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Fig. 1 The analyses results for total sugar content, reducing sugar content, ODsoonm, and pH value of crude enzyme
solution induced by 1% Pseudomonas vesicularis MA103 and 1% Aeromonas salmonicida MAEF108' with Ulva
lactuca powder? (0.3%). ['0.3 g of the U. lactuca powder to 99.7 ml Marine broth medium, added P. vesicularis
MAT103 and A. salmonicida MAEF108 were added to reach the final starter concentration at 1%, and then incubated
at 26°C for 0, 24, and 48 h; Each value is mean =+ standard deviation (n = 3)].
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—a— Cellulase
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1.6
Fig. 2 The analyses results for 1.4 4| —¢— Xylanase
enzyme activity in the crude
enzyme solution induced by 1% 1.2 4 Agaraso
Pseudomonas vesicularis MA103 = 1.0 -
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LIJ o
vesicularis  MA103 and A.
salmonicida  MAEF108  were 0.2 +
added to reach the final starter
. 0.0
concentration at 1%, and then
incubated at 26°C for 0, 24, and

48 h; 2Each value is mean = 0
standard deviation (n = 3)].
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Table 1 The analyses results for total sugar content, reducing sugar content, salinity, and pH value in the Ulva lactuca
polysaccharides hydrolysate during hydrolysis of U. lactuca powder (5%)

Total sugar Reducing

Procedure' content sugar content S(alini})y pH T0|ta| “C1(Ui<|3|)
(mg/ml) (mg/ml) psu volume (m
Hot HCl extraction? 4.64 + 0.06% 7.35+0.01¢ 39.00 = 1.00¢ 0.00 + 0.00¢ 4,500
Cellulase hydrolysis® 8.61 +0.08° 10.20 + 0.03° 55.00 £ 0.01° 4.80 +0.01° 4,599
a-Amylase hydrolysis* 9.11 £0.01° 13.59 +0.01°  54.00 = 0.01° 4.75 £0.01¢ 4,600
MATO3/MAEF108 crude 55 g 1 8402001 50.00%0.01°  6.27 = 0.01° 6,000

enzymes hydrolysis®

'Procedure included the sequential treatment of U. lactuca polysaccharides solution with hot HCI extraction, cellulase
hydrolysis, o-amylase hydrolysis, and MA103/MAEF108 crude enzymes for the hydrolysis of various U. lactuca
polysaccharides.

225 g (Ulva powder) of U. lactuca powder was added to 4,275 ml pure water, and 12 N HCI was added to reach the final
HCI concentration at 0.4 N, after which the solution was treated in an autoclave at 121°C for 20 min.

41,040 U cellulase [1,520 U/g; 1 unit (U) = 1 pmole glucose/min] was added and reacted at room temperature for 24 h
(initial pH = 4.50).

91,960 U a-amylase [22,000 U/g; 1 unit (U) = 1 mg maltose/min] was added and reacted at room temperature for 24 h.
*952 U MA103 crude enzymes [1.36 U/ml; 1 unit (U) = 1 pmole glucose/min] and 546 U MAEF108 crude enzymes
(0.78 u/ml) were added and reacted at room temperature for 24 h.

®Each value is mean = standard deviation (n = 3). Different superscript letters in the same column indicate significantly
different values (p < 0.05).

"psu = practical salinity unit.
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PRI Bl S FEIR R T - 3 HLR A BE SR VS I & ot & REGEREE - B ARRRE S Fig.3-
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Fig. 3 Yeast count, residual total sugar content, residual reducing sugar content, salinity, pH value, and ethanol
concentration results of the Ulva lactuca polysaccharides hydrolysate after batch fermentation' by Saccharomyces
cerevisiae BCRC21685 (10%) at room temperature for 120 h% ['Batch procedure of ethanol fermentation was
conducted at room temperature for 120 h; the working volume of the ethanol fermentation was 100 ml; *Each value
is mean =+ standard deviation (n = 3) ].

Table 2 The analyses results for residual total sugar content, residual reducing sugar content, reducing sugar utilized,
ethanol concentration, and ethanol yield of the Ulva lactuca polysaccharides hydrolysate during batch fermentation
by Saccharomyces cerevisiae BCRC 21685 (10%) at room temperature for 120 h

. Residual total Residual reducing . Ethanol .
Reaction Reducing sugar . Ethanol yield
time (h)' sugar content sugar content utilized (%) concentration (8/100 g’

(mg/ml) (mg/ml) ° (%, VAV) 8
0 26.53 + 0.01* 35.76 + 0.01° 0.00 £ 0.00¢ 0.00 = 0.00° 0.00 £ 0.00'
24 14.16 £ 0.01° 19.62 + 0.01° 45.12 = 0.01¢ 0.75 £ 0.01¢ 16.00 £ 0.01°¢
48 13.60 = 0.01°¢ 17.37 £ 0.00¢ 51.42 + 0.02° 0.82 * 0.02° 17.40 £ 0.02¢
72 12.94 + 0.01¢ 16.63 + 0.02¢ 53.50 £ 0.01° 0.91 = 0.02° 19.34 £ 0.02°
96 12.38 £ 0.01°¢ 16.63 + 0.00¢ 53.50 £ 0.01° 0.90 = 0.02° 19.23 + 0.02°
120 10.67 + 0.01° 15.94 £ 0.01°¢ 58.12 + 0.01° 0.89 £ 0.01° 19.03 £ 0.01°¢

'Batch fermentation was conducted at room temperature for 24-120 h; the working volume of ethanol fermentation
was 100 ml U. lactuca polysaccharides hydrolysate.

’Each value is mean = standard deviation (n = 3). Different superscript letters in the same column indicate significantly
different values (p < 0.05).

*Ethanol yield (g/100 g Ulva powder) = [ethanol concentration (%, v/v) x total liquid volume (ml) x density of ethanol
(0.8 g/ml)] + the weight of U. lactuca powder x 100.
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PR 58.12 + 0.01% » {HELIBsEE 72 h 1
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Efl 19.34 g/100 g Ulva ¥k -

BB Fig. 3 A 15 %1 10% S. cerevisiae
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BEHERERE 24~120h 2 FERF BN B - pH (B
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Table 3 The analyses results for residual total sugar content, residual reducing sugar content, reducing sugar utilized,

ethanol concentration, and ethanol yield of the Ulva lactuca polysaccharides hydrolysate during fed-batch

fermentation by Saccharomyces cerevisiae BCRC 21685 (10% ) at room temperature for 120 h

Residual total

Ethanol

Residual reducing

Reducing sugar

Reaction s . Ethanol yield
H 1 3
time (h) sugar content sugar content utilized concentration (/100 g)
(mg/ml) (mg/ml) (%) (%, Vv/v)
0 26.53 +0.01% 35.76 £ 0.01° 0.00 = 0.00¢ 0.00 + 0.00f 0.00 + 0.00f
24 15.62 + 0.01 16.95 + 0.01 52.67 £ 0.01°¢ 0.85 = 0.01¢ 18.02 = 0.01¢
48 15.53 + 0.01¢ 16.93 + 0.00¢ 52.60 * 0.02¢ 0.87 + 0.02¢ 18.61 + 0.02¢
72 18.31 + 0.01° 21.93 £0.02¢ 38.69 + 0.019 0.99 + 0.02¢ 20.97 £ 0.02¢
96 16.17 £ 0.01¢ 22.64 +0.00° 55.85 + 0.01° 1.00 + 0.02° 21.33 £0.02°
120 13.56 +0.01¢ 15.79 £ 0.01¢ 58.75 £0.01° 1.02 £ 0.01° 21.76 £ 0.01°

'Fed-batch fermentation was conducted at room temperature for 24-120 h; the initial volume of fermentation was 50 ml; 25 ml
U. lactuca polysaccharides hydrolysate was added during the fermentation at 72 and 96 h.
’Each value is mean = standard deviation (n = 3). Different superscript letters in the same column indicate significantly

different values (p < 0.05).

*Ethanol yield (g/100 g Ulva powder) = [ethanol concentration (%, v/v)x total liquid volume (ml) x density of ethanol

(0.8 g/ml)] + the weight of U. lactuca powder x 100
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Fig. 4 Yeast count, residual total sugar content, residual reducing sugar content, salinity, pH value, and ethanol
concentration results of the Ulva lactuca polysaccharides hydrolysate after fed-batch fermentation' by Saccharomyces
cerevisiae BCRC21685 (10%) at room temperature for 120 h%. ['Fed-batch procedure of ethanol fermentation was
conducted at room temperature for 120 h; the working volume of the ethanol fermentation was 50 ml; the arrows
denote the time points when 25 ml U. lactuca polysaccharides hydrolyzate was added to the fermentation for 72 and

96 h; Each value is mean = standard deviation (n = 3) ].
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ABSTRACT

The present study investigated the production conditions of bioethanol fermented from the enzymatically
hydrolyzed polysaccharides (PS) of Ulva lactuca. U. lactuca powder (5%, w/v) was sequentially treated with 0.4 N
HCI at 121°C for 20 min, cellulase hydrolysis, a-amylase hydrolysis, and MA103/MAEF108 crude enzymes
hydrolysis. The total sugar content, reducing sugar content, and NaCl content of the U. lactuca PS hydrolysate
were 7.39 mg/ml, 8.40 mg/ml, and 5.0%, respectively. After U. lactuca PS hydrolysate was fermented with 10%
S. cerevisiae BCRC21685 at room temperature for 72 h, the ethanol concentration, ethanol yield, and reducing
sugar utilization of the fermentation solution reached 0.91%, 19.34 g/100 g Ulva powder, and 53.5%, respectively.
When the U. lactuca PS hydrolysate was fed-batch fermented with 10% S. cerevisiae BCRC21685 at room
temperature for 120 h, the ethanol concentration, ethanol yield, and reducing sugar utilization of the fermentation
solution reached 1.02%, 21.76 g/100 g Ulva powder, and 58.74%, respectively. Fed-batch fermentation can further
enhance the bioethanol production from Ulva lactuca fermentation with S. cerevisiae.

Key words: Ulva lactuca, enzymatic hydrolysis, batch fermentation, fed-batch fermentation, yeast,

bioethanol
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