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SUMMARY

In the manufacture of liquid spawn, to save time and cost and to secure uniformity of
spawn quality, it was found to be effective to measure the relative concentration of carbon
dioxide during aeration culture. A method detecting microbiological contamination of liquid
spawn was devised with simple staining with Giemsa solution and optical microscopy .

This study carried out measurements of hyphal mass in liquid spawn, carbon dioxide
concentration in the medium during cultivation and water content in fully cultured medium,
and analysis of total nitrogen (T-N), free sugars and ergosterol.

To select the most appropriate ventilation lid for cultivating mushrooms, four species of
mushrooms (Pleurotus ostreatus, Pleurotus eryngii, Flammulina velutipes, Lentinus
edodes) using liquid spawns were investigated on nine kinds of cultivation capacity bags.
That 1s, appropriate lids for 850ml and 1100ml bottles and 950g bags for Pleurotus
ostreatus, lids for 850ml and 1200ml bottles for Pleurotus eryngii, lids for 850ml and
1100ml bottles from Flammulina velutipes, and lids for 1.2kg, 2.5kg and 1.4kg sawdust
bags for Lentinus edodes were investigated on their ventilation effects on hyphal growth.

The lid ventilating the excessive CO, and limited O, from the cultivation bottles or
bags in real time at the exponential growth period but not much exhausting moisture from
the medium was selected.

On the other hand, a machine to replace the old filters or ones clogged with mycelium
was also developed. To take advantage of this filter exchanging machine ventilation hole
was placed in the center of the lid. Thereby hyphae penetration into the filter was hindered
and mechanical filter exchange which is cost effective was possible.

In this study, an appropriate lid ventilating the excessive carbon dioxide and the limited
oxygen during the exponential growth period of the hypae was selected to enhance
mycelial growth and to produce high—quality and high-yield mushrooms. And a mechanical
filter exchanger was developed for cost saving management of lids to encourage the use of

sponge filter inserted lids.
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A3 aAEFd g 2 A9

A1AEAE

e} 2] W A [ Pleurotus ostreatus(Kummer) ]S R Rt 7ol Z ol W Al 3}

(Trichlomataceae) =E}] & (Pleurotus spp.)el 39 3tt) =Eelg] WAL HAF-$d 9 34
2 Ag2er HOE ads A4 Fdllshes W52 (white rot fungus))e] €EFOZA
YEY, WEUR 5o TAES 7FZ g0 AF U9 cellulous, lignin 5& Easle] A3
sk WA o]tk .(Kent, 1965)

Aol Al o 18 Pleurotus eryngii(De Candolle ex Fries) Quel. o]®, #7F382 o=
At obE(Basidiomycotina), &M A5 (Agaricales), =te] M Al #H(Pleurotaceae), =Ete] M Al

(Pleurotus)ell <3l A& 7)Ao tH(Zadrazil, 1974). £3] FHAE th5E<l 2g&wsloz

uf

F

A Ak & “Boletus of the steppes” %3= "Koing oyster mushroom”o] &3l B2 YA 7%= &}
H (Vasilkov, 1955), -¢-e8lttelell A= S Al oz FF550] Yo i FEFHE AEo]
WA oz AzEo] ity F2 ofdr] AW txdolA AASIY FHIF FolAlo} ofx

(e,

27l m o] Brsol g, dHANe 199090 Zolw, Fgdd EQL 199090 %ol o
o4 AFHAT, AR, FFOo 2 =95 A rhRajarathnam 5, 1987).

S
8

WU A [Flammulina  velutipes(Curt. ex Fr.) Singer]S WAt T
(Agaricales) % ©]¥(Tricholomarataceae)ol| 23l 9 A5 A1 (Donk, 1971)8] dFo = =}
AAE AD AN =UheFH 2ASHA E5e aFH7 dA4Hol winter
mushroome| 2}al% s (, 1995; A &, 2000), oFAolA AHAA Fef= 7l &ar 2ol &
EAS 7HA AL Jov (Il 1992) 57 we oA AT E & A5 ASolA olikstE
2 FEE ¥olil FEE EoFW ofAFIHE G iyt ZolAar zto] W FHopA = E3}

EAdS zhal 9 vk (Stamets, 1993).

Lentinus edodes (Berk.) Singo]™ FAio & ALE7| AR £3ta T7|AdolH, B4 F
Farolghal ghrh(o] &, 1980). AHiA L =

Fol Aristar A (Chang &, 1989). Fevtel FaFdAvi= o] (19912 A ZE AL
HI(1991, 1993, 1994)¢] A+-& M| %3t o] 5(1993)
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S Al ALl AAElF2 Lambert(1938)0] )8 A2 % $1ar, Hunfeid, H.(1948)+= A 22

Al
A
dee] FHom A Al AAFEH (liquid spawn)e o]-&3te] HAS Al & JS&

1. 54 A%

Kenjiro K.(1993)= tAFS] mj kel A wj<kr] wH-o 72 &7 tigte] 153k nf ol o
E sjAdstr] 9ste] 2 AP ARRE T4 S st AEY 2FFolar W AjEjel A 850me
W2 7+z 12, 16, 23, 29, 33, 37, 41lmm & 7, 1,100m¢ ¥ ZH7b 14, 19, 26, 33, 38, 42, 47
m AE 574, 1,200m¢ B2 Zhzy 15, 20, 28, 35, 40, 45, 50mm A3 54, BA Al A zhzb
5, 10, 14, 20, 25, 29, 32, 36, 45, 5omm H& F724-& A&kt 3 Qi AF-Sa Wy 2
FATh 749 ST B4S AFSF3 S-S
A3 F= A3 HF(upper—under perforation hole), dF5-Zo % &3 F++= 3} H 3 (under

perforation hole) 2. o319 tH(Fig. 0).

g = S kel E(2EADE A

Ol




Fig. 0. Upper-Under and Under perforation cap type of popypolyene bottle & Upper-Under and

Under perforation cap type of popypolyene bag.

2. RAF ] A=

L

. AN A petri disholl PDA(potato dextrose agar) 42g/1 ¢ 2] W&
o At Fo] Abdelu HH wjAE wEdYh. A Eepaa wigkE 120 ' 30g, €A WF
kb 3¢ WE 20 MgSO,.7H,.O 0.8g, KH,PO,.12H,O 0.8g, peptone 0.8g, & N (AEm;H7]
) F5 1/1,5008 ¢, antiforms 2~3%-2 H7pske] WSl autoclave® LTS A A S
kel dl ol ol 292 petri disholA 8~97) =7+& H=

kel
=
stk AztEelaze) Mge AGE o) §okel 120mpmo = 8U1 WA WEs ek
% 1—

E
o WAl Aol Ale] oA FyAl ol d¥ 345kg, thFE 0.98kg, FILH AL RA|F A
ol A A" 45kg, Y 15kg(CN=1 : 1/3X)& 7H7F ARE3Flal A= v 2ol 3

BN
o2l

ATt MgS04 70g, KoHPOs 70g, x99 w5 X(1/15008] <), antiform SmE % 3L pHE
kAl ftth "HHE vhe sk Aol WS RS d4sE SEEA A
Tt JFY &2 =EE WA, AFolM A, Holwale]l A ogwke] 1/4009) 350ml, ® il
Aol AH-g 8=kl 1/233¢% 600mE 27 g TAE7]= 12,000rpmel Al 40 ~60% ot 3
At HE:skgeh v LxE 20-22T, Z7] o8 20kef/ard] 7%, A7 50mmx0.2me]
ZH (Pall Co)E 7 AE=E wjdste] 7 & ofdstiaA F7] viFs HAAstATh A5
v WHszolo] Hlgo] 133 ARE nl&oly, %7 Fx W4 AF 13-15mel W7 lmne]
Zteghgt 3 102 EXAIZNA0T2 EEHs EY))E AFESIh o9 2 7] Fx
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Relative CO; Amount({ppm) at aeration time(day) of Pleurotus ostreatus
1200 - 1108

3 § 8

B
8

Relative CO; Amount[ppm)

8

x 2 3 4 5 & 7

Aeration time (day)

Fig. 1. The measuring of apparent amount of mycelium(mé/l1 £) and emissions of concentration

carbon dioxide(ppm) during the aeration of liquid spawn of Pleurotus ostreatus.

il 2 3 < S5 6 /

Fig. 2. The measuring of apparent amount of mycelium to leave lhour after daily fraction(mé/ 2 )

during the aeration of liquid spawn of Pleurotus ostreatus.



The humidity mycelium(g/L) of precipitation to centrifugation
at daily fraction
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Fig. 3. The moisture amount of precipitation mycelium to centrifugation after daily fraction

during the aeration of liquid spawn of Pleurotus ostreatus.

Table 1. The activity of mycelium and mild contamination ratio after daily fraction during the

aeration of liquid spawn of Pleurotus ostreatus.

Airratoin days 4th 5th 6th 7th 8th
Relative rooting of 1st next day of inoculation ++ +++ +H++ +++ ++
Contamination ratio of mold(%) 0 0 0 0 0
Harvest of fruit body mean(g) 120.1 1297 1318 1231 1182
Harvest ratio of fruit hody (%) 91.2 9%R4 1000 934 89.7




The amount of T-N of precipitation mycelium after daily fraction during
the aeration of liquid spawn

3,000

2,500

2,000
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1,000
804
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The amount of T-N[mg/kg)

1 2 3 4 o 6 7

The aeration time(day)

=SLEE U ED HYE 12(6 22 BH FAMM ERAMN) 24 Img/kg)

Fig. 4. The amount of T-N of precipitation mycelium after daily fraction during the aeration of

liguid spawn of Pleurotus ostreatus.

Reducing sugar [As Glucose(g/L)] contents of the upper solution of liquid spawn

J0n +
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:3 [ =] [=]
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d
Q
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Reducing Sugeriis Glucose )(zfL)

o0
1 2 3 4 3 & )

The aeration time|day)

Fig. 5. Changes in reducing sugar contents of the days of aeration of the liquid spawn



Change the chitin(as glucosamine;mg/kg) amounts in the

precipitation at the daily of aeration of the liquid spawn
289
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The aeration time(day)

Fig. 6. Change the chitin(as glucosamine) Amount in the precipitation at the days of aeration of the

liquid spawn.
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Fig. 7. Change the free sugar
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Fig. 1. The measuring of apparent amount of mycelium(mé/l1 £) and emissions of concentration

carbon dioxide(ppm) during the aeration of liquid spawn of Pleurotus ervngii.
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Fig. 2. The measuring of apparent amount of mycelium(mé/{ ) to leave lhour after daily fraction

during the aeration of liquid spawn of Pleurotus eryngii.

The humidity mycelium(g/L) of precipitation to centrifugation

at daily fraction
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Fig. 3. The moisture amount of precipitation mycelium to centrifugation after daily fraction

during the aeration of liquid spawn of Pleurotus eryngii.

Table 1. The activity of mycelium and mild contamination ratio in 850ml bottle after daily fraction

during the aeration of liquid spawn of Pleurotus eryngii.

Airratoin days 6th 7th 8th 9th 10th

Relative rooting of 1st next day of inoculation ++ R bk o 5 +++
Contamination ratio of mold(%) 0 0 0 0 0
Harvest of fruit body mean(g) 105 107 108 113 107
Harvest ratio of fruit body(%5) 93 9B 9% 100 9%




The amount of T-N of precipitation mycelium after daily fraction during the
aeration of liquid spawn
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2,a70
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1. 500
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1 2 3 4a 5 L= T =] 9 1o i1 1z

The asration tirme{day)

Fig. 4. The amount of T-N of precipitation mycelium after daily fraction during the aeration of

liguid spawn of Pleurotus eryngii.

Reducing sugar [As Glucose(g/L)] contents of the upper solution of liquid spawn
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Reducing Suger[As Glucose)(g/L)

The aeration tima(day)

Fig. 5. Changes in reducing sugar contents of the days of aeration of the liquid spawn



Change the chitin{as glucosamine;mg/kg) amounts in the
precipitation at the daily of aeration of the liquid spawn
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Fig. 6. Change the chitin(as glucosamine) Amount in the precipitation at the days of aeration of the

liquid spawn.
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Fig. 7. Change the free sugar Amount in the precipitation at the days of aeration of the liquid

Spawn



A

Oﬂx

o] k&)

FH7E 5

<]

-

1.

7}

5

(1998)°]

=

[s)

==
=

Ly
[€]

Hj

-

1.

7}

=

[e)

o)A B R

-

7] 39%H 2 Wt g Aoz tewo

3L
==

t}. E7] 5L A 7tA]

A}

cglolth oA sk 2ol AL
%

i

il

3
T

s

4 = ATt

]

A
o

A

3
L]
itk 2B

o e}

4

H

B7] wE AR W e

(2012 b9
ANA Faf v]%A] o]

=
(¢}

3. oAl AA|F
Fig. 1.3} Fig. 2.

Al
™
7}

o PDB(potato dextrose broth), YPD(yeast extract peptone dextrose)

F7F HA e &

ﬁo

[«

=

B Aol A <

Oﬂx

=

=

iz

—_
o

#7
RERT

]

=
it

1.

4= &ETh. Fig. 3004

3|

A

-
1.

shul Au7] FALA

5

7}

o]l AR 72 M

<]

[s)

=

Ho=

Et
=

7hE #ZE ol B E Fig. 23 o] 147k H<F "k

Zop ol Z7] v 11YAA Y HAFS A

|

A

s 5]

Sl

e

-
o}

ar
)

7}l

3

b2

o At

iz

ral

1

O
pad

A

P
)

=

Hbe TRure] gojel st

il

| Fate] =7] ul

*

il

3
T

]

ol
ol
o

AFE) AW B7) WG T FA B Btel 9

of]

o
Fig. 2¢} o]

.



i

v}, Fig. 3904 194 o] thi

°f

Ly
[€]

A

b AR

Fol g

G

913}l vl Table 101419} zFo] zt

7t =

P %) T

°©

ok

=

HERIEE 2

Fg

Al

o} %

=

3] o g el

=
o L

P

o}
e

o}

7_51

Ao tha
16 7 7}-A]

=

35}

St

AR AdE =
A BT}, ®g

-

1.

o

A e Al ABEA ekt

AR 6-7LA 2] HFol 7}

=

%

ojy

+

o}
3

_,AO

A Ft

of]

-

A ok A

EN Y
2,

%

()

tH(Block, 1958).
Febt 69

G

93g/LE 7e] Znsqi) ol

et FAE E7

=

==

—

O

AL
00

i
o

A

N

oy

P A

&

il

E’l—

ik 54 7hA] <t

-
1.

g st

vl 6

AW AL AR ol A <=

o
o

(1992)=

=
(¢}

ke
T

Ao g

ey

U

trb A el

=

=

o] 7rzhol el Fol

2o} (Fig. 5).

!

3
,ﬂl
Jue
=y



Bl

[«

o] @FA fructose$t glucosed] o] &

(e}

=

ahaith. 5

5

7}

[s)

=

7)ol ozt

kel
T

2ol golx WA

ojy
_Lmo

\._A.uﬂo

0|
G

iy

7FE 3

]

e

=

SERFES

o)
o
oo
Gt

_EH

_ZTI

=

(COE

TE

3}ebA

s

A

shaiel.

5

=

=

TolA S
talew, o

°©

=

==

7}

=

T A
[}

(e}

=

A

N %
#A el FA9)

0w ] ol AbshELA

off %

=

Ea

5

How Al

Aol

]2k 3L A of

e

7]

KeN
3z
z

ke
T

Ein

Polw Al AR FH AL
A o) A]

A&

l‘ﬁ:
2

ol

shol) el

u} .

397 o] % )

o}
o

HA ekskar, A wAA Y] F

__io

4K

Fol A9 o2t

=

7] W% 6-7A ] HEDoE ALE

+

0

—_
o

il



The relative emissions of concentration COz: (ppm) of
liquid spawn of Flammuling velutipes.

3000

2500

2000

Concentration COsx  Amount (ppm)
Py
[ ]
o

1 2 3 4 o & 7 g2 9 10 11
The aeration time (dav)

Fig. 1. The measuring of relatively emissions of concentration carbon dioxide(ppm) during the

aeration of liquid spawn of Flammulina velutipes.

11121341561 /7[8]19(10/111
Fig. 2. The measuring of apparent volume(mé/L) of mycelium to leave lhour stationary after daily

fraction during the aeration of liquid spawn of Flammulina velutipes.



The humidity mycelium (g/L) of precipitation to
centrifugation at dailv fraction

90.0
0.0 80.2
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60.0
50.0
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Humidity mycelium (g/1.)
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1 2 3 4 5 = 7 a8 9 10 11

The aeration time (day)

Fig. 3. The humidity mycelium weight(g/l.) of precipitation to centrifugation after daily 1L
fraction during the aeration of liquid spawn of Flammulina velutipes.
Table 1. The activity of mycelium and mild contamination ratio after daily fraction during the

aeration of liquid spawn of Flammulina velutipes.

Airratoin days of liquid spawn 4th  bHth  6th 7th  8th  16th
Relative rooting of after 1st day of inoculation + S b S A S s +
Contamination ratio of mold(%) 1.6 0 0 0 0 1.6
Harvest of fruit body mean(g) 153 157 165 162 155 0
Harvest ratio of fruit body(%5) 927 952 1000 982 939 0




The amount of T—N of precipitation mycelium after
daily fraction during the aerationof liquid spawn

2,500
,159
2,000
1,500

1,000

500

The amount of T-N|mg/kg)

The aeration time(day)

Fig. 4. The amount of T-N of precipitation mycelium after daily fraction during the aeration of

liguid spawn of Flammulina velutipes.

Reducing sugar|as Glucose(g/l.) | contents of the upper
solution of liquid spawn
70.0

600 -
s0.0
40.0
300

200

Reducing Suger(As Glucose](g/L)

100

oo

The aeration time[day)

Fig. 5. Changes in reducing sugar contents of upper solution after daily fraction during the

aeration of liquid spawn



Change the chitin(as glucosamine) amount in the precipitation at
the days of aeration of the liquid spawn (mg/kg)

500
N N
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350 - / \ /55 \"3L
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V174
100 -+

50

250

As Glucosamine Amount(mg/kg)

1 2 3 4 5 & 7 8 9 10 11
The days of aeration of the liquid spawn

Fig. 6. Change the chitin(as glucosamine) amount in the precipitation at the days of aeration of the

liquid spawn.



Change the free saccharose Amount{mg/kg)
in the precipitation of the liquid spawn
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Fig. 7. Change the free saccharose Amount in the precipitation at the days of aeration of the liquid

spawn.
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Concentration CO; Amount [ppm)

The relative emissions of concentration COz{ppm) of liguid
spawn of Lentinus edodes

3500

3000

2500

2000

1500

1000

500

3 5 7 9 11 13 15 17 19 21 23

The aeration time(day)

Fig. 1. The measuring of relatively emissions of concentration carbon dioxide(ppm) during

aeration of liquid spawn of Lentinus edodes (Berk.).

2

3

5

9

111515 L|19]21 |25

the

Fig. 2. The measuring of apparent volume(m{/L) of mycelium to leave lhour stationary after daily

fraction during the aeration of liquid spawn of Lentinus edodes (Berk.).



The humidity mycelium({g/L) of precipitation to centrifugation at daily fraction
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The aeration time{day)

Fig. 3. The humidity mycelium weight(g/L) of precipitation to centrifugation after daily fraction

during the aeration of liquid spawn of Lentinus edodes (Berk.).

The amount of T-N of precipitation mycelium after daily fraction
during the asration of liquid spawn
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Fig. 4. The amount of T-N of precipitation mycelium after daily 1L fraction during the aeration

of liquid spawn of Lentinus edodes (Berk.).



Reducing sugar [As Glucose(g/L)] contents of the upper solution of
liquid spawn
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The aeration time(day)

Fig. 5. Changes in reducing sugar contents of upper solution after daily fraction during the
aeration of liquid spawn
Change the chitin{as Glucosamine) amaount in the precipitation at

the days of the liguid spawn{mg /kg)
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Fig. 6. Change the chitin(as glucosamine) amount in the precipitation at the days of aeration of the

liquid spawn.



Change the ergosterol{mg/L) amount in the precipitation at the days of aeration
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Spawn.

Rooting at 1st day after inoculation of
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Fig. 9. Old sawdust and effect of formentation of raw sawdust(within 6month after cut down) in
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Fig. 2. The summary that some of control group about that concentration of carbon dioxide in

the inner the bottle culture of upper—under perforation in the Pleurotus ostreatus 850ml bottle.
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the inner the bottle culture of under perforation in the Pleurotus ostreatus 850ml bottle.
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The average moisture(®:) of upper bottle in the incubator after ending of

culture
75.0
. 700 68673 68.269.0
64.5 64.2 &45
E 650 R34 626515 g
=]
'-;f 60.0
4.3
;g 550
s 500
=
& 450
§ 400
4
350
30.0
r-|['r Ho Mo r4n M0 Ho Ho Fo Ho Ho r-||:| r4n Ho r-m Ho
‘m—.! al- ol [ TS N o B~ I o | WJ o R o
<k =1 E E £ E'E E E E E £E E E E E E E
= =1 & & E E & kK & £ K& a & FE Kk & & 5
= =3 AP 2 i R R, R GEY o e o A BRSO B S
| [=21] 10 L\':'i o 1o L'i_-') 10 L\:J 10 LG L] 10 s =] =] 10 =] [+]
e < '.'il}-f e e e . | I
= W B KA
™ ~

upper-undaer and under parforation hole captypa

Fig. 5. The average moisture(%) of upper bottle in the incubator after ending of culture of

Pleurotus ostreatus 850ml bottle.



The quantity of 5 free sugar contents in 850ml solid bottles by HPLC
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Upper-Under perforation hole type of cap Under perforation hole type of cap

Fig. 1. Upper-Under and Under perforation hole type of cap.
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Fig. 2. The summary that some of control group about that concentration of carbon dioxide in
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the inner the bottle culture of under perforation in the Pleurotus ostreatus 1100ml bottle.

—E}f2| 1200cc EH HH2F S CH=FP =2 SFE & 25mm
5-"H2o| HH2FZ7| LH &5 O| tt=HEr=- = 5 (%6)

16.0
1484.0
&= 12.0
LH
Hoe 100
<
[TE 2.0
=
= 6.0
—
B
S £ 0
2.0
L El2| 1200ccE HH 2F = ==(dav)
0.0 T T '

=22 a¥® s =¥ 95¥ 10" 12 13> asH
12o00ccEH I E F =FF|
= Ti1z200ccH SFHE = Z25mm

Fig. 4. The concentration of carbon dioxide(%) in the inner the bottle culture during the

aeration ,in the existing (non sponge) cap of the Pleurotus ostreatus 1200m¢ bottle and under

perforation of 25mm.



L E}2] 1100(1200)cc'H-H{ 2k = CH=7| Z|CH O] LtEHELA = &= (%)
__ 18.0
E 160 5 14.5
-I'h 14.0 -12[}
o 1%0 5100 10.5
wd 10.0 2.0 scr
W 8.0 ° 6.5
= g0 5 0 5.0
; 4.0
) 2.0
Ko 0.0 . '
0 =0 r{n r|n Ho Ho rin Ho Mo rm Ho o ru} Ho = Ho
- =l o OE OB R OElOEl R '+‘<'J ol I - el | i'EJ | 14 |
P E E E E E E E E E E E E E E <| E
EL E .E .E 'E 'E E ‘E E E E E E E E ok £
< - - A =2 9 8 8 8 3 5 ~
ok T P 0 B B BB S T T Y Kl oy
%0 30 %0 Z0 0 0 0 i O
His Y B
Ui = CH==7| = CH O] AFSEEA 5 (%) i -

Fig. 5. The concentration of carbon dioxide of maximum peak(%) in the inner the bottle culture

during the aeration in the Pleurotus ostreatus 1100(1200)m¢ bottle.

The average moisture(%) of upper bottle in the incubator after ending

of culture
o 800 689
E 700 P64 g 60.853:262.360.3, 67.255-%65.964.4. 5 463.563.7  63.2502
2 60.0 o ¢
% 50.0 -
g#ﬂ.ﬂ
5 300
=
] 20.0
® 10.0
é 0.0
_5 % 10 M0 Mo Ho Mo Ho Hu Hu r{u HD Hu Ao Ho 5 Mo
B — ra KJ o o I A A o [l o v vl o zZ ®
s @ EE EE E E E E'E E E £ EE s £
E S EE EE E EE £E.E.E E & E E 5 £
e g Eﬂﬁﬂmgﬁ Eﬂ%ﬁm?? & o
2 B o Nl R LR A R AT u o
5 £ T o P P R oo R T ¥
EEI i 0 20 20 20 20 0 20 3 I=5_,“1-"-"
3 "
E —
[=]
L]

upper-under and under perforation hole cap type

Fig. 6. The average moisture(%) of upper bottle in the incubator after ending of culture of

Pleurotus ostreatus 1100(1200)m{ bottle.



The quantity of 5 free sugar contents in 1100ml solid bottles by HPLC
5.0

4.5
4.5
a1
= 4 :
= 32 pud 23 3.4
=3 a a .
s 30 59 3.1 3.0 i
2 30 2.7
§ 25 _
B o
A 45
=3
o 1.0
0.5
0.0 - L. - - . L -
¢ ‘%— ) ’2:':
-’2.’< 2‘, 2 ﬁl‘ +., 2 = %
N
A f@eﬁ&d‘@@@ @‘Q&&‘(\&&&&&@@@‘
5 2 5 25 & ‘"x‘?’m‘“ﬂ?’*ﬁ;@'*
o H:a\ ’b\."b\ @«r\ *b\‘b\ B B BT B A A
&
N

upper-under and under perforation hole captype

Fig. 7. The quantity of free sugar contents in Pleurotus ostreatus 1100m¢ solid bottle by HPLC

LE}IZ| 1100(1200)cc E 15 7| B EHYZ 7| E FLEX| SFHY
SR E CIEL 2T HEH T sTH|m

160.0
P
3 1400 323
7.

T 1200 T o 111; oo B MER . ey

i y 0az =rfz954 1004232

B 100.0 86.6 :

.

A 80.0

K- 0.0

8l 40.0

(3

g 200

=

141 0.0 1 ' . + + .

<] 5‘- He Hoe Mo Hoe Ho Ho Ae Ao Mo Ho Mo Mo Mo Ho

o- = ol 55:'J =™ o = o m om o om o '.:II- =

@ 8 EFEEEEEE EEEECEEE W

e E : = e
2 s 5§88 &5§& 85 5 = S 58 8 ¢ 5 5OA
e T B B BB BB ® B W™ B B B £ ®
= =0 X0 X0 =0 0 S0 =0 o~
= =
= &
5
L

upper-under and under perforation hole cap type

Fig. 8. The comparison of control(100%) based on the average rate in the cumulative harvest

of Pleurotus ostreatus 1100(1200)m{¢ bottle yield.



Et2] WA 950g ¥-A A

]:]_-1_

K0
__A__u

LH
1o

<

o
<

Kio

00

X| tY

o

<X

3

(1) =Elz2iH

o

Uk
ul
o
ﬁo
ojy

B

—
o

alo

o
T
i
e
Ho
!
—_
o

p—

K

b AT g

S

4

Fig. 2, Fig. 3, Fig. 49} 79|

N7} Ae Tl

°f

-
.

5t

<]

A

P
)

o] AT}t Fig. 5¢F 2ol T7)F7}

&

=49

A

qo =

X

ol

o

-

o) #Ab A

.

=I7F 16%9F 229 Alolo A 3FE#E ]

Zadrazil(1975)2 4 & Hi x| o 4]

—

o}

o

]

i o

b

S

o] # Aejeta

-
o
AR

el
o]
1

<]

[}
7]

A
t}

P
)

e
-
1.

L
=

37}
| ). ) okl
o]

Al7)e]aL 3ak4d

Aol A Aol 7k

A

=

il
]

(9
hns

R4

2
s 15% ©]
2 9
A7)

=

A

=

=

A
5=

5]
71e] A7

3}

|

A

BN
T

=13
=

1l ojtstea § &

)

war ohe)
_?4

o)

=

)

o

©
()
ooz A

1

=}
1o

e
E]

T=7F 16%9) 22%0lH# = o] A T o
3

&

(1999)2 =W Al AL A%

ol ikl ek 4

A

T
.
Ly
[€]

-
1.

Ko, A AujoAe] 3xk

&l

A
(2) =El2|HA 9509 SX| Aujitiof 2

LS A ALl F7]

o x4
t}. Sung
o WE-

AT}

\mo

Ho
e

—
o

™
[

A

A

X E7177F ARl wel 2 il

7
A &7 ARl uE

o
T

T

e

o
wAO



o L
A
o N T -
% o B oy It
+ T W Ho M o~
e i = =R
o ) j ~ e N iy o0 ol
0 I= oo o) o .
L v & X e w o 2 Moo = e o
3 o = w® £k P = E IS
3 o J Mm ° E ° o ) R
= S O X0 = ™ = I . =
= = o) e = " = Wowoo i = N Gl Y of dp o
© o o X L O s o = 2N BX = o o A
i —_ o ~ ] < %o < -y ojy ari A ~ A o
r gz L rE s 5 R SEE T
Ho N o S ow o oo T BB § = 25
; J B Y
T Gl ol 3 o 7 El HW_ o) F T o= = TN ~ & B R T Ho o
by oz T T P ) (G 53 63 ) o e = o N E oF R in
< gﬂMz qaa}oﬂ < 3 gﬂ.ai maga_wﬁ
E - < 3o N T o+ o= = w20 ) o g T M x
g o o o) e %0 " o= s JJJ %0 o
B £ :i HT myl 50 zto owc AH &M o .W._u _ﬂuﬂ ~ = Lﬂ ~ vy N E#E 1_,_A.o 1: ) s M
X — == = U ~ 2 ) —_— - 5
< X s = T = e X 4 g X = ° R =T &
G <5 o5 T ﬂﬂﬁé@.a T 5T w%ﬂimrﬁf >_xTE%
f » B2 %Eonggﬂ @ & Tideg s L
Ao VT ey RIS NI ey &o T SN B e col & Y
HA_I & e} —_ = \.ME = + ‘H,Al = 1 = o < " e IS
{q R o A — o° = M i FUI i o N e 2o
n = - 0 — Q 3= — < A —
w mw Kool w 3 — = F iy B R ~ ol = &S < =z s
) © T I TR} o w B2 o8 X T ot i = = T ®
< = g wwm o) T o Jm ks ) e ) gl Sy — & S n Ho O B
c osrr: £z ® Bt gaqwiu =252
o X = = T o oy TP SIS T e o T - G
L ~ B = o T K @) B il _ — 5 &
7o - = noT - TGN e = 3 T ° = * F A s & A
M ™ Ho i = 0 W o= N B ™ <0 M- = ) o §r L N o=
= B = ol T AL o s 9 pld 5 B 5 T+ wl o= o 6N
S W X W T o 5 00 ® ) S L
o X fal - A zl T I ) ) o 2
_i 5K i) | 0 ~o o ™ =0 <0 o 02 ‘mW _ ~ r_T sl = ' ey i) _—
B E Ty % =535 «E 7 2 < e B T kR
~ 02 T ofp = T - K X <0 M —~ o o o = O - T
e o AT ST - = S+ N Fo T ) N Ho
a@wTLMW Efg_é1ﬂﬂ o éamamﬂ +a§uw%3
‘_ﬂwl :i 1’ ‘,MA_H rl \ml N HT M \WE il OC O N ,Ih/l o ﬂ_OI 5 HT .Ao L M} ,Ul X
e Ho = = T Y o e w - o & e o 1| 5 ™ " ~
0 3% of o _ O~ . AN <O r = s 1o
oy e X M ) — X g X N f- g2 < A} so O i
N R W o X ° < — gy z © _-_u ] T o~ T < o oo <°
o o ™ v T R %E.éﬂﬂ@ T R m_.xoo;.MéL .waoaﬂ%b?x
sg gﬂﬂﬁamm@mﬁ@%@%% sz%ﬁm __@iol.lo%
Lo ol ) o = = =) S = N = gr B S X = o WA o o 3 fn mM i
N ~ T so— 9 s ) ~ 5 Ho O < 4 <o~ 5 o
ﬂ%M%}%o}_iok __o_.ﬂﬂ% ) me@ﬂw#
s T K s G téﬂe}ﬂm < L2k
~ o o | 0 _Mmu 00 = & o w@ < = W s .bwo =y
oo < = £ T B < B ER L = A %
oL D = 5 B P T - H o
= o ﬁ w gl = ) o
™ %o o d o X —
© W o S X % om
— -~ 0
S + 2o . e
(98] . %
gl =z
o)

- 72 -



ofN
lo

frelgol B ok Aol7F A tHFig. 7, Fig. 9).
F R 5T (Saccharomyces cerevisiae)®] AX¥ FA AE W& 27 FF7 el

71€le] °F 60%, 40%, Le]al 1%E AA8tal THCabib et al., 2001). °] & 7|€l&

1d
~ g
=

NTacetylglucosamine®] B71,4 A3 &2 iz AXHS FAS:E o T3 93-S
T (Smmits et al.,, 1999)3kaL o, tALA ] Wil A5 wAn gAY AE7F 2
Ak 71" FEe 33t 20736mA T 3 2mAFAA =dch st 9 3 AFFNAE
3 2 3 32mmH Fol A 223mg/ked 184mg/kg o2 ZH2E b kvl e 2 ) 45mH s o)A
A= 23y V€ FARY JIdRo] Fgastder ole ST AW FEom AN

Tdol HxH o wAbe] Yol At JF¥om AdHAT

(6) EIZIHA B F NS L S8
o] 5(2002) E&4< BA Aol 10714em, A = 80071200g/5-* W= F43 n} )
of olE JFoR B B AT B4 47 1B3msk $94 T 9B0go sl

Aol M el 3]

)
oy
o
>
N
2
>
z
o
ot
s
g2
=
HE
i)
>
e
>
>
__)&l
rir
Y of
Al
5
fob
ofN

o vzt ARt st 5710mH E, st 5T1om A F T V1S FA I vaste] FEFo] 3t
o]

AR ol BT UF Aok WG F AsTEoR AXTE L AUl FE
W] wEelgiek BA A A B Fig. 594 iz vhsh ol FRERGAY] W

Tetal SWg Aiste] wolE F R Aol wke] &Iy

N
W
i)
iy
S
o
{14

742 eSS A BF BT 2 FANE BA o] E

A AEE WA BT} e FoAE B gl EAsE o



o
T

il

pul

gl

3} 14723mm %

&

wj A -] FRaFo] 61.4748.5% %

FI1A =

3}
ol

7)ol A B kel

o

}F HAFol A= 15mm > 10mm > 20mm > 29 >

G

o)
T

TR

el
25mm > Smm >> 32mm, 36mm, 45mm, 5ommAE Y FoE Eow 05731 g/l E v &

F 10729mm

o

sh¢16] 4]

1.371.9g/L= ATt #e2

oA =gkow 31g/LE M =& 3

dE

Z

ol

|

3t 32mmAd 3ol A 223mg/

=1
=

3

&

3l 32mnH ol A =kt

2o AFEE 20736mn3d &

1
ke 184mg/kg o =

719 &

o3y 7€ FAHEY

ol

oM wol s e Tl

7ol A 62.1763.3% = 7}

bele.

7}3
F 36mmd &

5

oA AgGA ez =

stz

Hol Aol A

2 318

o
T

tol sk 32mmet %

H| &

s

o Wt Be

Ml e

AS RN
N

2 =7}

Z o
= ==

A 2] gl =

W
-

1 7177 A-

o



Upper-Under perforation hole type of cap Under perforation hole type of cap
e = v - =

g ~ Bl AN

e
% v

Fig. 1. Upper-Under and Under perforation hole type of cap.
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Fig. 2. The summary that some of control group about that concentration of carbon dioxide in
the inner the bag culture of upper—under perforation hole in the Oyster Mushroom Pleurotus
ostreatus 950g bag.
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950g bag.
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Fig. 4. The concentration of carbon dioxide of maximum peak in the inner the bag culture

during the aeration in the Oyster Mushroom Pleurotus ostreatus 950g bag(%).
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Fig. 5. The average moisture of upper bag in the incubator after ending of culture of Oyster

Mushroom Pleurotus ostreatus 950g bag(%).
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the midium culture 950g bag at the 16th day



The guantity of 5 free sugar contents in 950g solid bag by HPLC
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Fig. 7. The quantity of free sugar contents in Oyster Mushroom Pleurotus ostreatus 950g solid

bag by HPLC
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Fig. 8. The chitin(as Glucosamine) amount examination in the each control group at the ending

culture of Oyster Mushroom Pleurotus ostreatus 950g bag.
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Fig. 9. The comparison of control(100%) based on the average rate in the cumulative harvest

of Oyster Mushroom Pleurotus ostreatus 950g bag yield.
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The fruit body at control and upper-under The fruit body at control and under
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Fig. 11. The fruit body yield at control and upper-under & under perforation hole of cap of

Oyster Mushroom Pleurotus ostreatus 950g bag.
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Fig. 1. Upper-Under and Under perforation hole type of cap.

Relatively concentration(2:) of carbon dioxide in the inner
the bottle culture of upper-under perforation
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Fig. 2. The summary that some of control group about that relatively concentration(%) of
carbon dioxide in the inner the bottle culture of upper—under perforation in the Pleurotus

eryngii 850m¢ bottle.



Relatively concentration(2:) of carbon dioxide in the inner
the bottle culture of under perforation
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Fig. 3. The summary that some of control group about that relatively concentration of carbon
dioxide in the inner the bottle culture of under perforation in the Pleurotus eryngii 850mf
bottle.
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Fig. 4. The concentration of carbon dioxide of maximum peak(%) in the inner the bottle culture

in the Pleurotus eryngii 850ml bottle.



The average moisture(?) of upper bottle in the incubator after ending of

culture
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Fig. 5. The average moisture(%) of upper bottle in the incubator after ending of culture of

Pleurotus eryngii 850md bottle.
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The chitin{as Glucosamine) amount examination in the each control group
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Fig. 7. The chitin(as Glucosamine) amount examination in the each group at the ending culture

of Pleurotus eryngii 850ml bottle.
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of Pleurotus eryngii 850m¢ bottle yield.
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Fig. 1. Upper-Under and Under perforation hole type of cap.

Relatively concentration(?:) of carbon dioxide in the inner
the bottle culture of upper-under perforation cap type
10.0 —
9.0
8.0
.
=2
=
E 5.0 -
g 5.0
= ==
=
= 4.0
o
= 3.0
m
=
2.0 -
1.0 -
0.0 1 T T T T T T Mycellal culture time{day]) T T
a 6 10 13 15 17 19 21 24 27 30 33 36 39 a5
—t—Control{Mon sponge) cap _-_'éul'al' 15mma =
= b S 20mm S = A+ EF 50mm T =

Fig. 2. The summary that some of control group about that relatively concentration(%) of
carbon dioxide in the inner the bottle culture of upper—under perforation in the Pleurotus
eryngii 1,200m¢ bottle. CO,



Relatively concentration{?:) of carbon dioxide in the inner
the bottle culture of under perforation cap type
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Fig. 3. The summary that some of control group about that relatively concentration of carbon

dioxide in the inner the bottle culture of under perforation in the Pleurotus eryngii 1,200mf

bottle.
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Fig. 4. The concentration of carbon dioxide of maximum peak(%) in the inner

in the Pleurotus eryngii 1,200m¢ bottle.

6.0

-

M

@l S0mm

the bottle culture



The average moisture(%) of upper midium in the ending mycealial
culture
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Fig. 5. The average moisture(%) of upper bottle in the incubator after ending of culture of

Pleurotus eryngii 1,200m¢ bottle.
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The chitin{as Glucosamine:mg/kg) amount examination in the each
group at the ending culture
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Fig. 7. The chitin(as Glucosamine) amount examination in the each group at the ending culture

of Pleurotus eryngii 1,200md bottle.
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The comparison of control{100%) based on the average rate
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Upper-Under perforation hole type of cap Under perforation hole type of cap

Fig. 1. Upper-Under and Under perforation hole type of cap.
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Fig. 2. The summary that some of control group about that concentration of carbon dioxide
in the inner the bottle culture of upper—under perforation in the Flammulina velutipes 850ml

bottle.
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Fig. 3. The summary that some of control group about that concentration of carbon dioxide in

the inner the bottle culture of under perforation in the Flammulina velutipes 850ml bottle.
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Fig. 4. The concentration of carbon dioxide of maximum peak in the inner the bottle culture

during the aeration in the Flammulina velutipes 850ml bottle(%).
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The chitin(as Glucosamine) amount examination in the each control group

at the ending culture
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Fig. 7. The chitin amount examination in the each control group at the ending culture of

Flammulina velutipes 850ml bottle.
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Upper-Under perforation hole type of cap Under perforation hole type of cap

Fig. 1. Upper-Under and Under perforation hole type of cap.
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Fig. 2. The summary that some of control group about that concentration of carbon dioxide in
the inner the bottle culture of upper—under perforation hole in the Flammulina velutipes 1,100

m¢ bottle.
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Fig. 3. The summary that some of control group about that concentration of carbon dioxide in
the inner the bottle culture of under perforation hole in the Flammulina velutipes 1,100ml
bottle.
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Fig. 2. The summary that 3type of control group about that concentration of carbon dioxide in
the inner the bag culture of upper—under perforation hole in the Lentinus edodes (Berk.) 1.2kg

bag.
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Fig. 3. The summary that 3type of control group about that concentration of carbon dioxide in
the inner the bag culture of under perforation hole in the Lentinus edodes (Berk.) 1.2kg bag.
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Fig. 4. The concentration of carbon dioxide in the inner the bottle culture during in the

existing 3cap of the Lentinus edodes (Berk.) 2.5kg bag.
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The 1st day after inoculation of The 45th medium culture speed on 1.2kg bag at
liquid spawn-1 upper—under and under perforation hole of cap-2

Fig. 7. The 1st day after inoculation of liquid spawn, and in both upper—under perforation and
under perforation hole of cap. The photograph was the midium culture 1.2kg bag at the 45th

day.
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