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Optimization of Ganoderma leucocontextum Fermented Tea Medium
Formula Based on High-yield Extracellular Crude

MAO Mingjuan', LIU Di*, ZHOU Huiming"*, BAI Yuying', HONG Peng', WANG Jialin',
YANG Liubo!, CHEN Zhenmin'

(1.School of Biotechnology and Engineering, West Yunnan University, Lincang 677000, China;
2.Agricultural College, Yanbian University, Yanji 133002, China)

Abstract: To investigate the optimal nutritional conditions and their contributing factors for the secretion of extracellular
crude polysaccharides with Ganoderma leucocontextum on a liquid tea substrate, this study optimized the nutritional
conditions of its extracellular crude polysaccharides formation by orthogonal experiment and analysis of variance on the
basis of the single-factor test, and explored the relevance between its liquid culture characteristics and the secretion of
extracellular crude polysaccharides using correlation and path analyses. The results of study revealed that the greatest
output of extracellular crude polysaccharide (1.494+0.33 g/L) was achieved on a tea culture medium of 50 g/L potato, 40 g/L
glucose, 3 g/L laterite, 20 g/L Pu'er tea and 0.075 mm tea powder particle size, and was affected by each nutritional
condition in the descending order of glucose>tea variety>laterite>potato>tea powder particle size. Moreover, the secretion
of extracellular crude polysaccharides in G. leucocontextum was significantly impacted by the soluble solids of the
fermentation broth and the number of mycelium balls, with the former having the greatest indirect effect while the latter, the
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greatest direct and combined effect on it. In conclusion, the nutritional conditions (variety, concentration, particle size, etc.)

of the tea culture medium and the liquid culture characteristics of G. leucocontextum exerted a significant and interactive

effect on the secretion of extracellular crude polysaccharides, and the aforesaid results may provide a theoretical reference

for extraction of polysaccharides from this mushroom and development of it as functional foods.

Key words: Ganoderma leucocontextum; tea substrate; liquid fermentation; extracellular crude polysaccharides; optimi-

zation experiment
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Table 1 Orthogonal test factor and level design
(SES
VS N B4 b cat DM EAHEURIR/N
(g/L) (g/L) (glL)  Fh2& (mm)
1 50 10 0.5 2 S 1.5(10H)
2 100 20 1 B3 0.9(20H)
3 200 30 2 EARS 0.15(100H)
4 300 40 3 WHZE  0.075(200H)
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THATRER DB (/L) RS 200 B i ug s mic
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(g/L), BRI ERA= P HEE
1.3 IR
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2.1 FEISHERMEN AR ZRAEFFERI R
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52(404.45+54.54 /L) 5K EAE(11.24+1.75 mm)
Heoks 882k 300 g/L B, B2 % (2 d) SEERIE
A(3.3 d) B TaIE AT, PR 2 R W nI D & i
(1.33%+0.15%) 5 pH(4.16) &, FiRrA ik
{855 HAH 7[R 2] e/ IMEAH Ll 25 5 32 i 25 (P<0.05) -
[FIR, D855k 200 g/L B R AR IR IR (0, 1kiis,
AALPRIE 2 WA IR TA TR TR ERCAERTE, R IH
fEEHl,, B2, EEN DA ERINERE D SRS
Z I MAMH Z 0 g, RIS I 4 KO
B> 50, 100, 200, 300 g/L.
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Bk, AN 10 g/L B AF 2205 7 58 (0.36+
0.02 g/L) 5B BR % (1631.11+93.65 A~/L) ik,
AR N 30 o/L B JHUR IR ] VR BB ) S &
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Table 2  Effects of different potato additions on the liquid culture characteristics of Ganoderma leucocontextum

DB (L) WL RMTE(d) WERIE N E (d) MAMHZ RS (/L) AREYERIEY (%) pH WEREAE (mm)

100 4 5 0.15+£0.01*
200 3 4 0.09+0.01%"
300 2 33 0.06+0.00°*

AR st o)
1.00£0.10°® 3.80  7.88+1.58"®  311.11£20.51"®  4.82+0.55*
1.17+0.06** 4.09 11.24£1.75"  404.45+54.54**  4.25+0.16™"
1.3340.15* 416 11.08+0.88** 316.78+16.78"®  2.9240.87°*

T P PHEA RS TR P<O.0 R 35 25 5, ARVING FRERIR P<0.05 7Ktk 35 25 5, 323~388A]

3 AR BRI H R AR SRR R

Table 3  Effects of different glucose additions on the liquid culture characteristics of Ganoderma leucocontextum

WAEWE (L) BRI WERIEUN T (d) MM SR (/L) ATEMEETEY (%) pH  WEREAS(mm) WERECE (/L) WERAEY R (g/L)

0 2 3 0.060.00C
10 2.7 4 0.36£0.02*
20 3 4 0.09+0.01<¢
30 3 4 0.21£0.07°®

1.27+0.12%B 516  4.85£0.04°°  1153.33+80.00°®  4.42+0.32"
1.40+0.10® 3.88  7.10£0.10°C  1631.11£93.65"  4.20+1.21"
1.17+0.06°® 4.09 11.24+1.758%  404.45+54.54C 4.25+0.16"
1.87+0.06* 410 1521£1.99"  75.56+10.18% 6.34+1.14*
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HFENR, B G SHES S 50 g/L . HiAGHE 40 g/L.
21+ 3 g/L EIHAK 20 g/L . SRR/ 0.075 mm,
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Table 4 Effects of different red soil additions on the liquid culture characteristics of Ganoderma leucocontextum

Ld(gL) BPLETI(d) EEIBRE (D) MAMLZHEE (L) AEEEIBY (%) pH  BIERER(mm) WEEREGE(AL)  BERAEYE (L)

0 3 43 0.55+0.04** 1.27+0.06** 3.77  12.88+0.75*  146.67+11.55% 7.14£0.28*
1 2 5 0.33+0.05"® 1.10£0.00° 414 6.41£0.53%  255.56+13.88" 4.39+1.16"
2 2.7 3 0.13+0.02¢ 1.2240.03™*" 418  8.86+1.63" 491.11+74.33* 4.36+0.54°8
3 3 4 0.09+0.01<¢ 1.17+0.06°5¢ 409  11.24+1.75"  404.45+54.54" 4.25+0.16°

K5 RRISIRBIR XS R WA RS 5 R

Table 5 Effects of different green tea additions on the liquid culture characteristics of Ganoderma leucocontextum

LA (glL) WA HEEOPME (D) JAMHE RS R (L) AREEEEY (%) pH  WIRER(mm) BEREE (/L) WERAEYH(gL)

0 2 3 0.06£0.00< 1.27+0.12* 5.16  4.85+0.04°  1153.33+80.00* 4.4240.32*
16 6 8 0.14+0.02°% 0.97+0.06°® 5.61  33.51+3.63* 22.22+3.85" 2.35+0.70""
20 7 8 0.29+0.03** 1.20+0.10** 465 13.29+2.17*® 44.45+3 85" 1.75£0.41®
24 7 8.7 0.12+0.01*® 0.87+0.06% 476  13.86+0.98"® 20.00+1.67"® 0.77+0.07%

6 ARSI AN F R Z WS FR R

Table 6 Effects of different green tea treatments on liquid culture characteristics of Ganoderma leucocontextum

oAb B (d) ERIE IR (d) MIAMEZRE & (L) AREMERETEY (%) pH  WIREAR (mm) BEERECGE (/L) R (g/L)

X% 7 8 0.29+0.03 0.97+0.06 4.65 13.29+2.17 44.45+3.85 1.75+0.41
2 7 8.7 1.47+0.01 0.87+0.06 461  22.90+2.10 56.67+3.34 10.71£0.96
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Table 7 Range analysis table with extracellular crude
polysaccharide production as index

DA EZMyBRL HoMEZBE

SRS AL B C4t ok Jorh Sl (gL
1 1 1 1 1 1 0.28+0.01°®
2 1 2 2 2 2 0.36£0.03°
3 1 3 3 3 3 0.59+0.36>"
4 1 4 4 4 4 1.18+0.15*
5 2 1 2 3 4 0.44+0.22>B
6 2 2 1 4 3 0.660.09*®
7 2 3 4 1 2 0.660.10*®
8 2 4 3 2 1 0.79+0.28*4"
9 3 1 3 4 2 0.38+0.21°
10 3 2 1 3 1 0.57+0.09*8
11 3 3 4 2 4 0.42+0.17>*
12 3 4 2 1 3 0.67£0.07>*
13 4 1 4 2 3 0.50£0.28"8
14 4 2 3 1 4 0.41£0.118
15 4 3 2 4 1 0.62+0.34>*
16 4 4 1 3 2 0.610.24**
K, 2.41 1.60 212 2.02 2.26
K, 2.55 200 209 207 2.01
K, 2.04 229 217 221 242
K, 2.14 325 276 284 2.45
k, 0.60 040 053 051 0.57
k, 0.64 050 052 052 0.50
ks 0.51 057 054 055 0.61
k, 0.54 0.81 0.69 0.71 0.61
R 0.13 0.41 0.17 0.2 0.11

FWINF B>D>C>A>E

PrKF Ay B, ¢, D, E,

s A,B,C,D,E,

£ HUR R AT M S T4 & 1 (4.87+0.25%) . pH
(4.89) . BBk H 4% (12.90+8.32 mm) . B Bk &
(5493.33+170.10 ~/L) . BEFERAEYE(32.18+5.19 g/L)

Sy EERCTT 120 BL 6. Bl 9. BT 4. By 8
ok, MTERC )y 5. BoJy 1. BeJy 4. BeJy 13, By
9 /s, H Bl A f R AH 5 A B B2 45 LU AE
0.05 5 0.01 /K~ 25 734 I 2 (P<0.05) ., [AlET, &
W 2 iz st e (& 1), DU AR 32 H
PR T EAAR 8 FER ABRIE SR IE N 32, /%K
ANHL, YA B0, BeJy 3 F1 11 BRIEK, BdJy 4.
6.7 BRI, Bl 9. 11, 12 RIS
2.6 AREMIMEZIES ESHEREEFIFEREX
M5B ES

e 9 nl A, AR ZIMH S =5 L0
W pH. WHERAY R B AN W IEARSE, 5 R 0 7
PERFTEY) . PREREC R 52 1 3 TEAHC (P<0.05), SR 24
B A Bt BEERIE BT TR] . FEER AR A w3 Tt oe
(P>0.05) . DAL, iZ @ ML/ 208 & B 5 e oAb
FEARFE Z TR AP E— o R AR O

R AE A B 1 R 2 AR 22 b e S
TR IR Z AN B2 G R, 77 25l A bl )4
SIMTIRFE R AH S Ao A E S B E A, LA
BRI AN [RI R AR B FRARE AR B4 FIX 2225 M S M 22
FR53 AR AT

VLA M 2008 & i S DR AR 3 Y, A 22 85 B Ta]
PEERTEZ BB A] . W PEREE Y & & . pH. WEREAR .
WERECED . WERAE RSN A2 X, X, X5,
Xy X X~ X0 DIERENHREON W31 H AR TR, H#E57
ZILLIE BT )7 Y=0.048+0.111X;+9.939X (F=
28.365, P=0.000<0.01) HiZ i F K5k 2H i 3,
B OB FIRABEEARS T

FH 2 10 A1, 765 MM 2885 5 (YY) iAE G
Perh, AR Y MAESC R, HEERAR BB R
KRB N X>X,, [A]3Em 4R RECB AR (X>
Xe)» BEH X X Y BUAHICHREE | B3EVE . 2R G1EH

K8 AFIEACH AR R 2 WIASE TR R 0

Table 8 Effects of different orthogonal combinations on liquid culture characteristics of Ganoderma leucocontextum

I e e o
ST EAAMEG  ERERMEG  TEEREROD  on A S Wiﬁ%i
1 3 43 2.17+0.21%" 431 4.97£0.47°448 1130.33£117.90% 13.69+0.43°F
2 4 5 2.90£0.10%PE 438 7.00+1.57%4A8 1106.67+170.10°¢ 19.81£1.00%<P
3 4 5 3.80+£0.17>8 436 11.47:+2.89%cAB 300.00£10.00° 15.25:1,14%PE
4 3 4 4.20+0.62%8 4.65 2.93+0.21%® 5493.33+170.10 22.12+1.738¢
5 4 5 1.93£0.25%° 451 7.5042.430dA8 1820.00+131.25% 13.88+1.04°F
6 2 33 2.5040.10¢F 4.89 4.57+0.80°448 3030.00+81.85" 16.61:1.054CPE
7 3 43 3.70£0.46°5¢ 4.41 6.13£1.007B 3026.67+181.48" 15.7624.06%CP"
8 3.3 5 4.23+0.46"8 4.45 8.5041.047cdAB 3083.33+320.05™ 32.18+5.19*
9 2 3 1.97+0.06" 4.72 12.9048.32 890.0060.83¢F 11.44+1.40"
10 4 53 3.03+0.219PF 4.49 8.90+0.90°¢AB 970.00+138.92° 15.7741.77%CPE
11 4 53 3.73£0.15%5¢ 4.56 12.1748.67°A8 1610.00+78.10%° 26.85:+0.82°8
12 5.7 6.7 4.87+0.25" 4.55 8.2743.740cdAB 766.67+35.12%F 16.8241.314CPE
13 4 47 2.40+0.40°1EF 4.59 11.60:4.17%AB 233.33+15.28"C 18.08+1.68°4P
14 5 6.3 3.57+0.12°%<P 4.60 7.701.81%04AB 580.00+65.57¢"¢ 18.50:£1.30°%CP
15 43 53 4.17+0.258 4.69 7.53+2,17%4AB 323.00+40.41"C 14.07+2.18°E
16 2 3 4.00£0.10*B 471 6.73+0.75%4B 2330.00+266.65C 16.8441.38%CPE
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Mycelial culture of Ganoderma leucocontextum in shake flasks under different orthogonal combinations
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Table 9 Correlation between extracellular polysaccharide content and other liquid culture characteristics

i Wl GRERE EEERS on G B doemm wbmsmeR
PR 22 2 ] 1.000
PRERTE BT 1] 0.975™ 1.000
AT ETEY) 0.371 0.410 1.000
pH -0.354 -.398 -0.013 1.000
HER EAZ 0.214 0.172 -0.129 ~0.080 1.000
ERER -0.505" -0.453 0.175 0.203 -0.716™ 1.000
WERAE Y 0.095 0.212 0.450 -0.110 0.022 0.275 1.000
AR 24 A -0.122 -0.108 0.595" 0.266 —0.445 0.7717 0.363 1.000
R RFEEHIZE(P<0.05); “F*"fRFA D EAHE(P<0.01),
10 DIMgIMHL 20 & o R AR e (R AR 4 Hr
Table 10 Path analysis referring to extracellular polysaccharide content as dependent variables
75 b XA HERRK R A e REU(RY)
AR fE ES RE %
= AR AR (X,) | SREER(X,)  EEREREGAE
AEMEETE Y R (X,) 0.595 0.475 0.120 0.120 0.340
PREREL (X ) 0.771 0.688 0.083 0.083 0.588

T =" FRM KR AR TR XY 7 AR AR AL

IR T Xy, Xy ilad X XF Y fyE$E2E/EH KT X, i
o X5 XF Y mgaEEE A (0.120>0.083), B & BiEk nT
VA ) B X120 B 4 R Z2 8 430 1) (] 42552 )
KT HRERE G, (HRBRECE X H b B S
LR VEER R (R?=0.588) o
3 TRELHie

BRI SR R R R B R AE R R FH I E

SEMA PRI 32—, 2P R A T @R s e

Ko AR W 25 S 380K, /4B AHERPY | SRt
PP A5 R, R PRTEASH IR AL P T AN, Ab
T AFEA R AETE R b, DRI A B R AR R el
AR, X REZ P LARIE S | AR AR A i ™
M I RE IR

ARWFTELE R R EhA BRIZL 132 H R R4
PRI 221 R FTERIBRIE U ], S K R nT e D42
Trhn, WBRECEE, UL S E e oKL &
P, S — AP BT IR, 4T R RO TR
BB WAAR RS IR Hog & eHLER S e R . A

ML EFEAST, I VARSI A PR 22 0B 2% 55 B ER
PR T R RS IS IR, FR, ARZ A
P At At rh 2R P I e 3R i A A, 7 AR
LR . AR, PATER = & BRI vl i3
PEBIEY &t . AR RERS I R =2 R R v
BEIEY) &6 . pERECE . BB &, T R ERE
A2, T AR 2 B R IR L T TR A TR 3 Ry 3ol B ) i
VR, BERERG NG 22 ML, M RE(E P ISSE QU=
PR ZRPOL, [RIEs, A i S —Fh b, S B ERIIE Ak
ARG R At FE R ARSI BE &L . BSnTRede =
R 2 AR pH AL MH 288 = & B A0t T
K9, 5 RE (Ganoderma lucidum) T WM 45 R —
O, BEBHAS I I e SR B T LIRS AR 2
RIEFIRERD, TR NS Z 04095 B, A5t
T R EMIASIEEREY) BT, AT LA R B AR
SR BLER SE R ITT, DA HE Sy R IR R 5
[FIB, 258 SRR 2 T45%, i G E s IR
IR R FRIE AN T . R Z SN 2P0 o3 i S5 T
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