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Effects of Continuous Subculture on Extracellular Enzyme Activity and
Quality of Ganoderma lucidum

ZHOU Zhou, SONG Yi, LUO Shu, YAO Ke, LUO Xia, XU Xiaoyan"
(Sichuan Academy of Chinese Medicine Sciences, Chengdu 610041, China)

Abstract: This study investigated the effect of subculture of species on the viability of extracellular
enzymes and the morphology, yield and quality of Ganoderma lucidum fruiting bodies during
cultivation. The effects of subculture of species on the viability of extracellular enzymes, the
biological efficiency of dry basis of fruiting bodies, and the contents of leachables, polysaccharides,
triterpenes and sterols, and components of G. lucidum acid were investigated by colorimetry and
HPLC. Correlation analysis was performed to explore the correlation between extracellular enzyme
activity and quality of G. lucidum. The investigation showed that the activities of G. laccase, filter
paper enzyme, cellulase and amylase showed a decreasing trend with the increase of subculture
number of species. Correlation analysis showed that laccase, filter paper enzyme, cellulase and
amylase activities were positively correlated with fruiting body dry based biological efficiency and
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the contents of leachables, polysaccharides, ganoderic acid A, ganoderic acid D, ganoderic acid F,

ganoderenic acid A and ganoderenic acid D. Further pathway analysis identified the filter paper

enzyme was the key extracellular enzyme affecting the biological efficiency of G. lucidum

stem-based substrates, the content of polysaccharide and ganoderic acid F, and cellulase was the key

extracellular enzyme affecting the content of ganoderenic acid A. Therefore, the subculture number

of G. lucidum species should be controlled within 5 generations in practical production, so that the

main extracellular enzymes in the matrix can maintain high viability, and the G. lucidum stem-based

biology is of high efficiency and quality.
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Fig. 1 Effects of subculture on extracellular enzyme activity of mycelium
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Table 1 Effects of subculture on morphological size and biological efficiency of G. lucidum

il Awe REFE T 5% A% /cm THRLEYSRR %
F W I CERTE 14~18 5.470.16
F, W2 HIE CERE 14~18 5.450.19
F; 2 B CRIRE 14~18 5.40+0.25
F, Wi §Y CERTE 12~15 5.29+0.18
Fs W I CERTE 12~14 5.22+0.22
Fs e iy 11~13 5.18+0.29
F; L= ) 7~10 4.99+0.38
Fy [ 5 2R B P 3~5 4.88+0.43
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Al *‘MJE*& A 5 BAS/em TR W22 R %

Til“mz)a*a'ﬁf 2~3 4.5120.40
Fm IR, T T AT = 4.33+0.69
Fu IR, T w5 AT = 4.03+0.64
Fp I AL, B w5 AN ST = 3.96+0.72

R2 HMSBREFINRZZ2LHY SHEM=GEEREERES BN

Table 2 Effects of subculture on contents of extract, polysaccharide,triterpene and sterol of G. lucidum

@WML 12 )5 4550 % ZHE 5% = e B R 40 %

11.4+0.23 1.33+0.14 0.64+0.08
F, 11.2+0.18 1.28+0.16 0.65+0.09
F; 11.5+£0.22 1.29+0.20 0.69+0.12
F, 11.0+0.13 1.18+0.11 0.65+0.06
Fs 10.9+0.28 1.07+0.19 0.62+0.08
Fs 10.6+0.34 0.98+0.22 0.60+0.07
F; 10.2+0.30 0.89+0.25 0.63+0.10
Fg 9.6+0.33 0.77+0.26 0.68+0.11
Fy 9.4+0.57 0.79+0.22 0.66+0.06
Fio 8.9+0.72 0.76+0.21 0.63+0.08
Fy 8.1+0.69 0.62+0.29 0.63+0.12
Fp 8.4+0.81 0.65+0.28 0.64+0.13
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Table 3 Effect of subculture of strain on content of ganoderma acid

RZR A RZM D RZMF RZIGE A RZWMR D
[ e v B/ (mglg ) R E/ (mgle) | TREWRE/(mg/g) | FiEWEE/(mglg) J R B/ (mg/g)
F, 11.13 3.37 1.13 1.60 1.54
F, 11.11 3.42 1.09 1.58 1.49
F; 11.09 3.29 1.12 1.63 1.52
F, 11.01 3.18 1.03 1.62 1.46
Fs 10.53 3.02 0.92 1.65 1.38
Fs 10.41 2.93 0.86 1.66 1.33
F; 9.28 2.71 0.77 1.32 1.18
Fg 7.47 2.61 0.75 0.96 0.90
F, 6.98 2.34 0.69 0.87 0.82
Fyo 6.73 2.17 0.63 0.83 0.79
Fi 5.33 1.93 0.41 0.77 0.48
Fi, 2.17 1.04 0.18 0.34 0.32
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Tabel 4 Peaeson analysis of correlation between extracellular enzyme activity and yield and quality of G. lucidum

SR RGN ) VR RS ) AR R ) VRS S | ARTRBRES )

21 A R T 7 1.000 0.857" 0.972" 0.925™ 0.132
BRI 1 0.857" 1.000 0.897" 0.824™ 0.285
UEAR TG ) 0.972* 0.897" 1.000 0.972" 0.109
TER B 1) 0.925™ 0.824" 0.972* 1.000 -0.085
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Tabel 5 Path analysis with biological efficiency of fruiting body as dependent variable
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Tabel 6 Path analysis with extract content as dependent variable

_ DTSt
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Tabel 7 Path analysis with polysaccharide content as dependent variable
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2 £S5 S 4 nERRREa|
X, 0.791 -0.436 = -0.391 -0.391 0.531
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Tabel 8 Path analysis with ganoderic acid A content as dependent variable

5 Ys Y ﬁﬁ$‘

HEESTHEEES e

[ el I I e
X, 0.945 0.393 — 0.324 0.112 0.436 0.497
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Tabel 9 Path analysis with ganoderic acid D content as dependent variable

5 Y R HARR

[HEPSHESES ietnay

FEE 3 R |
X, 0.946 0.598 — 0.493 0.493 0.947
X, 0.915 0.423 0.349 — 0.349 0.474
F10 UREBFRERENATENERZDN
Tabel 10 Path analysis with ganoderic acid F content as dependent variable
qag | VMR : : T -
e EA AR AT
X, 0.893 -0.739 — -0.633 -0.718 -1.351 2.543
X, 0.936 0.299 0.256 — 0.268 0.524 0.403
X, 0.966 1.415 1.375 — 1.027 2.402 8.800

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 8 2023



JA M S RIB IR R L IR E S B s R4 R

X3 XF Y, BIERG 52 2 0E 1] 7k

T BT RGN R IR A T g
LEAR MR

f 12 0] 0, 5 RZEIR D R E (Ye) 1
S A OGP 3 AN AR S Y, MAHCHE R 5 H
238 A4 R ) el AR R I R ECHE T 3 X > X 0> X5,
Horr X, %F Vs BZRGAE RS IEA DG, RV A] fe
RS R 2T D WEE N R R & DR 2R

D SR T H bR b N AR A E AR
SRR, X, Gl Xy Xs 43 BN Y s B4R 0.405
-0.042, FWIVER B 155 B 00 28 BT T R 26 1R
D HAIEAR DG, JE Ky M ik A SO0 e 1 [ 422 4
FHXT R 2GR D v B A S 40 AE 8 £
BN, A OER R BRI X >X o> X5 AT AT Xy %)
Ys 255 VR RS M K, 3% B U # g kB2 T R 2 1
REMGIR D ok e B HAT B2,

F1l URZHRBAREREARTENEZSFN

SRAYEL ZIiPS

s B R
IREK

X, 0.970 0.749

X, 0.899 0.257

Tabel 11 Path analysis with ganoderentic acid A content as dependent variable
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X, e A R .
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= 0.220 0.179

K12 URZEKBD REREAATENEZSN
Tabel 12 Path analysis with ganoderentic acid D content as dependent variable
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