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ABSTRACT: This study was carried out to obtain the basic data for an artificial cultivation of
Phellinus sp.. The optimum conditions for the mycelial growth on the different sawdusts
(Quercus aliena, Morus alba and Alnus japonica) substrate of an isolated Phellinus sp. were op-
timized by response surface methodology. The ratio of rice bran addition to sawdust and the suit-
able moisture content for the mycelial growth in the all sawdust media were about 30% (w/w)
and 65~70% (w/v), respectively. The initial pHs for the mycelial growth of Quercus aliena and
Morus alba were in the range of pH 5~6, whereas Alnus japonica was obtained at pH 6. The op-
timum temperature for the mycelial growth was about 25~30°C, depending on the different kinds
of wood substrates. From the response surface analysis, the values of independent variables of
Quercus aliena at stationary points were determined to be 31.01% (w/w) of rice bran, pH of 5.31
and 69.03% (w/v) of moisture content, and the expected value of mycelial growth was about 8.32
cm. Both the ratio of rice bran addition to sawdust (X,) and moisture content (X.) were effective
to the mycelial growth. In the case of Morus alba, the ratio of rice bran addition to sawdust, in-
itial pH and moisture content at the stationary points were 28.77% (w/w), 5.28 and 69.8 (w/v),
respectively, and the expected mycelial growth of 7.60 cm was obtained. Stationary points for the
mycelial growth in the sawdust media of Alnus japonica were 28.74% (w/w) of rice bran, pH of 6.
04 and 66.96% (w/v) of moisture content, and the expected values of mycelial growth was about
5.38 cm. Based on the above results, there was correlations between the mycelial growth and in-
dependent variables, and the effect of rice bran (X,) and initial pH (X,) for the mycelial growth
were higher than the moisture content (X,). The optimum species of sawdust media for the my-
celial growth of Phellinus sp. was in the order of Quercus aliena > Morus alba > Alnus japonica.
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o, tisls 2 o]&l Foll &7} 9lovi(Shibata
Z, 1968; SR Ex7E, 1994), EAAEw Al
Phellinus linteus2] A A 52552 4357
A2l el w9 73 HA &S veld(kekawa
5, 1968d)0] &=A] ict 1 yhll = A FHAR
22 N &3, 3171 733l 2 &S], WEekx)
2 3d 5 we AHEIHE Rz gled
(Jianzhe %5, 1987), A7|7t B85l % F-zfgo]
A9 glov 2 (Jong 5, 1991) Tl A7FAE
olu} oJEaAEAM A FEs gleH(Chihara
X, 1970; Hirase %, 1976; Komatsu 5, 1963).

ey Sule] A$, AFHAL b E sAlETE
2] 2jedA| EEgo] Fod, JfAFE Hoid H
o) M A E T3 v of#E Aol o
2hA] o] zEFW ALl qlFAlulo] it B A7}
A= v 9lont ] A7 A9 dlo, o
o] el Zaufol] A1-g-gF Aol chalse 24 A €]
71 go H-ol] ot i=gte] -2 Aleljo]c].

Jubd o2 wAle] AYFAR= o FAADA (veget-
ative stage)e} 4] At (reproductive stage)
2 F83} 4= oJr}(Chang and Miles, 1989). ¥ 41
o] w¥z}7} wolsted 13 FAHprimary my-
celium)Z %37, o] 1a}dAl} 31314 el o2 A}
= uh} g-3H(hyphal fusion)=]e] 22} A}(second-
ary mycelium)7} S}, 22Ak= 284 E F-A|
3}o] 8l E-edo] oJofi} clamp connection-S- 3413}
o] AAshed o]zl gt Akl AEA7E AR
DA gt wbd, AR dAle 28 AR
E] o]21¥ 4l (young body, pinhead)o] 7]3=el] 2k}
sted A&t BiAl (fruitbody) o2 AJAeh= ©A|o]
t}. o] 5 whA|e] ARHLE FAF Aol A oAl
o] wrAlsk= W] (fructification)stA| £.4], we]g]
FAL AR 7 FAHTL R A5 oo
3o, W, B7], 2= U $& 59 oY A S AD
3| ApFsle] Eu, vl24 olgimAle A€
(Chang and Miles, 1989). wje}i] B4l BEAA]
7171 S1aiA = QA A AN =] TA
£ vlok, 4 A7) Ao) 7 Fas).

TEE B AT AFHA AAAL AT
A S 213 7|2 ATFEA ABE 5, 1997904
gk EHALY FE o]&ste] Fhiy

(Quercus aliena), Br}F-(Morus alba) 2 221}
S-(Alnus japonica) 4l A]ol|Ae] 2 AL
Sx7AL4 vk EHEA (RSM; response surface
analysis)© 2 FA}s}s] o, o] A3E 21 FH{A 9
AL A S 918 7| 2R E R 48t siedct

Nz 3 9y

= F
B AgollH AR F5= ARG 5, 19979
A Bagk AEFHA AAAZRE =AEeR
Phellinus sp.2] 352 %, PDA(potato dextrose
agar) APul | (potato 200 g/L, glucose 20 g/L,

agar 15 gLyl Arhejerste], £ColA R3sto]
Aol AHgsteiet.

BT ik

Zuleks wiA| = ARG 5, 1997)¢] A2
] -8 Phellinus sp. wAH 2] A Aulokg Z
A =] (glucose 12.12 g/, sucrose 12.12 g/L,
yeast extract 11.15 g/L, malt extract 11.15 g/
L, KH.PO, 0.855 g/L,, CaCl, 0.855 g/L,, pH 6)=
Aastedc). PDA plateol| 2] 2358 Phellinus sp.
#2412 cork borer (0 5 mm)= A F 3 o}, o]
TAH 4~5705 Fuok8ulA] 50 mL7}b -5
250 mLe] AMhEElezel] AEsha, widE=
30+0.5°Coll4] 150 rppme] wHkEEE 1037} 3]
A Alebuljokslgict. wieko] ke X wiofd-2 A7)
(£ok(), model 0820)14] 5,000 rpmo & 1~
287} FpAR o2 FAdE oS, FEYoE ALS-
stk

Eutiix|o] x| I Hi¥

Phellinus sp.2] ¥ulAzA1E A% FUF
& 2T (Quercus aliena), 2 }5-(Morus alba)
W ¢ e (Alnus japonica)d] Tt 3FS
2, §F9-2 3~5 mme] sieves A7) F AL}
ok = BAEIZHY A AT AL AHE3SE
gon, 27 1 mme| sievedS FHA|7 o}g AME-
sk}

A7HA] 2AL2 2R FHEiRE AR
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o 30% 21 mm)e]] 7H)Ee] 0.22 g/mL7} 5=
=2 90 mL 4-8Fe] U7 £o](14 em)7HA] FL 3}
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4% F, WA sl Aoz JYziEgl sy #4
g ZFulFd 5%(vivyE F73e Hslog A
de] Aol 3= AFsigs 2E 30+
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basis)=| 7] H7Fste] 243 o}, 121°CellA 30%-
2 Fekch g WA ¥, T
5%(v/v)E AE3le] 30+0.5°C2] incubatorel 4]
v kel A AL S 2 Al 55 HEEkedch
Rk ofe FahiA|el 30%(wiw)e] &A
2 Arisla, RS 60~80%(wivE A5
BHE, B 9 Sl A 5%
FTTE AFTE o2, A8 548 222 ok
P ZAlssd )

HHXI2| =7| pH Y 2=9| A

27] pH9| 33k FHlul Aol B4 F7leF 30%
(wiw), SEFES 65%(wiv)E 2A3sle] Falsly
t}. o] F7}3k & 0.1 N NaOHe¢} 0.1 N HCI
fd0o2 pH 4-82 A FFH5E M3t
ZAE A= 121°CollA 307 Eastar, A2
22 Y75t 5%viv)el FaulkdE HF3A
a1, 30£0.5°C2] incubatorel|A] sfjokslsA] A}
A5 2 AR 55 sl

o] IS FhiA EAMTNE 30%(w/
w), 83 65%((wiv) 2 wjx]] 7] pHE FF
ol mnlmr 50 9ah}RE 6.00% zhzt 24
slar, Earste] W2 vhg, 5%(viv)e] E20e HE
3 &, 21 9] 20~40°C2] incubatorel|x] 442)7F
sloFstaA] FAREE 2 AP E 58 IhEslgi.

AEdA A HSEHEY
APAAE Table 1914 B e} o], #2]8

Phellinus sp.2| @ H42] F221191 #4437}
ZF, A8 27| pH 9 &3S 7h7h Sqiuls
Xy, X 2 X2 313, o]df 7 Egidie] £E2 X,
code=(X;-30)/10, X; code=(X:-6)/1 ¥ X; code=
(Xs-70)/54]5- o]8-31e] -2~21 9]0l A A 3)s1edct.

¥4, ] ASAEE FHHSR sHo
Table 25} 7+o] 187]2] A2 Zgro 2 o] 2ojzl &
A13gH4 41317 3] (central composite experiment-
al design)el] w2} A3l om, o, FAle] A5
dole] FAAZS FAKY ASFANA ]

Table 1. Variables and their levels for central
composite design

Coded wvariable
2 -1 0 1 2

Rice bran(%, wiw) (X)) 10 20 30 40 50
Initial pH X,) 4 5 6 7 8
Moisture content(%, w/v) (X;) 60 65 70 75 80
*Coded variable levels are given by the following
equations; X, code=(X;-30)/10, X, code=(X,-6)/1
and X; code=(X;-70)/5.

Variables

Table 2. Arrangement of central composite design
and responses

Variable levels® Responses(cm)”
Number

5 X% X% Y, Y Y,
1 -1 -1 -1 7.0 6.2 39
2 1 -1 -1 6.0 5.6 3.5
3 -1 1 -1 5.2 4.6 3.7
4 -1 -1 1 5.0 6.0 3.0
5 1 1 -1 3.5 3.8 3.2
6 I -1 1 7.0 5.0 2.2
7 -1 1 1 2.2 2.5 STy
8 1 1 1 2.0 1.4 25
9 2 0 0 0.9 1.0 1.0
10 -2 0 0 2.0 1:2 1.1
11 0 2 0 1.2 1.5 12
12 0 -2 0 32 4.7 14
13 0 0 2 4.2 6.2 4.2
14 0 0 -2 6.2 6.1 49
15 0 0 0 75 6.8 6.1
16 0 0 0 7.7 7.0 5.2

*Independent wvariables (X,=rice bran, X,=initial
pH and X,=moisture content)

" Mycelial growth for 12 days of Phellinus sp. on
various sawdust media (Y,=Quercus aliena, Y,=
Morus alba and Y,=Alnus japonica).
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shsict.
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(ANOVA; analysis of variance)®.@ 7133}
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B7] 95t -5 £33 359 FahiA ¢ &
ABANEE 0~30%wwE AN, TS
A4} A3k Fig. 15} 2o,

I (Quercus aliena), 35 (Morus alba)
2 22| F(Alnus japonica) FHPEIA] RSl A
271 30%(wiwrHAE AR Z7bol
ae} FAe] ARSEE 27k A Bl i) 19
v 202 vehlA= kot 40%(wiw) o4t
9] AAE HA7HIE Atde ZE FihliA oA
TAHY S| Zhaddct. §3) ol 37 S
W) =] 8] 735l = EAH 7] 20%% 735l v
F 3047kel| columnd] F4HlA| 2] A AR o]l 14
em7HA] B 2jgken], 30%2] 2A A7 = )
oF 247to]| 14 em7bA] AJ&ste 7HA whE A}
A5-E vepdigict. S| 58 A
T A7 w2} 2el7t sl odt Fhiy
(Quercus aliena)2} 2 }-5-(Morus alba)7} 2]t}
(Alnus japonica)el] B]s}e] wWslcl,

Z](1996%= Phellinus linteus®] 3A7}Aol| w2

Control Rice bran 10%

Mycelial growthicm)

Fioe bran 20% Rice bren 30%

] 10 20 30 40 50 ] 10 20 a0 40 S0
Culture time (days)

Fig. 1. Time course for the mycelial growth of
phellinus sp. on different sawdus substrat-
es. — ® —; Quercus sliena, —m —; Alnus
Jjaponica, — & —; Morus alba
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WAL 10~20% A =S A8k Zlo] $oha 23
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Fig. 2. Effect of moisture content on the mycelial
growth of Phellinus sp. —® —; 12 days,
—® —; 18 days, — A -; 24 days, -0 —; 30
days, — 0 —; 36 days, — A —; 42 days
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TEgFEA AN FARS] AolE BolA] o
Stk
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70% o)kl A FAMAYA o] 33151958 B w3k n}
sich 2%, wAjelg- FgelA e ZAA R
< WAle] EFol wje} th2) 62~67%F AAE L
o, FE§o] U AAY wonl FAIAA ]
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Fig. 3. Effect of initial pH on the mycelial growth
of Phellinus sp. — @ —; 12 days, —m —; 18
days, —A—; 24 days, —©—; 30 days,
— o0 —; 36 days, — A —; 42 days

t}z} 5, 1989).

HHX|2| 7| pH & 2=9| st

z7] 4t iR 2] pH7} FAM Sl v x| <33k
< 2213 A3= Fig. 33} 7.

Fhr FhalAe] A= wioFd 18U7HA] pH
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Fig. 4. Effect of temperature on the mycelial
growth of Phellinus sp. — ® —; 12 days,

—; 18 days, — A —; 24 days, — 0 —; 30
days, — O —; 36 days, — A —; 42 days
pH 5~69] W3lolA FAe] A%EEr} 71 9

i‘l—vl', pH 70]/‘01—011}\-] 7\:}—5‘—_‘5‘]’%5}. 7\] (lggﬁ}t %%1
AEMA FAR 432 pHE 6~Toleti 31

o, A 519978 Phellinus igniarius®] A}
ile] oy Auoell <] 24 pH Tl 5, pH 5~84 )
oA FAPAE 79) Wl saledrkn wmshelc).

Wl whAe] AR WS Efel] wet the
shpge) OV FAHI%0) e deiH
9):=d|(Ainsworth and Sussman, 1973), 5o]4
A& pH 6-7, AMALE pH 4, 3 % mefel
pH 5~6, A A& pH 4.2~5.3¢|4 TAMYA ]
71 2o 710 2 otel A qlchA} &, 1989).

Fig. 4 A%l vl £59] 3¢ 74
W2 ZAgE Aajolrt.

by ErbAl el 25~-30°C2] 2=l
A FAMEo] Fgkon, wieF 18~24wtel 79|
100%9] A%-% vehigich. Selts SR
ASAAE 25-30°Ce] LERAH FAEE]
Fkor, 30°C o) Aol A Hshalch. T, Bt

% EahulA) 8] 79wk 18274 30°C¢) whor
exolA P %o FokaL, AZke] Ao ot
e} 25°ColME A%o] Fof, wje} oF 24Uke]
l00%e] BA4%E el BUST Rt T4
2o A4 LxoE A7} 2ee & 4 lalrh.
7 (1997} Phellinus ;gmanusfq o 3] v o]
A FAAS] HALwEe 25~28°C2, 35°C o]4tel
A T3 Azsdee i vk gled, A 5
(1996)&- YMul|z|el| 4] Phellinus linteus] A}
g HAALEE 25~30°Ce}a B wsle] £ A9
Aste} 4 A skt

ViAo A 4 A A
o] A A2 zje]7} ol=dl, dAke] AAA 2 W
9= 22~28°C= wlo] 22~25°C, gb7}et 23~27°C,
Fo] 27~30°C, oll=}2] 28~30°C, T 24~27°C,
37 28~30°C B =FFrlo] 20~25°CE I=iA]
olehEF 5, 1989).

Table 3. Values of stationary points and mycelial growth on various sawdust media

Stationary points

Mycelial growth

Substrates ; e - 2

rice bran (%, w/w) initial pH moisture content (%, w/v) (cm)
Quercus aliena 31.01 531 69.03 8.32
Morus alba 28.77 5.28 69.18 7.60
Alnus japonica 28.74 6.04 66.96 5.38

* Expected values of mycelial growth was measured after 12 days of incubation.
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Table 4. Analysis of variance (ANOVA) tables on various sawdust media

Substrate Factor Square sum Degree of freedom Square mean  Fo R® RR’

Quercus aliena regression 80.25
error 1.70
total 81.95
Morus alba regression 67.32
error 2.20
total 69.52
Alnus japonica regression 30.01
error 0.19
total 30.20

9
6
15
9
6
15
9
6
15

8.916 31.42** 0.9876 0.9792
0.284

7.480 20.40%* 0.9841 0.9684
0.367

3.334 105.55%* 0.9969 0.9937
0.032

* Coefficient of correlation, * Coefficient of determination.

HISEHEMO| o8t X WHETIE, HiX] pH
U Stz 2

X (Quercus aliena), ¥ }53-(Morus alba)
2 o e F(Alnus japonica) EHIvlA] ¢l A A
7FFXy), wAe] 7] pHXe) B XK1
SRR 3lx, g4k ASAo](em)E FEHHEF
2 3] AgAnE vz E43 A3 Table
3, 4 ¥ Fig. 5~7} 7}

5 el e] 7%, Table 3ol|l4 & < 9l
= nle} o], A7V, wix]9] pH B FE=F
o] AAkdLe. 7kzt 31.01%(w/w), 5.31 2 69.03%
(wielH doizom, old Flofsie FAe] A%
Aol 8.32 cmeltt. = EAMVPRFX) £
oK) Aole] HARAGE 02422 FAIG)
71 2 A vlAE Ao vetel.

2}y w0 ooy guhiAle) Ae, HE
WA, wiA)e] pH 2 S¥geke] 247} 2877
%(w/w), 5.28, 69.8%(w/v) 2 28.74%(w/w), 6.04,
66.96%(w/v)ol et = A A 5= d4}
2] A§7lo|= 7zt 7.60 em E 5.38 em 2, FH}
EBER SRELEER SRR EEEAR
A4S mgton, ool oA Kook Xo
Xso] 3] AASE ZH2 0.119¢} 0.1002.2 o} ¥
TS vjsle] Eoro v 2, o] WgEo] ARGl
2 9L AL & $ 9

gk, ANOVA table(Table 4)2 f2]4-2 7 A
g Az, ZE FUsFold Fogtd R
(level of significance) p<0.012 =% #-2]s}i ).
= g SHhR] ol A= Al (coefficient of
correlation) R=0.9876 = 77]4|<>(coefficient
of determination) RR=0.9792% u}-$- &2 # 2]
ARDAE 1w, BAYNFE TUY SPESE

Moisture content(%, w/w) Initial pH

Moisture content{%, w/w)

Fig. 5.

41(} 5 3 40 50
Rice bran(%, w/w}

70

65

60

Initial pH

Response surface contour maps for my-
celial growth in Quercus aliena sawdust
media of Phellinus sp. A; rice bran versus
initial pH, B; rice bran versus moisture con-
tent, C; initial pH versus moisture content
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Fig. 6. Response surface contour maps for myceli-
al growth in Morus alba sawdust media of
Phellinus sp. A; rice bran versus initial
pH, B; rice bran versus moisture content,
C; initial pH versus moisture content

o] F&W5el PAE Gl F& & 4 Usieh
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Fig. 7. Response surface contour maps for my-
celial growth in Alnus japonica sawdust
media of Phellinus sp. A; rice bran versus
initial pH, B; rice bran versus moisture
content, C; initial pH versus moisture con-
tent
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