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SZFE celluloseZt AEH ] Fo FAAR T Fo] ThE el visl dEata, Al lignine] §lo]
lignin AATHE& AXA FIL cellulaseE AHE3H] GA G S ¥Rk o2} AAER] s o Ao
2 ARG QI ofe] vlo] U] LS f18t B2 Hlo|emjart E o ® Ve 52 TEAT (Uha
pertusa Kjellman)E A28 vfo]3 2 o] B A5 F3t A4 A2 a7} cellulases AME-SH 71513 @8-l v
A= GES dopr gt Ao Lol WE A7 avkE FRIs] $l3l 100~150 °Colr] AAE F3ai3iom,
140~150°CollA] 7Hg w2 AA] aaks Ak wedh 2] HAx vlolaz ol B =19 29 50 Wel 212
150 °CollA] = AA st Fddztelel =] s Bl 47 7leidl a8 #0171 130 cellulase £
ol a-amylase$} B-glucosidase® 7 ARESIe], G4 E3ke] G915 ERIsIit. WAE|st T au Al5e) cellulase
9} a-amylase “128]3 B-glucosidase E'dS 7FXE= Novozyme 1883 ARE3I] 7=RalslS ¢ AAE|sA] o4
THdTe) AlEs) vlweld 7] 7RG el o) DE8] =3kaL, 3AIRE whel] i dlele) ko] Sl
2] 96 wi%eoll B3 FEe] Fhdo] AJEom, o] ok A % THATE AEE 24X
] @47 ZREEEElor Es g e Y ko® I dAE S A 95 s HolFgls Wk ofe} ol
o BrshEe] AEkEE Hu 9 888 98 T USS HolErth

Abstract — The green algae have cellulose as a main structural component of their cell wall and the cellulose content
in green algae is much higher than other marine algae such as brown algae and red algae. Furthermore, green algae do
not contain lignin in their cell wall and store starch as food in their plastids. Thus, it was investigated that the effect of
hydrothermal pretreatment process utilizing microwave irradiation for Ulva pertusa Kjellman, a division of green algae,
which is expected to be utilized for bioenergy production, on the enzymatic hydrolysis. The hydrothermal temperature have an
effect on the pretreatment of Ulva pertusa Kjellman, but the effect of power of microwave irradiation is negligible. The
rate of enzymatic hydrolysis was increased as the hydrothermal temperature increased until 140 °C. The enzymatic hydrolysis of
pretreated Ulva pertusa Kjellman under the optimum pretreatment conditions (50 W of microwave irradiation power and
150 °C of hydrothermal temperature) with cellulase, a-amylase, and Novozyme 188 having B-glucosidase acitivity resulted in the
saccharification of 96 wt% of total carbohydrate in Ulva pertusa Kjellman during 3 hrs, while it took 24 hrs for the enzymatic
hydrolysis of untreated Ulva pertusa Kjellman. It confirmed that the hydrothermal pretreatment was effective on Ulva
pertusa Kjellman for the enzymatic hydrolysis.

Key words: Green algae, Ulva pertusa Kjellman, Hydrothermal pretreatment, Enzymatic hydrolysis, Cellulose, Cellulase,
B-Glucosidase, a-Amylase
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A FEI7F ARSI Qs elU A= o e R

7 AR AEARERE ofYg) 2418) 7EAel o
272, oibel A A 52 SUHE fdete], QIR ks A e
A TF-2dsle} o) 7| S @S oshe FHOE A H T gl
T4 FAARE thAlSHAA A FESH P A o=
staAl k= 2473782 Ado] st E A QITH1] A A AlA
A o5 A&EHE 7FestA 3h= AR el - A7}
8= 31 QI 71 F Hlo] QU AR FE oA & B Hlo] 2o
VA7 2485 L Qlh2,3].

Hto] @ el =] AakE 91k vto] @A~ A5 FA] 1AH]
A 24HIQl 2 A], 3AUIR] sl2/E vE o vk SEAE
AV, S, A 5 22 A4 vlo] e A~ E
o dA Bepd Folx AR o] ¥ 1 Qi sk Rk A&t
ol7] witell 57 deS dod 4 glom, o] Q8| A= &
FE] =Y A W Ak e dnslele &24)0 24 5 o
2 FAo E2al Qe Aot o) FH3e] 8l vl 82w
Ql HlE Ul ZERof ¥3tE]o] Q= lignocelluloseE E-Esh= 532
Al vto] Quj 2ol th gt A7 ZBE 1 QUTH4,5]. 2 A4S

%92 celluloseE hemicellulose 2} =314 @1 lignin®] 7431
o] 7RI A T ol gl ¥/ R H+= lignin
AA 37 88 dell AV Frot o1 HAH] gRE st
A 73 FA7F vk 2HA H 5ol o|AlEEA 11 5
o] Hojukar 71%of] whE AL Ak} 2] 0 n| 2] g-2hEo|HA
olUuA] Artago] £ dx=Frt vto] 2o A AR 915k 34
o) vlo] Qe A~ F5 ¥k QIUh6,7].

| 27+ AA AUl ZF(macroalgae), P Al =+ (microalgae) =
W™, A2 A7 F 25 (red algae), Z3=5+(brown algae),
= (green algae)® - FE T 0] 52 &2 HlTFe] 2] X] oA
At Aol whEa TeIH A YA o] sttt o2 gk
ZHe T2 TEPA g Aol whet epElE S o] thekal,
Fo] AT vhekeitta & A ok T2 [ 2 agar, cellulose,

Xylan, mannan, carrageenan “6-2] TFa-7-2, ZH55= cellulose, alginate,

Yy

fucoidan, laminaran 5-2] T+, %5 Z5+ cellulose, pectin, mannan,
xylane 52| TFF= 795 o] UTHSB-10]. o] 4 # s xFol= of
st thd-R-Eo] TABH] Hlo] oy A] Aite] A g3l & 272
S5 9 N, vlo] emi s Ao FEE F= Qs Tish H
s} ol digh 7] H o3 Bk o2} B2 FENEH tHdRE
2EA0R FET F = P a9l thRe] ARAke
Hell tiek H2)5} A7) 7 Efojol E&AQ1 2Tt of§ Hle]
o] A7 ] Tido] kAR = 3l Aloltt.

SZ270] 'Sl et Aol whEt 25~50% $HEl o]
=, §53kE SeFol A cellulose”t XA k= H]-&0] =& ¥nt
ohfz} celluloser= AR =2E o] 71 Gl T8 Adolth §42]
A8 952 a9 bE 53 FAS 3L carotene, xanthophylls
52 A MG ghgo] 1T AEd A2 HEE glon 3

A

T
oz AR A AT § 54 A B fARE ol e

o] 54JoltH8-10]. FA72 ©raE S T dxrol
H]3l 27]4L, cellulose?} AR 9] S+ Q973 AJ7-0]7] w1 &F
< & gzl val] €53 Bon, ol 54| nlo] Quj e} A
Fol i &Alo] gtk B3 lignin®] $lo] lignin AAFHS AXA
231 cellulaseE AHE-3to] A T3 = oS Wk o g} A
Q] AR G Ao E AREE 4 Qi

D-glucose =47} B-1,4-glycosidic AT 2 AE ] 3= A
thd ARSI cellulose= I2AF AR Afolol| = B2 A4 39}
van der Waal’s §lo] @/d¥]o] AXSHer} g ol 47 71
a7} =tk 187) wiiel] A E7F 47 TRl o] 8-S 50l
7] fst Fast 9G-S skar Hrk 2|k 4= 1d7F steam explosion, liquid
hot water, dilute acid, ammonia fibre/freeze explosion(AFEX) ‘5
7} 22 vlo] @uj A Mg WHo] AFrEe] $ot11], ol s
A HHE 2 1] 3 I ] ARE ARg-shE EAl g o)
Atk vlo] @A 23w 8] ¥ 5212 lignin®] L} hemicellulose
O] AA = 22 WA cellulose®] 24 74, 183l G4
7F 288 ¢ ol WA 9] 7kl tH12,13]. @ (hydrothermal)
HAAe] WS ol G ollA= Ake] F7 glol = Ate 24
285k S o] &3 W o)7] wiitol] ALY AR RS £Y
%107 lignin®] = dllzTrell 23ket Axje] o] = 4= JlrH14-17).

nlo]a =238 71 Z3E S8 Ve HEEo A8 2
E 7FEE oA f8st BT E §8E A glo, nlo] omj
o] Aol 3-89 o= 719] YITH18,19]. mlo] A2 9kE o] g-8hd
T AEA 7FD W el vlsl] 7FE Alzto] tiF zobA] AQ
AlZko] tF @EE 1 AlE T2 9 B S nX = RoR
A A ek whebA, BRI FE AT e AXEE flg ouiA]
Ta AR o] ARsE Agato] 714t 44 a3 9 A st
Frzell &gt n7id A a5 doti= A7) A =7k 2 esitt

o] & A tollM = olAakslEk e 11 T o] ol XA rlo]
2oyR] AAHS Ik vlo] QAR 5 ¥y Qe [ F
cellulose”F A|3EH €] =8 7370 Folw 1 ko] ThE sljz=reoll vlsh
A58k, AlZH o lignin®] §1o] lignin AAZFHE ARA &1
cellulaseE AHE-3to] A DA = Q&= AT A7dakad A
e Ao R AREE = Qlo] 527 vle] @ 2ol nlsf vle]
o] BAks 913 £& vlol oAt E 0% TdEE 52
21 843N (Ulva pertusa Kjellman) S AFE-3510] nlo] 3 2 9
olB A& F3t A WAl A7} cellulaseE ARS8t 71<5=2-3]]
ool X YEFE Yok, vt 7R dute o x3HE o] 9l
= &Rl 847 Ve a8 5017] 2130 cellulase £]°]]
a-amylase®} B-glucosidases | AMESF a4 &3 2490 g3
gRlstaz} st

2.4 H

»
i

. ASE
Aol ARgE ST AR oAl kIRl AR e
Ql 8452 (Ulva pertusa Kjellman)o|™, i35 v 25}
4~53] FAste] W] ZFoje= o] EHES AAT F
40 °C 1z71e] Pof Hxsh 5 fafjato] HaAsIGIth AR A
270l 100 °C 71x7]0l] Yol 27 -2 A el Alss
e 5 ARSI
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Cellulose?] 7}-5-38 ¥ 913t &A= Trichoderma reesei
cellulase(Sigma Aldrich, USA)E, 53 B-glucosidase /3= |
Y571 $130 Novozyme 188(Novozymes, Denmark)S ARE-5+I T}
A2 7HEdl RS
ARSI

Ao A8 A]eFQl D-glucose, phenol, acetic acid, 3,5-dinitro-
salicylic acid, sulfuric acidi= Sigma Aldrich(USA)%] #|3&& A&

F2A T} Sodium hydroxide, sodium potassium tartrate, sodium dithionite
+ Samchun(Korea)2] A2 AH8-5}%1 11, sodium acetate trihydratet=
Shinyo Pure Chemicals(Japan)ﬁl AFE ARSI 1 8] BE A
k& A 7o AlES ARSSISIT

918t 4= a-amylase(Junsei, Japan)S

2-2. A

2-2-1. A 5.2] A e

awael ot A ] Tk £E5S SHA1717] Al et
o]z Z o] B #X|(CEM Discover, USA)S ARE-alo] v Z-ataf) 2]
AA 25 AT 432 50 mgS 5 mLe] acetate buffer
(0.05M, pH 5)°]l Y2 T FH3] =315 == 2204 3048 F<t
WAAZD F, wlo] Az So] B F A oA 50~100 WE ¥
90~150 °Ce] L=ellx] A28kl

2-2-2. B 71

A2 g duk] AR 50 mgS 5 mLY] acetate buffer (0.05 M,
pH 5)°l @& 5 1 mg?| Trichoderma reesei cellulase, 1 mg2] a-amylase,
10 pL2] Novozyme 1885 Wz HHAH 07 .2 Zho] Y2 5
reaction block (Variomag, Germany)oll 4] 50 °C2] WF-g-2 1= 2} 400 rpm
o7 WHISFHA 3~24 AIZF FF G4 T e 9 ghlde] o

& 2393910,

2-2-3. %4

BFslE- 9] F8-2 phenol-sulfuric acid 0.3 &7 34 TH20].

Aol 0.8 mLe DW.SH A 85 ¥ F,32mLY] 80% sulfuric
acid= 7Fsto] APe] wak sjF=3lnk 13 52t RES-AIL 5, 50 uL
2] 90% phenol& 718130t} 308 5 B34 A S o]&3ko] 480
ol FFEE F4T 5 2485k

A2 g2 DNS oz S TH21]. A& 1 mLo] &
Al ZHe] 3 mL2] DNS A] ©K(dinitrosalicylic acid 0.5 g, NaOH 8 g,
rochelle salt 150 g& 500 mLZ 7§)2 ¥l 100 °ColA] 5827+ 1k
SA - AeEolA F5 AR §, BFFEAE o835t
540 nmol| A FFEE FAI F FASG Y. XA R 25 D-
glucoseE AHE-3TE

nlolAz o] B |7 i due s Y abr] At $-of e
W 3= scanning electron microscope(S-4300, Hitachi, Japan)E A}
gato] BT,

3. 21 ¥ oF

3-1. FHZTRIC| EkpslE S

T2 (Ubva pertusa Kjellman)oll 3]0 Q1 w8l=2] oF

< phenol-sulfuric acid §<& AM8-31] S ¢t A3} &53lE0|
39.6 wi%= XAk Q= Ze vkttt W, 217, sl Fol

0
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uruq;q TASHAL Al Aoz kelA QlTHs-10]. sl '
Sk 7k Aol whEt tEARE ARk o = o
FE e F gel dat R Fol HREF FEF
30~60 wt%, ], TR, 5, EARTO] ﬂ%ﬁ%{ ZEFE 30~50 wie,
v, gb, Y7t S0l TR 2T 25~50 wikeel
[8-10]. “ze]ar g dufelel] £3heleof Sl whpshe vlgo] 54
1

O

Al vto] S ulj 2ol HlEl| A= BA 9L, 54| o] @ m| 2~ lignin
" hemicellulose”} E38H= o] Qth= 2S5 Feksiehd | vy 2yl
7} vto] @ A& ABAkel7] S5k vio] Qe AR ARR-EE] o A
Slth= A& HojFT

3-2. Mx2| 2=2| J&

A< (hydrolthermal) =71 elA] E-& AFS] F7} glo] &= 4RO Z A
2-gab7] witell ko] ARERE EY A qlo] Elaado] glE Elx
ol Agket AA ] Wgo] & = Qlek. o] & flal mlo]az o] B
228 29L& 50 WE 43I, 100~150 °C] 2 F ol 7= g
3t g 4] A& 50 mgoll 1 mg2] T reesei cellulaseS AHE-3}0]
3AZE Bk ZElsle] @] ke whE A Y] aYE vy
SISATE. Fig. 10 1.9l vle} o] 2] 814 ok Al Fef| vls| v}
olazgo|H A5 53 A A BFE AR A5 Y
B ghlgo] A= glom, AT iEJP 100 °COlAF-E] ozl
upel Ty Adute| 2 5E A EE el % F7H 140 °cs}
150 °CellA] n]szgh ko] gHlo] A== ZS & 5 Qltk. o] A
Y= vlolFE ol B X E S8 D5 A Al 140~150 °CE]
ZEoA MM E80] 7P Frhs s HolFE Fo R, B
AR AAEE f18) 150 °ColA] A sk Zlo] FrharL Ak
wo] o]F-2] Ao M= 150 °Coll ATl E A28t

A= AA ) g Aule ALE‘J} 23X ¢ko- Aol H]F| T reesei
cellulaseZ AFE3H 715-525) HES-S 23] A B-939] ofo] =
7ettie A2 gz e] Fejoa 2] wslel BHo) Sl A&
gelaly] el nlol Az do] B A& 150 °CollA] A= AAglshr]
¥ o) FY A A EF
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Fig. 1. Effect of hydrothermal pretreatment temperature on hydro-
lysis of Ulva pertusa Kjellman by T. reesei cellulase. Reac-
tion conditions: 50 mg Ulva pertusa Kjellman, 5 mL acetate
buffer (0.05 M, pH 5), 1 mg T. reesei cellulase.
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Fig. 2. SEM images of Ulva pertusa Kjellman (a) before hydrother-
mal pretreatment and (b) after hydrothermal pretreatment
using microwave irradiation equipment at 150 °C and 50 W.

AFg-3to] 71 2FolZ vl $EEF thFig. 2). WA T Mo AR
(Fig. 2(a))= 0] T o] F1L Y= F%Z2 7= whd A=A
2] A& (Fig. 2(b))= Aol 4l 727} shpy @40 = e
H B35S HolErh A § vehks o] @ S WskE Q1)
wA7F A8 o Qe T AT Y] A o] nekR o FTTE
o] Mg aHA] ¢ Algel vlsl &4 7HiEl] RS EEl ol
A= SO ofo] Bk 12 210 % k)

3-3. MX2lE 28 AR &2o| As

A5 AAEE g /MG 2 ARESE vlo]| A2 o] B AR =
2.45 GHz9] vlo]la =35 ARg-ste] UA1E Faat=dl, 319
ZE2of ) F == oluA] 9] oFo] dEix|Al "t ufebr] =] 2
Zeo] Fgdute) o] A ge] ux|= JEFS FRIstuA} ekt
50 Wel 100 We| mlo] a2 o] B 2] 2] 7k &8 Z7ofA 90 °C
9} 150 °CollA] A 2)3kAT}. Z12]L} Fig. 30 Hol mie} Zo] njo]
AZ o8 x| 9] Zg = AJgle] 150 °cColA Rt A gt
7F YRt e 2271 90 °CY wlolli= mlo] A2 o] B A
o] £80] 50 WO 100 WO = A3glo] H|523t ko] o]
A3t v A S Z2HE T reesei cellulase 715315 =
3 AAE AL, o] & FAHY A & AEE a4 TR
FE dofA= AT o) H|S:3t oFol ). o] AXEFE n}
oAz go] B 9] FEo] AA el nX= Y= A2 §les #
ok o} mlo]| A2 ol o3t ay% wn]g Zlo g gk,

g nlola st o] 8 d ZdA e 573

5

@ 50W, 90°C
Q- 50W, 150°C
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Fig. 3. Effect of the power of microwave irradiation and hydro-
thermal temperature on hydrolysis of Ulva pertusa Kjell-
man by T. reesei cellulase. Reaction conditions: 50 mg Ulva
pertusa Kjellman, S mL acetate buffer (0.05 M, pH 5), 1 mg T.
reesei cellulase.

28] FH Rt 2k o8 U] B GFE He AS I+
AT, 7 90 °Celld AP E b 1L maks 719 fle Zlow
1= et

3-4. a-amylase?| MXEZ| A2 T3} F3}

S5V} B3 AR A A GAl AEGOE T
Ho] lor g mlo]eouAE Baks7] S5t Fadh o ® A}

| 5 Qv mebs A A A 2R o B 3
A A8 el E AEAQ ARE F37= F7F
ol BR3II R, e-amylases F7HE H7FS W] 1 @3t G9E
FHESISITY. Fig. 40f] H21 vie} o] A A2 gk 7349 50 mg
ol 1 mg®] T reesei cellulase®} 1 mg®) a-amylaseS AFE51] 71513
= 53 A 3939 o2 1 mg?] T reesei cellulaseRHS AR
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Fig. 4. Effect of a-amylase on hydrolysis of hydrothermally pretreated
Ulva pertusa (P: hydrothermally pretreated Ulva pertusa
Kjellman, C: T. reesei cellulase, a: a-amylase). Reaction condi-
tions: 50 mg Ulva pertusa Kjellman, 5 mL acetate buffer (0.05
M, pH 5), 1 mg T. reesei cellulase, 1 mg a-amylase.
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sHE A9k vlwal 2 mge] ¥ @ol €& ¢ Alom, o=
Haut 50 meell 223 'rghEe] 10 wi%eell sk oFolth.
a-amylase®] £ A7 A317] $130 T reesei cellulase?} Al2Z
H-& TASH= celluloseE 2all3te] A2EH U]l Qli= o] £
2 BEEH ATk ko] Hi= ATRR T reesei cellulases AH8-$F
7l Wk A1 3 4 AR ol 5] gramylaseS WOl o-Amylase
4] Heolli= T reesei cellulase 7+ F3ll A H 6.9 mg2] T
9¥o], a-amylase T § F718 0 =2 717 Aolu} a-amylase
] & 4AZE B o WS X 3ehH g-amylaseS TS| G
7359} vlaE 2.0 mge] B B D& F AT o] A= o-
amylase°l] 2]l F7o] F712 07 71| E| vk A ov]et
o). B3}, Fig. 4 o-amylases T, reesei cellulase®t *-25-E Yo
Fo|= FATE ) FAFo] Y= S HolFEE, 454 4
A2 g a-amylaset= A5--F cellulase®} Zgtste] o] ARg-sho]
T FYst 595 Helvks As & 4 Qo

3-5. 20} 3 24E {8 2E A

olFe] AaE nhgow el HAxQl nfolg 2 9o|H &
X|2] &9 50 W, 212 150 °CollA] D A28t Al ZFE <]
T3t 285 &7 AaEl A AH e 74Tk 50 mgoll | mge
T. reesei cellulase, 1 mg®] a-amylase “12] 17 B-glucosidase E/4S 7}
Z]+= Novozyme 1885 10 pL AHg-3to] 7H2all3F3ith. Fig. 5&
A AA s Y duE ARl T reesei cellulase2} Novozyme
1885 ol A% T reesei cellulase?} a-amylaseS ¥ o] -9l
Hlgl] 27] 7krsll S 2Rt o2l AR S % s
Skt g HolEth g A 7H AT Alsel T
reesei cellulase®} a-amylase= Fol -9 24 A7t &<t 73]
W35 T8t 15.7 mge] $H9E A= WP T reesei
cellulase®} Novozyme 1882 EolF -9 HES-AIto] S7hEke] uk
2t A== G oFo] F25] Skt 9rE FH A9 Tk
Hakgo] T o] 19 mg ol RS HolFrh 1 e 1

25

Maximum amount of reducing sugar
(pased on 50 mg)

Reducing sugar {(mg /50 mg dried sample)

10 15 20 25
Time (hr)

Fig. 5. Effect of enzyme cocktail on hydrolysis of hydrothermally
pretreated Ulva pertusa (N: untreated Ulva pertusa Kjellman,
P: hydrothermally pretreated Ulva pertusa Kjellman, C: T.
reesei cellulase, a: a-amylase, f: Novozyme 188). Reaction
conditions: S0 mg Ulva pertusa Kjellman, 5 mL acetate buf-
fer (0.05M, pH 5), 1 mg T. reesei cellulase, 1 mg a-amylase,
10 pL Novozyme 188.
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Zoi o] rstE vEE vEshd EauE 50 mg Foll 23
o = wkralEo] ko) 96 wioll S AL R 2 golu),
olglgt dil= g4 AAEst YA ENE 2 gt ag
7] $13lA= B-glucosidase®] AHE-0] FQ31T= Z1& oJn|gitt, G
A3t Fdule] A5l T reesei cellulase, Novozyme 188, a-

amylaseS 57 2ol A F T reesei cellulase?} Novozyme 188

= Yol Z-foll vlsl S A2 o 3leke ads &
T o, 7 kS 34 HollA g-amylaseE EOlFUS W FUIE
A4 B Rl 2 mg Jeolth o] HA P ek ok g
2] ARl T reesei cellulase, Novozyme 188, a-amylaseS 5.7
Fols 79 nlashd 7] 7RG et el o) €53] =
or, AAsA] ok i d A RS 2443Fs3t ZhEal al
OF & I U AT kS AR el T F AS "
TS A A gt d5ee Hoje

42 £

olakslekA 1174 Fo] Hojukar AlxEH el lignino] $1¢] lignin
AATH S AXA FAL cellulases ARE31] A D32 5= Q)
S Wk olel AR AR G AR O AN Qe T
[AsE & vlo| A Z o] B FAE o] &3 A5 AAH e WS
3l A 7hs gk vtol QoA & AAks] S5k vlo] e AR
A TE Aol 2ol whE X avE Eelst] sl
100~150 °CellA] HA & G338k aL, 150 °CollA 71 58 A
2 a5 A3Th SEM 45 B8l A5 A & AT
A E7F EA7F A8 ol B o] Frtste] AAE vt
UER = 218 ERIsIGlth. dAe] HA) 211 nlo] Az go]H %
A9 E9 50 W, 252 150 °CollA] A= A2 gh g gl AR e
cellulase®} a-amylase ~72] 31 B-glucosidase €95 714 Novozyme
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