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Abstract — The microalgae have cellulose as a main structural component of their cell wall and the lignin content in
microalgae is much lower than other lignocellulosic biomass. Therefore, fermentable sugar production from microalgae
(Tetraselmis KCTC 12236BP) can be carried out under pretreatment without high temperature and high pressure. It was
investigated that the effect of hot-water pretreatment using sulfuric acid for lipid extracted algae which is expected to be
a next generation biomass. The effects of three major variables including extraction temperature, acid concentration and
time on the enzymatic hydrolysis were investigated. Among the tested variables, temperature and acid concentration showed
significant effects and optimum pretreatment conditions for the economic operation criteria were obtained as follows: reaction
temperature of 120 °C, sulfuric acid concentration of 2 mol and pretreatment time of 40 min. Under the optimum conditions of
acidic hot water pretreatment, experimentally obtained hydrolysis yield were 95.9% which showed about 2.1 fold higher com-
pared with enzymatic hydrolysis process. Therefore, acid pretreatment under mild condition was proven to be an effective
method for fermentable sugar production from lipid extracted microalgae.

Key words: Lipid extracted microalgae, Byproduct, Fermentable sugar, Hot water pretreatment, Acid pretreatment

LM E v 2Rk o] A slehs 4 A, sl Qg 7 s

2B el o= 1s) Aate] AlgtE 3 gl Aot o] &

ARISHE QLS SRR AR Al AR AANRAT A qmgy) 98, Akt FEo) flu olkseiA A7 B3} o

A oz wAskaL 9lo] tiAII R At 9 247k St OV EE Wl 2R EE o] g8 oAt 227 njo] @ oEkLo] st

S YA & el otstRhA MiERS S e ARA7) A7} ] o)A SheH1]. el dera AsiE Al 71y

93t A=A AANE0] AMAZ 07 Al3E 1 Q). 99 o & AAZ} o123 A TRATE) AS2 0 2o ] Az o
Aol thet AR o % S, A, T, Al T3 22 14 o] sl am]g A E/mAT st 37go] Feste] 24| nlol 2.

Hpo] QUAQT A)-8-2kE-5 0] 8-t Hpo] .17 ko] K1 Eojgto. UH;\_E_ o] 95t Hjo| 9ol E W Au|7F A4 slol] ol oS A1 9lu}.

"To whom correspondence should be addressed.

1._.

Sof w4 g2 Eo]n] olaksjeks 114 o] Hofuii 7|

E-mail: kimjw1028@sunmoon.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

443

Fol whE ALY 5L A o 573107} ohd 23} o] Qi
of1= FrolAfLE vkl F5 oL Bak A A A o] Holy

U AR Hko] @ A5 o} Alm|ZE aks 913 34T who] @A



444 olXH - A& - F
B IS Wk Qleh2]. 53] nlMERE vlo] 2 u] A RS S8l
HjoFE ] 2AMEQ) XA} 8 AE 7 QA0 gEko] 15-62%% 3
I Y ads waEsste] 5344 vlo] @l tin] A 27t golgk
FRE A Aok, gk S a FAkERl s Al FE O] AgAo)
;]5\_- A=) %—E[—j—l_‘?_iﬂ' F QAR t]—§]_ono] ArEl o7 B Habo)
L E e o] A gloks AE-S Aduh3]. H2A9
A AZZAE HEsla Q= 22 Al EH o] AR 21
o] 10~30%= A3k ‘iM Yad AAE 93 m2/ay A
A2 F742] HdaE|ojof sh nF H AEE oM FElE Sl an
Fahs Bl Hads Aitshs 29 o] FpAolnt. i,
o] EABH] g mMERS A SA e Ead AAE
At 12 AXY7E A e glon 2kE o83 120 °C ©o]81e] W
250 MAMYTO R SFFA EE AUZ 9 A0 e Hiks

F IS ACR By Qo4

U]’H]i‘?‘rt A E2FERE A F5 3 HEA = F714
Z HAHAY FEAIEE *lﬁ He 5 3 e AER

2% 31 e}, R ek Exu) A 2ol EAh= SR 0 A AR

X* 11 2/3lE ol g3l A *M o A9 FAEERE Y7

ox
m>4 mxﬂ 23 %H r°1' rL
N

Om.lg

24 Aaksto] AR credits EHS 23 n|A %5 vlo] o)A
BAHE Fol= 71oE 7 e AR ®Alt upehA] 2 AT

M= BAMAIEFE o] &3 Al e = ek syl 7t
e T%‘fdﬁ}"’ *7& TR FELL, FEAR Y A
4

gl Aget dad A

2. A

]

2-1. OMIER

£ AFtelMe et sliduto] e AT AlE oA Aujsilr] el
vjoF & X 94 -& vhR v M 2R Terraselmis KCTC 12236BPES
A FHko} 60 °C B4 12413 33810 AE-51FATE. 10~35 mesh
3719 A= A8 Az G uHIFE AREsIlon A3l A
L3 w7kA] 20 °C YR st FE SR AREE f7 180l
Sigma-Aldrich Ak(St. Louis, MO, USA)2] 1= 95% o] AJekS: A}
4315 o Ao ARE-E AJ2R2 Sigma-AldrichAFe] A5 o) Al
kS AR

2.2, THEA
upo] 9 uff A o] AL vl = A AY o #] 14 (NREL;
National Renewable Energy Laboratory)ell 4] #]A] 3t NREL LAP

(Laboratory Analytical Procedure)l] w2} 418 X353 tH5]. 3l
Fufo] u A A WE 0.3 g2 3.0 ml ALFE FAHT2% w/w)°ﬂ
91 30 °ColA] 1M7L B3 7 El B RSt 9 84 mIS] SRR

4.0% 3?:].}\} oﬂ o7 S]H z‘s} Ohﬂi(-x]—x] g o] 3].01 121 OCoﬂ/H
1ARE 2k 23} 7R R e shalh. 71 2] B A4E01S HPLC
(Bio-Rad Aminex HPX-87P column)®} Refiactive index detector (Varian

356-LC, Varian, Inc., CA, USA)E ©]-&3}0] Z} AJ4lof| th3t g5
A& FHSFATH6)

2-3. 4GS
DA WA 272 B3z 125 ml A&k Lol A X sl aL

Korean Chem. Eng. Res., Vol. 54, No. 4, August, 2016

o

S ZAW - %18

working volume 20 mI°] T} F3h= HA e HY S AXA] 92
AN Z=FE 71D R ARSI 714 & AR A Y
sodium citrate £+5-229(0.5 M, pH 4.8)2} =33 3 200 rppme] F&+
ujekz]oll A Aaslsdt B3l 2L &% 50°C, 714 FE 5% (W)
2 2339 01 &4+ Celluclast® 1.5L (Novo Co., Denmark) 2}
Novozyme 188 (B-glucosidase, Novo Co., Denmark)S AH2-315 T}
A48 et Y= AEY 0] = (cellulose)y= 30 FPU/m, B-glucosidase
activity:™= 25CBU/mI®| A tH7]. D3} A MES F71Z 02 (12,
24,48, 72 h) Hsl FFH QAQ} AL Z A FEE HPLCE ©]

gl S5

2-4. BT

] 22 uhE Beke WskE Akl flete] vt
WS o]g-ste] AES ARl W) skl FEel A
A& 1 g 81 20 mls FH718ko] LAH] 5%(viw) o2 Z7 310
oil bath #4310} AT L AL A 7edslo] Axlelseir.
AR F, 5°C Boll AAste] EANS-S AN | mie] B
1% A3EeIElo] HPLCS o] &8 Rkt 14loll ALESISITY.

2-5. HPLC=EA

Dl—§],3ﬂrx4g E{SH xg/\} k=) \:/_}DL ] Al Eii}\ﬂ Eﬂﬂ]/ﬂ%iii
on] eSSl S8l Fafelel 23t 1 o rhdw e wAS
$13ll HPLC (Waters, USA)E AH2-5F3A T} 227 ol A8 column
BioradA 2] Aminex HPX-87H column©] 13 74 &<l AF8- detector=
Waters 410 RI detector (Waters, USA)O] STt o] 5 2 2+ 0.005 mol
SES ARESIATE o5 8e] 752 0.6 m/min 2 735191 o
column®] &%i= 60°Co| 1L, detector/l 5+ 50°C o]t
HPLCEFH 54 ¥ SFIZe5E ofgfjel 22 2] ()= &3t

AZ2 o~ tn] FalgR stErhs).
AYAL = ,J_Q_,_. A 9
Glucan F3}& = ﬁ_ ot * 100 M
F7] =77 Hex1.1
SR} ekl o8t F2=9 0 A9 AlE 7 ¢ A0 Bk xjo] BA
o1
3. Zn} 2 it
3-1. EIX[0IM=R MEEAM

547 vlo] Q0] FAR-L AL SrElEQl AER QA
U AEZ oA W AlEA FFAR] FIdoRE 7 E o] 9lom

o]% 12} HMIEE o] A EQ AET 9 A= FFT 249 glycosidic
Aol Q& 1Ats) Eo] glom FMAEE e = AUR QAT
TR O R e ko) ol i, Wk o) %aii*ill A
AR o] Fo] A tH9). o] F v AEZ @ A9} #] 12 ester2}
etherd3HS Sall AEZ QA5 7 W T aH=23F Al WS 343}
o MaxeE El% Z7eHA whEo] g2 Eu/alEh =t 54
O 2 HE MY 25 Wgolshs 93k st 52| vlo] @~
2HE ﬂjﬁﬂr A7 Su| S AAste MEE-E A
TE2E AP v E ¥ *“%E.?wﬁ‘r FrdER e g B
ety 01%3} | T3} 271 Zlo] AA ]9} B3ke] 035“’]
Tk NREL %5 241 dl] 715s8te] 24 M zRe] 3714




FAAEE o83 EAVAEFE

Table 1. Composition of lipid extracted microalgae and rice straw

Dry weight percent
Cellulose Hemicellulose Lignin
LEA 11.4 6.6 0
Rice straw 344 17.9 124
Corn stover 384 244 17.0
Switchgrass 31.0 21.2 17.6
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Fig. 1. Effect of substrate loading on the enzymatic hydrolysis of lipid
extracted algae. Substrate concentration 2.5~10% (w/v), pH
4.8, temperature 50 °C, Celluclast 1.5L (60 FPU/ml), Novo-
zyme 188 (25 CBU/ml).
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Fig. 2. Enzymatic hydrolysis of untreated lipid extracted algae and
rice straw. Substrate concentration 5% (w/v), pH 4.8, tem-
perature 50 °C, Celluclast 1.5L (60 FPU/ml), Novozyme 188
(25 CBU/ml).
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Fig. 3. Effect of pretreatment temperature on the acid hydrolysis of
lipid extracted algae. Substrate concentration 5% (w/v), pH
4.8, pretreatment time of 50 min, 1 mol H,SO,, Celluclast
1.5L (60 FPU/ml), Novozyme 188 (25 CBU/ml).
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Fig. 4. Effect of concentration of H,SO, on the acid hydrolysis of
lipid extracted algae. Substrate concentration 5% (w/v), pH
4.8, pretreatment time of 50 min, temperature 50 °C, Cellu-
clast 1.5L (60 FPU/ml), Novozyme 188 (25 CBU/ml).
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Fig. 5. Effect of concentration of pretreatment time on the acid hydroly-
sis of lipid extracted algae. Substrate concentration 5% (w/v),
pH 4.8, 2 mol H,SO,, temperature 120 °C, Celluclast 1.5L
(60 FPU/ml), Novozyme 188 (25 CBU/ml).
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