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Agaricus blazei T 7 |=S S8t S=2HQl B-glucan| it
O|&8 - etn| - ZENY - ZHH - HiEM - /RO . ZARY
(F) ENEQF MSISE ARIR, OIFCHEID 2XfatED skt

o}7}e) 2 (Agaricus blazeiy A &) FAA W] F 23 & H A 3}5he] FEA L2 B-glucand] JA S S 34 7] 2
A} stg et olrte]l F2 FAH Wl Al gAY AAYY] 2 R FHE AE AES A AR
glucose 5% (w/v), yeast extract 0.5% (w/v), malt extract 0.5% (w/v), KH,PO, 0.1% (w/v), MgSO,-7H,0 0.05% (w/
v)7F A o] T} 30L L E T o A 2] uljoF 274 -2 pH 5.0, 28°C, 1 vvmn, 300 rpmol| A FALA 2] A &3 B-glucan?]
A o] 744 A A ol %t} ] A FollM A X 9] B-glucan] A& F7HA1717] 918l 7] glucose?] H7FS
4%2 %3] glucosedl] 23t FAA A A q 28-S HAs= g, vl o 7047 A1 H o glucose 3%, yeast
extract 0.1%, malt extract 0.1%2) 3=7} v} 2] 2 A 7}3}o] v 522 4 batch vl oFo)) 23 2.8 g/lLof| ¥) 3 2u) A
= F74 52 gL A X 9] B-glucang & 5 U =3 FAHA W9 Al £ Bglucand A 02 F23]
7] 3 A £8 23 H A< Iytic enzyme} T 23 A<l bromelain®] 42l EAW-§02 F270]35g/L

2 Frlsled FAAS & @533l wld o ae) 32 Sgo) 4
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opFlElFss dFE (F7) BB Y WG ROl Bl T
Z(Agaricus blazei PLO3)E AME-3155.2 0, PDA (potato dextrose
agar) 3| R A 28Coll A 7Yz Wi & 4°CollA B B
ata, 04E 7HH o2 Altujdate] A3 o] 83kt

ETl e

ZdS wiosir] 93] glucose 30g/L, yeast extract 3 g/L,
KH,PO, 1g/L, MgSO, - TH,0 05 g/L.o] 2402 s A& ZA|3}
o, 1L Ay Zglx=o] 200mL¥ B 121°ColA 1583 7}
S st of7]o] Ful R A v dgk orte] A dALA
= 05cmX0.5cm 7R 4278 FES 28°C, 100mpm F
Ao 73 ARl ket TS LUk

Fermenter H{ 2F

B kS 30 L (MSJ U3, Marubishi, Tokyo, Japan) fermenter
o working volumeS 18 LZ &t XS ZA3 & FdAqS
5% (viv)E FEE skt R Al vl 24, pH,
L5 aeration, agitation®] Hi%kl] DR IS ZARSHY] H8)
Rk 2ol AT v A A6l olM dAadH FIIEF
= yeast extract 0.5% (w/v), KH,PO, 0.1% (w/v), MgSO, -
TH,0 0.05% (wv)E 1734g JejolA, ©@AAUA glucoseE

3~8% (wivye] FEZ HIAF|AA AL 2] A-S53 B-glucan?]



Vol. 40, No. 1

873, glucose®] FEH Foll it FEE Z43Ict thao g,
AL yeast extract 0.5% (whv)St F7124LE 05% (wiv), T
71249 01% (wvE w2 Ejtsle] FHER wix]e] A8}
I 797 wigste ARE Sk Ve B9 A9
KH,PO,%}+ MgSO, - TH,0F 0.05~02% (w/v)?] FEZ W3]
HA wluEdnES sk 121, pH 3-8, L% 25-35°C,
aeration 0.25~1.25 vwvm Z}Z}e] Z74Wislo)] W& AARA 9] -8}
B-glucan®] YAg%ke] HaE &4}
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B-Glucan &4

A)22] B-glucan ¥41-2 MegazymeArl (Wicklow, Ireland)®} f-
glucan 24 ‘Mushroom and Yeast Beta-Glucan Assay(15)’
WHE Wyl 433 Zo] 4gsiA). £4AE 10 mgs glass
cap tube (14X 120 mmyoll ¥, 70°C2] D.W. 3 miE go] ant
otk A28 YR F 99% cthanol 6 mL-& Fo] HHo]
=™ 2000 x goll A 10383 YAEE ST F5dS gl
50% ethanol& 5ml F7Fste] mHkERal 2000 X gollAl 1087 €
AESIAT A AelS met HE & 2M TFA (wifluoro-

acetic acid) S5mlE ¥ wHFS}a] 120°C, oil bathol Al 40%-7F
W59k AlgE WZkAl71a, oJ7]e] 2 N KOH 5mle 7}

i

sto] FEAIFTE ol somL &% FEkaId A4 2,
0.1 M Na-acetate (pH 4.5) &N O 2 50 mLE N 8% F
2T E magnetic stirrers 0]8-3ka] wHkELH T} Alg ool Y7
= B84 B2 ARSI AASAT AlEd 100 pel]
ex0-1,3-B-glucanase (Megazyme, Wicklow, Ireland), B-glucosidase
(Megazyme, Wicklow, IrelandyE ZFz} 50 pid #7138+ 3= 40Col
A 60E7E HEEAIATE Glucose & kit?l Glu CI(Wako,
Tokyo, Japan)E AHE-SI glucoseS G aFste] A4l o] B-
glucan® 2 k514 T}

E2E 0|28 M= LY B-glucan =&

Azde] FE Bglicand FE37] AT AAEA
Tunicase™ (DAIWA, Japan), chitinase (Sigma, St. Louis, MO, USA),
lysozyme (Inovatec, Canada), ECONASE CE™ (Rohm Enzyme,

o2 B-glucan®] E&AQ) A 55

Finland)9} A} A28 Iytic enzyme (Trichoderma sp., () ©l
Hohg A3 A, wiE B E4+ bromelain (Biochem,
Thailand)S AR-31ATE. FAR] AlE€ vl 100 mLe A4
Z g F ATAE e g dAM HdE] 100 mLe]
D.WE 718 wwkslet. 7)o Z4zbel A4 0.5%(wiv)
o= Friete] WhAIAT olwl, AlEH EIEALE 2047, T
WA B ais 427 vEAIATE ¥R TR F 100°C, 2417

Hi X[ =4 o At

gagogs 7k AP0 2 AT B Wil vls) @43
Zpol& UEISIAL, A ZolA feldh glucoseE 710
glucose 59 FIE 2 A5 Glucose] F=o
2 dAHS} B-glucand] AJAJRE Table 13 2t} Z27] Wi
Aol slucose T} 5%(wivid o TAME 213 gL, AX 9
B-glucane 22 gLE 7P 3 23E el ojB g ¢
£ 3%(wiv)t 4%wivid e FHESRE glucosed] TE7F WAl
B-glucan®] Aol 1.8 g/Loll 214 F714Q] B-glucan®} A1
olgfE AT AAHUT. EF 6%(wiv) ol FlME WFER
Al ZESR= glucose F%E7F =0} glucoseol] WEk o]-&-&0] F4
3 "Wolxe ZoE APHAUY. AF A7 @hdoRe]
glucose= 5%NA] o]& &E&o] 7P =a1 FA2 B-glucan?]
o] Arkgke ek

EAaUS glucose 5%2 TASEY Thst A4l tigted uj
& HEd A= Table 29F ZUTH FollA, yeast extract T
o2 483 A3k wimste] £7] 144 2 7] A28 BR
B3 Ao FAS FE Z7IAAT, Pglucans] BHFS

a2

Table 1. Effect of glucose concentration on the mycelial growth and
B-glucan production.

Glucose  Dry weight of mycelia ~ B-glucan Residual glucose
(%) (Wiv) (g/lL) (glL) (%6)(Wiv)

3 15.6 1.8 0.2

4 184 1.8 0.3

5 21.3 22 0.8

6 17.7 20 14

7 16.5 1.3 25

8 13.0 1.1 2.7

9 122 1.0 3.8

All growth media contained 0.5% yeast extract, 0.1% KH,PO, and
0.05% MgSO, - 7H,0 in common. Results were obtained after seven
days’ cultivation.
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Table 2. Effect of nitrogen sources on the mycelial growth and B-
glucan production.

. Dry weight of mycelia B-glucan
Nitrogen source (o/L) (/L)
Yeast extract 21.3 22
Yeast extract” 18.3 1.6
Malt extract 17.8 14
Peptone 169 13
Beef extract 139 1.2
Yeast extract + (NH,),SO, 23.1 19
Yeast extract + NH,Cl 212 2.0
Yeast extract + NH,NO, 220 1.8
Yeast extract + (NH,),HPO, 21.6 L9
Yeast extract + malt extract 22.8 2.6
Yeast extract + beef extract 22.3 1.7
Yeast extract + peptone 22.1 2.0

a): 1.0 % added

Organic nitrogen sources were added to the media at the concentraton
of 0.5%, and inorganics were 0.1%. All growth media contained 5%
glucose, 0.1% KH,PO, and 0.05% MgSO, - 7TH,O in common, Results
were obtained after seven days' cultivation.

FFol AU thA FlEIE En. 2299 EFAME 7
BlE-8] Frhe A9 ASE ST 4 dAT AR 9 8
glocan®] A2 M= yeast extract¥t 0.5%(wiv) H7}Eh=
Aol £ Aoz vreEhgdt) X%, yeast extract?} malt
extract®: T AMEIIRAE A, FAE 28 L, AZ 9 B
glucan- 2.6 gLE 714 958 AME 4S5 Yot

7Iel F719FE Aob 55 88 wel A2 FARE 5%
AT FFS FUAT, B-glucan®] WA= Aol W3t 9%
T} 0.05-02% (w2l T3yt At njxe Jke njnjg
A, v AEE B FAISHEQ) A9E Eff® KHPOE
0.1% (wiv), MgSQO, - 7H20“\f‘ 0.05% (wivys HZFzxHo s A
o} OGO ZRE] glucose 5%(wiv), yeast extract 0.5% (w/v), malt
extract 0.5% (wiv), KHLPO, 0.1% (wiv)$} MgSO, - TH,O 0.05%
(wivyE 33 Az g sty

k= 212] sk

2719k o] 228 MAE NEE wigo) P pH, &%,
aeration, agitation®] @&l i3l APt

7] Wix]9) pHell et 42 Fig. 133 2t} B-glucan]
e pH 50904 7 BROH, pH 46914 53 AR
HER) 2t

VIR EE 25~32°CE HSAIAS W 28°ColA] FALRISE B-
glucan®] Aol 213 gL} 22 g2 HRA 2] A2 Jehia
2 Y Fig 290 2t w0t 30°C o3 A, FAM)
= A GES 2] o= 9, Boglucane] AT HAslA)
BojR)= Ao E Hol Bglucand] WA 2lo] vk 257) wj%
FR3 20YS & £ ATh

Aerationl] th3h TS 0.5, 0.75 vvmellA] 9423+ A} L}
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Fig. 1. Effect of pH on the mycelial growth and B-glucan production
(O -0, B-glucan; @ — @ , mycelia). Medium; 5% glucose, 0.5%
yeast extract, 0.5%, malt extract, 0.1% KH,PO, and 0.05% MgSQO, -
TH,0. Temperature; 28°C. Aeration; 1.00 vvm. Results were obtained
after seven days' cultivation.
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Fig. 2. Effect of temperature on the mycelial growth and B-glucan
production( O ~ O , B-glucan; @ — @ , mycelia). The experimental
conditions were the same as in the Fig. 1.
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Fig. 3. Effect of aeration on the mycelial growth and B-glucan
production (O — O, B-glucan; @ — @ , mycelia). The experimental
conditions were the same as in the Fig. 1.

H3L, 05 vwm oJsloll e Briake] A B-glucan?] 4840
ASREHM, 1.0 vwm o[ Folrd= FARS Bglucan] AibeE B
T ek AE d 4 AT Zae Fig 3o JERAACH
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o}FojAe 300 rpmO 2 APIIATE wiA] 2 el o s
M FZE Table 30 )3t
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Table 3. Culture conditions and optimized medium composition for
submerged culture and semi-fed batch.

Component Initial (g/L) Feeding (g/L)
Glucose 40 30
Yeast extract 5 1
Malt extract 5 1
KH,PO, 1 -
MgSO, - TH,0 0.5 -

Other conditions were as followed: pH 5.0, temperature 28°C, aeration
0.5 vvm and agitation 300 rpm.

o7l Tt ujek Al Bl kRS A Q] A8l AAF 2}o)
& B vhEe] S 7|AA= FUTh ok, B-glucan o) 9}
2e AN BoAASFE AT FAT A4S Bk
A wiA =T w2l W AR Hl A EE 231
g/1.e)ar, MFE 2] B-glucans 2.8 gLt}

HiX| feeding

Hi 2] 24 Bl 270 b AE Fig 4(A)9} 2ol Fz
3ted wjtrizE Fetke] AR }F B-glucan A8, glucose®] Al
BEE Febstaint. olol sl 2pAls] Ashd, -4 dAR 9
AgEke w71zt B el T B, B-glucand 60
AIZE o] AAdEe] VS & 7 Utk FE glucose™ 604
A 4% olAte]l = FAEL 60~10077F Akojol] 29
Aol 27} o]RolH ) w3l uiek 2ol BEE= kel
glucosedl] 23 TALA| A37de] Asiatg-& #HAaskslr) flal 27
glucose®] FEE 4%F E0]al glucose?] AH|BFo] FE3= 70
AZE APl 3%9] glucoseE F7HE HEFHE semi-fed batch®

& AHgste Agstdct iR HESIe wixe] 24L
glucose 3% (w/v), yeast extract 0.1% (w/v), malt extract 0.1%
(wivE AT F7} uiRol Wi ik AHE Fg 4By} 2
o] ZElstEtt. ol& Fig. «A)9] Axte} vlwsiry, Al 9] B-
glucan®] o] 52 /L2 HA3] T71ES ¢ 4 U

AlEol 24

B AT AR A8 tF Boglucan®] §ES- Table 4%}
2ok A 9] gAY B-glucan®] LS 653% (wiw)OlaL, T
A W) B-glucand] & 32.7% (ww)Tk K AE €
ggale HE 5 ARES 796 gLE I uHEke] Ak
31 B-glucan®. 2 52 LA} FAMQ] A9, HE AxE9]
P2 266gLE BglicanlEE 87 LT ARHOE, B
glucan A ¥ o] chA| o} vlwste] fAM e] AxEef 15
v ol Wo] EAEE & 5 ATk 3, AdA dZ2E -
glucan T 5.2% (wiw)E TAR o vis] Fid oz i},

SAY20] 2|5t B-glucan F£&Ho| sk
Atz oz AR o duldoy Fjel iRt} AFA 7
(11, 14,2DHE FEEEC] 4] %2 B-glucand F71= &3}

71 sk, Axd LelELE AFslar FFEsact dojxl

o7l B-glucan2] E&-7Q1 Ak 57
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Fig. 4. Time course of the mycelial growth, B-glucan production and
glucose consumption by the cultivation of Agaricus blazei (A)
without feeding or (B) with feeding at the point of 70 hours. (O~ O,
mycelia; @ - @, B-glucan; A — /A | residual glucose). Medium: 5%
glucose, 0.5% yeast extract, 0.5%, malt extract, 0.1% KH,PO, and
0.05% MgSO, - 7TH,0, pH 5.0. Temperature: 28°C. Aeration: 1.00
vvim.

FE5 gt 23 Fig 59 23tk Lytic enzymes X238}
< W 2.7 gL, Tunicase™e 24 g/LE HIE £& gafolgle
W, 72 yhe] gAHRSC 9FAE 1-1.5¢LY Bglucans A&
Atk Bk 471 AN =2 &S e Iytic
enzyme, Tunicase™¢} t)3}e] M2 bromelain E AR F7}o]
WE B-glucan FEEIE B3P CE 2} EAHRS-9] 47} F
Z 8o "R JF D 2 a4 e B-glucan FETE
£ Fig. 6o JERNATE il E B8] £ bromelain® 2 B-
glucanl] Z3E] e S S Balgeza dAkA e B-
glucan?] FE-2 80|54 sttt

$4, 9he-9] A9 glo] 122 & Iytic enzyme, Tunicase™

Table 4. Comparison of the B-glucan contents between samples

Sample B-glucan (%) wiw)
Fruiting body 52
Mycelia (cell wall) 327
Extracellular polysaccharides 65.3

Samples were analysed by the modified method of ‘Mushroom and
Yeast Beta-Glucan Assay (15)’.
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Fig. 5. Effect of enzyme treatment for the extraction of B-glucan
from mycelia. Mycelia as a substrate was prepared by centrifuging
100 mL of culture solution and set to 100 mL with distilled water to
the precipitate. Each enzyme was added to the mycelia solution at the
concentration of 0.5%(w/v). After 20 hr reaction, it was extracted with
hot-water for 2 hr and dried. Control was only hot-water extracted
mycelia.

FARES % bromelain EARNSS & HL- 351, 32gLE
3 58 22588 B3t AL bromelain E49H-8
A P& wol= lIytic enzyme, Tunicase™ ©% A 2)TtHo}h A9
ZAG okt F7kER Byt o= Bglucand] FE5E 7
7h 1o Aaxd Zafjo] ofg AE Yol EAlshE the]
B-glucan FEZ QI3 ol R w, 12} A28 Hjjof ols) B3
g 22 A%E T FHo] FEAo s BaEHA whi
A7} Agtd ohdATFE2rF e 23F S fho) How
HE golatA 3l Fof Fiol ot FEREC] wo] WE
o= AZEN.

N
2ad
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Fig. 6. Effect of mixed enzyme treatment for the production of -
glucan from mycelia ( [J : Iytic enzyme only, ll: bromelain after lytic
enzyme, : lytic enzyme after bromelain, : Tunicase™ only, B :
bromelain after Tunicase™, [l : Tunicase™ after bromelain) Mycelia
as a substrate was prepared by centrifuging 100 mL of culture solution
and set to 100 mL with distilled water to the precipitate. Each enzyme
was added to the mycelia solution at the concentration of 0.5%(w/v).
The cell-wall lysis enzyme was treated for 20 hr and bormelain, 4hr.
After enzyme reaction, it was extracted with hot-water for 2 hr and
dried.
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ABSTRACT : Effective Production of B-Glucan by the Liquid Cultivation of Agaricus blazei
Seung-Hyun Lee, Hwan-Mi Lim, Tae-Young Kim, Nam-Suk Cho, Jun-Seong Park, Yeon-
Woo Ryu', and Moo-Sung Kim* (Bio-tech Division, Amorepacific Co., Ltd., Ansan 425-839,
Korea, 'Department of Molecular Science and Technology, Ajou University, Suwon 442-749,

Korea)

B-Glucan has been efficiently produced with higher yield by the optimization of liquid cultivation conditions.
The optimal composition of medium for batch culture was 5% (w/v) of glucose as a carbon source, 0.5% (w/v)
of yeast and 0.5% (w/v) of malt extract as a nitrogen source, 0.1% (w/v) of KH,PO, and 0.05% (w/v) MgSO, -
7H,0, which had been the base medium for determination of other conditions. The set-up conditons are pH 5.0,
28°C, 1 vvm for aeration and 300 rpm for agitation. In order to minimize the inhibition effect of glucose on the
initial growth of mycelia and to maximize the production of extracellular 3-glucan, we have reduced the initial
glucose feed to 4% and added 2nd feed at the point of 70 hr from the initial feed. The 2nd feed was composed of
glucose 3%, yeast extract 0.1% and malt extract 0.1%. It improved the B-glucan yield upto 5.2 g/L in com-
parison with 2.8 g/L resulted from batch cultivation. Moreover, the serial treatment of a cell wall lytic enzyme
and bromelain to the mycelia was effective for extraction of the cell wall bound B-glucan. The yield of B-glucan
extraction by the enzyme treatment was 3.5 g/L, which was almost 4 times higher than that by hot-water extraction.



