,(F=96.69)>(F, 0 =5.06), L H KR
FsETER. HEhEH BETL.
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Fig. 7 Effects of initial pH values on DCW
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Fig. 8 Effects of agitation speeds on DCW
2.2.5 EAARKEHEXEBEHASN R
UL LBRAER EFENERERFENEERE
BIRGEZF IR (BESE) FERAXEEA,
FANER=KF L ) EXRLREIT#—~FH K

HEREAR, TRIGITRE 1. FrZEEHR
MERE. B LREF3 K. AR TER3 4%
BVHE., XRRITRERSTAE 2~3,
1 EXRBEARRAE
Tab,1 The design form of the orthogonal

AEFI BENRE CEFMH DEAS/

A hrs REEE BESE/  (ml/
(mL/L) (g/L) % 500 mL)
1 120 2.97 10 50
2 180 4. 46 15 100
3 270 6.70 20 150

FESWERER GEHE. ZFTNBFI
FHEREEKBEEEZW, EEEMEERNE
KR : EFENS>ESE>REE>EHE. H
%ﬁtﬁﬂﬁ%} A;B; G, stﬂpiﬁiﬁ“ 270 mL/L, ﬁﬁ-‘
FH6.7g/L BRAEASY10% 2% E 100 mL,
BHREGTRUHAGERAVIEREYERSR
12.0 g/L, SR ALHT(8. 56 g/LYEBE T 40.19 %,
2.2.6 BiESE ZHHNEMERLKR.BLB
KRS HERENRAEFRMIAERG R - ZFNT
270 mL/L. B #& % 6.7 g/L.KH, PO, 0.25 g/L,
MgSO, * 7H,0 0. 3 g/L.CaCl, « 2H,0 0. 19 g/L,
FeCl; 48 mg/L . ¥/ % # 0. 1 g/L.VB, 2 mg/L; &
RSB 10% , 2 W & 100 mL/500 mL, ¥ 1 pH
 5.5~6.5,5 % 150 r/min, #{TEREMETRK,
LTRAERWEEERT BHEE2 54 11.9.11. 8,
12.1.12. 1 g/L, :

®2 EXXWiFIT L (3*)
Tab,2 Orthogonal design of experiment L, (3*)

EHNW 35341

EFFNH¥BERHE

REE

Q;;Q A B AXB Cc D éi;:?/i/
1 2 3 4 5 6
1 1 1 1 1 1 1 6.71+0.3
2 1 2 2 2 2 2 7.2%0.5
3 1 3 3 3 3 3 9.610.4
4 2 1 1 2 2 3 8.41+0.3
5 2 2 2 3 3 1 10.740.5
6 2 3 3 1 1 2 9.61+0.4
7 3 1 2 1 3 2 9.5+0.2
8 3 2 3 2 1 3 9.9+0.5
9 3 3 1 3 2 1 11.5+0.3
10 1 1 3 3 2 2 6.940.6
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g%

- ffﬁ ﬁ%?ﬁ iﬁﬁ:ﬁ?ﬁﬁ &ﬁﬁ %gﬁ SR
5 1 2 3 5 6 (e/L)
11 1 2 1 1 3 3 7.240.5
12 1 3 2 2 1 1 8.61+0.5
13 2 1 2 3 1 3 7.540.3
14 2 2 3 1 2 1 9.810.4
15 2 3 1 2 3 2 10.4+0.4
16 3 1 3 2 3 1 10.3%0.5
17 3 2 1 3 1 2 11.1+£0.3
18 3 3 2 1 2 3 12.0+0.4
I 46,3 49,3 55.4 54.8 53.4 57.7
i 56. 4 56.1 55.5 54.9 56. 2 54,8
m 64.6 61.8 56,2 57.6 57.6 54.6

R3 EEXBHESRER
Tab.3 Analysis of variance of orthogonal design of experi-

ment

*® L amm LY P eEs
A 27.88 2 13.94  29.08 <0.001
B 12,92 2 6.46  13.50 <C0.001
c 1.52 2 0.76  1.58

D 100 2 0.50  1.08

AXB  0.92 4 0.46  0.50

BE 202 6 1.46

Fo.01(2,6)=10.92,F0(2,6)=5.14,F,,(2,6)=3. 46,
Fo01(4,6)=9.15,F; 05(4,6)=4.53,F,,(4,6)=3.18

2.3 #EARNEFRAFHARGERKHTM
ERHARNEREILERTREANS S, A8
HRMEMERIBTREETHPEZNEM. X
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Fig.9 Time-courses of batch Suillus luteus fermentation under diverse agitation rate
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2.4 pHENBRAFFEHEERKNOER

B 10 AR pHETHHRAFFE S KB
Hid AR, EAEH pH ER BEERYHHFE,
REW pH EMN 5.5 REF W, E 144 h i, pH &
MEEMA 3 1, FEERFZE 180 h,pH HERH
F. AEH pH R TRKBEHEF pH AT REE
EF . BAEERSIBRPFET - BiERBH™
W, 2 J5 pH A X% #7 F+ . 156 B B A& BT LA
R — /N FiEg s ek, X pH

EHEERMA 3 10, R ER KRR
T —5E B L {H 40 0 BE LUBEA8 B e gk gk
K. BFLG-HEREREN pH HEBEN 2ERF—
ERAERKEEAK, R B ERY pH HERES.
iR BERR S pH 5.5 8f, 5AREH pH KNS
R MR TERSS 28.64%, XFEH pH fHfE
EEMES S BAALFHFEFREKERTA
ApHEMHER, HEZ 204 h Bt AR B AR EHE
12. 44 g/L,
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Fig. 10 Time-course of Suillus luteus fermentation process under different pH control mode

3 # #®

EEZRTERRABERMENBARAFFERLR
Eeaysgmn R AR AR LR RIELTRRIT TR
THRFLEHELEENEREEMAEEG R
BB HEERE R FFT 270 ml/L BEEHE
6.7 g/L. KH, PO, 0.25 g/L. MgSQ, * 7H,0 0.3
g/L.CaCl, » 2H,0 0. 19 g/L.FeCl; 48 mg/L ¥y B8
0.1 g/LL.VB, 2 mg/L, #E3 K E 100 mL/500 mL ., #
kR 3 10% . 91 % pH {H 5.5~6.5. % & 150
o/minf R4 FRABKRIK 12.0 ¢/L, WL L AT
(8.56 g/LIIRET 40.19 %,
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% % 3 #k (References) ;

515 LB AR IR 3L 4 T B R AL BB 20 LR G A B B
Ky MEREFHWEER EYRURERE
FEMEMDLRHERBTURBFAF I EE
KABEBPATRDH. BIHALFHFESAHLAN
AT AR LH B F B, B AA L
EETREFAFENEAR KL BENEER
LASh B ERAOEEBEE BN BN EMEKEF
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