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Maceration of Plant Tissues by Basidiomycetes

(II) On Some Sorts of Polysaccharide Decomposing Activities
‘of Crude Enzyme Preparations

Masanobu Kawai

(Kyowa Hakko Kogyo Co., Ltd., Tokyo Research
Laboratory, Asahi-machi, Machida, Tokyo)

Two Basidiomycetes strains, Fomitopsis cytisina and Irpex lacteus, were cultivated in
a 30 / jar fermenter and crude enzyme preparations were prepared from the culture broth.

Macerating, pectolytic, and cellulolytic activities of these two preparations were compared
with those of some enzyme preparations on the market (Macerozyme and Cellulase “Onozuka”
P-500). It was found that all activities tested of the two preparations per weight of crude
enzyme powder were 2 to 5 times higher than those of commercial enzyme preparations.

Next, some enzymological properties of these two preparations were investigated.

The optimum pH value of the enzyme preparation of F. cytisina for the maceration of
potato-tuber was about 5.0, whereas that of I. lacteus was more acidic (4.0-5.0).

The enzyme obtained from F. cytisina was almost stable within the pH range of 4.0-
7.0, but that obtained from I. lacteus was stable within a wider pH range below 7. 0.

The optimum temperatures for the potato-tuber maceration of these two preparations
were around 45-50 °C. The macerating activity of these enzymes was reduced to almost
nothing by heat treatment at 60 °C for 10 min.

From the investigation of the pectolytic activity of these two preparations, it was revealed
that these preparations did not contain pectin esterase (PE) and pectin and/or pectic acid
transe-liminase (PTE), but did contain polygalacturonase (PG) or polymethylgalacturonase
(PMG).Moreover, these preparations were able to hydrolyze pectin more easily than pectic
acid. :

The enzyme preparation of I lacteus is quite different from that of F. cytisina in the
point that the former contained a cellulolytic enzyme with a high activity for the decompo-
sition of filter paper, a f-1, 3-glucanase, and a xylanase. The latter showed much weaker
C., Cx, B-1, 3-glucanase, and xylanase activities. The activities of the enzymes of the
latter organism were one-twenty fifth to one-seventyth of those of the former.

Optimum pH values for the activity of all the enzymes mentioned above (except C,
activity, the optimum pH value of which was 4.0-4.5) were much the same, around pH
5.0.
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The two enzyme preparations seemed to be almost free from any proteolytic enzymes.

From the result of a comparison of the macerating and polysaccharide decomposing

activities of these two preparations with those of some commercial preparations, it was

supposed that some sort of endo-PG with higher affinity to an esterified substance than to

a non-esterified one has something to do with maceration.

However, it is possible that a

complicated reaction of a pectolytic enzyme with C, activity or a xylanase activity has a

part in maceration.

" |

BIERD ICHE Uc & DI, Fomitopsis cytisina B
KU Irpex lacteus (Z-82) X DML - BERERIZ,
R AR s K, DT MRE A S B
CHEEX 2. EREROBRMLSEZL T, MKED
pectinase ZFEBEE L TAHERL T XHICEL
5035, I lacteus TiT cellulase DAEREE L.

AHTIR, MERERICH LN 2 O HEEN R
E TR U RE2 G 5. TR OEDBR
BERIKEALU T, FRAERESBENC EEEL D &,
L THHROBEOHFHMEMNOMCLTHL T LRBE
BKOHEHLETHAD.

RRHH L FE

1. HEE¥ Y ICHE U Fomitopsis cytisi-
na BXU Irpexr lacteus (Z-82) O2#Th 5.
2. IEHBYERY seed BEMIE LT WMRICHBELT, L
£ ¥ 4 %, distillers soluble 3 %, ¥MKREERFLF+20.3
%, KH:PO,0.1%, MgSO,:-7H,O 0.02% DD &
DERW. ¥1% pH & F. cytisina TiZ pHS6.0,
I lacteus TiT pH 4.0& L7z,
BERAENME UT, F.cytisina 1Tl 1 ¥E1 %,
distillers soluble 3 %, pectin 2 %, *“Ebios” 0.5%,
K:HPO, 0.5%, MgSO,-7H:O 0.05% T#13% pH6 D
bD%E, I lacteus ITIIMFK LV o—2 2%, soybean
meal 3%, “Ebios” 0.5%, KH.PO,0.5%, MgSO;-
TH:O 0.05% T#1% pH4 b a2 ER L 1.
3. HBROBE HMHBELEIHOEEITIZI0!
jar fermenter ZfEH L7z, £3°250ml Rz v V=
A ¥— 7522 (seed Ezifh 30ml 24 7p) ICEGER
BEIOERFAZEREL,30°CT4~5 AIRERET 3.
DNT2] B7v VYR 7522 (seed £ H300ml
ZEU) KBUTEIC2 AMEHELALL D% seed &
U7z, Thx jar fermenter ICHEEE L, 28°C, 400rpm,
15//min OBKEB T3 ~4 HEET . —fic, F.
cytisina OFAII6EERTEPK 1ml 2D O ma-

cerating JE#E (Dl MA LH8T 3) 1335~40 (%)
i, I lacteus TITT2REMHT MA 75~80 (%), C: i&
I 1500 BN ICiE T .
BONKERPRIC2EROBT £ PV EZEBETT
WU, EUkUEBERT 2 Y BEXUAL—FVT
vEiktk, BRRICTERL THBEREREZSE L. WTh
OEALPHKRI0I 1581508 OMBEELE LT &8
T&k.
4. ZEBESBEHOME
a. Macerating activity (MA) B0 ic#4 2
B, BRIIRBENLBIIEEL5IC 0.1IM citrate-
phosphate buffer ICJEfE L TR . pH 12, #3D
BALSZ F. eytisina iTi2 5.0, I lacteus iCi2 4.0
U7,

b. FHtEEEENE (C: &) Jt@mfi - ALomk
K& ol RIGREIZ45°CTH 5.

c. CMC #E{LiEH (Cx iEH) MESOHEY Tk
oo, A0°CTE0ATERIG &+, UG 5ml ic 2B L
7238 5CHE% Nelson-Somogyi 19 THIE L, EHIZK
IS 1R CEERE mg 24D DK glucose B (ug/mg/hr)
EUTERRLT.

d. p-1,3-Glucanase ;Fitd L Uf xylanase 4
LBROREEH 3ml T 2.5% BEAK 1ml 8 LUBE
AR 1ml ZNZ 72 b D %240°C TOSRIGIES. &
2 Cx BHOBELAKTS 525, B-1,3-glucanase
DEAIE glucose 1T, xylanase DHEAIT xylose T #i
B/, BEELT, 81,3 glucanase FIEIC (T lami-
narin %, xylanase JIEICIITHER xylan (v €03
Y@ xylan) U7z,

e. Pectolytic activity ~7 5> EoKILERE
13, HIECERETR 2ml BXURERRK 2ml ICBEERIE
Iml /0% T 40°C T5 MBI E%, £ Y
VB EROTHERDREME L TR, &
B & UTHHRD pectin 2B 4% PMG, HERD
pectic acid W A& %E PG THEDOLIT T LT 3.
MEBRLRIRA L DkDI.
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VoV F. cytisina OEERIZ, cellulase EEIHZDEL
Vo Vg %100

Vo @ R o B B O BUGE DI E
Ve @ UG t BB O FUBROR E
Va . KOME

Pectin esterase &M (PE) {3 2 % pectin 10ml {T
BTSRRI Sml, BEFRIAW 2ml %Nz T 40°CT304>
RihX€7/d o 10ml %, 0.02N NaOH T pH8.0 &
THE L TR .

Pectin transeliminase (PTE) 13 1% pectin 1ml T
BER@EE Sml, EEEAWR lml ANz T 40°C T304
M HFTH T - TRIGEE, Zd 0.5ml 24 A&
VKT 5ml IC L, ODsss DIEINAERIE L TRD .

f. Proteolytic activity (PU) ik/E-Ansonk®
CXDAIE L. 1T tyrosine 1 pg C#E%j‘%
=#hEER (TCA) AEMENE SRS 2REE
Bifr & UCHElERIR L.

5. HEBRER HEoDICAVIHRERERD
BIROED THB. Macerozyme (L#EY 7 v K.
K.), Cellulase “Onozuka” P-500 (GE#Y 7 v K.
K.), Cellulase AP (REFF#IHEK.K.), Cellulase 4000
(Miles Co. Ltd.). Hemicellulase (FEE{LEK. K.),
Pectinase (FH{LAEK. K.).

£ B & R

1. EFEBREROEE FIERY OMRIDEZT
F. cytisina B8 & 1. lacteus OE$#IT macerating
JEME pectinase {1, cellulase {FEDOEHNEDIA D
CEACTFETE 3. TRENETRERER &R
Lizi84, COoBEDOBDIEA DI, £TTEY ma-
cerating BEEH LU cellulase DfRFE & LT Macero-
zyme & Cellulase “Onozuka” Z3%08, EICEMOH
AT - 7. #55iZ Tablel TR L7280 TH 5.
BMEXEEMVOEMHBETEOLOBFEL A,
MA TiX Macerozyme D2~ 3%, PG Tii4~5
f=, PMG T# 5 f£T% 5. Cellulase “Onozuka” iCi

75 <, Macerozyme D FIICIENDS, I lacteus DEE
F1Z cellulase FHHEHZE L { HLO, Cellulase “Onozuka”
LHARKBES C EHT3IEL L, Cx IEHETH2 5
TH5. BRERNDOILITOEERER, HFED
bOOFDBEL, WINBHRED 2 ~5FTH - 7e.
2. Macerating activity 2+ #4 =BHEICET S
BHEERIC OO THEBEROBREMEEEZ LKL ..
(Fig. 1).
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Fig. 1 Some enzymological properties of macerating
enzymes produced by F. cytisina (® —®) and
by I. lacteus (O—0O).. An optimum pH value
was determined making use of 1% solutions of
the enzyme preparations dissolved in buffers of
01M glycine-HCl (pH 2.2-3.1), 0.1 M citrate-
phosphate (pH 3.4-6.1), and 0.1 M phosphate
(pH 6.1.-8.2). pH-Stability curves were obtained
as follows. After 595 solutions in the buffers were
incubated at 30°C for 20 hr, an aliquot of each
solution was diluted with 0.1 M citrate-phosphate
buffer (pH 5.0 for F. cytisina and pH 4.0 for L.
lacteus) and the remaining enzyme activity was
measured. The effect of temperature on the enz-
yme activity was determined in 0.1 M citrate-
phosphate buffer (pH 5.0 for F. cytisina and pH
4.0 for 1. lacteus). Thermostability curves were
obtained as follows. After 1% solutions of enzyme
preparations in the above buffer were treated at
various temperatures for 10 min, the solutions
were immediately cooled to 0°C and the residual

enzyme activity was determined.

MA #5554 £13<, pectinase JEIHE ST,

Table 1. A comparison of macerating, cellulolytic, and pectolytic activities among enzyme preparations,

. Cellulolytic Pectolytic
Macerating activity I activity
activity C i PG PMG
(1% Enz. soln.) 2 p
(U/mg) /mg/hr) | (Enz. 1 mg) (Enz. 0.5 mg)
F. cytisina 52 85 320 83
1. lacteus 63 714 5510 84
Macerozyme 24 77 550 6 16
. Cellulase “Onozuka” 7 190 26350 O 17
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Z# pH oflEi3BER %, 0.1M glycine-HCI buffer
(pH 2.2~3.1). 0.1M citrate-phosphate buffer (pH
3.4~6.1) L XU 0.1 M phosphate buffer (pH 6. 1~
8.2) 513 5 —EDREHRITIHEMEL, 45°C T 25
RIS & T -2, F. cytisina OBZ TR, T
& pH 1385.0 TH - 7243, L lacteus T3 EHEFH
HEL (pH 4.0~5.0). F. cytisina Db D LD
BHAlcTh T

pH ZEHHALHBRCTHRVE->TVE. CDBE
SIHEBEEE EROBRERCRICRAKBEDN S BICE 3
& D IR L, 30°C T20RE FIMIE U 7242 T, F. cytisina
IZ LT pH 5.0 o 1. lacteus 1T L TIE pH4.0
® 0.1M citrate-phosphate buffer THRL, BEE
WARE L. L lacteus DEERIZZEEHEEIEL,
BEU-#H (pH 2.6~8.2) TREN -»-%ERK
W, it L, F. cytisina Db D pH 4.0~7.0
TRETHYD, pH 4.0 LT TEECKET 54 L
lacteus DEBEF LB L THBITH 3.

BEICHT 28 EIHERSYUTNW S, F. cytisina
% pH5.0 @, I. lacteus 7 pH 4.0 o 0.1 M citrate-
phosphate buffer WAL, 2BMRIGEEIBED
e 4 eWMECHTE MA OFEFRER, WTh
$45~50°CTH » 7. BEEWEH ZICI, EMHRE
ZNFn EROBEHRITHER U TERE TI05 M0
L, EbiIc0C Iyl CEREEELRIE L. 0T
NOBEAH0°CE TIHEE, 60°CLLETEBMITEAFEL
Tnb.

MRROBERIIIEABIEICEONDSH 25 L. BER
b (Fig. 2) 24 5 &, F. cytisina OBFRIZ, B
EBETOERIBARZOY 0.5mg/5ml LI EOBETE
HOBMITELLIFIIh T3, LA, L lac-
teus OEERIT HRBEOBEMICONTHEEDEAL

TH D, Macerozyme DA &R UEAIZRL T

30

20

Macerating activity (%)

1 2 3
mg of enzymes in the reaction mixture

Fig. 2 A relationship between the activity for the
maceration of plant tissues and concentrations
of enzyme preparations.
®——@ : enzyme from F. cytisina
O——O : enzyme from [. lacteus
H——A : Macerozyme.

3. Pectolytic activity - iz MA & BEEAIZEN
EBDN 2 pectinase [EH AT L7z, MkOBREIT
#H%5~N& PE BXU PTE B> TOIW, o
THTFEERICLZ 7 F v BDEIT endo 3
Wid exo MK MEBERIC L 2HDTHB. PG B&
U PMG tE# pH oB&=, Fig. 3 TR

F.cytisina I lacteus
100

£ g0

D

= 5
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L
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<
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o 20 \
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Fig. 3 pH-Activity curves of macerating enzyme
preparations.
® ——@ : activity for the liquefaction of pectin
O——0 : activity for the liquefaction of pectin
acid.

WIFNOEXRD PG X0 PMG »EL, ol
1T L lacteus OEABICELL. X pH TV Fh
b pH 5.0 §i#glicd b, F. cytisina TiZ MA OF
& pH IC—F LT3, L lacteus B4, @ pH
@ MA 0ZNE—F LISV, BiEToOFEEIEH
DT maceration ~OEEE2HET BHEHCIZIE 513
WTHAHS. PMG iZ2VCH % E pH3.0 BIROE
#I3Z® pH TOE®D 90% Llkd b, PG Tit pH
3~6 I TERITIZEAEESTNENZ 5.

BRUERAICE 2 3 CHEROERRNFELAF N E
OO BEMOLNTINED, 0T ERBERTIIEEERE
RABBAINSETLEBRL TN EEDEZ SN 3.
b LRI pectinase DSBS LTH D, ZOBERT
OEMNESE pH TOEEHTVESTOBAR,
MA O ZE# pH 7S pectinase D1 X D EHERNICTH
52LBHVBBTETHAD.

HCEEOE D - 72 PMG IC DWW TEBE EH: dig s
PF~_THI (Fig. 4). F. cytisina OBRITEM DR
<, # 0.3 mg/5ml OEET pectin OISERDRIT
0%BITET S, UL, L lacteus DD TII60%EL
BIRETHO, MA 04 (Fig. 2) LXIRBHTH 3.
DT EiE, maceration IT{3 pectinase DA TILTS
{, pectinase LMOEREDOEATERAILEETHS
TEEBERLTO IO bAmNIE.

4. ZOROBEESRTELER PH HAERLE
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Fig. 4 A relationship between the viscosity reduction
of pectin and concentrations of some enzyme
preparations.
®—@ : Enzyme from F. cytisina

O——0 : Enzyme from I. lacteus
A——A : Cellulase AP,
A——A : Macerozyme,

X

x : Cellulase 4000.

(x102)] (x10%)] 1. lacteus F. cytising (x102)
77 73
£ g

6 E 6 6 3
N <

»5( £ 5 5%
s 2 2
54 g 4 42
o k ko
o 31 ° 3 of 3 ©
g g

21 > 2 2 =
e -
g | AR

1) w

3456 345686
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Fig. 5 pH-Activity curves of some pblysaccharide
decomposing activities detected in the prepations
of a macerating enzyme produced by Basidio-

mycetes.

®——@ . -1, 3-glucanase,
O——O : xylanase,
A——A . Cgx activity,
A——A o C, activity.

R38E &4 3iCi3, F 9 pectinase DIAMC & X 5 135

PEFNTVEIDREST B LN ETH 3 (Fig. ).

I. lacteus ODEF T cellulase, B-1, 3~glucanase, xyla-
nase ZNFNOFEESFN. 1285 C FHEOEF pH
12 4.0 FIRICH 23 iEER VTN S 5.0~6.0 I
b0, MA 0EH pH &Fh T35, Zhicxtl,
F.cytisina OBZETRIOWIFNOEEDEEpHILSE.0
Bikich b Ebh, MAK—KLTVS. L»
L, WFEhoE 55, I lacteus OdoOD 1/25
~1/70 I XS0,

5. Proteolytic activity JiE® ItR~7-XSI,
F. cvtisina & 1. lacteus & protease HLEEETH D,

MERDE e 77 —EAEBRBERIRE 07T —¥%
HRT 5, SRNRINABRE LT cellulase, glucanase
LENMETIN TN 225, BREHECHOMEMEE LT
AVIEAR, BE o7y 77— ELOEABRELLT
W2 568EE L. LrL, Table 2 itaH 505
X5, WTFhoBRERS protease JEHHEAMED T
gguo.

Table 2. Proteolytic activity of enzyme preparations
prepared from F. cytisina and I. lacteus.

Proteolytic activity
cas. FR
pH (PU) pg tyr.
F. cytisina L. lacteus

2.6 0.7 0.3
3.2 1.1 0.4
3.8 1.7 1.5
5.6 9.2 7.3
6.2 10.0 7.8
6.8 11.1 6.2

RIE S 13 I lacteus %F& 2 OEHITERLT,
cellulase {EHAHE LTV 325, FOBEH pH 6.4
@ protease NPFEINLEMEL TS, TDA,
B0 B plicdhid, 4E0 #RE BB SO
BitigEw. L lacteus 37057 —EEEREGT TR
SEOBET 0T T —EEERTZM, VT —¥HE
EEHTTRENIVER pH OFEL protease %4>
BUNERLIEZVS L.

6. RESHESRETHOLE BRICHEHTEBEROD
BRSO 0ICT 2 HINT, BaOSFEEMREEZ
THREZEDZN EHE L/ (Table 3).

BrEBHY Y MA 7 F. cytisina>>Macerozyme>>
Cellulase AP=I. lacteus TV, C: {FHZ Cellulase
“Onozuka” >I. lacteus™> Macerozyme > F. cytisina
DIETH 3. Cx iEMIT Cellulase “Onozuka” 554,
I. lacteus & Cellulase AP & 72 D FEW. 6-1,3glu-
canase [CIZHFICTERHOBFN D DIRITNAS,  xylanase
EHER Cellulase AP & I lacteus T\, pectinase
T2 TAHBE, HTEHOERIZ PMG &L, F
cytisina \C% - Tld PG. PMG & dicitsEn th—
FrR.

Z DR D 5 macerating enzyme OEHAIHEIC
TERCLREBRDOTH B0, 2¥DLHRKBRBL
FIITEZREAS. MADEWVWHDIRWITND pecti-
nase {GiE & C FBHESBOAIELTH S, Lo,
C. FEHRBHTENICHH ST PG EHEDS L Cell-
ulase “Onozuka” %, PG RBEW C; EEOLN
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Table 3. A comparison of polysaccharide decomposing activities among some enzyme preparations.

A B C D E F G
Breaking down of plant tissues
(reduction % /mg-N)
potato 9.9 2.7 6.7 1.6 3.7 1.3 1.7
carrot 15.4 6.0 10.5 0 4.8 0.8 5.7
filter paper (U/mg-N) 805 1518 1075 2085 280 0 0
Saccharification (#g/mg-N/5 ml : X 102) of
CMC 30 117 76 288 112 69 85
laminarin 23 87 62 86 50 67 86
xylan 31 152 60 98 173 69 95
Viscosity reduction (%/10pg-N) of
pectic acid 3.1 0.5 0.9 0 0 2.7
pectin 15.7 3.6 4.5 3.7 6.0 1.8

A: The enzyme of F. cytisina, B: The enzyme of I. lacteus,

C: Macerozyme, D: Cellulase “Onozuka” P-500, E: Cellulase AP (Amano)

]

F: Hemicellulase (Tokyo Kasei), and G: Pectinase (Tokyo Kasei).

Pectinase (RF{LAR) FWFhd MA 23K, MA
& pectinase {FHEB LT C FHERATUIFEFLT
[AYA4AN

F. cytisina D®3%13T Macerozyme IZ 0 TWT, *
it pectinase E#2 5 3. Lad PG, PMG o
T dd Macerozyme OZN LD d 3{EATEN. L
lacteus DE¢FEX Cellulase “Onozuka” 1T TINT
cellulase SFEkEEZ SN B, C EHES Cx EHED
Cellulase “Onozuka” iz 94 - T 355, MA Tit
LEDICENTVED1E PG DETHBERZLTHEO0
Y Ik gRAYAN

% -3

HFREBROHEEE T LB LR, F oytisinad
BERS L lacteus OBEFED & 1T pectinase JEHEDSE
<, FFICHIFZICH - Tid pectinase HiEhEEZZ Sh
7o $BE D cellulase FE#E, xylanase [EHEZED L,
FKIZ cellulase EEZ Sh 3.

— T maceration {3 pectinase X VEEINZ b
DEZEZSNTNED, RSO BRRTNG LI,
pectinase {EMEE MA DRICIINAT U b FIFRIEDTS
W, SEloFES, 2 Tablel ica 503 L 51T
Macerozyme > pectinase (2B FEBED 1/5 1 TH
25 MA 131/2~1/3TH 3. botd, BHAEEY
DOFEWUTHRT 2E, MA OFVKIZOTRDS pe-
ctinase HHEDPFHNEVWZZ. LaL, oIk
L3, : :

MA OEOBRIT C BSOS 1D E S, Cellul-

ase “Onozuka” D#iZ, C. EHM:DA T3 maceration
KARFHDTHBEZ EZRLTNAS, —F Cellulase AP
DHERERTH 5 &, Co G, PG EHEE biTELs
MA F&E. ZoHEA3 PMG & xylanase JE{:hs
‘. L lacteus DS Y, Cellulase “Onozuka” &
TR, MA 55003 PG M & xylanase &
HICERDS 5 X 5ICHZ 5. maceration i hemice-
lulase »sB85.9° 2 ATREMEISH5MCE R Sh 3 10
TH A5, xylanase OEH pH 12 MA #h & (& -
TNT, HEDREVERER/ T LI TSR,
Ce B xylanase [EMEDES T 31 LT 2 REI7S
DT EBNTHAS. pH DT & EYBPISIEHS
maceration ZEL T3 AR EZ S TIN
TH53.
HFEERICIZ PE ® PTE 8S3B®» 530D T,
pectinase & U THUKGEIEH D A2 ZZ NITRL.
PE 5B 5NN &3, IHTFEEHED MA s NaCl
BECEEINTOCEONL BT E., $1o,
PG i3 Ca*r THEINBHHL %D, CaCl-2H,0
FEFHEERIC K S maceration ITAOEE S 5273
WL Zos, BETHEBRONS F VBRSNS
PMG>PG 0Bfr0& bl LiCBFRT 200 b4
EARAAR
maceration {C{3 PE & endo # PG ifREIEMAHS

MBI LD H B0, endo B PG DA TH macer-
ation [IAEEE I B L, pectin DK LIEM % endoX
PG THMT 2L bTE B30T, HFEBELCH
DWW % PMG HHFHET 5 EEZ ZLBERD. BFE
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@ pectinase 12, T AFNLEOBNEBRICEIMED

BO—FED endof! PG LEZEZTHBNTHERNKES S,

RRED PG, MECBEEOBALERILD, S5
DPOIBTEDBMOENTNE D, Ffz, HEE® &
maceration L5342 PG i3, W >h&H 2 PG 4
BEhO—RA G THET EARLTVE. HBFEO
BAd, DT pectinase OIEAEFTFIINY, F OS>
A% maceration {CBHS LT A DKRETT 2 & SNRE
T&h 5.

F. eytisina B3 XU 1. lacteus % 30 jar fermen-
ter THHEL, BEBEPRIOEBZELAHL.

M EER D macerating FEVE, pectinase JEHE, cellul-
ase {FHEEZTIRBREREREHE LI LA, BRER
LY oEHTIER, WITNOEELIBTEBROT 2
~5EEVHDTH -7z

F. cytisina OBF O MA 13, 8 pH 28 5.0,
pHA4.0~7.0 TLETH Y, E#HREII45~50C, 60
CICI0ARIMET 2 & TAET . COBRIT
C. B Cx BEBBDON L5, L lacteus Db
DITH AT Z DT, pectinase (EHEZE A 3 &, pe-
ctin ¥ {bLiEMHDS pectic acid #{LiEE L D@, PE %
PTE BED o i -1z

I lacteus O®FE D MA 13, £ pH 134.0~5.0
THY, pHT.OUTTRBO TRETH 2. EHEE
PEEEMER F. cytisina DD EL LTV, T
4% PE ® PTE @Fi#» 504, pectinase {EitEL L
TRIASMBEEEOB BB H SN, ¢ O BRI,
pectinase PIZMT & cellulase, g-1,3-glucanase, xyla-
nase SEOFEEEIEL, BiC C BEEOE VDI

Th 5.

BIEBRREIVTNROLD Y, protease 132 AT
BNEEZONE. TRIED, F. cytisina ORI
pectinase 2SFXTH Y, I lacteus DEEET cellulase
DEARTEH % A3 pectinase EESH DD TH 5.

EFEERD macerating JEM: & KBS EIENRE
HETRBERER DL N S & ik L, maceration 1T
I X FVEEOE N BEEICEAED B —FED endo
& PG 5L T2 mREEISRN T E A2 R N7
bokd, 12T L lacteus DIEAITIE, pectinase &

C. {EES xylanase FEWEE OEAIEREZEZ 1 FDS
REudbmhizu.
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