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Bioethanol Production from Hydrolysate
of Seaweed Sargassum sagamianum
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Abstract We investigated the feasibility of bioethanol production from hydrolysate of brown seaweed Sargassum sagamianum.
Prior to bioethanol production using yeasts, six yeast strains were compared and the best ones in terms of
the ethanol production levels were selected. Pichia stipitis ATCC 7126, Pichia stipitis ATCC 58784, and Pichia
stipitis ATCC 58376 were superior to others in terms of ethanol production. These yeast strains were used
for producing bioethanol by the shaking bottle culture and the fermentor culture. Out of approximately 30 g/L
reducing sugar, about 3~6 g/L and 4~7 g/L bioethanol were produced in the bottle culture and the fermentor
one, respectively. Furthermore, it was observed that around 12~28 g-bioethanol was produced from 1 kilogram
of Sargassum sagamianum. Compared with those previously published, these data were almost three to eight

times higher in value.
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EAWE (Sargassum sagamianum)= -2Ule] 55)
e}t Y& FliQtel|] EE k= AEF (brown seaweed)o] $F
ZHEA Ul s Ak W FRI) 480
Z o] &H7|% 3P alginated] Y59} BIEE AE-E A
Sit}. S ARt oR7t HolE AU Artelr] At
EES AFste] oA Frol| vje- Fa3g 48 3
7% g} [1].

Brown seaweed®] FE5 59 ¥ carbohydrate /39
2 alginate”} 1A gkom [2,3], o3-S ©]-&3} bioethanol
A5ko] renewable energy AA4He] g WlHO Z A4S Eal
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AT} [4]. Brown seaweedol|412] alginate $FE-S- 30~50% [2]
T2 192% [3]2 RaEa Qo Sargassum sp.o] T
t}2 carbohydrate A% Z sulfated heteropolysaccharide
= &HA 9} [5-11]. ©] sulfated heteropolysaccharide2]
T/3EOZ fucose, xylose, galactose, glucose, uronate,
glucuronic acid, arabinose, mannose, rhamnose 52| T3
F7F BaEar ok oluf fucose= F 20% F=o FHS
Holm 2] G752 brown seaweed?] F-5ol whet
B 2AY HAE Hola

Seaweed =S ©]-8-3} bioethanol A2kl T3 A= =
QJF o2 ofH7A] kgt A7} o] FolA|A] Kaal gl
w2 A A AT Arto] HaE Il Ut} [12-14].
ol g AT AFoME seaweedd] 7HE = ZHH
bioethanolo] AitE =Rl gk A5 AH3 #F5
screening®l=4] T1X]31 )31, G X7} bioethanol A2kl A}
Bohe thdatar Bl @] 73] ofudt A=
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= bioethanol 2 HEk=|=A]]| tigh 7121 A7-dah= gitt.

B Apaas 54Fo2 mARke] AAE 7wslE
S IPAst FZE71E ©] 83l v 7, o] JRElES
|83 bioethanolS AAksh= ATFE 3333tk o]l
XA 6'F ) SRS o]-8h= &% FollA 7S AA
ok a8 AHEs= 97 bottle cultureE F35)o] 4343}
Hal, SEHFO] bioethanol 2] M8 88 F71A1717]
le] kg Zol|A bioethanolS A= AHS AA] &
7Z39-ol|= surface aerationS F3fo] v|#e] F7|E FYs}
gt 2 AFe A 71EElE 25 E bioethanol S
A= 7Nk ARE At B840 okar & 4 9l
on, I A¥E o] HuH A7Aye} vlnl BTt

[

B APQAE 6714 R ERE AR bioethanol
R

A ATE BT (Table 1).
Table 1. Yeast strains used in this study
Yeasts Abbreviations

Pachysolen tannophilus ATCC 32691 32691
Candida tropicalis ATCC 20336 20336
Candida shehatae ATCC 58779 58779
Pichia stipitis ATCC 58376 58376
Pichia stipitis ATCC 58784 58784
Pichia stipitis CBS 7126 7126

Bottle cultureE 0|28t 2 MH

Bottle cultureE 13} seed culture™ 250 mL 4H2}E2}
22=19] 50 mL YPD HJA| (yeast extract, 10 g/L; peptone,
20 g/L; glucose; 20 g/L)E TH=] shaking incubator®l 4|
30C, 150 rpme] ZAC 2 wjokslda, aRAES 93
B &2 250 mL media bottle (Schott Duran)ol] 50 mL Bj<]
£ 7014 30°C, 150 rpmollA] viS FIdYatom, vk
Z7]= Silistopper (Silicone plug)= "PIE th4lsttt.
AH8-3F v X 222 glucose 5 g/L, xlyose 20 g/L, yeast
extract 10 g/ oM, vk H31]9] 2% (v/v)oll 338l
seed cultureE 85310 BIY-S A1 vl R15<] glucose
7} B5 AT E Ao 80 rppm -2 shaking incubator] 37
5 £°]31, media bottleS screw capO-Z $HA3] FoOlA]
3719 Ta= AgePaAr wikE Als s

3t} 57 (lshin, Korea)S ©]-83}4] 1 Lo Wk
710l S dATAoA AT 10 gof HA FHF

75 mLo] Eg3tack oluf ojn] BarE A7 WS A8}
of AEJsten, BARE ZREaitg- Al 190°C, 154
o 78l &S YERI [15].
DXt 7=23ES 0|28t bioethanol ‘44t

AP 7ReRES)E-S 2F 38 A= rotary vacuum evaporator
(EYELA, Japan)= ©]-83} 553 3 bioethanol A2k
A3 U852 AFE3ITE Bottle culturel} fermenter culture
Al 38l F5E EAWE 7lEa &l yeast extract 10 g/Le}
peptone 20 g/LE =034 A|Z3IAT) Bottle culture= 9]0l
A A e FUSHA 42385191 aL, fermenter culture
= 2.5 L 9&% (Kobiotech, Republic of Korea)S ©]-8-5}]
S5tk ofuf vt F-3)= 800 mLolloH Bl =
= 30CE ZE3I0 3L pHE 5.0°02 XU} 10% 4t
|Bo 2 ZH3IHT, Agitation speed™= 200 rpmO.Z2 =
Sl H|Eke] 3715 T8 flste] vl a9l s
AFdsle] wi) FH o7 F71E FUSk= surface aeration
HHS BlElgt) olw] F71FYEEE 100 mL/min 9tk

Mg

HI

Cell growth= spectrophotometer (Spectronic, Thermo
Scientific, USA)E AF&-3}4] 600 nmollA] &3 =5 =S435}
o] FAISIAAL, viA ] Zhe] Shld e dinitrosalicylic
acid (DNS) S AR-ato] SAIAT [16]. HlgY F2
o[- ¥ gas chromatography (8610C, SRI, USA)E
o]-g-ate] B4, o|w H72 Chromosomb 101 [L=6
ft, ID=1/8 inch, 80/100 mesh, stainless steel tubing (Alltech,
USA)]S AF8-81%93L, FID (flame ionization detector)E ©|
235}] AE3III T Injectore} FID 25+ 250C, LB
= 150CE Z2Z3}¥ a1, carrier gasZ2= FS AHE-51
40 mL/min®.2 EHFAT. AFE4S fst] WiiEE
=4 & p-butanols ARE-3t] AT [17,18]. L&]aL
A Z2] glucose$} xylose thin-layer charomatography
(TLC)Z o]&3lo] EA3tgth. o]uf Partisil® K5F (20
x 10 cm, Whatman)S TLC plate 2 A3}, mobile
phase 2+ acetonitrile -89 (acetonitrile : water = 85 : 15,
viv) AHE3 AL, sample loading volume 1.0 pL 9.2
™, WA ethanol©l] 0.5% a-naphtol¥} 5% H,S04S 5
A&

Zn ¥ D

]

2 7o) 71 HUS ARBFE A5 Sdste] T
N it 7P 670 69 D S8 0§ ERFTE
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Fig. 1. Bottle cultures for the selection of yeast strain, in which
xylose and glucose were used as carbon sources. (a)
Cell growth, (b) residual reducing sugar, and (c) ethanol
production. Yeast strains used in this study are described
in panel (b). Arrow indicates the time at which the screw
cap was completely closed.

7¥A 2 AT} (Table 1). ¥ R]= glucose S} xylose”}
e wiAE ARSI e Fig. 13} o] AIX A3
T A" AH a2 olvhg A GS #ESHAT
Fig. 1(a)ollX 2] AEAT Aateh= o2 A Fig. 1(c)olX12t
2ol oF 25 g/L9] F FUFOZHE 7126, 58784, 58376
A oF 6 ~8 g/L9] ethanolo] A== Ag RIS
o} whHol| TR 371X ERFTE oF 5 g/Lo]51e] ethanol

A2 Btk o]l glucose2} xylose2] AR Fig. 29]]
HAIB 0™, 7126, 58784, 583769014 AJTH O 2 xylose
7} & SRl 2hA3] An|EE AL RIS o] A
oA BAE 7itallES ©]-8-3F bioethanol A4He] 27
A RAEE glucose?} xyloseZ} E0I7F v A& o] &3} 4=
stA=d|, ol ol EAE 7REESEe] daRel o
Sk SQlo] Yk =A] k7] wiolth A Q] eerda) Set
TS B2 A7) BAE SRS EERE 7P 2830
= bioethanolS A= a8 Al A3kl Ave A%
sHAl= Kt Ex|ete 7P HA o] I oletal Azt
o] A 7126, 58784, 58376 WS 7}A|L ol mApE
7R Eoll A2 bioethanol AJ4F ATE 4385} Kk
158 bioethanol A4+ & wj, 1°5%9] ethanolo] 572
Ao HlE-S ¥E 4 7] "o &R 759 bioethanol
Y AFs 8 Htl= 3 bioethanol 357} 7 =& 55
U A7E 9t AW Vo= Atk

-
- . N W wwww = --——"—-———
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Fig. 2. TLC of the culture supernatant from Fig. 1. (a) 32167,
(b) 58779, (c) 58376, (d) 58784, (e) 7126, and (f) 20336.
X and G indicate xylose and glucose, respectively, as
standard. Arrow indicates the time at which the screw
cap was completely closed.

Bottle culture®?}l fermenter cultureES 0|23t mX|t
7Ix2S0lA] bioethanol At

9] Aol AHE 371A] ERE 71 BAWE 7RSE
oA bioethanol®] Z AYAE|=X]E HA bottle cultureS
ol83to] SIRIHATE Fig. 33} o] AFAE, BT vl
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ethanol A4S ZARBIAEY), Fig. 10149} o] AlEAIARF
= t2A oF 30 g/Lo] FUFoEHE Hu) oF 3~6 g/L
Alo]9] bioethanol©] AJAF= AT (Fig. 3(c)). K3t fermenter
culture S 083 B 7518 B2 X E] bioethanol A3AF
of FAH AZT Fig. 49} o] A, 3 4B,
bioethanol A2FS- ZAVE 4= YAt} o= miz7ix| =2
AT BAIGO] F 30 g/Lo] 3o 2 RE U] <
4~7 g/L9] bioethanol®] AAFE AT} (Fig. 4(c)).

Bottle culture®} fermenter culture®] A¥}E H|wEA% A
¥} 37}A] 5-2] bioethanol A4l Sloix] g4t vl w9
2 AGS 5= Ik ol= 371K T Ak]2] bioethanol
ALt 58] Alol7t glas Holg~—= AoV |® slat, B4}
1k 7128l EY] Alx Al 9B/ e 7EEslEe] Al
B3] "ol Yehus AdolV|® stk &, 3
e EARE A Y] Bl Ao 2 R1E 7I1%= ACE AY
Z+E]o) Rt =3 o] 3k dAto] bottle culture?} fermenter
culture] M2/l QojA 37FA] 5= Alole] ztole} %7
ghld &gell Jlojxle] zlo] 5 28 3= AR Ko
At} 28 Fig. 39} Fig. 49 Aol A B3] 2apgke]
7ol A bioethanolo] A4bE]o1d = Qo= AS &
oIk, 68F I} sEFd o8 AW Pichia stipitis 54
37K B2} 7P E2 bioethanol AAHES B 4= 93-S
2135k TE 318 bottle culture?} fermenter cultureol| A -
Zo] DNS o2 A==, S0 3= = 7
SR1 B4} njx]9] of T A Fo=Z Qlale] Fldo] 3]
AHER] 9 ZA T #FE AT (Fig. 3(c) and Fig. 4(c)).

Table 2. Ethanol yields (g-ethanol/g-reducing sugar) of Fig. 3

and 4
Yeasts Pichia
Culture 7126 | 58376 | 58784 andophorac®
Methods gop
Bottle culture 0.139 0.253 0.335 -
Fermentor culture | 0.297 0.357 0.353 0.18~0.43

*Reference number is [14].

Table 3. Ehanol yields (g-ethanol/kg) of Fig. 3 and 4

Yeasts Pichia
Culture 7126 58376 | 58784 andophorac®
Methods gop
Bottle culture 12.51 19.61 22.2 -
Fermentor culture | 23.84 27.67 | 28.34 3.6~8.6

®Reference number is [14].

Fig. 3% Fig. 4] A%E Fdsl vk A7=ke] 43
9} vlwshr| Y3k Table 23 2] At} bioethanol AYAF
AFeA Z BHdF AulFFel]l tigh bioethanol ARSI
bioethanol yieldE BIn 3t} 3 Table 3oA4= FHU)
bioethanol A4+ AJ&ollA] =apak | kgg ©]-83F bioethanol
AAFES bioethanol yield 24 Bl A8t ojuf Fd

A Ak A]o] Ba1H seaweedS ©]83F bioethanol
Aol Bt A=E AE H|wslSIth Hom et al. [14]
o] AqAye} vuste] E w el gk bioethanol
T2 bottle culture®} fermenter cultureolx] ol-¢- -F-A}3H
0.139~0.357 ©]¥3L (Table 2), 1 kg2 seaweedE 7|5 Z
3t bioethanol AAHFES HIRP S wie £ AFZHr}
A oR oF 3~8u)] AL 9] bioethanolo] BikrEo] F2
oF 12~28 g/kg?l A RIS} (Table 3).
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Fig. 3. Bottle cultures of 58376, 7126, and 58784, in which the
hydrolysate of Sargassum sagamianum was used as
carbon source. (a) Cell growth, (b) residual reducing
sugar, and (c) ethanol production. Yeast strains used in
this study are described in panel (b). Arrow indicates
the time at which the screw cap was completely closed.
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Fig. 4. Fermentor cultures of 58376, 7126, and 58784, in which

the hydrolysate of Sargassum sagamianum was used as

carbon source. (a) Cell growth, (b) residual reducing

sugar, and (c) ethanol production. Yeast strains used in
this study are described in panel (b).

B A7AIrt ARt 7R ES 0183 bioethanol
Atel| FAE ArzA D 71K ASE 3 ZoA] o]
oA 7]= RS seaweed] TAWE TRERSIERZ HE
bioethanolS A2 &= Jtl= 754 918 4= It
ok gk ot Ave BARE 7EESlE Qb alginate
ool thetstar B33k cabohydrate AJE-o] E4|35}

™ [5-11], oA 0] 7IEalE &ollEA5HY] bioethanol S
AA¥517] £33 carbon source 2 AFEEHNS AR FET
oItk ko z BaHl 7lRalE ko] vkt T A
ol tigt a7 93 Ao A7 E oA, B A
o = 58H2] ethanol 22] conversionA] AHAE Q151
1 F80] Bojd AL S, bottle cultur®} fermenter
culture| A F7] 332 AlgFelAT). 3] fermenter culture
o| A= surface aerationS E35}] Ak 27|12 915199k
oAl ofust gI= FA=A gk F7F = BQ

skele} Azkeich,
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