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Liquid fermentation of Ganoderma and application of its
products
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Abstract: A white-rot basidiomycete Ganoderma spp. is a rare edible and medicinal fungus, which is
rich in a variety of bioactive components. Liquid fermentation technology has the advantages of short
production cycle, high efficiency, high yield and stable quality, which is an important way to develop
and utilize Ganoderma resources. In recent years, great progress has been made in the development and
application of liquid fermentation of mycelia of Ganoderma species. In this paper, the main active

components and medicinal effects of liquid fermentation products of Ganoderma spp., the optimization
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of liquid fermentation process and the application of fermentation products were reviewed, and the

future of this field was prospected.

Keywords: Ganoderma; white rot fungi; liquid fermentation; active components; fermentation products

AP ik R 2 (Ganoderma  lucidum) 72 15
£ B T H 7 & '] (Basidiomycota) < B W
(Agaricomycetes) % fL 1 H (Polyporales) R 2 %}
(Ganodermataceae) 27 4= F & K Hh () R 2 J&
(Ganoderma)"VEL I . R 2 HAMEFRITRL, 18
KEWHEA TP MES 1000 24, (AR
HHE ) idgkeR 2, ke, JoEE, Frh
45, w0, A, WEE, AR, ARERS
A, SEERN, BRI IE S, R
THERZZH. REZWEREAY . HEEL
FA: W vk gy, B AT i b el
o™ B BRI IR0 I
P OV 2 AR A

P R 2 TARKRREECRWZ], ™
HCEAL . B, A TARRE R R 2

M —kite, HAE—ERE Lk T R 2™
U NS AR Y R A MU, (RAFAE
BARE ., MRSEAST . BRI, 5759
SRR . TR AR S R, L
Hh A7 R A A e R R R A, mT L, JF
JeA R e A RARE HAE Ak
EYROE s & SR TS /WSS 1 e R ]
AR IZ LA 77 1 RZ W 224K, AHAIR
W, M HRZ 2% FEARUL AR TR E
A LR IE TR AR R 2w 22 (AR
SEA L MR BRI 2 EEE IR P T
TR GE D) RIREAPITEERY, R2R8
AW 5 T AT, A RS %
BT SARFIAL TRy BT, T HAHLER 4 7SR
AT LVE g SO T A TR AR,

R1 3HMREFIARMBELENEIEEARSMNL(EFENED L, %)™

Table 1 Comparison of main nutritional components of 3 kinds of Ganoderma fruiting body and mycelium
(% of dry weight)®
wn il P35 K4y MER  diEfl MR Mag Koy oy
Variety Source Moisture ~ Crude Pure Crude Crude Ash Total
protein protein fat fiber content sugar
PR TR 10.20 8.88 6.22 6.60 18.10 5.54 22.34
Wild Ganoderma Fruiting body
lucidum [LSEEZEN 9.81 27.42 19.22 8.12 1.06 6.98 30.54
Mycelium
52 ERSOSIN 13.58 16.39 11.48 7.80 14.6 3.70 17.00
Ganoderma sinense Fruiting body
[ESEZALN 10.44 30.02 21.04 8.34 1.94 4.26 29.46
Mycelium
Nz 6% RSN 16.31 15.66 10.97 8.60 13.70 3.09 19.60
Sichuan Ganoderma of Fruiting body
six SR LN 11.10 29.95 20.99 9.77 1.22 11.44 22.60
Mycelium

T IR R R RS A A A

Note: The total and average items in the original table are not included in this table.
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RZTH L2 R K BB BT 5 55 TS T
BORMERE o A B R Z AR K7 1) (1A 22
VA5 R TR R0 A8 A 0 8 P 18 o B 2 TBCR:
AR W 15 9% 120 J LT 2R o P 25 77 T ) e ik
fregid, JE0 R e B R AU LA A i igs
AS g 58 2 W 1 4 TR O TR AR SR 12 10 T4
ME%

1 REEWHAEKBEERSG RS

1.1 &AL EERAEK
F IR AR 2 S T A 7 R 2 T 22 AR I HR
WARHA = A PR R R AR

#2 RAUREKABHNEERZEK

AZ WA, FFAT S A
WA e B AR A 1 N TR 35 26 7 RO 5 R
AR A B, BRI & T AR . BT
SR T AN TS R 2 23k 250 Fi,
W WL IR 2(G. lucidum). 22 (G. sinense)
TRZ(G. atrum)FF TP, WAL K T U
FHENH R Z R I 2,
12 REZEREGERELZBERMSE

LG () R 27 5 BB TSR . TR
. FERL YRl . RBTARRREE &, BR AT,
— BN B, MR UERAL; T
HREREE, Ao AR, ARKEEEES

Table 2 Main strains of Ganoderma lucidum for liquid fermentation

[Eap=s=24 FEH WA A 1 Y v E= PN
Scientific name Major origin Application of liquid fermentation References
of strain

pid HEEA . PR S AR, IS R RZZHE. =l [12]
Ganoderma East China, Southwest and Jilin, Hebei and other places  Production of Ganoderma lucidum

lucidum in China polysaccharide, triterpene

52 WRoH . 0. AEI . SWEHARES, HERES. B HTPREZNE. k. WLk [13]
Ganoderma Europe, America, Africa, eastern Asia, eastern and Production of Ganoderma lucidum

sinense southern China polysaccharide, triterpene and mycelia

B FE A TE [ R R X TP RE 2N [14]
Ganoderma Mainly distributed in the coastal areas of southern China Production of Ganoderma lucidum

atrum polysaccharide

R SREENUYIES - [15]
Ganoderma Sichuan province in China

sichuanense

TR HEABEE . sMA S PR . ZhE [16]
Ganoderma Taiwan, Yunnan and other places in China Production of laccase and polysaccharide
weberianum

Wz RZ T BRI EAR R AEM TP RE 2N [17]
Ganoderma Heilongjiang, Jilin, Gansu, etc. in China Production of Ganoderma lucidum

tsugae polysaccharide

R R HE ARSI, K20 ESVRRE Y 15 [18]
Ganoderma In the southeast and northwest of China, there are more ~ Production of laccase and triterpene
applanatum in the east and less in the west

il Hh TR A HiL X TP RE 2N [19]
Amauroderma  Most of China Production of Ganoderma lucidum

rude polysaccharide

e - '

Note: —: The purpose is not clear.
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F, — X A7 il B A S KR HL T
WA R, g s, MR, X T1E
GHARRAZE5ANTRIERZMNS, RZHEHRF
PR AR & e HAT s RIS . i Tl AR & T
FARMCHPTTE, 78R BER R AR TP AT A 250 A
R, AR L W G R T .

AR K W H R Y 32 AL B AE A 7 R
BOSAMK ., e A ARG ) A A
REERKBEHN TSRS, 6 HKRK
KPR AR AT KRR = R 25 T AP s 1 0 o 1)
oA, AIME W& % B YR 3). BT, X
TR ZWAR Kk e = L H -y 2 T
B AR L,

? REABFHHEEERRLK
LR
21 EEFHRS

CAMBR R, WRZHn] 08t n G
PR AT 238 400 AxFh, FESRZHE. G
S INIEET 7/ I ] R S ¢ e Y = R €
PR . VR L PR S R I LI 55 h

®3 REABKRABEETFRETHLEMNS

RO T WA R T T ) (B 22 TR RN R RO AN
(HEE = R E B S, W H A L
KA, R, 5 F s S, #F
RGBS K HUB T 45 A Tl Ak A 820
(FE 4).
22 FEHAYR

JRAE T 22 1K 5 R W3 M oy AN R A
i), HP A 45 R IR s AR (L 25 R ACR (3R 4),
B3 R 2R K ) (TR 22 RN K T
WO 25 AR AT A g s 25 . IR Sk ARG
BA  25 BRAE 5 -SSR 0 AR — B0, AR A
Tk
2.2.1 BB

RZ =M REZ W) EZE R Z—,
FAET 2R KRR, HAT 2R RO,
FEH BT IR 38R0 35 o AR 2 TR 22 (kv 4y
1FENH 44 =50y Re il i 4 i L1210
e K562 (35 Sun S5 B 22Kk Zh
— R IR 20, IF H A B B 1A 5 (R
W, BESRE K IIAAZ R Z(G. tsugae) K7 W)X}
H22 I 7K 988 40 A 1 338 2 5L B kil 4 RS

Table 3 Enrichment of compounds in fruiting bodies by liquid fermentation of G. lucidum

T EIAL SR> e 1A 2 P Tk JE 7 AT R AR R Y 275 SCHk

Compounds in the fruiting body Have pharmacological Enriched by liquid fermentation References
activity or not or not

=525k 5% Triterpenes Yes Yes [20]

ZWiZAL-E&¥) Polysaccharides Yes Yes [21]

% H 25465 Nucleoside compound - - -

A . BEOATIEY Yes Yes [22]

Amino acid and protein compounds

2 LA Sterol compounds Yes Yes [23]

YAk -& Y Alkaloid compound Yes Yes [24]

JeHLIGE Inorganic elements Yes Yes [25]

HAth Others -

FE: —: JOAHSCCH

Note: —: No relevant literature.
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F4 REBRREEEFEE RS
Table 4 Active ingredients of Ganoderma liquid fermentation product
T PE 3 2 KSR IR FUiES 2 R EEPEN
Types and sources of active Species Medicinal effect References
components
S KW RE LB GLP-1, GLP-2 4 oW . breEfe . BRI, B [30-31]
Sugars Fermented liquid Ganoderma lucidum polysaccharide GLP-1, 1MmAg. M
GLP-2 Antitumor, antioxidant, lower
[ES AN RE LM GLP blood sugar, reduce blood lipid, [32-33]
Mycelium Ganoderma lucidum polysaccharide GLP antibacterial
ENES R RZMT. S. Me. Mk % BUMIE . GEff AT . HERHLIA [26,34]
Triterpenes Fermented liquid Ganoderic acid T, S, Me, Mk HE S . PiiNEE
LSRN RZM O, REMHPEE. REEE. REMSE Antitumor, relieve [26,34-36]
Mycelium Ganoderic acid O, methyl ganoderate, Ganoderma inflammation, enhance the
lucidum alcohol, Ganoderma lucidum aldehyde body’s immunity, antivirus
eSS RER WM . 2K GPEERTT . BUME . BiEde.  [37]
Proteins Fermented liquid Glycoproteins, peptides TP PUEE . FEmE
L EZ20N HEGZERANED ., BEEX. HED. R Immune regulation, antitumor,  [38-40]
Mycelium K. RIS antioxidant, antibacterial,
Fungal immunomodulatory proteins, lectins, antivirus, reduce blood press
glycoproteins, Ganoderma lucidum enzyme,
antihypertensive peptides
A R - FEARAB [ A | oot R sk —
Alkaloid ~ Fermented liquid . B UL R . YR
[ESEEZEN NRGE . MR . RZH. EESEmEE O WUV XT A i 32 1 [24,41-42]
Mycelium Choline, niacin, Ganoderma lucidum amine, Reduce cholesterol, improve
betaine coronary blood flow, reduce
myocardial oxygen-resistant,
enhance myocardial and body to
hypoxia tolerance
B KWW REEE . Z A SR EY . FEEHE bR ER [43]
Sterol Fermented liquid Z:fbAY . MR AW E Antitumor effect
Ganoderma lucidum sterone, ergosterol and its
derivative, lanosterol compound, cholesteric
compound
[EIEE2E RZEME, MHE R ZMERE . B, [44-45]
Mycelium B-1F {5 B 5

Ganoderma lucidum sterone, cholesterol,
wheat alcohol, lanosterol, B-grains

He - PR

Note: —: The type is not clear.

RZ =AY A R S L M A )
FERIARIRICR , Ja2nl B R 2 KB YIT k&

B KB IIE 2459
222 HEEBEREAH

IRIEAFRHGE LB, R WAL )

T4 S T WA X A B PR -2 114 B9 ) I
PEHARSY, SRR 8k B ARG (E IR A R 2

WIS, L IRE | A rERE AT AL
PR B B AR m Y WL, REZREEY

TEHR R SR S e 1 oA 3 RAF AR
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R HETR 2 L W YTEsg i s ) iy
I R R R BT X &R, (HHSCRE
Ew R, MEEERKESY st A
BT, R — 25 SR B IE
223 MEW

WO R, MNRERTRESAHRAE L
WA PUARARPERT . T E AR T B gE
, X FHEBUAARE RS M R, A S
KR Z Z NP EILEE ) 5 1 TR KN
W E R IE M5 . Kan ZEPHF 58 T AR T8
REZZWWMPLAMIER, RS FRERD
GLP80 i AL R e e, 143 F & de /N
GLP40 MR 25, LAk, AN SRR 2 bt
AR IR, H5REEWH . 2. =
WA Z A A e AR X — 4R, sk
A K e = T R 1 25 AT R 7 o
224 HMERNKS

HERERAIAERRFEIREZ —, R
ZETZAEE, HRIAKLE Y5 &A1
AR E Y P R, RE2E
PE RS RT I 2235 15 Fhan i i 4 K %P
ALHEHE 2% FC PR B RN 22 FCPHME B, % L an
KIGAT T R4 3 (R 29 BR DY, FE A AT
WERERF T W TE B R, B I A B
PRI 2 2 TR AR BH 1E — S8 Ry iR 5 0947 Dl A
A, w0 EVTL R0, Sali A aE PR R 2
TR 22 A v B B A AAC TR ) 5 T R R — S LA
RAPIRBA Y, X R 2 WA K& A
PP AL TR A R
2.2.5 g IM#EF MBS

AR, A PRI I B R R R AR T
15 T IRE KT o v R R s BB 3 1) 2 R A
BRI RN, R 2 A=Y HA AL
T ARG K VE T, R 2 K e v F
FI g R 2 Z2 05T A LR AR AL T 4 B 19T 1) 2 A b

§g[51]

NN S S EC AN A
(Polysaccharides of Ganoderma lucidum strain Ss,
GLPS:) X & PERAR R A B 7 &, T BRAkig
BB 9% RS R DR A LR, R BT
VAR T 7 ) 7 ek AR AR 1T S 7 T E AT T A
1.
3 RZEWWBARRE KBS R

WA R T S — il B 22 A A K BT b i 7
Fr il SR A IR AL, PR TR R T Bk I
RWELUR BT RACT IR I 22 BRI B . BB
P TR A % E TR % 118 DX i) A 1 HL R 1 R 5 ]
®, HiE FEMTREMET S T2,
JEEWELET AR RZHERIA K
e R] 7 A R Y I 224K, 7 A i A T e
J A &5 e AR 5 RAR R ALY 22 1 S Bk
AR —F, FLEFLCE RS Rk e T
FARU B TGRS, R R B AR R
AR . AR RO R R AR
& HAE H AL Tl AR 7 854 s, IELE R R 2
Brar mp =, R il 6 T R 2R FLE AR
7AW R R
3.1 ERAEES

RZHERARRE L IR R FEED T
W B R B SRR e 55 D0 AR LA B A 7 B R Y
Ver b, a0 A AR A T S B W O
7 H B PR AR R AR IR A IR A
R PRAE 7 2 TR WA R T 2o e v A P P
Qb3 R A E T 22 R A R AR
AT R R R Wb 35 R 2 2 o 7
PEAT T EhASSE, W kB R pH L &
Bl JEORESE AR, BRI E T R R 2
ZHE BIFE UG IR A5 o SR AT X 5 77 BE R i Bk IR
MEERE, Cui TR IURIEEE . ISR %
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ZEVE AT EUACH 00 s AR AR Ry o — Rl T

W PR R B AR O e, BRAT A R E HAE
A & T2 T Rem = A A O iE AR =
(NG, RE L. B2 =5k,
R R Z R T ARA PR T Zon ik
3.2 /R PiIRAE

N PR B T E R IR R ALK
T Afe A e 0 355 97 3 K R B A AR mT A, Ry ik
— IR R e Tl Ak A p SR R i T
S BIE0 S, REWLERTEHEEN
= S EESETETEYI T, AW RIE R 2R
B GOO17 T 22 VA — Tl S50 A% =0 R 45 1o A 1
He 77 22 GRS R T2 TR 7 R [
SRR AR 8h 1.50 (RBIS R4 S
T 69.54%F1 75.63%, Jf7E 3 L Al 50 L Ak Fkii
RIS RN IER F T R 2N K B A 7 2 h
() T EAMEA ST, D0k S — A AR AR S
FRIE/CTT , MY R A = 38 T S KPR
B AR LI 1A R 2 (G. weberianum) TZC-1 1E
MR, ERE A RER SR K S L
Y e W e AR 7 12 Sl b B A7 il e T
PRI T AL, S5 R BN A R A A i
KK WE T 2N 4R-A5 W0 WIS 1 02 38 A I 7K
i1 2.5 4504 Wei ZEUSIXE 7 2k i — bk 0 2
W5 R 2R R 2 RRIE T AR, FERRI & s
FRAN IS AR R AR, JFE 10 LY
AW RN A AR T RUE,  [FEE— 2R
MARER TR, M EwR. 2. RERE™T
R
3.3 Tk kB

EAESR, R & T AR R AR BUR 2
AR % 8 T AT 2 60, IF Btz
W HETE WA Tk b i Y E 2 F Bz
— . Lee UV IER TF L EREH 51 A BB B pH
B ARA TR 20, &I 228 A4 KX

Bk pH fEM 3.0 A5 E] 6.0, FIHGEH 2
MK 5 2R 5 Tang U FERE R A1)
JN g R 7 R 2 205 R 2R R hiE
T o A A i S A AR O SR A
RS, B T2l S R2Zmm i, ©
AR BRI R, R R A L B T
WAL HA AT E S Tk, MEHBE S
TE R 2R 2 AR )2 R Tolk ™= &, R
ZIRE R WIS DL AR, <
HERZ R 2RI (PR A il i A PR A
wl) . R AR HOR O R TSN R 2 R T4

4 RZEWRARRBEARLTHN
By i A

T L A R AR A R 2 TR 22 AR g s i) S /b
TARGARIG AT R 2SR EE], AR &
i 7= ) v AR R 0 M A A R AR A T TS
R R 51 2 . BHTEOR 2 i 5E 4 8
050 1) T FF & LA R 22 A4 e T AT 22 A R R B R A
R OB 7
4.1 BmHA%

411 EHaLk5%B &R

REHEIERR LR R A S SR
ST REETE R T, X TR ) A A TR I
Wb DR AT R P R 2 R B A ROk
PR, . DI, mMARZ . &
g EA T IR BRI R e, PR IBCR Vi A 45
BRHE B E % . SERRAY B A R OB
s I A5 R 2R R R I AR K S,
f PR W A T — AR SOHAR Y R 2R K
AT WA i T — R [ A R P R L&
BE T 204600 REZWB(E LK) 25%, &4
F 75%, BEHE 8%, HEAhEL 5%, 42 °C T KBE
2h, EAZATRASEE AR 2 RILFF A W)
B G R H— b DLH R T R 2 WA K
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P DI RETEORE, FFEXTUORMEC 7 64T T 1k o
412 EZKBEH

FI WA 2 2 e = ) T e R 2 A0 SR 2
REPER S A M kR R . R e 20 Th2g
60 4EAC, e[, FeE Ak E AN B 2T iR E
T VAR e T AR L 7 R 22 TR 22 (AR il VR IR R
di s TRE & B I Y T 22 AR 0ok T I A
TR . ARETEN, A4 B R RE 1Y
EHEESS . R R RERAT 0 B 22 R A 1R
KO FANE, T 22 T T 22 AR T AR iR in
Bt R A Bl B DR AR E SR I RE R B
T by B S RS
4.2 IMRNZA
4.2.1 REFELIKEFKLEERANHA

REWIR R BRI T 224k, LRI
A BLPIR BB 22 B2, 75 B — 5 Az it
PEo AR R 2 22 RIX —%F 5, Mohd Hanafiah
SRR 5 K B JE IR 4 W 87 4= R 2 (wild-Serbian
Ganoderma) & 22 VK 0] A 308 B & B35 /K B9 75
YL ¥y s Torres-Farrada 25 U6V % B 35 ff1 R 2
(G. weberianum) B-18 22 IRTE LM
XoF ol 5 7K RE S 3 A5 A% ) B 66 5 f #E VR s Ma
SSRGS R K T
PEFE 16 Yubl AR a2 EH; Zhou
FEMR A, HBIARZ(G. weberianum) TZC-1
{14 TR 22 AR T 5 5 1 TR A 1 67

U AT b Bl 2R 22 TR 22 AR A TR Uk
H AR ACR AR IE AT LLE R 2 8 LA
TR 22 AR AE A 345 Tl 7K O T A B i 7 o
422 REZFEBHNA

AT TR 28 R I — b 5 i 1) 22 1
AR, HURRA I BRI AL S R A S AR A RE
15 RSB IR AU TR 1 . 15 /K A FRFD Lt
JIid 0, 55 A DRSS A5 R I P A (0N . e
B AR 2 (G. weberianum) TZC-1 AR K B2 1Y

VAR Tt R 52 Y3 X 22 P e RL 0 Bt E AT T AR AR 4y
Br, ZIAE pH 3.0, 50 °C 544 F S 120 min,
XoFEE W B % R 92.6%72; 7E pH 4.5, 20 °C
S5 I 30 min, XFBHES T4 2GL (cationic
red 2GL) A (2% 4 90.3%°%; 7E pH 3.0, 40 °C
SR RN 70 min, X M AR S GL AR
R A 94.3% 7, BRIbZ A, FEAE YR T
N b, AR R 2R 22k — 0 [ e
A P Y AR, S i, B
B TR 22 I EL A R A T A8, ATl PR L K R
LA G, MTT Fb a3 (— Rk DN 20 A7
FA A 5 18 e W B A R 4T 19 A= 4 AR
ZpEPY,

RV R AT R TR B R 2B
WA e P WA BRSO 4P 5 TG o ) R 1 oL ]
5t .

43 ERIENH

R AR R T i B N R R )
W, 1 H AR 2012 IR ERFEE O E AR 2
(L AP AP, Hesh R 2 KRR &
W AR Y, SO R TR A IR A
i B 27 1 AR FIR AW 5T R A QI 0 B B R
B, hEA. R RRGYE T ik
B E SRl
43.1 REBEEHUARROEL

Zhou “FFIHLRFFE N ST T —Fi4
55 22 35 AR N Bt B DR 3 S L VN TR 5 35 25K 1)
FIARE(G. weberianum)it ALK R, [
B 5 e At S R A R 2 1t g P i
Kim 25002 1 R i 9 YDA 3 S T 05
— P R ZHAIRR
432 MNEEEAERZHHIERIX

IR Bt R TR vk i v R 2 LR TR K T
FEE Y RO HATR S RS 2 —, HH P
Rt — R R 2 WAL B EE . Li Y
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ZUIEEIE - S IR i N i Tl | AN -l
(Vitreoscilla hemoglobin)3:[H vgd § AR 2 H %
AR, BB R R A i 1 R
SRR R 2D TR B bR 5 AR50 M
B RIENFARZELHMM T, AR &
AR 2R
433 RZEARESRERIE

W R 2 g R B A IS P BT Yk
R B AN R, AT S8k —4%
B IRAA S e A 7 2k . 1 R B AR ORI 3
R T AR ARG R Z i) LZ-8 BE K 3 A SE IR %
(Pichia pastoris) W', I B ) 7€ 52 IR [
(P. pastoris)FRiE RGE i 73718 LZ-8 HEI;
Zhou %5 M\ F 1A R 2 (G. weberianum) TZC-1 1 7g
BB — BT BRI LY, JF R e A BE AR R
(P. pastoris) P k"), Wang ZEH00 R 2 vy
A0 g 4,25 P450 (cytochrome P450)%E K% A TR
I+ (Saccharomyces cerevisiae) ™ 31 i) 2 ik 7=
PR R 2R
44 EZHEH

REZEMEHMA WM, B2
— A B Rr, XA R 2 B O
RHEAMZ A ERZ U, A 271
4, R 2 W R T 4] (R R I TR 224K
TR Z R A BRI ESY . KT RE
LR AR TR 2 1 7 W) 7 15 2 0 sl P F 5
B 2, RIEANIRERY], RZWAR KB
PR AR N 7 T8 TR A B B2, T[]
PR3 R A BB AL 0 P X A B A
A Rt S G R BLR 2 R B R
ICHTI T Fk P 985 240 LR A 47 s A A 0T R
2 =WiE A EA T S R, 2
HETRAM R R 2 FLEEENR 2 — 2
SO AR R e e R 2 =k bR AT T
ik, NN HEA B AMERN R 2 =ik s

Wy e o WA R R A IR R I Al 1R i
— AR R, RS P R AR I
A =R R e 2

5 k¥

2019 4%, i AL R A RE A PR o BE RS 5
W F M0 Ganoderma and Health!'™
—BRGMANF T RZM5E B
NTHE . A2y Pl Wt e . R2 K
LRI 1 24 B2 A5 0 e R PR N 45, {5
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