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8.41%)
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0.3 hr 100°C 0.3 hr
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( 60.93% 23.91%)
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09N 121 C 1 hr glucose
galactose 95.0%  43.5%
11—
(Gracilaria sp.) (Jorg and Sascha, 2008)
47 ( ,2007)
ton/ha ( , 2006) 70% ( )
(agar ) (Saha et al., 2005)
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(Marinho-Soriano and Bourret, 2005) B-D-
galactose 3,6-anhydro-o-L-galactose (Campo et al., 2006; Dien
B-1,4-bond  o-1,3-bond et al., 2006) 6~
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2005)
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glucose
galactose
glucose glucose
galactose (Jeffrey et
al., 2004) ; glucose  galactose
glucose

galactose 33 (Wilkison, 1949)

glucose
BB 5 ik
()
60
C 30%
()

Novozyme (Novozyme, Denmark)
(Trichoderma reesei celluclast 1.5
L, 750 units/mL)

endo-1.4-B-D-glucose

exo-1.4-B-D-glucose

pH4.5 50°C

(D-glucose)
(sulfuric acid)

(D-galactose)
(phenol)
(Merck, Darmstadt,

Germany)

A.0.A.C.(1995)
105°C
micro-Kjeldahl
Soxhlet
550 C

100%
1.0g
30 mins
100 mL 1.25% NaOH

100 mL 1.25%

30 mins
105 C 4 hrs 550 C 2
hrs
()
( ,1997)
(Marinho-Soriano and Bourret,
2005)

RSM (Response Surface
Methodology) (Myers and Montgomery, 2002)
(Table 1)

EXECL

10 g

25

100 mesh
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Table 1 Independent variable values of algal polysaccharides extraction and their corresponding levels
Independent variables Coded levels!
Acid con- Immersion Extr_action Total sugar , , .
centration time time (mg/mL) X1 X2 X3 X1*X2 X1*X3 X2*X3 X172 X272 X372
(N) (o) ()
1 0.02 1.0 1.0 5.4 -1 -1 -1 1 1 1 1 1 1
2 0.08 1.0 1.0 5.2 1 -1 -1 -1 -1 1 1 1 1
3 0.02 3.0 1.0 4.6 -1 1 -1 -1 1 -1 1 1 1
4 0.08 3.0 1.0 3.8 1 1 -1 1 -1 -1 1 1 1
5 0.02 1.0 3.0 5.7 -1 -1 1 1 -1 -1 1 1 1
6 0.08 1.0 3.0 5.1 1 -1 1 -1 1 -1 1 1 1
7 0.02 3.0 3.0 4.0 -1 1 1 -1 -1 1 1 1 1
8 0.08 3.0 3.0 3.3 1 1 1 1 1 1 1 1 1
9 0.01 2.0 2.0 2.5 -1.682 0 0 0 0 0 2.829 0 0
10 0.1 2.0 2.0 2.8 1.682 0 0 0 0 0 2.829 0 0
11 0.05 0.3 2.0 6.1 0 -1.682 0 0 0 0 0 2.829 0
12 0.05 3.7 2.0 4.3 0 1.682 0 0 0 0 0 2.829 0
13 0.05 2.0 0.3 4.9 0 0 -1.682 0 0 0 0 0 2.829
14 0.05 2.0 3.7 5.3 0 0 1.682 0 0 0 0 0 2.829
15 0.05 2.0 2.0 5.1 0 0 0 0 0 0 0 0 0
16 0.05 2.0 2.0 5.0 0 0 0 0 0 0 0 0 0
17 0.05 2.0 2.0 5.0 0 0 0 0 0 0 0 0 0
18 0.05 2.0 2.0 5.2 0 0 0 0 0 0 0 0 0
19 0.05 2.0 2.0 5.0 0 0 0 0 0 0 0 0 0
20 0.05 2.0 2.0 4.9 0 0 0 0 0 0 0 0 0
1Three-level factorial design was used (Myers and Montgomery, 2002)
2The variable is a factor of acid concentration
3The variable is a factor of immersion time
“The variable is a factor of extraction time
25 ( ,1997)
1 hr
60 C 8 hrs
()
() - g
- (Dubois et al., 1956)
I mL 2 mins (High performance liquid column, HPLC)
0.4 mL 0.4 mL 5% phenol glucose  galactose
2 mL (36 N) 10
mins (Barnstead, USA)
30 mins !
)i 3 £ 490 nm
15% 0.3
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Table 2 Proximate composition® of Gracilaria (% dry wt.) and the deduced algal polysaccharide contents

Deduced algal

Sample Crude protein Crude fat Crude ash Crude fiber ~ Carbohydrate’ S5
polysaccharide

Dried algae 18.00+0.33 0.52+0.03 5.21+0.60 8.41+0.11 76.27 67.86 (5.96)°
Algal residue? 18.89+0.21 1.79+0.02 6.36+0.30 15.97+0.16 73.02 57.05 (3.24)
Algal residue® 29.15+0.38 3.50+0.02 6.41+0.29 23.91+0.27 60.93 37.02 (2.10)

'Data were calculated from three analyzed independent samples. Values are means + SD (n = 3)

“The algal residues were derived from the extraction condition at 100°C for 1 hr

5The algal residues were derived from the extraction condition of 0.02 N-sulfuric acid immersion for 18 min and then
heating at 100°C for 1 hr

‘Carbohydrate was obtained by algae dry weight (100%) subtracted with crude protein (%), crude ash (%) and crude fat (%)

Data were calculated by carbohydrate (%) subtracted with crude fiber (%)

®Data were the weight (g) of deduced algal polysaccharide

09 1.8 3.6N 121 C (Duncan, 1955)
1.5 kg/cm? 1 hr SAS
pH 6.0 p<0.05
2 i3

Sl

i S LG

acetate buffer (

0.02 M pH 4.5) 15%

1% Ty ( / , VIW) 50°C

48 hrs (Table 2)
3 g 18.00% 0.52% 5.21%
76.27%
1% [ 8.41% 67.86%
09N
50 ~60% ( , 1997)
()
0.2 pum

HPLC
(LC-9A, Kyoto, Japan) (Perkin
Elmer® Series 200 refractive index detector, USA) (Fig. 1)

(SP0810, 8.0 mm ID x 300 mm,
Showa Denko, Japan)

1.0 mL/min 80°C glucose 10g 500 mL 100 °C
galactose 1 hr 2.0 mg/mL (
10 pL )
73.02% (Table 2)
() (57.05%) (1986)

SAS (Statistical Analysis System)
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Gracilaria

l

Acid immersion

l

Boiling water extraction

A 4

Algal residues

A 4

Algal polysaccharides solution

l ,,

Acid hydrolysis Cellulase
(121°C, 1 hr) hydrolysis

l

Cellulase
hydrolysis

l

Acid hydrolysis
(121°C, 1 hr)

Fig. 1 Experimental scheme of algal polysaccharides extraction and algal residues saccharification of Gracilaria sp.

(Response surface methodology)

(

0.1 N 4 hrs

4 hrs

0.3~3.7hr 0~0.1N
0.3 ~3.7 hr (Table 1)

(Myers and Montgomery, 2002)

Figs.2 ~4

(Figs. 2 & 3)
(Fig. 4)
(Fig. 2)
0.02 N
0.02 N
0.3 hr 6.8 mg/mL
3.7 hrs 4.5
mg/mL 0.02 N
( 2.0 mg/mL)
3
(Fig. 3)
0.02 N
0.02 N
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Fig. 2 Effect of acid immersion time and acid concentration on total sugar content of polysaccharide solution
extracted from Gracilaria sp.
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Fig. 3 Effect of boiling water extraction time and acid concentration on total sugar content of polysaccharide
solution extracted from Gracilaria sp.

6.9 mg/mL
(Fig. 4) (

37.02% (Table 2)
0.02N 23.91%
03 hr 100 C 03 hr 64.80%
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Fig. 4 Effect of acid immersion time and boiling water extraction time on total sugar content of polysaccharide

solution extracted from Gracilaria sp.

Table 3 Glucose and galactose production yields! of algal residues by acid hydrolysis

Acid (N) Glucose Glucose production yield® Galactose Galactose production yield
(mg/mL) (%) (mg/mL) (%)
0.3 12.3+0.32 34.3% 15.6+0.3 28.12
0.9 13.0+£0.7 36.3° 16.2+0.6 29.12
1.8 13.0+£0.5 36.3° 18.1+0.3 32.6°
3.6 10.9+0.6 27.9° 20.0%0.9 36.0°

'Data were obtained from three independent experimental samples
2Values are means = SD (n = 3)
3Different superscripts within the column indicate significant difference (p < 0.05)

()
09N
I hr
] i 6 ~ 14 mins
HPLC
I glucose
glucose
glucose galactose
(HPLC) 8
mins HPLC Table 3
(Fig. 5) 10 mins glucose 12 34.3% 09 ~ 1.

mins galactose 36.3%

121C

HPLC

galactose

(p < 0.05)
03N
8N
36N

(Fig. 6 a)

glucose

glucose
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27.9% 09 ~18N
(glucose 13.0 mg/mL) 3.6 N
glucose
(
23 ) (hydroxy methyl furfural, HMF)
(Dien et al., 2006) HPLC
HMF (
) glucose Galactose (B-D-
galactose 3,6-anhydro-a-L-galactose)
0.3
N 28.1% 36 N
36.0% ( galactose 20.0
mg/mL)
glucose galactose
36.3% glucose
250
200 -
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Fig. 5 HPLC Chromatogram of standard glucose and
galactose solution. The analysis was conducted with
column SP0810 (8.0 mm IDx300 mm, Showa Denko
Co.), pump LC-9A (Kyoto Co.), and with a refractive
index detector (Perkin Elmer® Series 200). The mobile
phase was ddH,O, with a flow rate of 1.0 mL/min (the
tube was controlled at 80 °C).
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Fig. 6 HPLC Chromatograms of the hydrolysate of
algal residues. Hydrolysis treatments: (a) acid, (b)
cellulase, (c) cellulase and then acid. The analysis was
conducted with column SP0810 (8.0 mm IDx300 mm,
Showa Denko Co.), pump LC-9A (Kyoto Co.), and
with a refractive index detector (Perkin Elmer® Series
200). The mobile phase was ddH,O, with a flow rate
of 1.0 mL/min (the tube was controlled at 80°C).
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Algal Polysaccharides Extraction and Algal Residues
Saccharification of Gracilaria sp.

Chi-Chung Fan, Ya-Lin Lee, Ya-Wen Lu and Chun-Heng Wu'

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

Gracilaria sp. is the most productive alga cultured in Taiwan. It contains 76.27% carbohydrate (dry-base
weight, 8.41% crude fiber among them). After algal polysaccharides extraction, the remaining residues could be
used as the source of bioethanol through saccharification treatment. The response surface methodology was
applied to obtain an optimal agar extraction method that dried Gracilaria was immersed in 0.02-N sulfuric acid
solution for 0.3 hr, and then extracted with boiling water (100°C) for 0.3 hr. Base on the algal polysaccharides
content in the collected Gracilaria sp., the algal polysaccharides extraction rate was calculated to be 64.8%; this
method has threefold higher extraction rate than the direct boiling water extraction method. The residues of algae
residues still contained a high amount of carbohydrate (dry-base weight, 60.93%, which contained 23.91%
cellulose). The algal residues were treated with acid, cellulase or cellulase-then-acid to assess their
saccharification efficiencies. The results showed that the highest saccharification efficiency was observed when
the algal residues were treated with 1.0% cellulase and then treated with 0.9 N sulfuric acid, which was heated in
an autoclave at 121°C for 1 hr. Based on the algal residues crude fiber and algal polysaccharides,, the hydrolysis

yields of glucose and galactose were calculated to be 95.0% and 43.5%, respectively.

Key words: Gracilaria, algal polysaccharide, cellulase, algal residue, saccharification
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