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Abstract: In this study, carbon utilization of Ganoderma lucidum was analyzed following CO,
emission and lignocellulose degradation during colonization of substrate and during fruiting body
formation. The results show that during growth of G /ucidum the utilization rate of carbon was 48.3% of
which 12.5% of carbon was converted into the fruiting body and 35.8% of the carbon was emitted in the
form of CO,. CO, emission peaked at three times, respectively when the mycelium finished colonizing the
substrate, during primordium formation, and during fruiting body maturation. Cellulose and hemicellulose
were mainly degraded during colonization of the substrate by the mycelium up to primordium formation,
while lignin was mainly degraded during the growing period of the fruiting body.
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RZ (Ganoderma lucidum) JEZFLHFIR Z BRI H T, &4 (PN RIMEZ ) ik
W EEAL G P28 (BB R, 2008). #FFREM, RZRAEMEER ZHEEEFE, X
MNEBRA W RZ RS Pubie . il PUBCH S5 2 Fh 22D RE (Raffaetal., 2017; E£5H
JIl, 2018;: Zhao et al., 2018), HA [T H (Jiang et al., 2016). VTR R Z N TR
KRB, FFEMBZEFEIG N (BB 55, 2018),

il B HEAKS R SAT DY, FEOQ/AER. LR KRR, BHEEEL
WA &), B F R o3 WA M S B A R T B A3 il /N o TR, DA R B AE KR, [
i 38 I P AR FE Y FEAR N A ALRR =42 CO, (Zhao et al., 2013). H HiXF R 2 65F] H 77 TH BT 7820,
D BREPS SAR BT R R PR AT 4 R AR AL (RIS AN 22 3E, 2009; 250 4, 2014), KSR
RAFRNE2AERKRRm GREE 5, 2017), WH2AKEE. FRIIHFER M /NS ER ¢ RS
RHL 55, 2010). HETIEARE R Z M H M R amt e, H LT ¢ T R Z IR FE R
TE 3572 AP R TR, AN RE B i 2R 22 78 A A K 3 A PR 5 55 A CO, SO

AHIE TR 23 AT 1R S TR B A B SR B R B, AN R R I A B R R
RITAHER S BRI TR COL HFRNAE LA LA 5 £ 4 21 B A Ol A 35 1724k, 2 Al HoAH o8
P, I RS R Z AR R TR R, R Z R85 R i i = ROR FH 2 R 27 i ik
HETBCI 4 B9 5 FE Al

L bR

1.1 #HRARZEHRERIEER

TRZ Ga0801 SRJE T 48 2 R K 22 B KB & LREF AW 7L BERIESFRIE: PDA £5383E. &
FhiEFREE: AKJE 78%, #kEZ 20%, EIWHE 1%, 18 1%, SKERN 60%; G TT: KRG 78%, %k
B2 20%, £18 2%, EKEN 60%.

RZTHML PDA Ki 73654k 2 A5 BMh B R A 2 58 b, F5 1 2230548 — J U 0 SRR b 2R 855
b EMEWASEB RIS T, W2EEFRIRE N 25 C, BERN 60% ~ 65%; WL 10d )5
FHRHTE, AR 85%, HAhIZHHIEH GAMWN, 2017).

1.2 R E RS

REGHSE]: 2018 429 H—2019 4 1 A

PRI AT AR AR AR O 2 B R B AR R T A0 S = N AR E
1.3 MERA

PEMRZRIANEE, BNEEEMN 308, GRETR 400 g BFET, WEREFRF IR &
KRR AHERMNPAAERSE. M5, 20N 3 ANEE PR EIEI 8 NMER, k7 dWE COo,
HEum & 8 NS H 5 RISk, BT ERRE, MRSENER. RS E, B9k
TREUEE AT, Jag; RERZE S NMHESMHERSEM . FRE, WEk. &0
S, REEETRETRERHBERR. 2088 DREELHS. FEER. TLRERmMRE
RULEE RS, 3 NEE S 1 RE AN R A4 R, PAREMARR RN S E. %G5 31
A1 AT A B EORE I R AT 4 R . K SRR B AN R BRI 7T
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SN 5 R A R B AR B (OUFRAMINFAGE D, B0 e SR e T IRTE (e[ 355 &5, 2001).

CO, HEBCEIME « H4E 3 AMAFLA 50 cm x 50 cm x 50 cm A HLBEIEEA 3 K/ N 60 cm x
60 cm x 60 cm SR A, A HLIRIE SN 1 NS, BRUERE FHA 1 om WM, 9 5E K
(I8 N KT O ARG . IS NTCE 8 WA Z, REWIEAEMEAR, 1 h 55 2 CRESEFE
A, FUCREREN 30 mL. SAEHSMHEIE R1778A  CGEEZHEERHEH R AT MlE CO, KEE .
FRAE P R SARRE i CO IR FE 22 S vt S5 /NI A T SRR R S S ) CO, &, COr HFE 1T
THEZIRELMEE (2017).

KB ER B Le vk e A e 25 5 & (24, 2006), KHZIRBKMEENE LAEREGTE,
KA EENEAR =S E (BEERE 5, 2005).

Fi A NBEE PRI 5E : MBI ) 4 S % 5K B (2016) HITJ7¥%, 2 FH L4 4k 2 B0E 0 B DNS v2:05E

(Shamalahe & Sreekantiah, 1986), H ABTS VAl A RNERG . BB /) ARSI 213k, 2009).

Pt 5 DN 7 5 SR FH R 0 [ B i U 6o, AERRE 26 T 1 min WHEAE 1 pmol JERA) i 75 IO B &

1.4 HIEAIE

FI SPSS 18.0 BArxt Ht it 1T gt it o dr, HHNERTTZ 0 Hr (Duncan %) X EIRREERET AT A A
JREFgER GRS RENETBEN (P<0.05) fEZHEE, 1EERHA Origin 8.0 # 1+,

2 RS0

2.1 REHKESREPRIERPHR. SHEKL

I E B PR AR EE B S R R 2 k. B S, MMTHE R Z AR SRR . B
o R 1 AR, BRIERZIERIFR (R BIBS BERIAI AT FrREAK, M 489.18 ¢ - kg™ FA{KZI
44972 g - kg, BRIKT 8.1%; MEE LFE, HEM TSkt 80508 809.50 A1 196.09 g, ik
TR IR R IR E T 51.7%80 12.5%, R BACA > & 1K (12.5%) #2550k, R 1K (35.8%)
P CO, FERHERIR S Bl JE R & B I, MIRRERT 9.01 g - kg #N%) 11.62 ¢ - kg's WEE
FE, A 249%M BBk, wEH A G S EER 72.5%.

w1 MBEFN BERTEGTR ASERLR
Table 1 Carbon content, total carbon, nitrogen content and total nitrogen of culture substrate,

spent mushroom substrate and fruiting body

fik Carbon % Nitrogen

HEFRRL T 5 itk o . ait/ -
Y RN N It /kg . SR/ (g kg) ke o e

Culture substrate and fruiting body Total dry weight (g-kg)

Content Total Total

Content

YIdHREFREL Initial culture substrate 320 £0.04 a 489.18+0.17 a 156538 +19.51a 9.01+0.04c 28.83+035a
i Spent mushroom substrate 1.80£0.08 b 44972 £0.17 ¢ 809.50 + 36.64 b 11.62 £ 0.03 b 20.92+0.98b
F 544 Fruiting body 0.41+0.07 ¢ 47826+0.29b 196.09 +33.26 ¢ 17.57+0.09 a 720+ 1.19¢

22 REZEHEKELZBEEG CO, BIHER

FEREANHRIG A S PN S SN 58 R Z PR R, TG 31 R Z AR FE T CO, HEBO . B 1 7]
K, RGN RZ CO H R 3 omlg: REZHMG, MERLZNAER, FIRAIERZH
WG, ARG 20 d, BALFEAHIRN, CO, (MHFBUERIEE] T 1 Mg, ZJMA FRIC, B w22 I1E
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MBE R T AP FEFIEI AT CO, MHBCRE RBLH Pk T, BREIE SN ] CO,
RIHESCRAE 25 2 MR, B2 BN E R O, SR RZAE KA TR AR BL I
HAEMFR D WA B B s JRIEIERUR B 7 SEAOTH IR, PR RAESS . CO, HRBUR IS A b, 2
TSR AT R RGN, COL HFCEIN R, 7SS N TR B2 3 YRR A IR SO AR 8ES »
CO, HFs R MBEZ TF%.
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Fig.1 Carbon dioxide emission of Ganoderma lucidum during growth and development

23 REEKLAFIRETEARNAKRALEZNTN

MR 2 AT, R 4ER . FAYERART R & B RAIRHFRRMG, PR & IR IR
2, FARRRL, KEREERCRED: NEELER, H 76%MA4ER. 68%M 4R 57%
IA o 2 AL R A T R
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Table 2 Lignocellulose content of culture substrate and spent mushroom substrate

ST Y £F4E 3 Cellulose 414 % Hemicellulose AJiZ Lignin

Culture substrate /% Content A iit/g Total T iE/% Content i i/g Total /% Content i i/g Total
s IR 6.26 +0.06 a 20032+0.74a  1.12+0.04a 3584+0.71a  034+00la 10.88+0.01 a
Initial culture substrate

[Epis 2.66+0.07b 47.88+1.04b 0.63+0.02b 11.34+0.10b  0.26+0.01b 4.68+£0.19b

Spent mushroom substrate

MR B R R IR R AR S B (F2) KA, 7EaT27d, BIBE 282 g e B2k,
FE27~75d, BPER 23R8 31 SR T BUR LB BE R BRSPS KB (75~140 &) WA P f%
i, VAL 4E R PR 2 B AR TE T 2 S B SR TR b B . B bbb ARG E (B 2 1
BRI B BEAR, R 2 S R R R (27~75 &) BRI T3, M2EKIB (1~27
d Wz, TEEEERMEB (75~140d) b

BFRERRAR RS E (B 3) ERLEKP BRI RAN, 755 2482 7 58 7 S ih 4R
KB BEAA B SRS, HA e TS A K BB FE K, Tt AR o 25 PR 2 B R AR AE TS A K B
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Fig.4  Change of carboxymethyl cellulose activity during

cultivation of Ganoderma lucidum
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3 Wi

B SERAARARRE, IR =SSO AT I T SRIE, A E AR = SRR
FEAE By 5 E IS 15%, IECCPISRAEE S%AME K (FBA &, 2011). [Fit, WFFERIIER
BEAANTFRERESMIBHELA BER S 2L (EX %, 2017; (T 2%, 2018). FEERE
MBS A= KE, bR 75%0 F (5 5, 2017). &A@ FESEFERER IS 5 5
BT f 8 F2 0, [FB 8 P Ve FHE . CO, F HyO. H AT FH B PFIRTEFE. RO 2@
R R, TR E K TSR RS (U 2, 2001 FRWE &%, 2008; EEME 4,
2018), 1M 5% T FH v B AR NI AR FH 0300 5 DA B WP R R AT T/ . B 2E 36 (2013) BFFT 1 XA
AT 05 AN CO, HEMGAEE, XUAUEE LS CO, HEE “Xs” i, Ham e E e+
HIF- S BRI 3, 170 75 22 08 B T B B R ) CO, AR 12 BRI Se s R IR (B 4225, 2013).
AT, RZ CO,HEBUHIL T 3 Rimg, BRI 223548 . JEIE I AN 1 SR B A B, I AU
HEARRL, HZ 1 ANmEE, X ATREFIE 2248 K IR E A 0%, SZAREMREm, B 223G TR,
HEL T IR R PR RS, IR B, CO, AR L £ EFHES .

BT HE TR LT ICR, SHEFEARAEKEE SR R RS IR RIE TR
BRI A4 . AR, MBS IR R R R A 5.29% ~ 7.45% %% 3| | F2ikd, He
TR TR 6.37% MR R 2 T 72t (M43, 2013). PTIRE 2 MORFRISREEHE AT, 20 51
B 3.79%M 4.43%BREE B B FSefk R (B SCEE, 2014). ANFRECTREAEME (BB, Bk
BEALRIE 2.77% ~ 11.34%2 8] (S8 45, 2015). AWFRF, RZRIEEEF RS mE
12.51% 8| 775k, R|RZHIG SR PR R B . MR IR i 5
TS RIE T BIEHARREY). NKRA%RFARAERE, RES5HGE. O
WAHEX . AHRNN, BHTRBEE4ERE S BA AR RO E R4 R T
KRIFRR SRR, WoRkRs mrBAE s LG B i iRk v AR i 28 PR 8 K T 47 4 3 F 41
ge R (FIUEE %, 1995; B %, 2001). (HEARBFH, KRR AR S B TFLEREN
BRI 2, AP R AN 2T 4 R B e R T B B BRI I 0 2 o 3 B o 22 S (T e R A
—HTEHEMNF R R, RETIFRIEFE, SBRRES D, RRARRTHERS
BRI BRAN F HEAER G, 103 A5 41 4 2R A 5 AR T L
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