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Ethanol Production From Seaweeds by Acid-Hydolysis
and Fermentation

Choon—Ki Na* Myoung—Ki Song, Chang—In Son

In order to study the utilization of seaweeds as an alternative renewable feedstock for bioethanol production,
their properties of hydrolysis and fermentation were investigated. The seaweeds were well hydrolyzed with diluted sulfuric acid.
The weight loss of seaweeds reached 75-90%, but only 12-51% of them was converted into reducing sugars after the
acid-hydrolysis at 130°C for 4-6h. The yield of reducing sugars increased with increasing the hydrolysis time up to 4h and then
decreased thereafter. In contrast, the ethanol yield from the hydrolysates increased with hydrolysis time except for green seaweeds
maximizing at 4h. Optimal fermentation time by Saccharomyces cerevisiae (ATCC 24858) varied with seaweeds; 48h for green
seaweeds, 96h for brown and red seaweeds. The ethanol yield from the hydrolysate reached 138+37mg/g-dry for green seaweeds,
258+29mg/g-dry for brown seaweeds, and 343+53mg/g-dry for red seaweeds, which correspond to approximately 1.5-4.0 times
more than the theoretical yield from total reducing sugars in the hydrolysates. The results obtained indicate clearly that the
non-reducing sugars or oligosaccharides dissolved in the hydrolysate played an important role in producing bioethanol. Considering
the productivity and production cost of each seaweed, brown seaweeds such as Laminaria japonica and Undaria pinnatifida seem
to be a promissing feedstock for bioethanol production.

Seaweed(#22), Hydrolysis(7}-24). Fermentation(2H), Bioethanol(8to] @ o]EHS)
(=< 2011, 7. 11, =¥ 2011. 8. 10, HMEEY 2011. 8. 10)
* =ntsm w23

E—mail : nack@mokpo.ac.kr Tel : (061)450—2483 Fax : (061)452-8761

& WAL k. wrol o= HA, AA, 71H 9] FE2 o]
SHIL o, I F #58 FHARE dA FE dAE
SRS A & e AU A T oo dze 7+ e HoloEEy} vlole A 5 Hol e fRst W
7P FEA AREEAL QT Bhol 2o vAe AA7HsohaL FES WAL Qlrh, 53] voleofgha2 20061 7]E wtol2
iAol A1) g, SN, = Auls7te] a5gEe A= AA FAFS 88% o1& AHAISIAL e =R
2 oA avE Ay Q7] higel A AAA R 5 & AR oA AL Sl @A A=Y who] QofekE AhY2

LM E

(AR LERY




Y ES 85| Hohe AR S, o 5Y
ALAASL A, RS 59 AR Unz A4S

3= A|A T Hlo] L ofERE0] 228 o] 917 'IHTOH Ak
3} o 7)) AFHEAZ A71E T ok whebA] upo] 2.0
1,11] /\}g_,] x]_:_;do] /dxl—._ H—sﬂ/qh A3 E'.% EH;zﬂﬁ‘]- 2
L 2L G7A4UT 0|2 LA o7 o3} T 4 9
L 7]%7dto] @E T 9l o]of gtk toke. A Ths
S A A7LR B 753 SAIEA] Hlo] 2 (R|2A o
vlo] Qo eh8) 9} B 2Tt 22 FFEA Hlo] QujA (A3
At Hho] Q. oERL) 7} Hlo] Q of[Ehe AAMS 9j8 A U=
2 2L TS T3 g,

Se|ute] A9 FEWA] £7] wjiof SAAES o] &
3h= Hlo] © ofekS %ﬂ@% A, AR ZHol|A A

%}s} 1 owu} a2 $elueks Aol vl n, aj%

4u o
°1-r
r>~
n:2
o
2i
=3
i
i
9
2
rir
ox
flle
[
v
ek
=
:?I=
BN
du
rlr

A
ol b
N
Jr
ot
ok

Aol

AAto] %olo}qh 7‘401] 1 f-9-
AU APeR AT Y, i 3
AEd vR7HA 2 g2 e 27 Al
3= A FRIEE 25k QAT o> Y
nE mahn 9o, HERel BskE e
P& udERe s AGR TheEdA SRLe AT
ZYEQA AURA WA ofgfH|l oA So] E o]
2t} webd 2FE vlo| AR SHgak A3A Hlo|
Sofehe TAS P, BEUA 4 A 1B 00 %
Sh= ﬂl*ﬂfﬂ L A2AH Hho] LofehE: 57t
L A o2 3ekrALS vl 2 3ttt Horn 52 %50
Laminaria byperboreaETH 223 T'YE (mannitol)
ofghE Hav|dR Bgote] TUE 1gF 0.38g9] ofgheS
ol o)A EL) ]Xﬁﬂ-— Laminaria japonica®] At-7}

oo} sl ok ae] A §E AEke @
ol A HIZHATSl ThyExto] ofjgkE: Hgho] 7HEstelaL, 7t
TEAES] ofghs WA} Aol wet 252 A 5
7} 27451 Sol43} 1l BIe] 2717 ok el
FFS v A Y2 AT, FH Wang & B2

J3k Hpol L.

&
L Y

L

rlo S

|af
x Ho
10
rlo Jz
?1_',

/\]—/\1 7o 0]

[

o o

A Jpe-Eatet &0 Qg shAF

At g4 o] 83t oA ViRl E EalA Gracilaria
salicornia®¥- €] 13 8g/kgd 2FALAE AW 0|5 W
GA|A o] 2ZtEct FM WL 79 1g/kg?] oE-E-S AYAKE
& g AN e e e was Hﬁ& EES
of 7l 542 BE 7HEdEY Oﬂ
g A 9 Aol tigh B7ks ofAl F535 AAolt
& Aol A= o 1301]%% AR SIRt 3}013”11* A+
ozA dixf{o FEHS %‘7}5}3‘14. O]E I vt
oA WA= maREE, ), 227 (TR 1)
9 FxF (3, SHEDE EH o7 7} sj2fd 7heEs]
Az} Sacc]zaromyces cerevisiae®] 2|3t 7}4-H || E2] ofet
AESIA. o8 59 sjzFE 7ieEs) ¢
ol digt 7|2AkwE SA6kaL, 7t 2o
H7fsto] vo] LofekE ik
27 28 7hsAE vl Friskel.

for

[¢]
>,

o J[m 5
T
k)ll

o _Ilm

Jlm ﬁ;

o

A

o=
oL
mio

=
>
)
i
|o
l-ﬂJ

al g
2. wemE L W
2.1 AgA =
) 2F= =22 (Chlorophyceae), 33 (Phaeophyceae),
B %22 (Rhodophyceae) &2 BRETEH E AR M= 28

-~

2 A7 Codium fragile)?} Wl (Enteromorpha) S, ZZHE
|

d

¥(Undaria pinnatifida)@} TPA|UH Laminaria japonica)<,
S %52 Z(Porphyra tenera)i} F7}AME|(Gelidium
amansi)E 22 R8I olF dl2fFe A AlRelA
AxE FH=z FYsith d2fe> AYS o83t
100mesh ©0]3}2 EaAsqct slzxm B2 80To|A] 244]
2 2N 5 PR sl BRI

et g & 9ot A 2= Saccharomyces cerevisiae
(ATCC 24858)5 Tr=m| =R EANE oA &ofirol ARg-s}
ALk S cerevisiae 5= YM Hj A S AMg-ato] —20Tof| A
Hseict,

ofo

2.2 279 7teL 9

27 A-A7H 7hpRels 250mL TRl 3

2011. 9 Vol.7, No.3 | 7



0.5—1,0N HySO; ¥+ NaOH &9
il ]iﬂg o]-g-5to] 130 CoflA]
7]’T“"°H < 4
GF-C oA =
L2 AFsH
Shepa] 27

257 BT g3 3575
100mLE 2
2~8A17F 7}

oL,
e <2

W

flo

ot

O

ol

\1

i)

0

i

mlm

;‘1

5 o

i e

12 of
_8. O_>|: ]IE

Ol'
—|—’

_=) 10 lﬂ
i_.

ol
{ﬁi‘? -YL
rlo

O

ol gslo] Helst
5 80TeN ¢
of o3t §71%e] %811"
Que RG] 58
HCl ¥+ NaOH &@1 g 7}0}0:1
ofete WEE 93 AnE Am

¢

>
[o

o
.—ﬂ
™~
N lo du ﬂl>’

m{ru o
ot
m{n
i

_o‘l:l
o r

(o]

i
gﬂ
rlr
o}
o
oo
QL
m
_u
K3
2
rlo

I‘}l_.

BN

ﬂj S

o K
OH“ P~ 4o oF r_,>i

k1
wj il

32 m{ru Sha
%
okt

o x&
o
s
=
hsy
)
rlr

o},

2.3 de& ¥&

—~
=

ofetg Wi E 250mL ZekAIo] 100mLe| 7hEael
pH 4.3)2 Y1l vjE S cerevisiae 455 HES th2
WEREE 120rpm, WE2E 35T 9] 1744 5t o] B of| A
1~597F ANSHeATt, WEUY S cerevisiae 5 A%
&0 2 glucose 10g/L, yeast extract 0. 5g/L, urea 1g/L,
NayHPO, 0.5g/L, KH,PO, 2.5g/L, MgSO, 1g/L, (NH,)sSO,
1g/L, FeSO, 0,001g/LE EHsH= vjokol 100mLo]l YM HY
ALYl S cerevisiae v %S Eokal 35Co A 4847k
o} uﬁoks}oﬂu} ] uHootoJ IOmL‘—’\] S EH sto] 1 OOOrpmoﬂ

45 RS AP A SR 99 0 A
th $5H FEAFY 25~30me)S 7M1 100mLo]

17 59k 7|4 02 Wao smLAS B

Mz
e
>
2,
o
Mk
\‘|

IR 24 djxFo] Haflel 7igid| & AEsk= 1
FEHY FAE v R thE A1 0]85}o] Wight loss(%) =
. W,—W,
Weight loss (%) = —————x 100 (1)

A7IA Wee sj2fe] d2FA, W 728l

8 | Alxhatol x|

AEshe LYY AT o
3191 =i DNS Y o] galo] HA8%Th DNS A

9F2 9N NaOH €9 100mLe| 5g9] 3,5—dinitrosalicylic
acidﬂ 150g9] Rochelle saltE <xA o2 &A7] T

FH7F 500mL7F HEE FRSE VFote WHoR Az
S5lch B 4 S LEARORL

ﬂJU
U o
%—M
B~
(@)
l

1,000mg/LE AMHEITE Y s 480 A3t
w2 348 HA g AJE ImLo|| DNSA|QF ImLE H7}sh

BE Bof Yol 1587 vk AI7] thg 20C 2 1587+ W2t
AI 71L 3mLe] FRFE 7heto] Azsiolct, T w2
Aeko UV-537(UV-2401PC, Shimadzu)E ©o]-g5}o]

DNSAJSFO 2 HFHA|7] HA Qo] EB:2 w4 546nmol|
A EAER o8 EEEY) FHEe) vjush: PHoR
BAsc) dzny sy AT Y Lr 2 o)

stof ke Aoz Ak,

Reducing sugar yield (mg/g—DS)

- 7((:‘?\;:1{) xD; (2)

o714 Cp2 A8 59 gl F=(mg/L), V= 7t

Seas le] Ba(D), W5 el A8E AR
N2F5%(@), D= 3AH|oth

grdltg S AAE oS = gas chromatography
(GC Model 250A, Shimadzu)E o]|&3lo] AR A},
GCE flame ion detector (FID)2} DB-WAX column,
30mx0,25mm ID(Agilent Technologies, USA) 0.2 A%
t} Injector, detector?} column oven®] &&= 77} 200,
2308+ 80C2 MAstglon, AFL carrier gasE AMES+S]
o deE AFEAS A ZE:AEe SRl oeke
0.01-10% v/vE T3+ AlmE ARGt sj2fd ot
= S A REY 9 e 5=F o]&sto] tha 4
oz ALsteit

Ethanol yield (mg/g—DS)

(Cg < V)

I Cp & AEGY 0| f5HS FEmg/l), Vit W
T8Y) B3(L), [ BALE Vy/Veeltt




R ESL R

ol
dlm

¢

3.1.1 7kl Zf
ol 2ujse] Tl e AERA o
2 i 4 SIE S A oot AES
BULE $2N7IE TR S0k et web
2 opeH 7hedafet dAste 3= SEHAL 9l
8HA 7}l corn, switchgrass, sugar cane % straw
5 Thopst ol el 2ol A 1 EIE Y o 8
SH ZhpgellolAe e At °P7}ﬁ7} o] &EL glon,
o] F Ao gz ”X‘«l ekl AghEo] #7] weol
wrp Az EAo

3|
A

A

o

2

RO
o%

R
IR A 2
ﬂ fo rr

P )

omg

elyttt E3| od|(Enteromorpha)®t B2 (Codium fragile)

2 e BRRU|E B7HT BUY AH4R0] He

vja] w7t 28 o] wa =R 2 Aot e Bl B
At
7k 7t s ofehE Al viAle 9=

A Tt Eoliet LR0i| O3t HEFZREH OfEts Y

] AsiA S7<p, At B 7HIATE SR ok 7t
FEdaE(Fig. )& R oee HES AABIIH 1L
A3} Fig. 20 Yetd wiel o] sfz2fo] Sl
ik SR ke TReeEol A 7 e Hhol e oRE
of AAEIQITE, ol gt ol sk= hARES o]t Hpole.
ofehe it A7k Rzl %P%% ek
U sol e ofetE AbEE 0313 SRS o8 TR
B o wedvrn Bastge?, 2 deort AN
A3Ee do] AR BS A7] wiEoletal 4
o}, I 2 Ao INO| BAFS AR Lo & B Ls)
I 3R Aol vle) FAAT o w2 vto] eofet A
AEFS "oty ESE 2T o] slgBagdo] v} 1:100
O - Wkl Sehil SReet TMATE SR
s ZiEstEe ARt Ul ol e o 1AL
A7) ol #uk ohet oehE WES 13 pHO| 24
R HAYA 5275 AT HE 2R TeEslE
°l 2 *PEH %7:‘6}% % UrEM A4 Hart 27ks
o, optR2 eIk 2 SR
LWJ ke TQ} 7Hdatt g v £
A=A AL ]_g—suggm EH%ﬂE ekt gep SR
S 2 AR Aol o
Bs HEs A48 6‘} | {Oﬂ °olE Hd "dRE LastA
AAT 5 9 F&5740] Basi

=
2R TR ES Y] Hho] Lofeh AR

400

1 water
1| mm HeSO.
s00 | | 3 NeoH

Reducing sugar yield (mg/g-DS)
N
o
o
|

g |

Enteromorpha Codium  Undaria Laminaria  Porphyra  Gelidium
fragile  pinnatifida  japonica tenera amansii
d q q

Green Brown d Red d

[ water
1| sl H:SO.
300 | | 1 NeOH

200 —

Ethanol yield (mg/g-DS)

Enteromorpha  Codium  Undaria Laminaria  Porphyra  Gelidium
fragile pinnatifida  japonica tenera amansii

Green seaweed Brown seaweed Red seaweed

Fig. 1 Reducing sugar yields of various seaweeds by hydrolysis
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Fig. 2 Ethanol yield from hydrolysate of seaweed prepared with
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conducted with Saccharomyces cerevisiae for 96h at 35C
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Fig. 3 Weight loss of seaweeds after hydrolysis with 0.5N H.SO4
at 130T as a function of hydrolysis time
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Fig. 6 Ethanol yield from hydrolysate of seaweed prepared with
0.5N H.SO, at 130°C for verious hyrolysis time. Fermentation
was conducted with S. cerevisiae for 96 h at 35C
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Fig. 9 Average yields of reducing sugar and bioethanol from
green, brown and red seaweeds after acid hydrolysis and
subsequent enzymatic fermentation
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