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Enhancement of ganoderic acid production in the two-stage fermentation

by using variable speed control strategy
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Abstract: By using key stage-speed control strategy, the two-stage culture process of Ganoderma lingzhi was optimized in order
to obtain hyper-production of total GA content. The process of variable speed from 150r/min to 100r/min, as the optimal
condition in oscillation culture phase, was combined with liquid static culture. In process of the novel two-stage culture, the
total Ganoderic acids production (GA) of G. lingzhi was improved to 678.0g/L which was 21% higher than the control. It is
effective to improve total GA production by using stage-speed control strategy in oscillation culture stage.
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R Z Ganoderma lingzhi Sheng H. Wu et al /& F5
RZH (Caoetal 2012; LKA 2013), fEHH
Ny “Ling-zhi” , FEHAIY “Reishi” , JEIHTHI ],
WM, ZAEH, RZRL RZRE, EAEGAMTE
FH, FRIEMEARIZS Tk Gk 2001) . AR
IR R R ZHTBITRERE . B B B
R TR MIEIESSSHIE (Wang et al. 2007;
Mojadadi et al. 2006 ), 1F: A — 4 5t (1) B 241 2R
X AL TR . RZPR S R Z S
Wy 22—, AR — MR IR A - Y AV 2
RN ZEEE, RIS A P S ARt
TR A A R A AR SR . B S
A (Shiao et al. 1994; Zhong & Tang 2004; Tang et al.
2006; El-Mekkaway et al. 1998; Akihisa et al. 2007) .

U, REZR)Z R 22 k00, il
s AR P =i R 2 8, KEWT U T AT 2y
PR o R 2R G i B Y B 5 58 7 50, X
RS R IR Z R 2, iR
VA4 pH (E L IR INFE A5 T 10 (Tang et al. 2009;
Liang et al. 2010; Fang & Zhong 2002), 1%} &%
B Bl BY ) ) A% E IR 25 I S T A R
8o SR FR ISR 3R 2 A/ B R, 55
FRIE AR TT LU T B pH 97481k, Bl i o8 m LA
FHEEA NS . R Z IR B TR R, AR
PR AR AR A0 T R TR 22 A AR ) B RN i
WA, Tang & Zhong (2003) KILR ZIRIZ K
Pl R, AR 2R TR AR U ORBE 25% I Pe 22 449
wIAR R, WARIRFFE 10%0, H =ik~ & .
P B AR T, AR R S =i B S
F&, Tang et al. (2009) KINTEIRE KL REH,
TERTES 6 K, WA M 25%48 0 10%K, =i
Kk . Zhang & Zhong (2010) X R 2 KW
B BEEAT AT, A IILE B B0 ol 38N A [ A F A
o R BEIE A, A BT R Z AR =

2R TE 22 ARAE IR )Z KL R P R T A%k
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AR B AT T L, VR 22 2R U DL R 4
P B ECR AR K TR R B D) ) S5 S R F 0T
PR 22 AR KR 4 2 (Biebl et al. 1999).
Wik Fang et al. (2002) HIWFFEHEH T R Z 5
BRI B IR e RO i s e i, 2 S I
FE R IR T, MRS T H BRI (i 22 )2 e AR BE 1)
R R 22 I = RE o R =2 3 {5 LR ZW
B BOG RS2, Xu et al. (20100 & B I BL
H =05 H B AW S KFER Chmgr, sqgs, Is) %%
SKREJ) B B . R 2 IR G EE W B A
A R A R e e AT AT HAT S O
o EULHI B IR R, 3% B BEIN () B,
R i B B B 1 [ 0 (1) AT 22 £ R = 1 25
fith, PGB AR S A E VIS, B,
TN TR 22 935 B B s e R B A U AR D, e T3
TERE A% B 22840 B FUI A IR, 7 BB B
I PR T AR A T4 ) o A I35 B BE W 0 B
Je /AT o A SO AP Be R 97 0 Jk ik, Ll ™
=W EHB, EEEN B RAAZRE I T,
X B8 R 39 15 B B 1 A ok 5 s 1A T R AU 9, LA
WA B = R R I L2, D R 2R R R
P BT ST T 1]

1 M5
1.1 i E#

R Ganoderma lingzhi G0023 Hi ' [E A= 4
TRl P LR R B B % B3 s R ML AR ot i R
gyt
1.2 1EFE

FHAE FRHE: PDA B59E3E (g/L): L4272 200,
IR 20, BEIE 200 APPRTIREE (g/L: EUPK
20, 7%k 25, MgS04-H,0 1.5, KH,PO,3.0, HR
pH. KEERGFREE (g/L): HUHH 30, FIEMIEH
20, MgSO,4-H,02.25, KH,P0,1.5, %X pH.
1.3 FEMNH
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/v 7, Biotech-5BGZ+50JS-3000PLC ) ; Fr A
(BIO-TEK, synergy HT); ‘K& 4% (Tomy, autoclave
$S-325); [mlf A ME PDEFE AR (HYG-TI, Rifg
JkES A S R AT ; LRH RAIAEE 7846 (1
g —TERHAE A D,
1.4 EFFHZ*
1.4.1 WARFF 6145 250mL FE B 100mL, M
AL BRI B O TR/ 22448 6 B, B ANHETE
b . 26°C A 150r/min 1597 7d, W — %R T
250mL M E VR 100mL, % HEEM R 20%, ¥4
— RTINS, 26°CHRI 150r/min KR
5d, WA M
1.4.2 RIFGEREIR: 5L RIRGEP Ry 3L, Hepp
i 10%, AR 26°C, HiFELE A 100r/min, S
i 3L/min, H2R pH, K% 3d J5HEN 250mL HETEIK
HRREAT S SR E R TR
1.4.3 FEIREE K FE K. 250mL $2  %
100mL, #ERPE 10%, K _HM AN HEE
. 26°C HAR pH &A1 R 1SR, 437t 80, 100,
120 140. 160r/min HEIK N, £59% 3d, M7
WARER BT
1.4.4 RIRAZ SR R P BB . 250mL i3
W 100mL, 2R & 10%, K —ZRh R N HEE
i, 26°CHEFRE, HAR pH, 5% 3d e, PR
rh )R] 1.5d AR R e AR I ) e il it 4
A 100r/min (155% 3d). 100->150r/min (5
1.5 KA # 3 ) . 150r/min (55 3% 3d ).
150->100r/min (55 1.5 KA 64D, Kig% 3d 5,
AT AR B R TR
1.4.5 R ZMWH BRI 5 7 X WG s
7%, B 143 F 1.4.4 TR WAKERE R TR,
B 55 9% 3d Jo, WA IR HE TR AL 26°C
(PG FEAR i B RGR, UEB 2 AR A KA L
1.5 S HTNE
1.5.1 WA g e SO E BEmetk, H
ZEFKYE 3 K, FEFRIETEIE I 10 000xg

> 10min, b T T I0 R e R b SRR .
ez AR T S5 CHY, T RfEE ., FRE S
BEROM K o BT IRERAE 3 AN PATRE

1.5.2 pH {EME: ¥ pH HFIE)S, ARSI L
T R R E 5

1.5.3 FRBEENE CRMRRRIE): B EG KRR
FE5), FRE 200-500 fi5, FRREIRH A8 it R v
SRR GRMEAR 1999).

1.5.4 S =REIE: FRECT B 248K K 200mg, il
A SmL9S%ZHEE, A 2h (EE V0, HIEEHR
13 BIEWL A IEW IR T AR . LA U R
bR S, P R - UK PR VS S R = I
R SCAE 2003) 6

1.5.5 SRR 2RI E . BRECT B 22 R R
100mg, JHA 5mL95% LM, 5 2h (FEE—R),
B RIS B, AR R, e 28 AN
45°C AT, M smbL RS, 0.22um JEE T
JE. URZM T, RZM R, RZWS Ihrah (4l
[%>98%), H HPLC Wl & 1 22 Ak B pk 5 1. AH
ZAF: YMC Cyg (0384 (250mmx4.6mm, Spum); it
SN 0.5% KBS R /K (A) -FHIEE (C), BV
(0-20min: 85% C->100% C; 20-30min: 100% C),
P : ImL/min; RIS 245nm; FEE: 30°C;
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1E 8.5%—14.5% [Al 5 [FIFE, 1E 0-72h, pH {H
s 5.43 MIEFE S 3.03. R
TEYR o B, A4 R T i Al S B AR, 1 W T 22 4K
b K AE AT I M B BT 22 A IR T R
s TR IR AR R TEHLER S )
HFE, DA SRR AR, SBUERT pH 1)

B
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Fig. 1 Time courses of culture pH values and dissolved oxygen tension in two-stage cultures of Ganoderma lingzhi.
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Fig. 2 Dynamic profiles of total cell density, GA contents and sugar consumption in second-stage cultures of Ganoderma lingzhi.
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GA: Ganoderic acids; GA-T: Ganoderic acid T; GA-S: Ganoderic acid S; GA-R: Ganoderic acid R.
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2.2 EREERRERZRRE

TEIR G B, 38 R e 43 ) 45 I 4F 80, 100,
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[ o
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Fig. 3 Effects of different rotational speed on terminal culture pH values (A), sugar consumption (B), cell growth in the liquid and

on the liquid surface (C), GA content (D) in oscillation culture of Ganoderma lingzhi. * P<0.05, ** P<0.01.
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BESHIR /NS T dpe 2 i () 7 1 LA S5,
SR — DR = . Rk, TER BB,
AT P B i iR 5, b4y o4 4 41 100r/min
(134 ). 100->150r/min( 1.5d A8 #4354 ) . 150r/min
(PE3# ). 150->100r/min (1.5d A8 55140,

TEW I B B RS () 4) o, BRI
Yo oAk SR A A M KOG R, o AR ROk
(150->100r/min) ] =i ¥ &k 58.65mg/g, LAk
LHT (150r/min) =il &= 45.87mg/g W& 5, — /e
A E] 678.0g/L, WARALHTHE R T 21%; SR iMAL#;
# (150->100r/min) A&k 11.56g/L, itk
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T et & RS, E NI A KB B 1.5d
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Fig. 4 Effects of variable speed on total biomass (by dry
weight) and GA content in oscillation culture of Ganoderma

lingzhi.
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Fig. 5 Effects of variable speed on total cells and individual
GA content in the oscillatory stage culture of Ganoderma

lingzhi.
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