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9] FEAG T A& 5 = o8] AR 3| 4] A% =& ohAnE AT 71E 242 me/eell ESISIT
ol ZkrEslEel £EE 0] Sl vg Y Sejudaree] ok daola Tt 9ghs skl S-S YERdT
7herital] g oiu] Thafeke] RIS 194 5%(wiv)E S7HARC] whet oflghe: Fies 24004 9.2 gLE STl
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Abstract — In order to study the utilization of brown seaweed Laminaria japonica as an alternative renewable feed-
stock for bioethanol production, the properties of acid hydrolysis and ethanol fermentation were investigated. The acid
hydrolysis enhanced the final yield of fermentable sugars, which led great increase of ethanol productivity. The maximum
yield of reducing sugars reached 135 mg/g-dry Laminaria japonica after 1.0N sulfuric acid-hydrolysis at 130 °C for 6 h.
The Saccharomyces cerevisiae (ATCC 24858) could ferment C¢-sugars like glucose, galactose and mannose into ethanol,
but not Cs-sugars like arabinose and xylose. Optimal fermentation time varied with sugars; 48 h for glucose, 72 h for galac-
tose, and 96 h for mannose. Nevertheless, the ethanol yield from the hydrolysate reached 242 mg/g-dry Laminaria japon-
ica after fermentation by the S. cerevisiae at 35 °C for 96 h, which corresponds to approximately 4 times more than the
theoretical yield from total reducing sugars in the hydrolysates. It indicates that the non-reducing sugars or oligosaccha-
rides dissolved in the hydrolysate played an important role in producing bioethanol. The ethanol concentration linearly
increased from 2.4 to 9.2 g/L, while the ethanol yield per dry weight of biomass decreased from 242 to 185 mg/g, with
increasing the ratio of biomass to acid solution from 1 to 5% (w/v). The bioethanol yield estimated was approximately
7,400~9,600 kg/ha/year, and indicated that Laminaria japonica is a promissing feedstock for bioethanol production.
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YAIv N Laminaria japonicays A9 Aol AFE 2 T+
4 ok AEEE o] gate] EaEkalnh. Y= 10~100 mesh®]
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cerevisige = YM BIA| & AMESto] WE HAskSiT).

2-2. A T2l

thAjuEEe] Al 74 sl = 250 mL 73l ¥ (Duran group,
Germany)°ll TRAIwE 22 1~5 g3} 557, 0.5 N 34 B 0.1 N &
A g 100 mLE go] Z Eftetar, 7] s ol88te] 130°C
ol 2~8AIZF 7k W 0= AATEIRIT TiREl & Al
FRE 2ok I A IHES GF-C oJ3AE o] 831
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A AESA T 38 Jlgidl] 288 /1] wliEolth20].
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oz &g¥ 1 Qlr} sk8hE Ax7] #7d-2 corn, switchgrass,
sugar cane 2 straw G TFFSH nlo] @mj 9] Zl=aoA 1 g3}
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Aok, ehH Sk AT 147 mg/gell A 96 mg/gl ® AET} =
7¥E Fhasshe ko] FEliint. o de] Ak wiAle] 7}
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Fig. 1. Effect of hydrolysis medium and time on weight loss of Lam-
inaria japonica.
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Fig. 2. Effect of hydrolysis medium and time on reducing sugar yield
from Laminaria japonica.
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Fig. 3. Ethanol production and consumption of reducing sugar from
hydrolysate of Laminaria japonica using Saccharomyces cer-
evisiae as a function of fermentation time.
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Fig. 4. Ethanol production from monosaccharides using Saccharo-
myces cerevisiae as a function of fermentation time.
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Fig. 5. Cell growth of Saccharomyces cerevisiae in fermentation of
monosaccharide solution.

cerevisiae E57} olgHE AR w9 =2 Aol e B

o531 Sl

ofghg utg ol i g HEE3l= 27) 1,320 mg/LellA 120

17 2E - 806 mg/L= HAf sk AES BYlo B ¢
oflgh&o] AGE S0l ekl L A K80] 40% ©]3tE
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mannitolo] BF8lE2] Q8 A S ©]Eth. Alginate THA]
wke] A|EH S o] F= A YdFE B-D-mannuronate®} o-L-
guluronate® ©]F0]#] 9)11, o]& F AJ-°] homopolymerd Ej =
ZA3s1o] polymannuronate S51= polyguluronate 3|2 EASAL
F /o] &% heteropolymer FE|Z EASH= 5[31,32] "I
EASE 2R o] Fo|A] Qlo] cghe ake 98k 71dE A o]
S57]= o]t} ool Wil B thE 1 RA9] laminarans T -
1,3 dsto 2 7499 glucan® 2 o] 9101, w|Eke] D-mannitolS:
Sk lek. whebA 215 olljkE: FEko] 753t mannitol¥} 371
laminaran &JA] ol[€hE AAES 913k 7| AR o] 8- 7hsatrhal YelA
UTH16,33]. webA] ZlEalel Q& mitA}; vhdRE e gk
TGS V1A R ggsto] Aaket = Qs olehErrt Ayl B o
gho] AT QTHE AR SR o2} Zkaf o) B3]
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Table 1. Comparison of bioethanol yield from different energy crops

Type Yield (t/ha/year) Conversion rate to sugar or starch (%) Conversion rate to bioethanol (L/ton) Bioethanol yield (kg/ha/year)
Sugar cane 70 12.5 70 4900
Corn 5 69 410 2050
Wheat 4 66 390 1560
Laminaria japonica 40%* 13 240 9600

*Dry weight, Balat ef al."
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