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Masanobu IsHmara, Kazuo Yonana and Seizen Tovama:
Enzymatic degradation of cellulose in variously pre-
treated bagasse

Summary

Molds were grown on the solid medium containing wheat bran and
bagasse, and compared for their ability to degrade bagasse cellulose
by using koji—extracts as enzyme sources. Among 64 strains able to
degrade sodium hydroxide—treated bagasse, Asp. niger AUR 3124 could
appreciably degrade the cellulose. The effectiveness of various pre-
treatments of bagasse on the enzymatic degradation of bagasse cellu-
lose was also evaluated, The treatments with sodium hydroxide, sodium
chlorite and ethylenediamine significantly increased the degradability.
The degree of degradation was dependent on the concentration of treat-
ment agents used for the treatments. The treatment with sodium
hydroxide was found to be the most efficient treatment for bagasse
in terms of cellulose degradation. The most favorable pH range and
temperature for the degradation of bagasse celluose by the enzyme
of Asp. niger AUR 3124 was from 4.0 to 4.5 and 40°C, respectively.
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Table 1. Bagasse—cellulose degrading activity in various molds
. Degradation R sugar radalion R.sugar
Strains ® (" Strains s 7
Rhizopus delemar ATCC 34612 85 07 Aspergillus awamori  |FQO 4122 344 35 -
chinensis IFO 4745 129 10 IFO 5706 173 23
niveus IFO 4759 102 1.1 IFO 4119 279 32
javanicus  AUR 3063 80 07 IFO 4115 250 26
Aspergillus oryzae ' 1AM 2630 231 24 IFO 4119 216 24
japonicus 1AM 2016 318 33. Aspergillus AUR 3150 240 03
usamiy IAM 2185 349 35 higuchi AUR 3151 208 23
sSofae IFO 4389 203 25 aculeatus F—50 670 62
oryzae ICR 3311 28 03 usamis IFO 4338 391 42
IFO 4181 169 23 IFO 8876 311 34
IFO 4405 110 13 IFO 8877 312 34
sojae IFO 4200 163 19 IFO 6082 300 33
cellulosae 1CR 3317 141 17 IFO 4308 329 34
niger ICR 3303 430 46 kawachii IFO 4338 259 28
IFO 4338 350 38 luchuensis AUR 3208 154 19
IFO 4091 450 48 kawac hii AUR 3209 197 23
1AM 2094 387 41 niger p-2 AUR 3280 329 35
AUR 3124 600 6.1 niger p-3 AUR 3281 400 42
AUR 3125 304 33 Penscillium notatum 1FO 4640 46 05
IFO 6482 323 33 chrysogenum 1AM 7106 44 05
awamors ICR 3306 298 31 variable IFO6111 197 23
IAM 2112 182 20 cilrinum IFO 6062 488 48
1AM 2391 363 39 Morascus  miyazato ICR 3403 123 11
1AM 2087 184 20 Neurospora crassa IFO 6068 43 03
AUR 3140 - 254 29 IFO 6660 42 06
AUR 3140-A 323 36 stophila iCR 3551 65 08
AUR 3140-B 197 20 Trichoderma viride IFO 4847 279 30
AUR 3140-11 322 .36 IFO 5720 215 24
AUR 3140-12 175 20 AUR 3604 124 15
AUR 3141 173 22 AUR 3700 65 08
IFO 4033 400 41 : AUR 3701 169 17
IFO 4314 236 27 Gibberella fujukuros IF0 6356 10 01

Fresh bagasse from a sug
bagasse). The untreated bag
bagasse) at 120C for 20 min. The treated ba
Vari

and dried (0.5% NaOH—treated bagasse).

solid medium containing wheat bran and 0.5%
bagasse koji was prepared (per 2x10cm petri
g, water 7ml: sterilized at 120C, 20min) by
culture, and incubated at 30°C for 120 hr.
with distilled water (10ml) and centrifuged.

asse was treated wi

ar mill was dried and ground to 40 mesh (untreated

th 0.5% NaOH solution (20:1, liquid:

gasse was recovered by filtration, washed
ous strains of mold were grown on the
NaOH—treated bagasse.
dish: wheat bran 3g, treated bagasse 1
inoculation from a sporulated agar slant
The koji preparation(10g) was mixed well
The supernate, koii—extract, was used as

Wheat bran—

the crude enzyme for enzymatic degradation of bagasse. The reaction mixture for
énzyme assay contained 30mg of 0.5% NaOH—treated bagasse, 0.3ml of IM sodium

acetate buffer, pH4.5and koji—extract in a final volume of 3ml.
40°C for 24 hr with shaking, the reaction was termimated b

to separate the supernate and residues.

cellulose were determined by the Nelson

After
y boiling and cetrifuged
Reducing sugar in the supernate and undigested
—Somogyi method and Anthrone method,

incubation at

respectively. The enzyme activity was shown as an increase in the amount of glucose(ng)
in the supernate (mg) and the percentage of cellulose degraded.
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Table 2. Effect of various treatments on ST itk r=v Lt HRIAEEH
enzymatic degradation of cellulose -~ ¢, NHRPDEINV D — 2 B IG24EE T
in bagasse H60% : THARS iz, BIHLE/ K R DR
RIEL , BROEICEBERY 7=y D3RI

Pretreatments of bagasse Cellulose 390 = 40 T . cgr .
degraded ,#) 2 NI - 1o BB NN R, BKKRU 5
BHRBLE AT 2 BEEAEHRINY, K19

1. NaOH (0.5%, 120T, 20 min) 60

2. NaClO; (5%, 120°C, 20 min) 60 BORBRTH -1, Kel— BEA LK RIB AL

3. Ethylenediamine Higk bk /=y LicNFR Ve —
(20%, 50°C, 20min) 57 2DONMRRIINaCIO IBIKIC KDY 7= &

4. Steam—explosin . Ni A H 2T —2DMRRLDEV, TH
(240°C, 24atm, 1min) 32 SRR 5, BRICE B/ K 2D AR

5. Peracetate (1:1, acetic

anhydride : 30%H;0z, 1205, 2% MEATELEIREDED LN, 0.5% NaOH
20 min) 7k, 5%NaClOz RU20HTFLVIT IV
6. HaSO4 (6%, 120C, 20min) 18 B TIET 3 Litk DE L HRESED
7. Water (120°C, 20 min) 13 SNBT ENEOMEN oFo
8. Untreated 10

= ! SH.
Bagasse was subjected to various treat- 3 MRELBTNN YRR HIONR

ments, and the resultant residues were dried Asp. niger AUR 3124 Btk O3B L7
for enzymatic degradation assays. Bagasse BEEikic &k B3 H A DRI/ Y R % NaOH

was treated with chemical treatment RECHMET ALtk ELLIEDLNS
agents (20:1, liquid : bagasse) as indicated CE bbbt DT, WICABMRICLSE T VD
conditions. The treated bagasse was incu- ) AR A R DRI A T ~Fzo 0.5%NaOH

bated with the crude enzyme from Asp. e R i
niger AUR 3124 at 40C for 24 hr, and the AR AT < 77 2 30mg i ABER AL, pH

undigested cellulose was determined. Other 45 A0°C TRERRIC AAT ISV BITREDHAR LN
conditions are the same as Table 1. #H 2 0 —2DELRIC OV TERERNIAN

' F4EB % Fig 1 IR LTce T ) IEB/SH R
DEIEE & T B I DI A 2 DB DT bR LI, TN Y JATELS 3 2 3 B R
DEBICHET VR EN, FUGARBM TR/ SH R £ro — 230 T THRS LT, SHR T —
2DAEE & bIRGEPOBTERIRM Ui, —F, RILEBASTREIREAENRS hd, RIb24
BRI TO/ ST X 20— 2ADSBRIIWISH TH >7T

4 BRICLIZHRETIVHUNRENH RO
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T 120°C, 2053 RIME Lo s A RIT BV THW SRR (60%) vRLNT, 0.5 %L LEDTNAVE
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Degradation of cellulose, ¥ ¢ © )
‘Degradation of cellulose. % ()

L=
¥

Incubation, hr

1. 0.5% NaOH treated bagasse NaOH, %
2. Untreated bagasse

Fig. 1. Enzymatic degradation of cellulose in untreated and sodium hydroxide-
treated bagasse

Untreated and 0.5% NaOH~treated bagasse were incubated with the crude enzyme
from Asp. niger AUR 3124 at 40T, and the reducing sugar increased and cellulose
degraded were determined. Other conditions are the same as Table 1.

Fig. 2. Enzymatic degradation of cellulose in the bagasse treated with various
concentrations of sodium hydroxide

Bagasse was treated with various concentrations of NaOH solution at 120C for
20 min, and the treated bagasse was incubated with the crude enzyme from Asp. niger
AUR 3124 at 40 for 24 hr. Other conditions are the same as Table 1.

5. MRICLIZMREREERMT Y O LREBHIDIR

NI 5 #NaClOg B %MA 120°C, 2057 L TIRIFSER IR Y /= v LA rtro—
AT H )BT R EERREE TORENBE L ENbH>7DT (Table 2) , KizNaClOz E#k
T & BALERM & R AR, BEBREDNaCIO, BK TR L f2/5H 2 DRI ST AT
FERVFig.3 TH Do NRBIE KR A MES 2 NaClO B BEDHIMICITV LR L, 5%NaClO;
BRTRE L I H2TRINE0FE THR SN, L L, Tah VRENH R & EREOSRES S
5 1o DI HRH S BE D NaClO2 I TS H R % BT 3 0B 05 3,

6. MRBEECRITHRIGpHRUBEOEE

Asp. niger AUR B124 BErD OHAB L BRBEH L, .57V VBN ZARBE L TR
BB D pH RURIGEREE %2 A TARMBRSUCZIT ISV AERBTHEBZAIE L2 DbiFig.4 & Fig.5
TH 5o

RS HHOPE LS, RIGOES pH i3 4~ 45 f1EiIcdH Y, pH 8LILLD T h YR TIZH R
&V, 7, EERIGEEIIOCTHY, S0CULOBRETRAMICHRIE-IZET L,

% &
HEANTZOBERBESREICLVT =X, N1 —RRUY) F=vhoRY, TOSBIIFNE
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Degradation of cellulose, % (O)

o

NaClO2, %

Fig. 3. Enzymatic degradation of cellw
lose in the bagasse treated

sodium chlorite

with various concentrations of

Bagasse was treated with various
concentrations of NaClO, solution at

120C for 20 min, and the treated

bagasse was incubated with the crude
enzyme from Asp. niger AUR 3124 at
40°C for 24 hr. Other conditions are
the same as Table 1.

Relative cellulose degradability, %
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ICHOWTNH 2O —ZABERDOE®D AT
FoEBR, Asp. niger AUR 3124 D/NH 239 Vil
BHHBNECARERER L, FELOAM L
R ISKBILF ) U4, REEEBRT LY I
RUOIFLYITIVvEMATREBLUINNTRAEEZ X
MR UTohs, BILER N A R DBKMEE NN H R3S
AEDNREINE ot THHYVRBEICXOERY 7=
v Ll 2 BBEERICRBOERICHELTIVIREIN,
BITEBBOMANA DN, BRI/ NH 2 ENHET
Z7h ) BECKEL, 0.5%LEDTVA Y TR

R

= 100 }=
2

2

3

&

&

o

Q 50
2

B

©

(%]

g

.

= o
o | ] 1 [ I

30 40 50 60 70
Temperature, C

Fig. 4 Effect of pH on the enzymatic degradation of cellulose in sodium hydroxide-

treated bagasse

Alkali (0.5% NaOH)—treated bagasse was incubated with the crude enzyme from Asp.
niger AUR 3124 at the indicated pH for 5 hr. Other conditions are the same as Tablel.

Fig. 5.

Effect of temperature on the enzymatic degradation of cellulose in sodium

hydroxide—treated bagasse

Alkali (0.5% NaOH)—treated bagasse was incubated with the crude enzyme from Asp.
niger AUR 3124 at the indicated temperature for 5 hr. Other conditions are the same
as Table 1.
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