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ABSTRACT : We studied the repeated-batch process for the bioethanol production from the hydrolysate of Ulva per-
tusa Kjellman using yeast Pichia stipitis, which is able to assimilate C6- and C5-monosaccharides. During 180-hour
operations, the repeated-batch process was carried out stably, and the average bioethanol concentration reached
11.9 g/L. from about 30 g/L of reducing sugar in the hydrolysate. Meanwhile, the bioethanol yields, based on the
reducing sugar and the quantitative TLC analysis, were 0.40 and 0.37, respectively, which corresponded to 78.4%
and 72.5% of theoretical value, respectively. Throughout the quantitative process analysis, it was also demonstrated
that 39.67 g-bioethanol could be produced from 1 kg of dried Ulva pertusa Kjellman. In this study, we verified that
the bioethanol production from the hydrolysate of Ulva pertusa Kjellman was feasible using a yeast Pichia stipitis,

particularly during the repeated-batch operation.
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TFHZI (Ulva pertusa Kjellman)y= 3 A ALl A
Vg Es B 4 e 532F ZuEge] slzFeloh
2 A feHe] EdERE kst Aedide]
Ao olof] tigh A7} SujelH o ghiks] o]Fo] XL
ATk 8 5, 2000; g 5, 2009; Akakabe et al., 1999;
Qi et al., 2005a, 2005b, 2006; Pengzhan et al., 2003a,
2003b). eHA, T d = At Fgsle] 9 =
ZAGE WINAXN BHHer Z ZAE =
slod, ol& QIgk FrgAdulele] A g H 7o B Q¥
H]-go] 2H[EAL Qe Aol ofo tigh itz +
BT E vlol derES Aer] 9% Adow &
&3l7] 913 A7t o] FAAL QT HZol]l & AFES 7
BT elA BE FE5aL, ARFE Hpole ogEe
At 7hedE ATl (3 5, 2010).

B =AM E e g sEdS Al o] &% 5 Q=
QY Pichia stipitis (P. stipitisye ©]-8-3F] 4723} 2]
7R BN ol FEEC] GFRESE Hio]Q o
Ehe-S- AYASh= WM S]] (repeated-batch) 373 71EHol]
A3t A FsTh oY Fyda|e] shEs)
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oM ARl FEE] GFR TS BT 2 A7EH Y
AAolr] =8 TFFEA glucose’l 83.5
I3 xyloseZ7t 15.4 (Y%, wiv) E3E e oz ut
SR (3 5, 2010).

agA B =Reie oldd 7 TR dRRE BT
o]g-ale] Hlo| Q. ofehE-S ALkslr] flste] R P srpitis
E ARESITE. E5 P stipitisoll A glucose®t 2 6EFE
Saccharomycess cerevisiaeSt 732 UAF HZZ &Y 3
UR|Y e E o] &= A|TE, SEHIR] xylose®] 7d-$-¢ll= xylose
reductase, xylitol dehydrogenase + &4V} #Afsl= AZRE
Fote] ey oA Y o R o]gHt}. 53] xylose”t
xylitolZ W2} tricarboxylic acid cycleZ FE2] $hE
o] WMtEA] HQ3ly] wjiEol (Jeffries, 2006), SeHg<l
xyloseE P stipitis7} ©1-§8 73-5ol= vl 5 &717F 4
FF FFEolok sttt oy ol YT B&
7FshH xylose= $H&H Abslabd & Fote] ©aelt o
Uzl oz o]gHn, v F7& i8] FHekA] X
S xylose= P stipitisoll ©JalA A& o8& =x] s},
o]zigt o] fE 1 B W ATFAEC] xyloses ©]E-%H
Hpo] @ oJehE A4t Al xyloseZt B3} oUR|Po =

o
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AR o F713H7F &3t vlol 2 o ekE ARk ofw gk
PFE HA=A]o tiete] AT S, B vlo] 2 ok
=2 7P Bl v ¢ e A 37137 21000 st
AM = ATE P31t} (Grootjen et al, 1990; Ligthelm
et al., 1988; Skoog et al., 1990; Watson et al., 1984).

B AT =AM olg 37137 EAIE H A5 s
$13F B AEl o] surface aeration HH-S £33k n|ake] 3|
A7t whdol ok AsA A3} (A 5, 2010; Yeon et al.,
2011b)E 7|Wro.2 P stipitis7t A ZZA] Hfo] Q.
eSS AAE = = AN F71E HUskTH
B A3 HF BT 8% P stipitise ©]-&3t] 87
) FEEZHE Hlole dehge] APAR] Akl 7hs
g 3785 ekt k. ol flalA] vlo| L. ol gkE AL
FTAOE WS 32 i WS ARESIRIAL, com-steep
liquor (CSLY7} 23 AA 23] vj=] & A&-313 .

2 AFdx = e sEHES o8 & e EF
P. stipitis CBS 71265 AH&-stith. Rz a= AF=
oNA FEete] AFUXRTIE 40°CollA 4817 =3 5,
g wAleA E2ste] ARSSkiTE L %, aqtelst
BAE olgsto] 7hial] FEES AXsITE FE23A9
F&7190 100 gof T4 Axwwd SR 1.0LS
YA 195°CollM 1587k 7l & A8 355 X5t
A 0] BAE g 7)E Azl thetedxes A8
Toll ZFA8] 71538 (8 5, 2010). Hiol 2. oERE- AJ4H

ek a5 1 Al, 3HZF-5=7] (EYELA, Japan)s
ol&sle IYAY FEI 30 gLt HER FEES T
SFA T

BH P stipifise ©]-&-3F vpo] Q. of|gkg ALt A A] g
Zol|A WHE 3|2 S Fsil=tt o] Wl CSH wiA]
(CSL; 20 mL/L, (NH,),S0,; 1.2 ¢/L, KH,PO,; 2.4 g/L,
MgSO, 7TH,0; 1.2 g/LyE AH8-3FS13L, 2.5-L jar fermentor
(Korea Fermetor Co, Republic of Korea)s AME-3150H,
HiHT-] = 880 mL ATE. WHE- 3724 4S5 flste], 367
7k 5 3 BEE 8T $ 800 mLe] WA E Fetet
3, Al CSH A1 E etste] g zo] F94siqit). ol2igh
WS 33] dolo] ettt viY &&= 30°C, pHE
5.0 283 WHF £ 200 rpme AL, pHE
phosphoric acid solution [10 (%, v/v)]2} ammonia water=
2433t} Surface aerations 53 F7] &H-2 silicon
tubing (A°] =6.7 cm, Y5AE =3.1 mm)2 ©]-&3}5 o,
olF 95t WE=E §7] WF AE =142em)e] ¢ T4
&3} silicon tubingE WEF UF F7-2 2 AUAZTH

HiAY] o] zhed F3Ae $HRS dinitrosalicylic acid (DNS)
WS AR 2318197 (Chaplin and Kennedy, 1986),
Hj g Fo] oehE 2 gas chromatography (8610C,
SRI, USA)E- ©]&-sle] EA5193t). o]ul] AH-S Chromosomb
101 [L=6 ft, ID=1/8 inch, 80/100 mesh, stainless steel
tubing (Alltech, USA)}S AR&-8IAAL, 2 93 2712
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MY w=el] Akt (A &, 2010; Yeon ef al., 2011a,
2011b). @72 &2 thin-layer chromatography (TLC)E
o]-gsle] 41812, TLC Plate (Partisil  KSF, Whatman)
= 20x10em= ZPA] ARSI, AlEE 1 il loading
sieH, ANEvl= acetonitrile?} /7S 85:15 H|E=Z
&3t ARSI A7 Bd F, TLC plateE &4
AleF (0.5% a-naphtol, 5% H,SO, in ethanol)°l] H3k
AW F, dry ovenoll ¥ 80°CollA] 1587F Haja] kA
AlZAT}. Glucose, isomaltodextrin®} maltodextrin®] TLC
plate “gollA] JERN= spote] A=e) 15 sx=ke] AA7t
82 0 2 H]#|51 e Robyte} Mukerjea] =2 (1994)°]l
A19] o] &8 Z7HOE glucose?t xylose®] Y TLCE &3
AT silor, o] uf BdRe] AuF EA4E QleiA ©
F79] spotS AlphaEase FC softwere (Alpha Innotech, U.S.A)
£ o] &3l ARAFe] peakZ AFSH &, FEE I 9l
= ETEAT v|aste] wge] S ALkt
Fzdue 7Rs] &0l 23 CSH MiAl= 7
AL aeste] CSLY Af77F ke A-8-221 viA|o]tt.
2™ CSLell ofzke] ©f{rt 23tE|o] Qrhe AR
37t ek Hull ef al., 1996). ¥ AFolA AR&3F CSLE
Z71% o]Fd] 91X]3F Corn Product Korea®l|A] HFAHE=
Ueo= glojty, e Zue 7ksl] FEES TLCOA =
E A7Ee] Ay A7AHH glucsoe} xyloseTto] 1]
Aot (35, 2010), CSLe] E3FE CSH HIR|ol|A)+= fructose
2 F== dF7E gRle] =Tk (Fig. 1). CSLEHE:
TLCE Z43IE A-%ole olv] 27l Bid A
fructose® FA == TFH7F ERAFATE 2A GO =
e AFAZelN FELuR) Tls FEE0] 23
¥ CSH iAol P stipitisS] W92 glucose, xylose,
fructose”} X Hix|A] Hlo] Q. oek2-S ALksl=
AHolg}t & & At} 22y ¥]E TLCANAME fructosed]

ro

aa®

Ara Gal Glu Fru Xyl 1 2 3

Fig. 1. TLCs of the hydrolysate of Ulva pertusa Kjellman (lane 1),
the mixture of the hydrolysate and CSL (lane 2), and
CSL (lane 3). Ara, Gal, Glu, Fru, and Xyl indicate
arabinose, galactose, glucose, fructose, and xylose, as
the standards, respectively.
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20 FRIFAT, fructose?] G2 vl HojA A34
ol mlA|= el A 7] W& °ﬂ YOF Y= HE
Aol A fructoseol] thstodr = =2 44 =5 SISt
R P stipitise ©]&¢ FHANY JlrEs] FE=
o Aol upo] Q. olghE AARS: flste] HEFe] FTIE wiYx
FHOE Hrtele WHE 332 wjdS AA] Rint. ol
100 mL/min®] F7|5 vz FHoz Yo 9, g%
P. stipitise 82T 7S] FE2ES dERE B4
do= AREsIlen, CSLt dR7t H7bd AAE =
Hjzj oA vho] @ o eSS *3*]'0}7'” ﬂ E} Fig. 2|1 &
G P stipitis?] A7 (Fig. 2A), & 9] 2] oy
(Fig. 2B), glucose®} xylose?] 4H] 9 (Fig. 2C), 2|2
Hlo] Q. ofekgo] A4k ¥l (Fig. 2D)S A2 & 4= AATh
ojmf 36A17F with A viA|E WA si=T, ole # AT
E‘-J AdYAT A= ZAZ G (Yeon et al., 2011a).
B A Ao M T Fig. 2C2F 2] glucoset xylose?]
H|7} SAS] o] FoA| I e AL Bl & 4= Qo
3] TLC A3} oM = @7 glucose?} xylose2] Z:H]
IS 8l & 4= At (Fig. 3). oAl HalH glucose’F H
ZH|E] 5L, o] Fo xylose7} $H413] 4RlEw ©RRF 4
Fds BTk &3, o] AFE fructose®] A %E
TLColA A== QT o] 23t WhE: 332 wikS 180417+
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Fig. 3. TLCs of the culture supernatant of repeated-batch culture.
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Fig. 2. Repeated-batch culture using a surface-aerated fermentor for bioethanol production from the hydrolysate of Ulva pertusa
Kjellman. The yeast strain used in this study was P. stipitis CBS 7126. The medium was replaced every 36 hr, and air was
supplied into headspace of fermentor at a rate of 100 mL/min. A; cell growth, B; reducing sugar concentration in culture
supernatant, C; glucose (@) and xylose (O) concentration in culture supernatant, D; bioethanol production. All
measurements were performed three times (n=3) using the same sample, and the average and standard deviation were

calculated.
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Bt olde] FEuge s sl on, gk A7t
UTHH L o] AIF FUAE Fdo] 7F53IE AR
A7} ol oF 30g/Le] F ST RTH 34‘} ka3
SEFA ol A3 vpol e dlghg FEE W 1.9 gL
Ax olglom, o= & A o] Mgy Axje} v/‘}fﬁ s
olt} (& 5, 2010; Yeon ef al., 2011a).

B A7 G P stipitiss ©]-8-8F FHZIE 7k
2ol FEECA 9] Hlolo ek ALk 7\] Fig. 29} 7to]
W B3] 2418 Fote] dAEA Hiol e oekE-S ALk
o UTE S AT E S AR ojwfje] Hlol e ofekE
MRS 2 vlo] Q. o2 AJLFF (CEP, cumulative

ethanol production)®.Z 3 A|ste] XM Fig. 4A9} 70|
HiF Akl mEbA] BlE Ao R Srtele A gl & F
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Fig. 4. Cumulative bioethanol production (CEP) from Fig. 2.
Bioethanol production and sugar consumption (by DNS
assay and quantitative TLC analysis) in the withdrawn
culture broths in the repeated-batch culture were cumulated
consecutively. A; time-course of CEP, B; CEP vs. CSC
(cumulative sugar consumption). In panel B, closed (ll)
and open square (J) indicate the data from DNS assay,
and quantitative TLC, respectively. All the data were
calculated from the average values of Fig. 2.

AT o= W B4 Tl U wlole. ofekee]

AArs oJrlete Aol WhE B el S Fot] 8
] 7 FE=olA e HaL oF 50g 77k A
Hpo] Q. ofehE AAES Kol o 3 FA 9
ZH|ZF (CSC, cumulative sugar consumptlon)Oﬂ st
CEPE 1#{ XM, Fig. 4B A3 Ale] JAAAE Ho F
At o] A= P TR FEE] G 4
7} vte] 9 olleks Akt 2 o] Sltke A Bl F=
Zolw, o] IA 28] 7|57 % FE TR Aol gk
Hlo] Q. oJEkE & (bioethanol yieldyS AlAF & 4= AT
Table 19 o]2HE dojl nlo] e of|ghE &5 A
slod FokTh 7 7HA] A ol ogk TR Mo gk
Hlo] 9 ogke 428-2 040 (DNS W 71%)7 037 (TLC
W 715E) oItk ol ol EX]9 78.4%S}F 72.5%l 31
Sk Hlo] @ ofgky o st o] W F 7] @R
EAE ARg-ate -,—/\40}0117] wjZoll 2F7ke] ulo] Q. oflgk

< &2 A7k AP 2ate] MelelM BT
2R FEENM 9 Blol L oleE Aitel tigk B 71|

H7} QJojgk=t], =2 FollA microalgal biomass (Harun
et al., 2010), Saccharina latissima (Adams et al., 2009),
Laminaria hyperborean (Horn et al., 2000) 2|3 brown
algae (°] 5, 2009a, 2009b)7} thEA Q1 ofo|th. 22t
AR o] Balzl MAZA | sfute)] e B s me =
B, vlo| Q. AerE &% Laminaria hyperborean 7}
3 EollA 0.18-0.43 (Horn et al., 2000) Z12]3 2 A+
geo] apt 7ReEai =] A<l 0.297-0.353 (2 &, 2010)
9} 0.386-0.431 (Yeon et al., 201la) A=2 H ¥ T}
JelEe B Apdde) ulelo oghe FEe 43 AT
skl 3ol & o, o = Ak & o 9k 08
vl o oRke % BT} YO B Slst]
A s el Pl 288 AR el
oRke Aol o]z AL AR Boslel, Az 7

AR FE dojl nlole. ks —T—%ﬁ Arraied
HOIT} (Table 2). 100 g0 +HZu] EZ25E 753

FEES dof Anl w53 £ YT @%k% 30 g/L
o]}, o|2FH Fig. 29 AAAH, v {712 widS
E3}o] 7} batch Pl Hat 11.9 g/Le] Hlo] Q. o ehe-S A4k
g AT 2 AHE B 6k, kel A= 4w
Y= HE 39.67 g2 vlol 2 ek A+ & = Qluke 741*}
AFNE e F U ol £ AHoe] AYA+ (A

2010021 Az EARIO B R A& Qe Hio] Q. ofgt

=

N}O

Table 1. Bioethanol yield from the hydrolysate of U. pertusa
Kjellman

Bioethanol yield (g-ethanol/g-reducing sugar)
0.40 (DNSY 0.37 (TLCY)

'Bioethanol yield based on DNS assay.
“Bioethanol yield based on quantitativeTLC analyses of glucose and xylose.
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Table 2. Quantitative process analysis and bioethanol yield

Remarks

Step Process
1 Hydrolysis of the dried powder of U. pertusa Kjellman
2 Concentration of the hydrolysate
3 Bioethanol in repeated-batch culture

Bioethanol yield based on dry weight of U. pertusa Kjellman

100 g-powder in 1 liter distilled water
30 g-reducing sugar/L in three-fold concentrated hydrolysate
11.9+0.2" g-bioethanol/L
39.67 £ 0.66" g/kg

**The average of five runs during the repeated-batch culture.

TE7 12.51~23.84 g/kg H} b 52 Fho|™, Hom er al.
(2000)°] Laminaria hyperborean®] 7}r2-sll=olx L&
Hlo] Q. o ehE 2821 3.6~8.6 gkg HUh= X =2 3}
olgtar & UTh.

Aol vidx FHOE nFe] 371E ¥ WA
o7 Fre| FFE Z2H3I &R P stipitis S £}
glucose?} xylos
32 o R vlo| @ e R [ < ks A
Hol FATa & = vk 53] CSLe HiA| A2 A}
goto], A&F )i AAA 34 gl 7Festes df
ot & AFE Bt dlxF ATt vkl o
=5 At oA T8 RS FEde] E
S FHate] Hol 3, o) W) &% P stipitis7} T+
g 7R FEE 59 681321 glucose} SEHES]
loseE A0 =E vlo|Q ofeh&E HIAZ = Utk
Ho] Foa & 4 Al

fo
d
=
to Jr &

(¢

32

w do

WE ol Yo

o

° 5
ste] A-reiict. olelgh F7go] 180417k 7kA] WHEH o=
o]Fold  QdNomH, oF 30g/Le] FIUFOE FH H
Ht 11.9 g/Le] npo] e ogkgo] AYrES Flsi3t)
o] W mlo] @ oehE 8- 0.40 (DNS W 715)3 0.37
(TLC ¥4 7]5)010em, o] o] 242 78.4%%} 72.5%C]
sl Hlo]Q oEke FEo) sgditt o] AS g
SHoA A, B A3 A2 dojxl vHE 372
TN Az FHZTE 1 kgolA 39.67 g&] Hlo] L
s AL Qe AES A A £ AT E
Eate] pdue e 7R FEEZNE vlo] L ofgt
S5 AT & Qlte RS APFeE S, A
AAQ1 g Ate] 7Hest 3 71EEA vHE 3R W

a
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