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Abstract: The use of liquid fermentation technology can obtain functional raw materials from
edible and medicinal fungi with stable quality, controllable products, and various active
ingredients. This paper systematically summarized the research status and bottlenecks of liquid

WHNTH . B3 AR P M R AR ROP R B F[2022]5 9 5): ISR\ Rk &L T % 4 (CARS-20); |
T A A} 2 Bt AR B 11 K1 (2022 A-03) 5 1 i T RO R S e 2 1 T K (2022-2024)

This work was supported by the Shanghai Agriculture Research System ([2022]09), the Earmarked Fund for China Agriculture
Research System (CARS-20), the Project of Shanghai Academy of Agricultural Sciences Excellent Team (2022A-03), and the
Shanghai Academy of Agricultural Sciences Climbing Project (2022-2024).

*Corresponding authors. E-mail: FENG lJie, fengjie@saas.sh.cn; ZHANG Jingsong, syjal 6@saas.sh.cn

Received: 2022-10-08; Accepted: 2022-11-24; Published online: 2022-12-22



3212 (YIS Gk Microbiol. China

fermentation technology of edible and medicinal fungi, as well as the main components and
efficacy of the liquid fermentation products of edible and medicinal fungi, and compared them
with the cultivated fruiting bodies. Through the prospect of the breakthrough of liquid
fermentation technology of edible and medicinal fungi, this paper is expected to provide
references for the further application of liquid fermentation products of edible and medicinal
fungi.

Keywords: edible and medicinal fungi; liquid fermentation; functional components; fruiting body;

research progress
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Table 1
medicinal fungi

Medium composition, culture conditions and research outcome of liquid fermentation of edible and

WFRBEAM RN i 275 3k
Composition Research content Research outcome References
of culture

medium

3 EARKY . EAIRY . AN SBE 3% AN, EERE 1.5% A0 [10]
Carbon Corn flour, soybean meal, glucose Total sugar no more than 3%, glucose around 1.5%

HAIHE, HEME, VR, RHEL4ER
Glucose, sucrose, starch,
carboxymethylcellulose (CMC)

source

WA IR A (20 g/L), MINZH™ & 112 g/l [11]
The optimum carbon source glucose (20 g/L),
intracellular polysaccharide (IPS) 1.12 g/L

(5%%)
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LR 1)
FFR BRI, WP W R E =N
Composition Research content Research outcome References
of culture
medium
WA, RELEE, HEEbE TIAMKTR 2 /L IRABRIE, Xt A431 il [12]
Glucose, galactose, mannose MDA-MB-231 Byl ik 80%
The optimum carbon source 2 g/L mixture of carbon
source, inhibition rate over 80% on tumor cells A431
and MDA-MB-231
IR SRRy, BELER), MERRRE, AN, BOERIEESR(2 gL), AR E 130 gL [11]
Nitrogen ERIR: The optimum nitrogen source yeast powder (12 g/L),
source Soybean meal, yeast powder, yeast extract, IPS 1.30 g/L
peptone, ammonium chloride
FACHe . BERRE . BRIREEL . MHIREE . G RIE MR, WAER 0.61g [13]
THEREN . IRE . EOk. BEE The optimum nitrogen source peptone, mycelium
NH,CL, NH4H,PO,, NH,CO;, Mg(NO;),,  weight 0.61 g
NaNO;, urea, peptone, yeast extract
FEREHR UM N-1, N-2. N-3 & AR N-1 (5.07 g/L), N-2(3.78 g/L), N-3 [14]
Yeast extract N-1, N-2, N-3 (7.63 g/L), =it/ & 0.514 g/L
The optimum nitrogen source N-1 (5.07 g/L), N-2
(3.78 g/L), N-3 (7.63 g/L), triterpene yield 0.514 g/L
FAE, EANR, BEHERY, RO RIERBRECK, RINZH 1.87 g/L; BERHEE [15]
W, ZIK, BREAK WREIR, PR 5.93 g/L
Beef extract, peptone, yeast extract, soy The optimum nitrogen source tryptone, EPS
extract, polypeptone, tryptone 1.87 g/L, yeast extract, mycelial growth 5.93 g/L
kA L 10:1-50:1 £ 20:1-30:1 Z[6], F224 KR [16]
Carbon-to- 10:1-50:1 Carbon-to-nitrogen ratio 20:1-30:1, pleurotus
nitrogen ratio ostrreatus mycelial growth well
TCHLERA  WERR . BERRE B BRIR TSN, Rl HlEh KHPO,2.5 g/L, MENZHE 1.19g/L [11]
TG BERR A 40 The optimum inorganic salts KH,PO, 2.5 g/L, IPS
Inorganic KH,PO,, K,;HPO,4, NaH,PO,, Na,HPO, 1.19 g/L
salts and £ Zn & BE(678 mg/kg), ZHEEH 7.32% [17]
trace elements Zn** concentration (678 mg/kg), polysaccharide
content 7.32%
fifi Se il Na,SeOs (20 mg/kg), AHLIN S ht 520 mg/kg  [18]
Na,SeO; (20 mg/kg), organic selenium content
520 mg/kg
AN T S&REBFEK, Mg™, zZn®, Fe’', Ca’") Hufi&mE T Fe (0.2%), WKWK 7.299 g/L, [19]
Exogenous  Metal ion (K, Mg*, Zn**, Fe**, Ca®") LM E 0.720 g/L
substance The optimum metal ion Fe*" (0.2%), cell concentration
7.299 g/L, polysaccharides concentration 0.720 g/L
HERBICYIN ., 562 HE ., W) ol h e R 4 IH (60 g/L), T [20]
Chinese herbs (Angelica sinensis, 964.63 mg/L
Codonopsis pilosula, Glycyrrhiza uralensis, The optimum Chinese herbs Angelica sinensis
Radix astragali) (60 g/L), triterpenoids 964.63 mg/L
Tween-80 Tween-80 (0.25%), MIFMZHiE & 1.02 ¢/L [21]

Tween-80 (0.25%), EPS 1.02 g/L
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FE AN [ v 291 PRl P o 28 22 =il 1 7 A A A
F, JUHIERE 60 g/L SIHMS IR, Hash =™
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AU NN R 2082 Kk A 7 R 2 Ml Z 4 (EPS)
FIPEEVER, Tween-80 IUNIITE A 0.25%H B
22 'Yy AN P RS 3 R, 40l
FEE 19.76%F1 137.50%; s il Tween-80 & PR 1Y
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R2 FERAAEREKABIZSHMK

Table 2 Optimization of liquid fermentation process of edible and medicinal fungi

A REETE ST S E= PN
Strain Fermentation process Research outcome References
RE pH 5.5, %3 100 r/min, FE] 96 h M 288 2.65 g/, H:¥ir 25.20 ¢/L [10]
Ganoderma pH 5.5, stirring speed 100 t/min, fermentation period 96 h (50 L & B )
lucidum IPS 2.65 g/L, biomass 25.20 g/L
(50 L fermentor)
2L EBERE, 30°C, ¥k 450 r/min, #2145 pH{E N 5.5, MIAMZHiI=&E 232 g/L [28]
KPR AR pH ER 4.0. EPS 2.32 g/L

2 L fermentor, 30 °C, 450 r/min agitation, initial
pH 5.5, during fermentation-controlled pH at 4.0

3L KEEHE, 26°C, pH H#k, @ 180 L/h, B4 AWt 11,67 g/L, —illidi [29]
100 r/min, WONMAER, KEEFM 74 28.66 mg/g
3 L fermentor, 26 °C, natural pH, 180 L/h aeration, Biomass 11.67 g/L, triterpenes content
100 r/min agitation, additional oleic acid, fermentation 28.66 mg/g
period 7 d
REEAZILE 7L RWERE, 23°C, pH A%, TR 2 L/min, Bd AW RARSNZHE 5050 [30]
Inonotus linteus 150 r/min, P EL & #5515 9.97 g/L #1 94.03 mg/L
7 L fermentor, 23 °C, natural pH, 2 L/min aeration, Mycelial biomass 9.97 g/L,
150 r/min agitation, two-stage temperature control extracellular polysaccharide (EPS)
yield 94.03 mg/mL
B He R 5L ORBERE, 25°C, pH AR, W TH 1 vwm, Fd  HIAZHE 1.686 ¢/L [31]
Cordyceps 100 r/min EPS 1.686 g/L
militaris 5 L fermentor, 25 °C, pH nature, aeration rate 1 vvm,
agitation rate 100 r/min
pH B4R, #ERIE 28d MEE A 2.05 g/L [32-33]
Natural pH, static culture for 28 d Cordycepin 2.05 g/L
LA 5L EBERE, 25°C, pH 6.0, /T 3 L/min, 83 WIRHFN A L BRI A 22 55 [34]
Hypsizygus K 165 4~/mL, *EWEN 17 g/L
marmoreus 5 L fermentor, 25 °C, pH 6.0, 3 L/min aeration, aeration  Liquid mycelial pellets density
fermentation 165 spores/mL, biomass 17 g/L
KRB AL 10 L SFF KR, 25°C, pH4.5, ¥ 100 /min B2 YE 1.65 /100 mL [35]
Grifola 10 L airlift bioreactor, 25 °C, pH 4.5, 160 L/min aeration, Biomass 1.65 g/100 mL
frondosa 100 r/min rotation
HINH 600 mL $E)f, pH 5.0, JHIELFI(EIN) 0.1%, HIRMAM MAPZHISG R 0485 /L, WK [36]
Armillaria 6d i 20.8 g/L
mellea 600 mL flask, pH 5.0, soybean oil 0.1%, fermentation EPS 0.485 g/L, biomass 20.8 g/L
period 6 d
e O pH 6.5, JaJ¥ 25°C, ¥ 150 r/min MU £ 88 1.180 g/L, MishLh [37]
Tricholoma pH 6.5, 25 °C, 150 r/min agitation 1.078 g/L
mongolicum IPS 1.180 g/L, EPS 1.078 g/L
P TR 500 mL &, pH 5.0, 25°C, ¥ 160 r/min, FEFE AYE 12.94 g/L [38]
Tricholoma 10%, AW 10d Biomass 12.94 g/L
matsutake 500 mL flask, pH 5.0, 25 °C, rotating speed 160 r/min,

inoculating amount 10%, fermentation period 10 d

(1548)
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WA KRBT L WFFR R E =N
Strain Fermentation process Research outcome References
P 7L KEEGE, pH ASR, R 27 °C, R R 10%, el MO0 43F it 40 kDa (14 [39]
Schizophyllum 200 t/min, @& 100 L/h, KEEEM 3 d B-D-Hiij FE b
commune 7 L fermentor, natural pH, 27 °C, inoculum 10%, 200 r/min EPS were purified to be B-D-glucan

agitation, 100 L/h aeration, fermentation period 3 d with MW of 40 kDa
AR UEG 25°C, %3 150 r/min, KEEAM 154 AR 31057 g/L [40]
Dictyophora 25 °C, 150 r/min, fermentation period 15 d Biomass 3.105 7 g/L
rubrovolvata
TRFEATHR pH 5.5-6.5, LB 9d AR 1.123 5 g/100mL [41]
Dictyophora pH 5.5-6.5, fermentation period 9 d Biomass 1.123 5 g/100mL
indusiata 50 L KB, 26°C, %3 100 r/min, WS 1.0 vwm, HIPNZHHRE N 1.43 g/L [42-43]

ReFE W 144 h The highest IPS was 1.43 g/L

50 L fermentor, 26 °C, 100 r/min agitation, aeration ratio

1.0 vvm, fermentation period 144 h
TR pH 6.0, JREE(24+1) °C, HEFPHE 10%, 548 140 v/min, ¥4 14.11 g/L; ZHESE [44]
Morchella spp. K TREJEH1 6 d 268.9 mg/L (114 h)

pH 6.0, (24+1) °C, inoculum 10%, 140 r/min agitation, Biomass 14.11 g/L; EPS 268.9 mg/L

fermentation period 6 d (114 h)
WATE pH 6.0, 26 °C, %3 150 v/min, LB 5 d, YR 104 g/L [45]
Tricholoma pH 6.0, 26 °C, 150 r/min agitation, fermentation Biomass 10.4 g/L
matsutate period 5 d
I <px pH A%k, 28°C, ¥ 150 r/mim, WS & 0.75 vwvm, AW 10.98 g/L [46]
Pholiota ReIE R 8 d Biomass 10.98 g/L

dinnghuensis

pH natural, 28 °C, 150 r/min agitation, aeration ratio
0.75 vvm, fermentation period 8 d

EAL, PR AA 0.269 g/L. el g
R WA KWL TR ORI R SRR St 25
i) ffs o 22 R B IRE AE L MBEFR IR 30 °C
i, R AR IS Z 0N BUR-E 4N Hepal-6 Al
LR IE 40 i MDA-MB-231 40 7 FH 95 K
REERE IR pH (H—MAE 5.0-6.5 Z 1],
K S BN kBT, pH SHE K
MEERRMIRRAR, RS AERKIF T E AR
B, LAY pH T4 AN R T 5
o EERI R T R 2 WK K B R pH
X R 2 Msh R, 453K W, PG pH
5.5 BE AT AN ZHEAIE AL, KB R
il pH {E R 4.0 B, JgAbZHE ik 2.32 g/L,
A A R4 pH 1Y) 1.87 /L 3255 1 24%., A< [

BATE R 2 WA R Bt FE R T UBY BE pH 45
wlems, RAGHLERTE 1418 g/L, —l /" &
279.59 mg/LI*, FRX0zE 5T T 014G pH X}
REWLWILE . Mo 205 5 XI5 G
PERSZNR , S5 HR, WG pH HAL R T(5.0-7.0)
HRFHSNZHERE B, pH HEAKET(3.0-4.0)
AFITHERMAER, VI pH 4.0 2508 T 550
f ok Z2 b5t /N U 40 L Hepal-6 AL FL AR
i MDA-MB-231 HA3 5 = i Pl V6 .

P PE A A T 3 T A TR A 0 A T R DA
Inag v R R Ed NS S BUA AL, HaE
K G218, 2o v 5 00 2 5 3085 U0 ) i 2 s
T A A5 A0 . Wang e B HURE Y R I B 5
2G5 IR AR Y R R A 2057 &, B il
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FIPEFERE 3 100 r/min, AR ATE R RS R
Ll fE v, FERKBENT 40 h, AN
150 r/min, 40 h J54% 4 100 r/min, 75| =
M 0.720 mg/100 mgPY,

Vs AU 4 A T 3 3 0 A S AR Gl A S
B AR 22 mi /b, WA R AR
HRA BN R E A IR R O AR
WEMRNHZARK; BREEM, Watkig
I ARBACH 6 B, 75 A P2
ALY IE AR T AR AR PN A A A B
B GG AR & B pH ALl AT, 4%
R B pHAE N 6.0, FcfEl < & 4 3 L/min,
A BAATEAAE 5 L R BEREH 2460 A R 2
WA K EERZ M, 455 &P, 0 9 L/min
I R R 22115 %55 15.42 /L, /< &4 8 L/min
R 2 =533 A 0.204 g/L, il <5~ 6 L/min
I AL P 2 WA Rt = ok 2.10 g/, E— 2R T
DY i B A PR R, DASR R AR A
LR RO
1.2 BHARRARABRRAFEENRD

Wit 4 £ 245 FH DR R & I B AR AT 5 1) AN T IR
A, HAE Tl AR 7= v 3 R L 3432 25 A BA AT
AHL ph I Sk A A 201 ) R 2 v B B 2
B T M TR AR R o] ARG A 3 N T

(1) B 25 FH PR & e AR LSz 8l Tl 4k
IR H I, AR AR OR FF 5E 470 o
Horpr, Tl Ak A = h i A B 5 5L 5 i g % 0
T CHEJFRL R /N e PR ) P 55 R L 21 22 B R
£ 20 R VR A AR Ak K 1 i o S5 ft T e 1 32
B AR T, RFEFEDEH. £
KM . BRSSO 3. BUE i
W98 — AEAR R F SC 0 = MR, 1 LA R Toll
AN LR E S N N U = 4
B R AL 3 B R A R A % e AR AT
N S 5 = RSB A R T B A A

B, b B AM T REEEN, S84
LRI o deAh, RO SR AR R OB, iR
S S U R R I ROR T 5 R

(2) B 25 FH IR A 2 18 P VR vk 22 K TR T 3%
BrFRVEAR , AE Tl Ak A B A o A 3 ny 1 i =
FHRIAETE . RIS, FE B 24 R A RE LUK
AL R, CZ2EARG A —E g m =
], BlA WS R AR T2 RN AR E Y
RN, AMRRMERE. LB ERMH
/NI A TR E AR AT %) e T T 20 K B Tl Ak g
TR s g b, ah, RS It & i
37 28 457 T JE DRI ARE i A e 30 34 6 e 3ol
PIBFSE . AR ARTHIRESE T 4 Fhghpl gy Xx 2
AR, EREEM, FRECbRE T =R
B 22T E 17.68 g/L, RZ =&k
4.58 g/100 g TRk, ot Emigs T
65.70%F1 100.88%!, Wei ZE545 i MRl e b
X R Z TR ARTE 300 L SR 254 B A A T
e, ERFTPEYEIE 255 ¢/L. MNP
2.9 g/L. MNZHE 4.8 g/L, Wang 2558 8 %t
Wi R R AT I R TR, 45 R R I R R I A
LR RN 1.686 g/L, 1 & it & BT LIS
A 2R PR RSk 5.713 g/L., Tang 25 E R
SRR A BT pH FIYE SR UM B il
[ B AE ARG T 25 5 B R B, IR I R AR
i 22.62 g/lL. MNZHEE R 474 gL, RZW
798.0 mg/L; 3% A & I RS AR L & S 21 7.5
20,200 L K BEfE , HF4e s = o fa i miie v,

(3) £ 2 FH B AR % e B 1848 B AN A8 L
PE, B2 P R AR & I Tl Ak N R e A ik
— AR R A B Tl K H 0 A 1 RO 2%
AR AW, SAHERTEA S
R RENE, XA M A P ER R s T .2 R
125 A T 2 AR 35 U0 1B o Uk, Sk
REREARH, SR s R e T A1) T R BR
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9515 AL | NN BU D O E 7 5N 04 8 i AN L 18
Sl g Rl P L R AR TR I A 2 R
— IR AR R B R R . A, BLA
S8R B A W I 0 i FIABE — B Sk S 3 1) /N
AR, R SE e 5 IR 7 i — 2 ik
Mg

2 RGAWRELEEEE K
o KBTS

B 24 P T T 22 AR A A G AR b g A 25 2304
R B FRFE M Y , ASLAT LB 22 (4 F i
SRR RRBGRTY, M H S A 2. . BN
B S i R A Z RGBT, Horh DL =g
ZHERE AR )z, BN e R
WL opUME . PR PURTEE . BRRERRIR SR 2
AN T R B AE YIS VR
21 BHAEREEAEBOEERS
2.1.1 ZHESE

24 1R VAR K T 22 W T O3 Sl L 22 0
(intracellular polysaccharide, IPS) 1} 7h & ¥
(extracellular polysaccharide, EPS), #ZHH4H il nl
O3 A FRERN 2R 20 . SRR LA — A 2 B A
B, EFEEMR EA o R B EIZ Sy, '
AE TG R Z UL B T 325 2220
WU Hy 22 R BT A [ BE R LU 2H I, £ 24 T T A
AR BN N Z T R . RHE . . %
A

REZHEEA TN . e, el
SEIIRE. Jing FFPSATBEE T 4 BTSN
TR 2R o B fisaAL . BUkbR AR
M, R R T R A 2 B A B
WP Assis SETR BN 1 A N S b 2 B
GBI . BREEN R 2 TR TR K
W, iy B AR S AN — 2 EPS-2-1

FIHL N Z2 4 1PS-2-1 ELA X DPPH H H 3 F¥E 0t
HHEEMERRRE S, i RSN 2R B AL RE
T Du SO I U BRI R 2 K T B 22 A4 v 4y
BTN 2 900 kDa iR 220, % 20 HL
A S LPS W55 0 — S LA A U Y 2R 5
K, HAT— PR TG
2.1.2 =ik
BAME =R Bk mAEY, %R
B JEFHCRT 43 €24, C27 FI C30; MRIELSH
BT 43 Sk DUBR =06 R T PR = 5 R 5 e 1 A
FERANE, "N RER ., REBE. RZEAM
RE NS, IR Z MM R ZRE T
e SR 43 Ay v SR = i R AR 1 = k1%
PR 22 8 = 2540 B 1 ) T 1 LA BT I L
PR AR BB SR R 2T .
AR J2 B R FR B R 2 i 1 TR N R 2R &
BT 22 IR P A BRS04 A =i 281k & AR
LA S R A i K562 1 L1210 M58 1 4%
Ho BRI R SY T SE R B G A
TER, S5 REW, FHEA R Y35
KIGFFH . RO AERE . AR 2R R
Tz G SRR T A R s PR e A
SRR, %A B aE B B S5 0 A0 i
Caco-2 F3FE , it X 40 M A 43 b7 2 BB A T
AW, %S Caco-2 WIFEEMERIT:; HidlL
ZER IR, 300 pg/mL i =GB R A
Ik HEBAE T . DPPH H 13k . ABTS Wi
RESFRIRE] T 90%LA b o JEB A TH) A s 2l
AH 3% - L I 55 o 1 B 4% AR (HPLC-EST-MS) M\
SMERARE R R B 5 Rl ELAT S i D S AL
F) =1l 43 o
213 EHRZE
SHHEPETEENEAR, S8 —%
TE 20%-50%Z [A(TH), 1 H AT 250 5
A1, Kurbanoglu 257X 72 28 2 f K fg
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WAL 3E R IZ B SR EA TR, LB 1 Bk R
47%; WL EIER IR, B E A
A2 F AR, HA®RSNERNME.
Rahgo ™5t 7 B AL IR A 19 — 4~ 3 2 AL B 10 &
e RESRRALALS B 0 e n ok 38% (L
T B IR L F 28.7%)

1 RS FR I R AR 2R, n
HEYFETEANY L AR L ST A LR
H R ANE AL R 2 A EPEAN 2 . Gang 25114 i
MR A e T ) B 1 BT RN S R RR EAT T VAL
HEARSERN 21.1%, HEIERIED AAS,
b2 0 CS. Wil Z LM Te 5 EAAL. EYh
BV. BFHRIEE NI, 2 EEMAH G i) SRCAA 41
Bk 62.41, 38.74, 88.37. 84.63. 18.61 Al 25.57,
LB 1 b O R b T A R A S
2.52%, . FAO/WHO # R MHE 45.57%.

22 BHAERRAKRABEREPHEER
57 LR

12 I S v 3 B Y S TR R L A
ZhE. . EA L AR, SRS, X
PEYI I AEPIMRE . T . LA L. RERERE
i %5 5 1 R AR AR AU e AR R
A RO A T 28 5 F SR AR — B, L Bt
G 2 & R s Ik, A
— eI L R B SRt B — SRR 22 4K
HAT 14 B AR 43 =G 2 S . e 57 2
XF 1A R 25 SR TR A & T TR 22 AR 1 Z2 0
=L OBEBE . AT S S T A, SRR
Wk SRR, N 1.54%, BEETT
S 0.79%0.87%; TR 21K Z W (1) 4 - 4 Al
FE 2.31x10°, T TSR 20 43 1 i A 52 S 7E
3.27x10*-1.95x10° Z[a]; W& & &G B Hi b
BRI #EBE, W22 iR ik & A /D TR e
W ZZ AR R R 280 F S04, (HARTT . S,
JRAT () v TSR SR Y 10 F

LA =, TR 2R JI s R 2R A F1R 2
=, (HEHS RS, KEHEP R AR Y
KRR 2265 SR b B M Rl 4y, B &=
BT, 122K R 2 0 20 5 R ek
Ry 2.26 £5H1 3.5 £, MBS EEFEAR
247 £, TR LT AL N S A S R 1
58.4%, i 22 1A iz L)k 45.2%.

DR, DRS00 BN A5 HETF A
B 25 R 0 R R S SRR VT e AR TR Y
SEIL TR T AN ff I R A S AR R 22
REE R T PR, e B SR T 22408 7
N EOREY ¥ S N I IR R NS S PR =
i 2 BB B3 T AR NS B A SRR AL, R
PR 22 AR 1 T S FR 4 R #23F FAO/WHO 1
s SR LAEE B8 FR RV E AN, R 224k
PE SN T F Ak, SRR 75 R
ditb R 40.2%, & F R 221K 1 35.3%; B 221k
A SRR AN R | o A RS T Tk,
IR & it 5 F SR T2 AR R B AR
FIB S Bk, RASER . BEIRE 6 Fha
M2 5 TR 22 AR AL 25 PRy L E SR TE 73 705k 73.4
1 80.2, W3 T LK 45.4 F1 57.8, W
RILMRFE BT SLR N 76.8, Wikl 70.7,
IR T E SR R T 755k, (HF50fk
HE TR R 16.4 INF R 224K 19 20.0,

F 3 OBEE TR SCHR 2 A 22 R R
ERORIN =S S i R R R NI
KT E IR EF AR BRATERAN, FoAh
Folr 1) DA 22 A BB 0 T S 44 BRR AR S,
At 5 R A 22 R 1 A T A
& 3 A2 £ 2 A A TR 22 AR 4T e AR AIK T
TS, A B B 22 AT RE R AR IR
FIH .

23 BRAAERAKEAEFYEYESE

£ 24 R TR A K 1 T 2 A M M B B
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*3 TERAAETFERSABELZEFRNSER(g/100g TE)
Table 3 Nutrient composition difference between fruit body and fermented mycelia of different edible and
medicinal fungi (g/100 g dry weight)

epsy P HIEA  disEe MR HLrdgE kg BbE b 2530k
Variety Origin Crude Protein Fat Fiber Ash Total Polysaccharide References
protein sugar

faf I B R KBEHE 2 283 - 2.78 5.32 6.06 54.7 1.77 [74-75]
Lyophyllum decastes Mycelia (M)

Ttk 21.4 144 952 13.6  53.04 3.55

Fruitbody (F)
RZ M 27.42 1922 8.12 1.06 6.98 3054 - [76]
Ganoderma lucidum 8.88 6.22 6.6 1810 554 2234 -
©¥ M 30.02 21.04 834 1.94 426 2946 -
Ganoderma sinense F 16.39 11.48  7.80 146  3.70 17.00 -
JIIZ 6% M 29.95 2099  9.77 1.22 1144 2260 -
Ganoderma lucidum 15.66 1097  8.60 1370 3.09 19.60 -
(Chuanzhi No.6)
A AL M 21.70 2.53 1034 605 5720 - [77]
Grifola frondosa F 31.50 1.70 10.70  6.41 4970 -
TUEDD M 24.82 209 660 - 5150 - [78]
Dictyophora indusiata  f 17.87 0.63 1147 - 5498 -
— RN AR

— means not detected.

TEGUIE . SR . LAl . P DU EE

EZ T RFEETEMEER.
2.3.1 HiAhE

1 245 F B R 40 e 1 FH 22 B0 X e & A
F1R T3 I A L 7 A R (4 R A VR o v e 2 T
XL P 7 4 A T T 24 AR I 20 ) R N AR S 9
PEVEAT TOF5E, 45 AR W B X A i 20
Jfi Bel-7402 Ay FAdIMEE 2 1 507 pg/mL, X
S180 faf 88 /N B Mg il A — e Ve, Asd
HEK K 52.94%, HEFRECOVR BN R 2 H 24
VAR P i T 3 2o B /N RO S D RE AT
R EAE H22 R K R AN A 4 A AR .
Fijatkowska 5% Bl 24 F 0L FL 1A i 22 14 b %
A s | E RS BRI S X AS49 il
Jii . DU145 Fig IR . A376 B ZEanig A
—E BT E AL TN GG A A . e

YT AT ZHEXT 3 Tl A ZH g 248 ) 41 i) 5
VERT, 255 EW 10 mg/mL £ 05X B (0 5%
B16. AT 4NMI SMMC7721 FI'E %558 40 it Hela
B 2243 B1h 63.54% . 62.43%F1 57.81%.
S R B S O R 2 WA e T T 24 A R Ay i R A
) 4 A~ =il 2k A W RE AT 0 il IR 240 i K562
FI L1210 385 . 2= ARSI 2 2 248 F Y
R =MERR PR ORI s g R R, &
BB E A R R 51.2%, IRA FE &k #
68.0% o T4 R hy A e ™ it BB A0 ol 2 1t
THR%.
232 ®REIAT

124 FH TR 22 W8 00 A s 1 1 o k4
HoAth i e an b bR V8 A 3L Rl . 2K 22 45025
B 2L TR I N 3 — 20 SPG HAT PR 1/
R IR £ £00 J6 Yy 398 8 R N7 L I ek e R SRR
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ENTRIAY 2 i3S UK ST A T E AR 187
S0 /0N BB FL AR B B A B 3 B A /DN B K
S, B R U /DN B 200 L G AT B 2 T RE
2 {1 55 O DA S il < YR A A TR AT 22 AR v 3
3 B —Z WA/ N RS AVA N HEAT T S ih
PERFSE, S5 KRN 3 Fh 0 AT LAY DR A it
Wi T A g U, RIS HR S MR FR . IR
R TR R T Ny P B T B, A % G R a3
VR A TG . Carrieri 253 A 2 2 1 22 (A
BUS 2 7K v M 2k 2 05 GLP-3 1T Lk tol L FE 32 A
PR, W BT B0 RAW264.7 Y
MAPKS . PI3K)/Akt Fil NF-«xB 15 518 3k & 4%
B A
233 mElk

Z 2 A TR 2244 K L A i 4 B Ay
Pra AL E R o STk AR Sk B & 1 T 22 M4 o
4tk 14> ¥ 5y 36.1 kDa B HLIN ek — £
B PHEB, H.A3 ohest B 2% v B /1N UG r A 4
ZOU G RIVEF o 21 SE1OT DA St 180 < 1 T
wikhaifbls 3 2 dl s, HAERRT AL
4. DPPH H . ¥ A M Efbiat,
DA R B WAk - (Fe™ ) VR T o R TR 82Tk 5%
2 IHERE LA A Z T DPPH A Hh R FIFR 3
F L ATE BRIE M T ik 20, Tkom %0
KRS R UL BRI E W R k& m, B
Higkt Bk a . DPPH A sk, B H H i
HPC A TE R VE T, H S PR L BE ) L R
I8 ICso {E 4354 6.93 mg/mL A1 4.24 mg/mL,
234 MEENKFS

fF 5 3R W1 22 B 24 FH TR A I % e e
Bt & UL B A i A e . 35 ie T
ST A GRREE S 7 R W B A R
PR 3 I 24 P il A8 BEER AT . 4 B (A 2 BR
W KIGBRAERENIESCE, SRR ES
FH TR A TR WORT 45 0,88 7 35K T B A 3800 ) 410 7R

WEPE, o, SRR R R A T B S AR R
7 6.733 mm, HIEER K 58.586%; £ E 2
2 T T %o s 2 e o T ) U0 T 9 M A A, D R
KT A A B AR e KR 4.433 mm, PR
TN 30.370%; 4513 24 TR & e ot K it
B A H R E N T 10%, IR RCR A
24 BRARERKRABELASREFSE
KPR RN LR

£ 25 T B0 7 S RI T8 22 148 35 i 0 B 1L
Bl by 2E 5, i R A AN R DAk sk Th ROk
WHA —EZH, XAl A3 1
PEATIF R AR AE TR TG . i T ARRN AN . AR
Brs R B T 22 5%, B WF R4 X ]
— b K T P W) R R P W B O H R
A, BRLE TR 4 . TRIEEDIT R,
R 2 (G0109) 14 22 1k Z i 46 1 ¥ Bk 4 Mg
Raw264.7 £ il NO MU BT F 5Lk 2 0,
FEAEAEMR R AE T, X AT RE S & 1E 2 4
T, TR LR T E 2SR K
BEAS [ SN R 2 P SRR 22 AR B AT
PEUEAT T 552, RBLFSLAOKAR O 5L A
FLH)EBRRE I, P2 ORI i AL A
(3 R BE Ty hcoi o i PR UG S OTRe SR J TR T 24
WP RfE A, 5. SRR, IET
B 4 ASFEBOH Y B4 RGP 22 kAT T 092
55 TR W D 22 R B 5 1 ) e T S
(N PR NS N S E I 2 R TR o = i R M 7N
T SEARGU IR TG Pk = TR 224k, JF R IPiE
AT PRI PR B ARG . BRH DY 450
b P AR 0 B A 22 R B 11 P B R DT R BT
X, ERAERBGMT, WLRE R %
ik 39.02%, HFAMER 48%, & T FELIAEN
(6%), (ATFIAREAMREEELY, 45 eh
Sk ) 0 T 22 AR RN P SRR A X 0
FHER AL %
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x4 TRREAABTEHREABELEMERILE
Table 4 Comparison of bioactivity difference between fruit body and fermented mycelia of different edible
and medicinal fungi

i R % FRES TEPETIRE 27 30k
Variety Origin Component Differences Bioactivity References
R G0109 KW 22 ZHE 3.81% FBEAL G AEE . CPEILEE; T B RN [88]
Ganoderma Mycelia (M) Polysaccharide 1.412x10* Da Raw264.7 A
lucidum G0109 content 3.81% Monosaccharide composition: glucose, = NO
galactose; Mw: 1.412x10* Da Stimulating
Tk Z B 0.59% HUR N WA, TR macrophage
Fruitbody ~ Polysaccharide  1.423x10* Da, 1.153x10* Da RAW264.7 to
(F) content 0.59% Monosaccharide composition: glucose;  release NO
Mw: 1.423x10* Da, 1.153%10* Da
M IKFEW Xl AL F T R 80.2% PUALRES  [89]
Water extract Hydrogen peroxide scavenging rate 80.2% Antioxidant
F KR XIFEEEE A o AT ER A 62.9%
Water extract Hydroxyl radical scavenging rate 62.9%
el M AHLERZEE XF DPPH. ABTS-FHE iR S 8M Hréafbtt. bt [90]
Sanghuangporous Organic solvent A, HEEMKILTFLIK Jiek e i
sanghuang extract DPPH radical and ABTS" radical Antioxidant
scavenging rate corelated with total and antitumor
flavonoid content, the antioxidant activity activity
is better than fruit body
F APUERAER SRR AN HepG2 i i 4
Organic solvent T 221k
extract Have a better antitumor activity on
inhibiting HepG2 cells
S M EHLAE 68.3% WML, FLAYELF(48%) EHIEERHE  [91]
Pleurotus eryngii Protein purity Better solubility and emulsifying activity Functional
68.3% 48% properties of
HIVALEE 61.85% FF/KMELF, EiLTELF proteins
F Protein purity Better water holding capacity and

61.85%

foaming property

3 g%

BHMRHE S EENERYRE, B TR
Py 7 L JEORE RREREOR AN
TRILAF N R A 22 57, A P A SR A TS
TSR RO A R BOR . TE 25
PRI B M % 2= B R T e o R A B SRR S
PR 35 26 14 42 1] o1 T 22 AR ALk A i A ) A I BRI
T, A DU I R A, [a] A a7 4
AP ) ARAT R RIS PR R . R AR T2
AR 22 (R 18 IR o 5 T SRS, A,

I PR & I 1 AR A 76 2 PR R AH DG ™ i ) T
WAL A TR . AR B RRA L
P A 5 T LA A T B AR Y
3.1 BHAERKRAETARRIAT R

13 245 FH R TR 2 T AR 3500 ) 5 18 B 455
JoT 1) R RR RRASEAL 1) R e B 7 . BT P F
FEORE, B2 IR & B AR R A —
AP R 91 PR R R R

1) TREAEFEENET

B AR SRR G Tl A 7 2R AR
FETR R, e B v 1 24 P TR R A e T 48 U 0 4 1Y)
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— AL, AEAEAE A AR RS
SN TR BUA WM T el DAMUE S 57
Ml Xk, SPUE @SR HAr, B2 HEA
Ve Tl felt P A BT AR 2 R IR TR B T R R, TR
R T A AR E PR 22 R, Tk A A 7 ]
PRANTRE o 2% I S5 20 o 0 B Dt A o A
FTERANEAS , ARAT T w57 M N I 2 A0 R
MO BEIR . A T 0 o T 5 IR A B I
ARG e e 22 B Sk aE AR 3210 BEAMEL
MEE M SN B, TR 22 AT ISR i — A
TFk, b2 BT b1 SRR I A 524
DR skt B 7 8 B AP SRAR X . N TR AN 5 3R R
0k 28 R AT R 2 B (LA™ ) B 2 2%
PO AR A e B 25 44 SR TR, HCHET A B RRG k,
N EHRBG ZR AN B, 3 5 WA e T H AR 2R A
A B A T 0 L B R A TR 22 AR TR AN T BT IR A
Bako FAT ™ M A i A R R TR 22 A DR AR R
WEERET TR

2) £ 24 TR A R s o B BT S AL
IR

Xt 6 2 P T T 22 MR Y ok — 25 T ke ORI AE
AW ORI BB AR, ARAT R B
P 55 /NS HA A R sl = i H
BT F A= 0 B g A S8 4l 1 B 24 FH AT AT 22 1K
AR, BT A HE & 8 A 1 AR S s
LB B P R BRI 2= K e R 8 T o T A=
KAEB A RGBSR . (R T AL AR I
TR UG I R G A S5 1 e Itk
FE IR H )z, AT LA S K 2R
PEAT SR, DA TTT A B3 2 o JSe IR A7 A
WEA A AR TS S R R S AR A A 7
BEH X LEWFTE TR A, A RE S 4y M O A e 2 F
It o & B B B 2 AR K I A B

3) X TR Tl Ak & AR R 42 T+

BEHEMEEZ, NI RO HRIE PR

M 2 B B TR R I A e s X T
K W A P A% Ao DA 30 B T A R A )
FEA IR AL AT IR AR HRGE A Z . T
SR AR Bl 2 24 P TR A THLA AR a5 R TR AR
VAR b — 0 i P B 2 R R T 50, b2y
P Tl Ak e S SR BN, S = 45
AFNAE A FEARAS, (8 2 1 8 A

K W7 oL 1) R A T 3
3.2 BHAERKAEE MBI
R

2 FH R A R W ™ W) T AL A T 224
SRR P I N = W R R AN U85y . BT 2
FRRETR)Z R Wy v, bR T Al 4, 3=
BT/, 2. HALRSIT L. 7E
il I, O FF & A SR TE 7 0 D e [
&R MUD/WTR; TEZ45 0 7 TH, © & Hhn]
e AR R B Y 2R R (I SR B TOR) TR YT R
PR R0 = R (= Z M) . ST R (e k
P 2214 76 H S AU, EF 20 22 B H
Yy n 2 Akt CAn e b7 R 22 ) R A
L, RHEEN . iR BhTHATHZ
P 1 P B, i3 b [R5 il i DA 58
A A JEORE B4 7 i B Sk i DL

A B2 B R )2 R BRI 5 — M LATA
R EAERLE = R bR, PR
T REN FRIZ IR R A . Kok, wkt
I PR AR S . R DA R 2 S R R
FH B B 22 ARk — 25 1 & A T Y Bk R
o UL, BATATLLT LA A TR A -
(1) K LAZ5 BTG Sy H AR 0 5 45 3 1 2 25 1
FLE AR, RIS S M R A G R U T
RAINGE . (2) TRANSE B 25 A Th I RE IR 1
S &, @b ZmErmwar s EAR, H
b B ALAS E WS PR BT (3) JE R BEIR S T
B, EEiEtEy AR
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