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Abstract: Ethanol fermentations were carried out using
simultaneous saccharification and fermentation (SSF) and
separated hydrolysis and fermentation (SHF) processes with
monosaccharides from seaweed, Saccharina japonica (sea
tangle, Dasima) as the biomass. The pretreatment was carried
out by thermal acid hydrolysis with H,SO4 or HCI. Optimal
pretreatment condition was determined at 10% (w/v) seaweed
slurry with 37.5 mM H,SO4 at 121°C for 60 min. To increase
the yield of saccharfication, isolated marine bacteria Bacillus
sp. JS-1 was used and 48 g/L of reducing sugar were produced.
Ethanol fermentation was performed using SSF and SHF
process with Pachysolen tannophilus KCTC 7937. The ethanol
concentration was 6.5 g/L by SSF and 6.0 g/L by SHF.

Keywords: Ethanol, Saccharina japonica, Pachysolen
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AEANZE st AlA] 2 A= A 7St ofluA
Ztel] W& e 7150l QlTH[1]. o]2lsh ZdEellA] vio]
2 o[4~] (bioenergy)i= Hoohs 7HE QIgh ZAAEA| 9}
AR AR o m R Wlsh= EAlE EY T e
theko = diFE L Slvk 2], 53], vle] & ollghe-2 shAd
59} 3L tiAlleto] ARE-EE = glom, ofikelerae]
o ® 18 Aolal A& Thssh ouA] AAte] Zksst
o} [3,4]. Hlol 2 olleke-S k] 8l 3, Al 5 TheF
gk ufo] @ miAE ARE- H a1 QI e 7P HskaL
Aegolehz B9 A Sl wAIZE =L Qlar, HAllE ofH
5 glde] oJgt AE= A0 el A3l 2 njol e vl Fa
o FA7F Itk Al 34 vlo] 2. viARA] S ZF APl
vl -Euftell A 2 st vlo] @ wj o}, 1 & A
TRl A lnR= o] whEm ) F3Fu SR vls)
91 WA gakgo] Wk AAo] At [5]. HEE 66%°
=2 B3HES X3S T2 alginate, laminaran 12|31
mannitol 5-2] = 7HAH HA| ©rsHE2] 50%7} alginate
ot} [6]. Alginate= M|XEHS o]F= T2 thdolH
D-mannuronate 2} L-guluronate ©. % g %] Q131 B-1,4-
glycosidic A% FAJE|o] Qlt} [7,8]. Laminarana |7
A R T2 A39 B-1,3-D-glucose = A5HS FAsH
3 Qlovt UH= B-1,6-glycosidic A= Hof AT} [7,9].
Mannitol<> Mannose 2] 33l FATF &= A7 F
TAAdEe ] HlEkelgoln), dxfrolls oA AFs &
Tk o2} L-fucose, D-galactose, D-xylose = 7FA|aL Jtt [7].
AZF/E o] &et olleks e fleiMe Ay e
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FAoH, HAAgell= theket w24, sleh], e A
Y& 93t &5 TVHIA F Utk I T 38 AA e
QL SRrke] ARE-2- o] @ miAe] FREE ThEalell g0
SHAl A7) 3 Bt a4 Aol vl agn]go] ZA
SaL wEA| 7lREEE Al S Qlo] B aE R 0® 3¢
7Fs shth= &7do] it [10].

2 Ao = oA 3l dAte] s R 25l
FerE A E WslkE nlweislon, JelraS S
7] Q& B3tF Bacillus sp. 1S-1S HE)Z a1t} @33t
NEZS olg3lo] He|dslaa (SHF) 2 HA33a (SSF)
=X Pachysolen tannophilus KCTC 79372 a5% AR5}
offghE ALt &8 vl W g 3 HA3E ARSI

2. 45 R 9y

21. A=

2 A= oets Ba s st 718 =2 Saccharina
Jjaponica (FPAIPHE ARESFRA oW, HAake] 7191<1 ()71
FEAA AFC R THEetal W FAES s
AT, OiA e A AR ThAekE ARESEL O
], 72 oA d=F 27171 200 um ©J5te] thAlREE
ARSI

2.2. AJuL 4t S| F T3]

UAmE AF Sl G ZbeRel] #HA s Adeh] SlEl
100 mL flask®l4] working volume 30 mL=Z &}o] thA|uf
EE RS 10%-20% %2 A7gsISivh. Tejal Skt ik
5 WO 375 mM-187.5 mME AA3t1 121 CojlA
60i-7F AA ] E AAE $ AnE S, AEE
= ARgsle] s S5kt

2.3. Bacillus sp. JS-1-& 0]-£3+ 33}

Fok= dlgrollA Eelst @8t Bacillus sp. JS-15
AF-3181 01 [6], 500 mL flaskol| 4] working volume
250 mLZ &Fo] 10% (w/v) THARRSE 37.5 mM 3HAkS
A7Fste] 121°CellA] 6027 DA &gt thalnt wj=]ell 5 N
NaOHE A &]3te] pH 552 F3F3FaL 0.19 g dew/L 2]
Bacillus sp. JS-1-& &5tk AF £ 30CellA 190 rpm
O % 7U%FRt vikslglon, Al5E 12,000 rppmellA] 10+
BF Ay Selnk EElE ATdE Akgste] g

& St

24. 8% 43 9 o

offghs Wha 5= yeast?l Pachysolen tannophilus KCTC
79375 AHESFSITE WA= 100 mL flaskell A working
volume 30 mLE 3}o] 121 TCollA] 1537t Hit ¢ YPD
broth (yeast extract 10.0 g/L, peptone 20.0 g/L, dextrose
20.0 g/L)E ARSI i HE F 30CeolA] 190 rpm o=
1841 st

2.5. 2 I3 A (SHF)

T FEPas= 500 mL flaskelA working volume 250 mL
2 8l 10% (w/v) THAER 37.5 mM A4S 37181
121 CollA 603+ AA2]3 & 5 N NaOHE AFE-5}¢]
pH 5.5% T3AFT Wha Al AIEAILS $13) yeast extract
5 g/L, (NH4)SO47.5 g/L, MgSO4 - 7TH,0 0.75 g/L, Ko-HPO,
3.5g/L, CaCl,- 2H,0 1 g/LE 718k} [11]. 28] aL
Bacillus sp. JS-15 0.19 g dew/L 37kske] 747 23814
71 5045 g dew/L2] P tannophilluss 455t Has
AAEATE HE 5 30T, 190 rpm O 2 84417+ w313
om, AlEE 12,000 rpmollA] 10253 A4 E g +
A0S HPLC (Agilent 1100 Series, Agilent. Inc., USA)
2 e 2 B

2.6. FAIFIL A (SSF)

CAlulE o] gsto] Falel as sAld Adystr] 2l
I3}t Bacillus sp. JS-13} W& P tannophilus =
EA]o] HESATE 10% (wiv) THAEk] 37.5 mM 3AkS
A7rete] 121 CollA 6027 EA st * 5 N NaOH=E
pH 5.5% SR W A] M3EAJS 213l yeast extract
5 g/L, (NH4)SO4 7.5 g/L, MgSOs4- 7TH>0 0.75 g/L, K;HPO4
3.5 ¢g/L, CaCl,- 2H,0 1 g/LE 7}t 18] Bacilus
sp. IS-12} P, tannophilusi= Z}2} 0.45 g dew/L, 0.4 g dew/L
2 FEsdet wa= 30, 190 rpm 0.2 84417 Hiokal3d
om, AlEE 12,000 rpmelA 10753 AAEE o 5
2ol Fa]3lo] HPLC (Agilent 1100 Series, Agilent. Inc.,
USA)Z ofghs F5E #4315t}

2.7. B4y

H|3E2] A7 UV-Vis spectrophotometer (Ultrospec™ 6300
pro UV/Visible Spectrophotometer, Amersham Biosciences Inc.,
Sweden) =S ARSI 600 nmolA SEES 57 9o,
dry cell weight= Hgksliet. thalat @&kl of gkl
3,5-dinitrosalicyclic acid (DNS)H] & 575 nmellX 54+
= 374 skt [12]. tiAnt Eshed o] A %= Brookfield
viscometer (BROOKFIELD DV-III Rheometer v3.1, Brookfield
Eng. Inc., USA)E AF&3Fo] 30CollA] spindle NO. ULA,
SC4-189}SC4-34= S73I30nt. oekE 3l f7Iat S8
HPLC (Agilent 1100 Series, Agilent. Inc., USA)= ©]-8-5}31
t}. HPLC 2] H&71:= Agilent G1362A refractive index
detector (RID)E AFE3}1 ©™ column Biorad Aminex
HPX-87H column (300 x 7.8 mm)= AF2-5F31T}. Column &)
255 65CE 3L 0]/ 5 mM kS ARE6lal e
o, 75 0.6 mL/minZ 3}o] 7} AJRE 4027 248l

3.8% 9 1
3.1 T} A &) A7

AR ol gdle] ofeeS el $l8) 4
sigick. chAlvke] A8 A3 202 238k S18) chalvt



88 Korean Society for Biotechnology and Bioengineering Journal 27: 86-90 (2012)

5 H9E 10%-20%% AA7gskar, Sk it s He9lE
37.5 mM-187.5 mM= A7ste] 121 CollA] 6027 G2
= 319tk Fig. 1(a)$} Fig. 1(b)= tAIulell ik} dako =
b Zul) A2l E sk S 8-S YR o)t}
S it 422%°] TS AE T AN HA 50%9]
FE5 YeERg=d vja, Gake Hit 26%2 S IS5
SIAAL HI1 35%9] S IS AT 3to] Fakn
o 16% & FekES veRdsd], vlo] e wiAl] 25
A AT ko R Ball7) 2wl Ao gk
e SRR/ SR RRIE Sk ik g AeEE skl
< o G AR Gato] =UAIE, dAke] FETt ot
A1 G2 AlRro] AojAdE f714F Ado] S71=7] wiie
o 3hato] Qatrtt 8291 A8 RISt [13]. T8t
Fig. 1(2) ¢} Fig. 1(b)elA bk} ik A2 & AxE S48}
ATk 10% (wiv) ThAlmtel] Aks: A2 gs 749 sk} it
T 50 P v|tke] IS HolH| 15% (wiv) THAlulel] 34t
S HA7) a9 W HEE 10% (wiv) THARRe) 2 xjol=
ARARE 20% (wiv) THAELelA = A7t 52438 7]
th 712]31 15% thAmlel] ks H71st thA vl 3k
A7RS ) Bo Hrt G4 =90tk ohanlE o] g8t uky
oAl 7Hg areallof 3 42 Aot} thAlute| alginate ]
=8 AL wjFo whaA wHk AE Q1% ofgks Aako
FEES 714 = 7] wiEel 7Fe st A wowA sl

[o))
o
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Aol we 1S HAow At sk A} A
&l ®okS Wl 10% (w/v) THAIRtel 37.5 mM
kS AREsto] 121 CollA 603 DAt 21 4]
0% A7 siglon, o] uf SRS FEL- 44% (wiw)
9% 17 cPO|t} (Table 1).

S
=
i

Table 1. Summary of reducing sugar yield and viscosity by thermal
acid hydrolysis

. Concentration Reducing sugar yield (%) Viscosity (cP)

Acid

(mM) 10% 15% 20% 10% 15%  20%

375 445 373 31.7 17.6 117.4 23994.8

75 413 438 438 176 588 1052.7

H,SO4 112.5 379 422 446 8.1 190.7 4631.1

150 348 34.1 500 48 23.0 1166.0

187.5 40.8 415 436 83 2609 1196.0

37.5 28.1 11.5 17.8 249 1979.5 5506.8

75 26.5 27.8 259 7402 189.9 83502.1

HCl1 112.5 348 224 26.1 77.04439.0 761.8

150 34.1 303 282 18.87 4007.1 1166.7

187.5 353 257 271 278 1629 1196.7

3.2 Bacillus sp. JS-1 913} T}A|u} 33}
Alul dAg 5 AAE 3 g3l a8-8 wol7] 98 sl
oA Ee)9 FEEF Bacillus sp. JS-12 o] 23151t} [6].

(b) 60
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W 20% S. japonica
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Fig. 1. Effect of sulfuric acid and hydrochloric acid concentrations and slurry contents on reducing sugar yields and viscosities after thermal
acid hydrolysis: (a) reducing sugar yields and viscosities treated by H>SO4 (b), reducing sugar yields and viscosities treated by HCI.
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|k
O wleko] HHstaL B, T, sl M e Zo]
%3l Q= vAERA cellulase, protease, amylase 62] TIYF
3 g% ¥36kar Ut [14]. Fig 29 18329} o] it
o7 ARt AAPS 739 27 g/Le] o] A o]
02%°] FerES JERNAAXINY, Bacillus sp. JS-1°% 33}
E 7L st At 48 oL o) o] Aol HRIal 73%
o] I3} =55 vERNITE 18lar 7Y o JEt S -
gheldo] astgled, ol vAdEe] Y ol tAnkE
allaHA] ekl al st W vAEe] A shs Ao 3
gt e, Hojg go] s 197 d3lE A
Stal 71 - yeastE Elo] LA (SHR)E AASISIH

alfellA] 22 Bacillus sp 27173 2 S4E71d A
] ak
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Fig. 2. Changes of reducing sugar concentration of Saccharina

Jjaponica slurry (10%, w/v) by the treatment of Bacillus sp. JS-1

after the thermal acid hydrolysis.

3.3.4%38 9 g A4k

FHA 202 AAHZ S tr|utel] WE T Pachysolen
tannophilus= ©]-&3to] el ast sAgshlas
2] Selet. weldshdds 38t Bacillus sp. JS-10%
7Y FslE skal WadS P tannophiluss ©1-2310] 844
PEEs itk 1 Ay E 24431l 6.0 g/Lo] ollekE:
o] “Jato] H3Itt (Fig. 3(a)). SAIBEPER L] - ki
Bacillus sp. JS-13} Wra <= P tannophilusS A0l H%53]
o] 4 Bt Ha s QI 48413t 6.5 g/L 9] ollghEo]
Ato] HUYt (Fig. 3(b)). weldshdasl sAdshtas
e Ay} FAGEPE gl EeldEhidan Bot okt
w2 ogkso] Arko] HQlal, sAlGsh s 2UA] ot
&5 At Feldshtas 797 dekel 197 e o
T ol&E= 6.0 gL7t ABate] H3intk. o]F Fall wAE st
vt Fedsplann o 282490 2s & AslHh
TSt Pichia angophoraes AHE810] ofgbs WHa s S0l
o 36A17kel 7HE 5 w0 oflghEo] ABAkE] AL o] %o
ke T TASHIAI [6], v AdelAE 6 g/L2
offghe FEEA], Mol =0 olleks Akt nlwekglE w
W A7l offghgo] Arte] B A= AlE B T 3
Atk GRS ©]8510] P tannophilus®] ellehe Ak B
w3l B, S Agex= pH 704 HaE st ok

Ake S FBI9AE [6], - 9ol M= pH 5.50014 wha
E 311 6.0 L2t 6.5 gL oflehS-S AAlsiSlnt. A8 =
ol P tannophilus WI%F A pH 3-77H] WHslE 308
pH 50X 7P 352 ollehe-S AAsISiaL, pH 6 o < o
= oflghEo] TSIt P tannophilus7} olehe-S A3k
u pHoll 93-S WL, pH 57} P tannophilus ] #72 pHY
= & odglen olF Ao ® tpr] shi gl o ¢
AT} [15,16]. F-21FEPLGA] Bacillus sp. JS-1°0.% @3}
£ 31908 u) I380] 63%0]1L 43 g/L2] Fdo] A
RO FAIFshEE 9} H]SeEh oFe ofjgekgo] AAate] ]
o} oA o2 FEldshtacls o w deksoe] it
o] ]ojof ATt I3kt Bacillus sp. 1S-1°% F3}E skal
it 54 kAl vk olekE a s AAISIS] witel o]
AL AL o] e Anlshs B0 AE ]

(a) 20 8
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—m— Acetic acid

Mannitol concentration (g/L)

Ethanol and Acetic acid concentation (g/L)
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(b) 40 8
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Mannitol concentration (g/L)

i i i T 0
0 12 24 36 48 60 72 84

Time (hr)
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Fig. 3. Concentrations of ethanol produced from Saccharina japonica.
(a) Saccharification was carried out by the thermal acid hydrolysis
and Bacillus sp. JS-1 treatment. Ethanol fermentation was carried
out separately with Pachysolen tannophilus KCTC 7937. (b) SSF
was carried out after the thermal acid hydrolysis. The saccharification
with Bacillus sp. JS-1 and fermentation with Pachysolen tannophilus
KCTC 7937 were carried out stimultaneously. (A Mannitol, ® Ethanol,
m Acetic acid)

4. 2E

o ArelMe tAvEE o8-8 2 Ay 23 A
ofekE Aatell thsl A-eltt. vhalvke] HA o] KAz

205 AAs] S8l vAlvE s H9l e} ikt ikl
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5 9IS A4 3l 121CollM 60487 EAE)E 3t
A A3 oAt HA A 202 10% (wiv) TRt
37.5 mM SEE H718Ee] 121°CollA 60427 AA]st =
o)}, Azl Al sturry 2] A5 17 cPE e}
U, 3 82 44% 2 YeRIT). B3kt Bacillus
sp. JS-1& o]8ato] 7R G3kE AT A3 fldo]
27 g/LolA 1791 5718 48 g/L7t AV HISIck. BESE 7%k
F3E AASkAL WA P tannophiluss ©]-8-510] -2
Fepta sl At a s AAEIIth sAEEEa e 4
- &8kt Bacillus sp. JS-12} &< P tannophilus=
Aol Fketo] a s SISt olleke wha A, wAIY
spira sl Felgshtacla 6.5 g/Lot 6.0 g/Le] oghgo]
Aol H1 a1 vArte] BeEslE R o] A EE ARE
P 19%9} 18% = e o] AEM sAdshia
7F Felgshtane) AR 0 21 ofjghE AJAbellA a8
Al Aoy,

AR

o A AESET A siPEE IS I R e]

] Al oJsl) FaEgiZ:.
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