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Masanobu ISHIHARA*, Seizen TOYAMA* and Kazuo YONAHA* :
Enzymatic degradation of sugar cane bagasse components by
cellulase preparations

Summary

A study was conducted on the enzymatic degradation of sugar cane
bagasse and its components (holocellulose, hemicellulose and cellulose)
using commercial cellulase preparations, Trichoderma cellulase (Cellulase
onozuka R-10 and Meicelase), Aspergillus cellulase (Cellulosin AC-40 and
Acucelase) and Sporotrichum cellulase.

Native or untreated bagasse was hardly degraded by the enzyme pre-
parations, whereas the pretreatment of bagasse with sodium hydroxide
solution significantly increased the degradation. Alkali-treated bagasse,
holocellulose, hemicellulose and cellulose were degraded by the enzyme
preparations. Holocellulose and cellulose were most strongly degraded by
Cellulase onozuka R-10 and Meicelase, respectively. The both components
were also appreciably degraded by Sporotrichum cellulase. Hemicellulose
was effectively degraded by Cellulosin AC-40 and Acucelase.
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a) Cellulase onozuka R-10

(

(b) Meicelase

(¢) Sporotrichum cellulase
(d) Acucelase

(e} Cellulosin AC 40

Fig.1 Degradation of untreated bagasse by

various enzyme preparations

Fresh sugar cane bagasse was washed throughly
with water, and then kept dried at 70°C. The dried
bagasse was ground in a whiley Mill to 40 mesh.
The ground bagasse was called untreated bagasse.
Enymatic degradation of bagasse was carried out
by using commercial enzyme preparations. The re-
action mixture for enzyme assay contained 200 mg of
substrate, 1.0 ml of 1 M sodium acetate buffer (pH
4.5), 1.0 ml of 0.1% sodium azide and 1.0 ml of 1.0%
enzyme solution in a final volume of 10 ml. After
incubation at 40°C for 24 hr with shaking, the reac-
tion was terminated by boiling and centrifuged to
separate the supernatant and residues. Reducing
sugar in the supernatant was determined by the
Somogyi-Nelsons method. The enzyme activity was
shown as an increase in the amount of glucose (mg)

in the supernatant.
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Fig. 2 Degradation of alkali treated bagasse by various enzyme preparations

The untreated bagasse was treated with 0.5% sodium hydroxide solution (20:1, lig-
uid : bagasse) at 120°C for 20 min. The treated bagasse was recovered by filtration, wash-
ed and dried (0.5% NaOH-treated bagasse). The NaOH-treated bagasse was incubated
with various enzyme preparations at 40°C, and the reducing sugar formed was deter-
mined. Other conditions were stated in the legend to Fig. 1.
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=
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Incubation time, hr
Fig. 3 Degradation of bagasse holocellulose by various enzyme preparations

The untreated bagasse was treated with hot aqueous 80% methanol for 2 hr and the
residue was washed with distilled water. The wet residue was added to sodium chlorite
solution (20:1, liquid : bagasse) and heated at 75°C for 5 hr to remove the lignin. The
residue was washed with distilled water and dried. This fraction was called bagasse
holecellulose. The bagasse holocellulose was incubated with various enzyme prepara-
tions at 40°C, and the reducing sugar formed was determined. Other conditions stated
in the legend to Fig. 1.



A&

4- BEEBEERICLENHZE

o —RD5RME
NHRPpOFEBI NS NT RV
D—X®ﬁiﬂm&éﬁ%ﬁmow
THENIFER%E Fig. 4 TRl e,
WNHZREO—-ZE AL &F—HEIC
Ko TBIFICGBINELVETHE
BOEMMRA NI, i, ®vT
—t¥A /XN R-10iICLB /LT —
Z DAY T VA7 YRR S5 2 0%
A AR owiva - & [AREEDRE
R Ui [RIBEIC, Sporotrichum
BE#EDPE Loy Y ACA0 I L B 43
FRRICB VT UG E & biciE
JCEEESEIL A, T+ kT~
LTIEPUE 6 BFEILA LTI EA L
EOLEEROMINE A S Nish - 7,

5. BRREEBRERICLEZNNHZN
Tn— 2053 8MY

Fig. 513, /S#Hx~Itro—=2x
DEEREFNC L B08itIc o0 T
HNIHERTH 5o BEBEFRANI Y
AN kvn — 25 BIFICHRE LR
IR IR e 31 e E SAGMP - S 5= vaRt-
mlzz. ABRAT, trovy
AC40 ifx b JH VA RT T
EDLABRANEIBD THON I &
W7 —EEREF L TWAET MR
WXNi, T4, Trichoderma &
BETHENVTI -4/, XH R-10
DI R AR L, AREERANL Y
R Do RRIC B3 A BE B S
N RELSEEFNTWS T &N
S ETS 5T,

67

INTT R RRGY D BE TR 53

15 = b

10 p~

Reducing sugar, mg/ml

0 1 1
0 10 20

Incubation time, hr

{a) Cellulase onozuka R—10
(b} Meicelase

(c) Sporotrichum cellulase
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Fig. 4 Degradation of bagasse cellulose by various
enzyme preparations

The bagasse holocellulose was treated with 10%
NaOH solution at 25°C for 4 hr, and filtered. The
residue was again treated with 10% NaOH solution
at 80 to 90°C for 3 hr, and filtered, washed and
dried. This fraction was called bagasse cellulose.
The bagasse cellulose was incubated with various
enzyme preparations at 40°C, and the reducing sugar
formed was determined. Other conditions stated in
the legend to Fig. 1.
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Fig.5 Degradation of bagasse hemicellulose by various enzyme preparations

The both alkali-extracts obtaind in the preparation of cellulose from holocellulose
were combined and acidified to pH 4.0. To this, 4 volume of 99% ethyl alcohol was
added to precipitate the soluble hemicellulose. The precipitate was washed with ethyl
alcohol and diethylether, and dried. This fraction was called bagasse hemicellulose. The
bagasse hemicellulose was incubated with various enzyme preparations at 40°C, and the
reducing sugar formed was determined. Other conditions stated in the legend to Fig. 1.

Table 1 Degradation of bagasse components by various enzyme preparations

Untreated Alkali- Bagasse Bagasse Bagasse
Enzyme bagasse treated holocellulose cellulose hemicellulose
y bagasse
(reducing sugar formed, mg/ml)

Cellulase onozuka R—-10 1.7 9.2 11.0 10.1 7.9
Meicelase 1.5 8.8 6.8 14.6 5.9
Acucelase 1.0 44 3.3 2.1 6.4
Cellulosin AC 40 0.9 3.0 2.7 34 94
Sporotrichum cellulase 1.5 6.0 4.7 5.1 7.2

Substrates were incubated with various enzyme at 40°C for 24 hr and the reducing
sugar formed was determined. Other conditions stated in the legend to Fig. 1. The
numbers indicate the average values of triplicate measurements.
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