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A xF FAME TXF agars D-gdactose$} 3,6-anhydro-L-gdactose® T4 5 o] 917] wj&o] o] = Hashd ulo] o
NerES At g = 3l JheAdo] Euh B At A elet A X E o] 45t agars I8l o] E F3

Hpol @ ojhE& AAtstaal do mpol e oeEE

2rsl7] gleke]l WA ¥ agarel Saccharomyces cerevisiae

KCCM1129% FF3ste] 2asiglh Aga= el gheld 449 9] 322312 0.1 N HCI°|3laL, 120 CollA] 15 min WHE-

e Zlo® FAHTE BadF AGE 99 A o

FE+E 01 N NaClZ 17.88 glL7kA] 443313 2™, 0.1 N ©o]4+

o oA 6.78~10.76 gL = A go] ATl 183 agar 16% s =l HA Aol 23k o g2 AR 10.16

g/Lol 3Tt

Red-algae agar, consisting of D-galactose and 3, 6-anhydro-L-galactose, is usable for bio-ethanol production if hydrolyzed
to monomer unit. The objective of this study is to produce bio-ethanol from agar using the heat and acid-treatment. Bio-etha-
nol was produced by Saccharomyces cerevisae KCCM1129 drains using agar-pretreatment. The optima condition for re-
ducing sugar conversion by agar was found to be 15 min reaction a a HCl concentration of 0.1 N and 120 C. The optimum
concentration for maximum cell growth was 0.1 N NaCl (17.88 g/L). Over 0.1 N NaCl, the cell growth decreased to 6.78~
10.76 g/L. At 16% agar concentration, the ethanol production obtained by optimum pretreatment was found to be 10.16 g/L.
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1. M =

218 o]F A5 Hrf AMECR olalelehal
3171 Althell 180 ppmel QA& Zlo] FH < 370 ppm7HA]
tH1]. o]AkElEkA0] F7hE Qs AW 100 7 AT A
074 C A% o, A ddS A7 1.8 mm A3k ok A
AAH oz 23l 2 ygolioR Qste] FeE Ya 3lomH[2],
7153R38E 2] 9lsi oA, w713 gk 5o UN 2k
A mElo] Rg Folck o] st Forell wet o] tid=rES o]t
Bekh wiEEe] ARS WA Hlw, I7 Qs 2usle] FRil
COE Z4adl] Sste] AAAZ o7 A ARS YAIE & QL A
£Ho7 At 7Fs3 U QS AL Folk R o
2 Hlo) e mjAE 0] 43t njo] 2 ojgk-o] Agato
vr|gloz A glon, dA vepdy} =g F
2 BAakE 3 k3.
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T SFF 22 FEF dd 2 w9 kel =
27} Q48] el o]2|dt vio] e vl AR A Bkl
s} -2 Tty A 28la AuiEFe] g B okt ¥
T ofE% FOoE 13l AArtel $A7} lek wheba] Sk Aol b
N /-5 viol @ ofghe gate] o]
f3h= Aol AAA dAAHoR W AHS Ay ok

F9 g AFoll= agar, carrageenan, porphyran 5] Qlth
[6]. x5 MEE e ANl FEA L] YA BT
aas FE 57 S%(Gdlidium sp.), 71-9-5Z(Pterocladia sp.),
A7 )4(Gacilaria sp.) 2 A7) (Ahnfdtia sp.)oll &3 S35
o4 ALl 7). Carageenan2] 7% F2 E7IAlE] E(Gigartinales)
7} Rrole] H(Cryjptonemiales) oA FE5 = A9 W2 tdF=
agarell B13l BAP7)E v ghelkal Qlo] Sarido] ot tial Aol
3t} Porphyran®] 7-9-oll= Porphyra yezoensisel] tF gha-xlo] 9l
om FE AT FAEEE dEA Utk T2F T8 & ]
agar, carrageenan %! porphyran E34st 728 7= sllk-Eg]
i tdFroln], 712 2E o= gaactosee] 717 AgE
9] upzt -8 Bk Carrageenang] 7% C-2 T C-49ll, porphyr-
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9= C60ll I |7F Agstal 9lom, agars] A4 7 AR
0%% 2FA|8h= agaropectinel] SAE717F A3tElo] SltHg]. &
FQ B58E T carageenan?] - FA17)9] slefo] ol
of ogt §-8 & g2 AFo] A oR As ZOR 4

731 porphyrana 2402 HFsH= Al thd EA817]
FTEFE o] &3t vlo] 2 ofghE AYAtell= agars o838 A
F AAAY Aoz Azbe,

Agar= 3A17] ko] AL agarosed) 479 Slefo] =L agar-
opectin® 2 ©]§oj#] It} Agarosei= D-gdactose?} 3,6-anhydro-L-
gaactose® T4J % 11, agaropectine gaactose”} it ester3l ¥ agar-
0se$} D-glucuronic acid 2] A%< pyruvic acid® o] 7ol otk
[9,10]. Agaroll A3 agaropectine 2 S "ojrigs 24S
stEE 1o shd AxE Y8 &dE HYE stk

TETF el agars AE o8 U11-13] el H[14] B
3}814][15,16] *H-& o]gsto] EallE  Qlth thERR agars 3|
3lo] A E 3 (degree of polymerization, DP)7} 2~8 Alo]ol &
2] a1(oligosaccharide) > 0] s} WA, FEAY, U IS
g FYU2aHE F7F 9A 2 A9 wiE A8 5 vheks A
s vehlle 2o A ItH17-19). 542 WS o838
3 2| Y (agar oligosaccharide) @] AlE A& w8l &
AREOE QI 1| &7 G B © EAdo] vtk s Tt
I vk B3 o, BH T KA agaaseE FRE Skl A3} AE
o] agars Hs| SlEiME Ulgd &40 o] daslt) o]
13l AhE o] &gt #8hA] Tl ek Sl kS RESAIRE
| #4325 2ol AF el wet agar THEEElE 2dske] &
Aog e FTULEY gYuds AE F e Pl it
[20.21]. wEbA] 2 ATFelME Adet AAE] 20S ok agars
S| ngRT} o 7e AlA ddel gaactoseS AAksla, ollgk
2 9E 7591 Saccharomyces cerevisiae® ©|-8-5to] whgef 2|3t v}
0]Q oErE WatxAS HESIIL
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2. Al =

21 @F A Hix|
& DEHFEE E5S) Saccharomyces cerevisiae KCCM1129

Rom, #59 IS 20% glycerol 2 3109, -70 Tl B
& Stk Stock$t == YPDHIA](glucose 20.0 g/L, peptone 20.0
gL, yeast extract 10.0 g/lL)& AHg-3ke] 300 mL flaskell4] working
volumes 100 mLZ &}, 48 h 5<F 30 C, 150 rpmellA] & wjek
ANZ F ARSIt das daols A Wikt A8 3 mLs HEE
Qom pHE wik A BpoA] A9AoR d kA Aith

Agar FAA 2] S8 o] &3t ofehg WFoll= AlShlAE AMEH
o, wiA] A AJE-L (NH,)2S0, 10.8 g/L, H.KPO, 5.0 g/, MgSO,
- TH,0 1.1 gL, agar 20.0 g/Lo]3Ith Agar S0l W olehs ¢
AL MRS FLEA FA8taL agard] F=E 200 gL, 40.0
g/L, 80.0 g/L, 1200 glL= &&}3irh

Saccharomyces cerevisiae KCCM11295 o] 83} of|eh2 kg AJAl
S v w3sk7] 918l glucoses} galactoseS 714 & ©]-8-819] agar 313
g g3 Fds 20N Bas Wik

-5,
ofo
ol
ol

2

22 =AY YHS 2ITt agar TXE|

. =]
SR 7Ol tigt sheke A 218 HAske] Sl

il $R7AbEle] Fe Atk v ]l agars H.S0s HC,
N&SOs, NaOH2] 413} ¢47] o]-&3}1o] 0.01 NellA] 2.0 N7HA| thekst
FERE A3 3 120 CollM 15 min B¢ mtEwEka dolgle &
FEH AHEE 80 150 rpmellA] 1 h Ft wRkeRivk A e
w2 g A9 542 DNS WS o]43ISith 5 A5 500 pLell
DNSE 2 mL& 713t ¥ 10 min 7+ 7423 F 540 nmelld S3=S
Z7gste] FRlatalon, 27 Al gdactosed ©]E-ste] AAE
S Ak AFE(WYE FAT / AA el Algst
agar) x 1002.& AL skgick

23. OE2 &3 53

e olekEe] Aeks 98 WAy AlEE 14000 rpmellA] 4l
Y F AFHE GCE o]g-3ate] #A5I3Itk GC= HP 5890 series
05 2831301, 2+ HP-FFAP (Cross-Linked PEG-TPA 30 nmv0.25
mm/0.25 pL)S AR 0] N2 0.6 mL/min® AR&-611 0.
], injection temperature 150 C, detector temperature 200 C, 52 =
AL 45 C (2 min)/(1 C/min)/50 C (1 min)/(20 C/min)/90 C
(1 min)/(30 C/min)/150 C (1 min)°]it). E-2u]= 70 : 12 P o
Ul FF=4% 1%2)] isopropanol& ©]8-813iT

3. Zu} gl &t

3.1 Agarl| Sz|sfEre iz

etg wFol o4 7hsdt WdRE 7R 3] 98 2% agar
£ 2k 712 Xz stod udEet sidnh Wxg] A3 g Az
St agars Ao R Higlon Ao 13l Eglont 4l xzst
agart AoAE s g3 APl EAsHich ek
agar s VPR B HS0.8F HCIS 884 dAg]el o] g3l =
At AA el Bas 4o A g Ag3hr] $5k] 0.01
NellAl 20 N7HA] 5558 dejste] ddstgion], gt 252715 90
T, 105 C, 120 T2 Z#sto] 15 min %<+ ¥-S-A ) AF Ay
1A el FfrEe] EAlsh: 31g gl 3 4 glglon, ol Al
Azk7] 913 30 C, 150 rpmellA] 1 h F<F wHE AlZATE wRk Fef e
22 QQARZE mlAlsHAl ok, o] 21 o] A 54 4l DNSH el
o)t UG Sl WaEHERE oA F o] &3l AASUTE o et
e GHE 747te] Aol oJst Jelg-S v|wsty] $13l] DNSH
< o]gste] TS ALFsIqlch

90 CollM agar Ax2] A3}, HOE ©]-&3F 7FrE8i= 0.5 NollA]
90% ©]49] =2 A3ES Helow, 11 ol FrolM HdHE
FHs Welh veR] oSith HS0sE o8-S TR ElelAe
0.01 N9 A% "xlg] falo] Ao ugslsle] SAFS S4T
T lglom, 4t w5 Frtel whel ME-go] F43] S8t 2.0 Nejl
A 66.12%6714] =28l tHFigure 1(a)). A4 @ €55 105 CTE &
WA AT oF B el 80] Tt EHlth HS0sS 083 &
= 05 N o]e] ol AAE F&o] 00%s Ao, st
ZA4 HC 100%S HtHFigure 1(b)). 120 CeollA Ax|z] 3+
A7} 9 uE HA AxE] FE7F 01 NZ dopxion, Adge
110%¢] =2aF3itk(Figure 1(0). ©1A# 2 M3&2 A & of
AAEE 718 o] DNS Aokl gacatose.th B % 7kskA] W
S37] Wit Rez Az

120 CeollA= 0.1 N o)/de] At Helx AAT] &3} FHashk=
Ao 2 vehgE), o] vk F §-99] Mo] Ao g wshs 310
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Figure 1. Hydrolysis of Agar treated with various acid concentration and temperature: (8) 90 C, (b) 105 TC, (c) 120 C. The agar was hesat-treated

2 ¢/100 mL agar concentration, for 15 min.
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s frefaleh. Lol me A
oA B ek etk £ 9 ALY o] 1HE DNS 57
ZA7E vlwsl] B3-S w 0.1 N HCIS 120 C, 15 min &<t 19t d+t
She 7o) agar sl 915k A4 209 Row Hlugth

ol W eE Fole Zlo] agard] &

32. 5T Agar MAZ|
22 AoE vigo® slo] T agarollA e AF WA FEE

X3 S 2= 121 TR Oaméé}ﬂl A A7) agard] EEE 4
~200%7HA] Eejste] A3EAT) Agar 4% & ) AgH-Eo] 105%E
2%ellA Rk D@r TEo] &F 5% H& HAaF o (Figure 2(a)), 8%,
12%= agar 5527) SRS d3so] A4S tiFgure 2(b), ().
olyF Mo TAe HS0.0014 B FEekA UEsth Agar
12% 2] A&el4] 001 N 4t Helis A2elA] 18sso] kg
= AT F 8T 21Uy AFCE agar s STl WE A

LR ak=4 H]

SYslE Ml 203 M 3%, 2009

) F1eRe) Ak 2 ek G A gl B 4 g
wWebd agard] FEo] BAgle] A BEE 01 N sl A1)

2ol A5 Aoz A7, ol 4] AHAOE agars)
Qo el ohiet At B e W HA]
Ao AR Agar 268} e ABE AA2 sl o] 12%¢
% agar AAROIAE A9 SEE 01 N oo o] wHEA)
u elge] 4y st 3L bl

;ﬂ Rl oA 010 o
tlo ok O o rif

F&0]
3.3. NaCl s=0f g MExe
Sacchar 2.0 NaClol| 91%11 offghs g ul Ao JFS W
= AoR I4HA 0”‘4{22 23], BRI & A AE=
NaCW agar®] AF WA F FEE Qs AAAYEE Naclo
omyces cerevisae KCCM11292] Ao m] X
NaCle] F%o] W A% £5& §LOlo}oﬂt} NaCl 9] FEE AF HA
FES IR 0.01 MollA 20 M7HA] dAE R A3SHich
NaCl9] 5ol e A2 01 M 557 AAo] ozl S7lsict
7} 21 o]% FAH A34-g Aslishs A C® YERSTHTable 1). wh
2H4 0.1 N HCI& o83t AAg|olx] A7 NaClell dist A8l $l
< o7 AZEW, oekg wa A 2202 agar KAl Az
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Figure 2. Hydrolysis of Agar trested with various acid concentration and Agar concentrations: (a) 40 g/L, (b) 80 g/L, (c) 120 g¢/L. The agar

was heat-treated at 120 C for 15 min.

Table 1. Effect of Sodium Chloride Concentration on the Cell Growth

NaCl concentration (Normal) Control 0.01 0.05 0.1 05 10
Initial substrate (g/L) 20.22 20.83 20.66 20.93 20.98 19.91
Final substrate (g/L) 0.40 0.35 0.39 0.37 0.35 0.67

Consumption of substrate (g) 19.82 20.48 20.27 20.56 20.63 19.24
Cell growth (O.D.sx) 14.48 14.98 15.30 1559 9.56 6.02
Dry cdl weight (g) 16.41 17.19 17.31 17.88 10.76 6.78

of[gb& WE = YPD HlI#]of|A] 7] Saccharomyces cerevisiae KCCM
11295 a2 o]§3ke] 300 mL serum bottlesel| 4] working vol-
ume 100 mLell A B%F 5= 3 mL FE3te] mjFsiolct. s
30 C, 150 rpm o2 s}glom, AshlxE ARSIt

wgel] wE AEZe] A2 agar 129%7H4& & W gl
T o) 3e FEeAE AL Aol S Hashs AR g1l

E30t) Agar 2960114 wrael ot ogke AAEES Z4% A3} 2
ofghe b 432 gL, A3 FE2 21.50% % YERoH, st

F0] gaactoses o] 83t olghe AYAFER] 8.93 g/L o] oF 48.38%=
YR TtHFigure 3). 5% agars AMEES w] 81X W2 oleE A

Ak W32 291 317] el 4~ 200714 agard] BES Eo] ok
e AEE AYSIITh Agars =2l SVl whel agar 16%7H4]= ol
Fe F71 1014 glLE S718I o agar 20%0 41 oflgke YAk
o] 875 gLE ZAEItHTable 2). Wb agar 55 Z7}ol wheE
Hrf olgkE APAES agar 16%e14] 1014 gL = VEbta, o)= 7]1A
of W2 AEAF Asf FEQ agar 12%H U= S o7 FRlH3)

AU

o
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Table 2. Ethanol Production from Agar Pretreatment

Agar concentration (g/L) 20 40 80 120 160 200
Initial substrate (g/L) 17.48 32.90 65.99 85.48 117.21 133.99
Final substrate (g/L) 6.65 10.23 23.83 36.07 62.89 77.32
Consumption of substrate (g) 10.84 22,67 4216 49.41 54.32 56.67
Cell growth (O.D.s0) 3.95 41 39 379 256 141
Dry cell weight (g) 4.45 461 439 427 2.88 1.59
Ethanol (g/L) 432 531 7.54 8.64 10.14 8.45
Ethanol yield 21.59 13.28 9.42 7.20 6.34 4.37
70 o} AESA WES Bl nlo] 9 ogkgo] AL FF5A S BlE
ol == Glcoe RO}, EA} R ool agars ol g Fsd R A
- . Galactose 3l7] S8l B2 A Hals} sekA Al el o] g3t agarS 71
2 50- _ 2] shdrk Agare] Hxje]el s skl AT ukiel o)k nlo]
= M S olghee] Ak AF Auke theal o] @Okt 4= gl
£ 401 5 Agar A a]e] A5 Axalel ol At FFssht ALolMe]
73
£ ol 32 ola| A A2l2 Pew drh T Bk Ak HE) 2 o A
=1
_ 2= Sl WS 7ha A7|ER Adst 2719 o] asith
F wald AAs AAe] 2AS Ao v A4 01 N HCIS ©]
“ 10 23101, 120 ColA 15 min <t Aol agare] B A4 FE
ﬂl o] 110% oJ4Fo= =7 Uitk o= AxEel ] AAFH = FAkEo)
0 . . gdlactose T} U] 717-517) DNSA ok wkealy] wliel so 7 A7t
£t dpts fopl  ISok gt Eeok g, B AR tlaA F7hw AR ggt Falo] Badt

Initial substrate (g/L)

Figure 3. Ethanol production from glucose and galactose.

th 2E 5ol ofeks WE = gdactosed) Bl e W AAkEEo] 20
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2 oflgkE ke tist Aol A], Zymobacter palmaes HE AT
AEslo] HE S %3 mannitol 1.0 g© ZFE 038 g9 oE-S
& Aow BuEo] It & AAA TN agar 1.0 g ©]-83H
AALE vlo] @ oEke-S Hjl 0.22 gO & mannitolS o]&-3 AL A
7} HUh go] vt ev Felagelx] ] B &4 9 wigds Ha
st & 4 Qs AT 3 MEH agarell EAISHE <F 30%2] agar-
opecting agarose® H3e 4 Qe @Rl 7|o] Ak o
e A FEE O T ¢ g FloR A7,

12 K

Aoz ik

ujo] @ oghE BlE #F 2= Saccharomyces cerevisiaes 014513
o, gge] Aae HrlR & 5= 9l 0.1 N HCIS o439 120
T oA 15 min B3 A g & 712 Z A3 Agar 2%l
A ollers A 432 gLE VeRow, olgs AES o))
S8l AAEE EE agars o] &5 HaAd A agar 16%°14] Hol
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