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Abstract: In this study, the production of total reducing sugar
from macro green-algae Enteromorpha intestinalis by enzy-
matic hydrolysis was investigated. As a result of enzymatic
hydrolysis using 13 kind commercial enzymes, the highest
yield of 8.75% was obtained from Viscozyme L, which is
multi-enzyme complex such as cellulase, arabanase, beta-glu-
canase, hemicellulase and xylanase. As a control, only 0.33%
and 0.27% yield were obtained from 1% sulfuric acid and
0.05 M citrate buffer (pH 4.8), respectively. In the case of en-
zyme mixture, the mixture of Viscozyme® L and Cellic® CTec2
(1:1) was presented the highest yield of 10.67%. Finally, the
14.99% yield was obtained at 36 hr under the condition of
10% biomass and 30% enzyme mixture.
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2. MATERIALS AND METHOD

2.1L.A-AR

Ao AVt AR ua)| (Enteromorpha intestinalis, e 2
=, 20124 423 = 60°Co| A 29 7F A% 3 Baff (200 um
o)shstel Alglol AHgaheleh. Alglel AH§3 F i Novo-
zyme A} (Denmark)2] AMG 300L, Cellic® CTec2, Celluclast
1.5 L, Citrozym Ultra L, Mannaway 4.0 T, Novoprime B 959,
Pectinex 5XL, Pectinex Ultra SP-L, Termamyl 120L, Ultraflo
Max, Viscoferm, Viscoflow MG, Viscozyme L& A3 T}
Table 10] Ago] L83 F40] BAS R et B4t
citric acid, sodium hydroxide 5 2] A|9F-2 EFA|OFS A& 0}

ot

22. 7V 88

A8 AT ) FAspslel u Ak AR e
etolH 7] 95to] tf23) 22 HFH S o] 8519t A g of up
o 100 mL 27]9] H-8-87]0] AT oFS] 7o) £ A

45 0.05 M citrate buffer (pH 4.8) 40 mLe} £3}5}%it}. 1]
] © &L vkA)5l7] 98] sodium azideE AR A
21]9] 0.02%7} E =& d71ol ). W82 shaking incuba-
torg ARE31o] 45°Cof| A 200 rppm ] &%= 2 24A]7F F9F vt
28 AaekuA, UF Azuht ARE Hstel A
(15,000 rpm, 105)3H & A2 A5 H-E o] &alof 4w &
Ao e S sttt

LY EEL:

ol whet ) Zh=Eaffofl v x| = G- GopR
1359 B4 ol goto] el Aol Heas vhg
M AT} 1% sulfuric acid®} 0.05 M citrate buffer (pH

o i‘> ~
o]-}l

Table 1. Properties of enzymes in experiments

Enzymes
Novoprime B 959

Properties
Cellulase
Multi-enzyme complex (cellulase,

Viscozyme L arabanase, beta-glucanase, hemicellulase
and xylanase)
Termamyl 120L Alpha amylase
AMG 300L Glucoamylase
Beta-gl -1,3(4)-), cellul
Viscoferm eta-glucanase (endo-1,3(4)-), cellulase,

xylanase (endo-1,4-)
Xylanae (endo-1,4-), beta-glucanase (endo-
1,3(4))

Beta-glucanase (endo-1,3(4)-), cellulase,
alpha-amylase, xylanase
Mannanase
Pectinase, hemicellulase
Pectinase, arabanase
Pectinase (polygalacturonase)
Cellulase
Cellulase, xylanase

Ultraflo Max

Viscoflow MG

Mannaway 4.0 T
Pectinex Ultra SP-L
Pectinex 5XL
Citrozym Ultra L
Celluclast 1.5 L
Cellic® CTec2
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3. RESULTS AND DISCUSSION
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lase2 2 LA H a4 E 5 Viscozyme L 8.75%, Viscoferm
8.05%, Ultraflo Max 7.62%, Viscoflow MG 7.05%, Cellic®
CTec2 6.57%, Novoprime B 959 6.52%, Celluclast 1.5 L 6.51%
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Enzyme kinds

Fig. 1. Effect of enzyme kind on the hydrolysis of E. intestinalis. A
(Novoprime B 959), B (Viscozyme L), C (Termamyl 120L), D
(AMG 300L), E (Termamyl 120L+AMG 300L), F (Viscoferm), G
(Ultraflo Max), H (Viscoflow MG), I (Mannaway 4.0 T), J (Pectinex
Ultra SP-L), K (Pectinex 5XL), L (Citrozym Ultra L), M (Celluclast
1.5 L), N (Cellic® CTec2), O (Viscozyme L+Cellic® CTec2), P (Vis-
cozyme L+Termamyl 120), Q (Viscozyme L+Termamyl 120+Cellic®
CTec2), R (1% H,S0,), S (Citrate buffer).
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Fig. 2. Effect of biomass concentration on the hydrolysis of E. inte-
stinalis.
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Fig. 3. Effect of enzyme amount on the hydrolysis of E. intestinalis.
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Fig. 4. Effect of reaction time on the enzymatic hydrolysis of E.
intestinalis.
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