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ABSTRACT. To explore hydrolysis methods for the efficient manufacture of sugar solutions from the freshwater
alga Water-net (Hydrodictyon reticulatum, HR), acid hydrolysis, enzymatic hydrolysis, and combined hydrolysis
(acid followed by enzymatic hydrolysis) were investigated. In the one-step acid hydrolysis, the reaction of 8% solids
content using 2% sulfuric acid at 120°C for 1 hour was desirable. In this case, glucose 27.44 g 100 g DM could be
obtained from the HR-d13 samples. In the two-step acid hydrolysis, the primary hydrolysis (HR powder : 72%
sulfuric acid=1 g : 1.5 mL) was carried out for 1 hour at 60°C, and then the secondary hydrolysis was done for 1 hour
at 120°C after addition of distilled water 23.5 mL. In this case, glucose 35.11 g/100 g DM could be obtained from the
HR-d13 samples. In the combined hydrolysis, 25% solids content using 2% hydrochloric acid were reacted for 1 hour
at 120°C, and then citrate buffer and hydrolysis enzyme complexes (E1 1.0 mL+E2 0.2 mL g dried matter) were
added and reacted for 1 — 2 days at 50°C. In this case, glucose 33.5 g 100 g DM could be obtained from the HR-
d23+26 samples. In conclusion, combined hydrolysis was likely to be more useful saccharification method of HR
biomass at a practical level, considering the glucose productivity, generation of fermentation-inhibiting substances
(hydroxyl methyl furfural, furfural), and limited use of strong acid.
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A =& 7] wEo]t}(Brennan and Owende, 2010; Mata
et al,, 2010). 53] 7 Fol= 54 A& 18F EA
st= B, glado] A9 7] wiiEel 1A
S8 927 ulo] @ 2 15~30% SR T 7t &
ko] 7hsatrh. 2 ste] < miA| sl A
NZFE &85l nlo] A8 T Hfo] 2.3}k A4t
5 9% 2& A (Adams et al., 2009; Choi et al., 2010;
Ge et al., 2011; Harun et al., 2010; Isa et al., 2009; John
et al.,, 2011; Lee et al.,, 2009; Mata et al., 2010; Nguyen
et al., 2012; Scott et al., 2010; Ueno et al., 1998)7} 3!
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FikE I 2/RETE TR RS dof Hpolo
Z, 7144, 71EF vlo] osletaAlE Astele Wi&olth
SrshE 7IRE vlo] emj s ggof] lojx T S8
71E 9 shue AL Tads A7) A dAE/g
strkrEal) 7124 vlo] Quf X o] @At erslES
(cellulose, hemicellulose, starch 5) AE2F2] T(glucose,
mannose, galactose )22 A7 =H QoA TdEFHRE
o] Agk&S Foli, iAo XA o, ALke W
a3e] FHo] S5t adA=d Ee] 2 A),
ol& HT} v H| g9 FA7ES FHel= Zlo] H
3}t (Alvira et al., 2010; Daroch et al., 2013). Algae= 2]
o] Ao 7] wiel Bl AEZ QA vio]em X
of Hlale] AW om HAg/Fstz7lo] B &olsitt
I LEA AL JATHDaroch et al., 2013) ¥EFE TG
2 A7) YaliA= vrelemj 2o 258t 54 et
olo] Tt HF | Az Bslxrie] 27} ggE|ojof gt
AR npo] 0.35}84H] & vlo] om0 YT EA AF]s)
He AL F2 =G, 8 7 59 Be i
E FibEo|th a2y do 2= Hojk nio] 3518k
|02 AREE vpol w29 A= FAET B EEA
% Hiol QAR tiAs= Ao upEA sk, gk AJAE
H vto] st Ee] 7HH BAAYE S 2HF] flsiA= vt
ol ujx &g YA E AUX]/AH]E FA 7]Eo]
s ojor & Aot} 2EW(Hydrodictyon reticulum, HR)
> HrExR F9 shuEA Aol w2 Fgelr] 7t
sk APFRFE] dFolH, g skE F3 0] wi 33}
olgt 548 7RItal B oHKim et al., 2012).
HRE Hpo] @ 3}ehiki Al Fo] -8 Y82 ARS8
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AT FEhe] 82 At dojA 71 w8l
& X A7FraEsl (acid hydrolysis)E 5
2, HR B34 gdstr] 913 H3 rprialx

=
@ 5257 59 Rl 2B (Hydrodictyon reticulatum,
HR)Z Al §47 &4 oA F3d3te] AellA
7

H 3k A1 45°C AZ7| oA 2~4Y T F wxr|E &
watste] vidEEkay BXo Bal 4°Co] HAstHA A

AAEE ARESATE PAZRR duujdel= 7128 2/
Hj kel 2] (Allen’s medium)ol] 25°C &, 12A17F #F7],
50~130 pmol m?s™'¢] FEoA 7~15Y wjste] AR5
HKim et al., 2012).

gatga

I3la 4= cellulase(Celluclast 1.5 L %= Celluclast Conc.
BG, Novozymestt A3, E12Z #A])2} B-glucosidase (Sigma
C6105, 311 U/mL, E22 FAE AFE-31S9H. Celluclast Conc.
BG2| 45-E 1g9 §43996HE SmLe IM citrate buffer
(pH 4.8)°l =14 64 FPU mL'e] §484S 717 g0
2 o] ARSIt

One-step acid hydrolysis
A FE, SR 9 A7) E 33

AZ2%E HR B9 1 g2 28 mL F2] Algdel g7, 0~10%
G 125 mLE FUT Ty & HoFU ol F &7
F pressure vesselo] 23, 120~150°CNA 1217 &
7HEEE WS AT 2§ CaCOE s
Al713L 12,000 rpmoll A 10 &< G472 st 343
F3 o, dojzl sheEal =l thal glucose, ¢
hydroxyl methyl furfural(HMF) 2 furfural £24]2 2A|
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A%¥ HR £20.25, 0.5, 0.75, 1 g)S 28 mL g A
o] T 2% A 125mLE FYE o2 & HolF
Stk o]E LFuF pressure vesselo] ¥, 120°CoA] 1
L AR WS AIHTH 2§ CaCOE HE
< F3MAF1AL 12,000 rpmoll A 104 59 LA E-2]35)
PN F3t v, dojx 7158 Eel tisl glucose,
A%, HMF ¥ furfural 242 AA 81
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Two-step acid hydrolysis
12 71 e PR FARSY Hy) Xjoo] WE F3}
Az¥ HR £2(0.1g 1.0g)2 28mL F] Al gHo|
93, 72% F4HS 1.0mL B 1.5 mLE FYske] 10580}
TF Ho]FHA 25°C FxAAM 1A17F B¢t WA A TR}
). L 1A ARl EY] SR/ 23.5~24 mL
Z 7Bl 1 < & 4ol ths YFRIE pressure vessel
o AlFAS ¥, 120°CNA 14]7F &<t 221 7R &
AT MRS £8 F CaCOE WHES 31X
715L, 12,000 pmOl A 101 &< adTelsto] Fde

FH3k v, dojzl 7RSI E] sl glucose, BT, H
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2 furfural ¥4 AA|E9

12 71EE Al k2= Zold wWE I3}

A%"E HR 2% 1.0 g2 28 mL f2] Al |12, 72%
G 15 mLE FUSH 102 Ptk AojFHA Fxo
Al oy %5%3(30430‘@) INZF B9 12} 7H5EE =
AT 1 & 1A} AR = SR 23.5mLE
22 T 120°0C04 1AZF 5%F 22 A EREEE AA
st YA A3 g2 13} 7ERRsolA 7&s bt

o} 2},

==~

A+84 B 714E-3](Combined hydrolysis)

Az" HR £ 5¢°] 2% HCl 20 mLE ¥ 4o]=
o2 follAel 7ol 120°CllA 1A B9t AR &
skttt dojzl AEEES =S 10N NaOHZ pH 4.8~5.0
7R FEAIA 125 mL AHEEtaae] A 1 F 1%
NaN,7F 32 0.1 M citrate buffers 2] #3(3.8, 4.88,
10.8, 11.88, 22.8, 23.88 mL)& F3t] 2z &3 t}&
33t a 4 EI+E2 (0.12~12mL)S 7}ttt A" wks-
4945 Shaking incubatorl] 237, 150 rpm, 50°Col|A] 24A]
7k 52t AvEElE AAlEit v 5 ¥ 12,000 rpm
oA 103 &t DA EE st Aol A ot
glucose, 1, HMF 2 furfural ¥4 2 A|515 )

=4 g
Glucose ZTF
D-glucose®] A2 YSI 2700 Select Biochemistry
Analyzer (YSI Incorporated, Ohio, USA)E 7}A| 3L A|A] &
assay kits ©]-83to] A8t
49 FF
9 A =S 3 5-dinitrosalicylic acidE ¥ &3+ DNS
reagentE Al 59} T35l 100°C 2ol 55 30% &
QF WES-AIZ1 T spectrophotometerol| A 540 nm9] SFF =&

=731 th(Matrai et al., 2000; Nguyen et al., 2012).
o] ®HFEFAL D-glucoseE O»JAH:]E g3t Alg ot
Fd3A DNS reagent$} W A7l & SF=E =45}
o] Zpdstdth

HMF 2 furfural ¥4
HPLC(WatersAhE AF&3}lo] 280 nmollA] HMF T+

furfuralS A FsFHth Columne Comosil 5C18-MS-II
(4x150 mm)S AHE-SHA AL, 0] 8742 0 water : methanol

(98:2, v/v), 10 water : methanol (75:25, v/v), 15%&

water : methanol (40 : 60, v/v), 20 water : methanol (0 :

100, v/v), 303 water : methanol (0 : 100, v/v)& A7 3}
AL, flow rates 0.6 mL min” oAt EAA B}
]

TE3] =)= membrane filter (40 pm)ZE A3 & =93}
R, FTELS HEEE &S o HEFAS AAdet
o] AiFol| o]&stitt.

R E

One-step acid hydrolysis

G2 HQ HRE 7-Ea)E Hr) xH| o2 S
T Ae Wete g Agst 215 HESISI vo] o
20| AFEts AAE W Bo AAYS SRsEE AE
AT FER el A ] Fakx
= F¥she Zlo] uierd sttt iA LJE o 8% T
ne-step acid hydrolysisE A AT olu T3}
GER7E Bel APErE F, okzEl
2l S °47<1 ‘37.%_ 4 A A= HMFS} furfurale] AF
b 6erd 2 SEFOoENE A A
+=ul(Qian et al., 2005), o1& A& XS A3
7] fleiM= A wE, WAL BRERE T HF
37t et} ol E 93 oo T 1
AlZERelol] W F FEE
vl A3t 2% o)/de] 4t
HE}t 7hiEl Al 7
glucose 4§73 o] %9%5}(Table D). 222 & 4] 4t
7HEEE 22004 7P =4 BAE glucose T 274 ¢
100 g DM 'S0 24, AP A oA 8% 18 H-gHako
A B27FREAE Sl 2AY glucose B FH3BT4 g
100 g DM™)2] 73%¢°l &E3}3t =x]o]t}. 2|3 150°C]
A ARS8 A9 2% AR glucose YA

L IEn 7P
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o
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183k 120°Col A 14]
2 27 A Bk

Table 1. Effect of various conditions on the saccharification of
H. reticulatum in one-step acid hydrolysis method.

Sulfuric Glucose (g 100 g DM™)

acid (%)  120°C, 1hr ~ 150°C,0.5hr  150°C, 1.0hr
0 0.00:0.00 0.00:0.00 0.03+0.04
1 5.13+0.00 23.00+0.18 22.56+0.35
2 26.31+0.18 25.44+£0.18  23.31+0.09
3 - 23.88+0.00  20.53+0.22
4 26.63£0.09  20.31+0.18 16.97+0.04
5 27.19+0.27 16.59+0.22 11.72+0.04
6 26.84+0.22 18.94+0.18 16.78+0.22
7 27.41£0.04 16.22+0.13 13.94+0.09
8 27.34+0.04  22.97+0.04 9.28+0.04
10 27.41£0.66 - -




R OF

UeiE 7 g0 884 AFE fI9k riaEa] U 179

50 4 m120°C, 1hr
0150 C, 0.5hr
0150 °C, 1.0hr

40 A
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10 1

Reduced sugars (g/100 g DM)

Sulfuric acid (%)

Fig. 1. Effect of various sulfuric acid concentrations on the
generation of reduced sugars from H. reticulatum by one-step
acid hydrolysis method.

Fol STkttt 2 o)de] Ahs ol e thswrt S
5 glucose A o] HaF ase AFS Be=, 2
A 05A7F Agroh A7 AjellA o Fslstaict
(Table 1). o]&= 7z A0 =R 2a) Fo] B} ARC T A%
7] WEoz FEdnt. oy s Ay ] A4
M= FAMS ko] Ak(Fig. 1). A TdFFe] 7R
3 AHEolHA YaAAEEEA L7 HMF+Hurfural 3
TS AR 235 B o 4dsh vel 7o 120°C A3
A BT} 150°C A=z 7doA 2 g7Fo] H2 7ol
th &, 120°C 1A1ZF BE8-9] A9 5%7HA] ks =rt 5
7Fsholl wel HMF & furfural= S7HFAAITE 5% o4
o] FrbsroA = HoE Zpo|7t Utk & 150°C A
2 9] B= 2%7HA s ETE 71l wel HMF B
= furfural'= S7FIGAIRE, 2 o) de] FxoAs 2383
743k tHFig. 2). oI5 ARAAETE 2%°] it &

=

d
of |

iy

]

O 2 120°CollA] 1A 7HE?E 7HREiIA L o] dujd o=z
FTE&E $58la, HMF+Hurfural A ZE ©e Ao =

= S tH(Table 1, Fig. 2).

50 2= one-step acid hydrolysisell 1eIA] 27 HR
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HMF + Furfural (mg/L)

Fig. 2. Effect of various sulfuric acid concentrations on the
generation of HMF and furfural from H. reticulatum by one-
step acid hydrolysis method.

Table 2. Effect of various solid contents on the saccharification
of H. reticulatum in one-step acid hydrolysis method.

Powder of  Glucose Reduced

HR-d13 (2100 gDM sugars HME  Purfural
(Wv) Y (g 100g DMy MELD)  (mgL?)
2%  27.00:0.74 49.74£0.60 62.5435  8.5:0.7
4% 27445016 4442200 1200471 13.0£0.0
6% 26404098 40.68:1.88 183.0+42 18.5£0.7
8% 26304202 35.17:075 2610428 275407

St 2 A3, 2~4% I3
A glucose A4 &) 27¢ 100g DM! el o} 2 9]
Aol TP F A= glucose A o] thAh 7HAEe Ak
< el oy 2 Zpol= v ksl th(Table 2). L#v}h
HMF-+urfural 44 & L@ E] w%=7} =obgol uket
glatAl 71kt

W}E]r"ﬂ Fagke] dadAEd A4 Jse] G5
&, ¥ANE A7 58 19 0}04 HR2] one-step acid
hydrolysisi= 120°COA] 4% ZLFPES 2%2] ik gAofA
INZHESE WHA71= Zlo] A4 J Aoz A= 1
A o]23 one-step acid hydrolysisll 4] A== glucose
TEFE ABAAY a4TsH] Hhe 9 FEoBE
wop g e g0l AT

Two-step acid hydrolysis
B} A E AR E
£ AT o= 1A}, 23 AF 7h
= g omA 12} At Tl AlEE AR elA (72%
3ok 214:3] 232 swelling ¥ softening A1 7132, 22} 7}
FEafollM LEAE BHop 85208 WgsiA 7| LA} 8t
W o] THNREL, 2010).
B AgolAe WA A4 HR AP FFS GotE
Ak 718 A ZAL 2% A |
AIZE &} 12 AEdE F, SR 24mlE F71e)
120°CollA 1A1ZF F<E 22F Ab7EEe) W& A8t
o 2 AR, AYE gl S7FETS glucose WA
28 73 oA tK(Table 3). 23} A7FpRa] BA] 2
2 7102 AESt] B3 v, 04% A%
gucose A eFo] 3588 g 100 g DM |13, 4%
ol A19] glucose A2 29.3 g 100 g DM ©]
% 2L H 3F3F2] one-step acid hydrolysis 2 22}
¥ ) ok Z7he S Uehhich
2} Ak 74 A 9] AR (72% 34 F91E 1mL

213l two-step acid hydrolysis
el s &3l Jatet
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Table 3. Saccharification efficiency according to solid contents
of H. reticulatum in two-step acid hydrolysis method.

Dried matter of
HR-d13 in

second-step (W/v) (2100 g DM™)

Glucose

HMF

Furfural

(mgL')  (mgL™")

0.4%
1.0%
2.0%
3.0%
4.0%

35.88+2.81
32.70£1.25
31.00+0.87
30.08+1.33
29.2940.58

17.0+4.2 0.0£0.0

59.5£0.7  12.0+1.4
86.0£31.1  15.0£8.9
148.0£21.2  25.0£2.8
222.5+34.7 38.5+10.6

oA 15mLE S7HAZ $ ‘%ﬁ‘r%% ke
1

4% APE T 244 o] A

step hydrolysisE AA|sH 23}, li]- }—’E

E 15mLE 39S

1.5mL 7kl A 28)

A=A o) dde

o glucose A B
DM'24 1.0 mL *2]ol|A 2] glucose B4 #(30.33 g 100 g
DM Bt} &7}ttt 238 e) HMF 2 furfural A&

FOH WS T, 24 A A

r-p:

Z%H Ahg-ol K3
Fo] 31.50g 100 g

o]’ YttH(Table 4).

2l 23 2A@4% LFE 3
2 13 7REEEIA 2% B4F 1.5 mLE
LA
120°Col A 1A ZF & 9F HEg)oll A 12} 7Hr

I~

30°Col A 1A ZF

=Zz=2222 U
o TTT =

Al 2

g 30°CNA 800 Belstel BaaEe AAssh

2 A3, glucose A Fe] A5 6O°C77}Z]
5 S7kettrt 60°C o HEE A3k 2

A THTable 5). 223 60°CNA2] glucose A FS G4
FEAIZl A} fAFsEATE oF22] HMF 9 furfural 434

T 60°CAA 71 @2 AoE et 434 Oi
HR—d139] 4% 1 FEFR7ANA HR 42T 0 2%
S 1g: 1.5mLE 3o 1 17& &<t 12 7HiE AR

= o‘rr‘/l: 23.5mLE 7F8F $ 120°CAlA 1A 7 7HrE
djabd 7P npEE e B3 AAE BoFe J0E g2l
=%t} HR- d13 ALE;; IYE T Z%Q]r 8% 710014

TAYSAE A S glucose Aol 247t 40.8, 3747 ¢
100 g DM ] E} A= A7rrRaENks Sl 2ad
3}2] 90-95%71A] glucoseS —r%@ T A7) "l 12k
7hradl Al 73RS ARt Aol ©e] l7l= A
o A2 B wE A7 01] HRZHFE AH]&o
2 Fl s 2AT & e Wye] @ Aoz Ao

A+ B7HES
A7t RE RS AA T A9 ARE Tt Z2A =
vl A SR e 3 s Ed wE, Ay 4, AFs
F3lo] B4 = oz o] A= JtH(Mosier et al.
2005). o]zt ©ES HASINI|HA HU; IEs IR
oA B = Q= WS St £ Aea s
AR 9} Gar RS 238l AAEAT o)
A8 A 27) WA s TEES AFEE T
2} & rq]b ﬂ)\}il:} GAHS ALE-3h= Zlo] glucose] A
AZET 5gol 2% FAt
20 mL 4%*6‘}04 120°coﬂ*1 1A7F Wk-3h= Aol vk
St webr olE AR = JAAANTIAL o) F
B ATRENAIY buffer F7HF 2 84 Ut A%
AL wotsty] 93 Ad A3 glucose HatES H7he

rSL
uZi

FN
foh AL

Table 4. Saccharification efficiency of H. reticulatum according to acid volumes in two-step acid hydrolysis method.

Dried matter of HR-d13 in  Acid volumes in Glucose Reduced sugars HMF Furfural
second-step (W/v) first-step (g 100 g DM™) (g 100 g DM™) (mg L1 (mg L")
0.4% L0 mL. 34.63+0.25 59.12+3.00 15.38+3.56 2.55+0.17
Om
4% 30.33+0.19 50.74+£5.52 314.454+35.29 59.37+18.13
4% 1.5mL 31.50+0.67 49.98+0.13 108.15+9.39 25.57+4.19

Table 5. Saccharification efficiency of H. reticulatum according to the reaction temperatures at first-step of two-step acid

hydrolysis method.
Dried matter of HR-d13 in sec- Reaction temp at Glucose Reduced sugars HMF Furfural
ond-step (W/v) first-step (g 100g DM™) (g 100g DM™) (mg L™ (mg L™
30°C 29.97+0.49 47.1320.11 119.75+47.02 26.00+14.14
40°C 32.33+0.56 48.06+1.51 118.00£16.97 24.75+6.01
y 50 °C 32.5141.40 46.76+0.57 104.25+9.55 17.50+0.00
’ 60 °C 35.11+0.51 49.64+0.43 100.00+0.71 16.00+0.00

70 °C 29.61£1.02 45.08+0.92 128.75+13.08 18.50+4.24
80 °C 28.23+1.30 43.41£1.40 118.00+14.85 18.75+6.72
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Table 6. Saccharification efficiency of H. reticulatum (HR-d23+26) by combined hydrolysis method.

Buffer Enzymes (mL g DM™) Glucose Reduced sugar HMF Furfural
(mL g DM™) El E2 (2100 g DM™) (mgL")
3.8 1 0.2 30.0+0.61 28.8+0.03 370£120 50+0
4.88 0.1 0.02 23.4+0.39 26.240.09 320+110 50+£10
10.8 1 0.2 32.0+1.14 31.9+1.72 350+110 40£10
11.88 0.1 0.02 24.9+0.28 30.5+0.07 530+70 70+20
22.8 1 0.2 33.5t1.14 40.910.78 340£70 50+0
23.88 0.1 0.02 27.7+0.37 36.1+0.68 150+20 2040

DAfter 5 g dried matter of HR was pre-treated in 20 mL 2% HC], different volumes of buffer were added for enzymatic hydrolysis.

IEE

bufferfo] Bold 4= Z71E9 3, E1+E2 §49
(1+02mL g DM?) HZ] A7} A% %(0.1+0.02mL g DM")
A A ETE glucose &) oF 25% S 7= ATH Table 6).
ol Wk Ao}l Aol g Ao FAHAL 4
= 12} AR Sl buffer 22.8 mLE 5718k El1 +
E2 F2b 1402 mL g DM H7tste] ZA7pas)
glucose AJ/J&o] 33.5g 100g DM' &2
$53 2432 BATHTable 6). °l& 27| ¥
TaFo] 25%20 Z7A AVtEElE AAEk, o]
FeFo] H =% bufferst €45 H7He o
ANete PR, FFHOE I
IPE oA A B g4 G507 VMR E
gsh= AET e I35 ARE BHo FUT oy
2712 & A9l ARENE HR-d23+264 &

lzo{t
B
i
N
4

b
S
x
kd
odlt
i
ok

rﬂ,
B
o,

o)’e] A#ZHE], HRO B3lE Hdlire Tidvtrd
3l9H(Kim et al. 2012) H&°] two-step acid hydrolysis2} At
+84 537brE3l (combined hydrolysis)7} -3 A2
2 YEhsth &, two-step acid hydrolysisoll A= &7
39 94% o 2l glucoseE ES F AU L,
combined hydrolysisg SalA= LEE ALY TFHF(25%)
oA 7HESNE Al FSke] B3t #9 glucoseE A4
T AT d¥rH o2 At A= ATV B
JE T oA R

SLglon} gl R Arge) v

N
S
ot

o
i
3
12
2
e
i)

HMF+ufural A7d°] 79 §l3, 7291 g4 olek=
A 7 Uk a4 ERbrRdle A e
A7bEis] B 3AWA 7 g =
k%
Z718go] 718t Wingren et
al., 2005). Aol A HRS B8hA 7] 227}
g Agode 47 WHES AAdS aEete] FH A4S
o gt= gslxs Zlo] uhrA g Aol
I &<t v]MZF(microalgae) B AW ZF(macroalgae)
o] gslol] Az A= BH FAM AlEEo] Skth(Daroch
et al., 2013). WA mA|ZFAA A7lFEHE o]&3 W
HO =R Chiorella (0.2 g)S 2% HCIH2.5% MgClLeoll ¥z,
180°Coll A 10%: &<t WA S o 83.47%°] F3t&s
AR (Zhou et al., 2011), Scenedesmus obliquus (5 g)=
2N H,S000 ¥aL 120°CollM 30% &2t WA 73 89.9%
o] Fal&S IS 4 AT (Miranda et al., 2012). €712
7RrRSIH O B A RIMZF Chlorococcum infusionum (5 g)
S 0.75% NaOHell ¥z, 120°CollA] 30% &<t wk-eA1Z 7
- oF 35%7F B3t= A} (Harun et al., 2011). o-amylaseS
ol &3l v ZF Chlamydomonas reinhardtii (5 gye 90°C
oA 302 <t WEEAIZ 7 dextrin 2521 g L'o] &olR
T} (Choi et al., 2010). $HH ANZF A%, U pertusas
5~20% H,SO,Z A}8-3}%] one-step acid hydrolysisA|Z 7
- 3% 2E FFaFoll A ramnose 38%-+glucose 16%7F &
3L, 91.46%°] F3HE-S YERH AT (Jang et al., 2012).
2o AN G amansirs S HAe 3% I1FE
shefoll A galactose 49%+glucose 13%7F LAAX L, 80.71%
TS JeRNATE. G amansii (1 2)E 3% H,S0,5
A3+ tow-step acid hydrolysisA]Z cellulose 7|52 2
68.58%2] 2383 AAth(Jeong et al., 2011). A Ulva
TS 5% dEE Hilskea 9
2] 3 5, cellulose+viscozyme

T ABE0] 65% L=

Lo

pertusa®] 4% L3
oA 60°C 3 A7+ &
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UERET (Yoon et al., 2011). o]4ol|A B npe} 7o) 7]
o] ATHAH o8 A7 £ A7) HR 7HEs] =
THACE HwafBtE o, HRS 583 HA g
wrh ¢kslEl 2A0NA vt golsHA ol FoHE
F 4 ATHKim et al. 2012). ©]&= HRo] Ht} 3
o2, k3t AU g0 R FEAG AT F USS
Jo GG o83t nlo] o8 sAE Az
sAo] /M 4= 9lozjElal o AZITH

0, O, o

ot

ot o = i

oh',r

=,
12R=1

Al 2ot 734

1o
=k
QL
o i

fr

1B ook

2 o

G2 F 2EY (Hydrodictyon reticulatum, HR)2| 2
|4 gtz g9 flal A 7EEs] WH O EA one-
step acid hydrolysisZ} two-step acid hydrolysis, 22| 4F
7Rl & @At E Weld= combined hydrolysis
£ ZHESAUT One-step acid hydrolysis®] 3%, 120°Col|
A1 HR 4% LJEE 2% FAF &4l gof 117 F< ub
A1 73971 274381t} Two-step acid hydrolysise] 27
278 12} 7RS4 HR AZ2F: 72% 3248 1g:1.5mL
2 3t 60°CollA IMZF WA B, SR 23.5mLE
A7bstal 120°CA A 1417 7hrEafi Al 7] = Aol A Th
Combined hydrolysis®] 73-9-, 2% @4kl 25%<] HR 213
S WL 120°Col A 1A ZF REGAIZ] §, citrate buffer=
4% VPR 3tgo] HeE FMsla El+E2 84E 747
1402 mL g DM' 202 H7late] 50°CoA 129 5
Sk WhEA7]= Aeo] mit skt Glucose B8 %, EE
A =2 (HMF, furfural) A3 &, 4t AH8AISH 58 T
o7 7+okst w, combined hydolysis7} Bt} &3 A
o7 FAAEHI

FR0|: WisRs), g, 18, Bt
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