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Abstract: In this study, we investigated the effect of reaction
factors on enzymatic hydrolysis of Hizikia fusiforme, which is
brown algae in marine biomass resource, using commercial
enzymes. The composition of H. fusiforme is 38.9% of reducing
sugar, 4.8% of moisture, 17.8% of ash, and 38.5% of others.
In the condition of 1-5% substrate, the increase of substrate
concentration enhanced the increase of reducing sugar
formation; however, the hydrolysis yield did not increase after
24 h. After reaction of 75 h, conversion yield of reducing
sugar were obtained to 16.45%, 17.99%, and 14.55% at 1,
2.5, and 5% substrate, respectively. As a result of effect of
enzyme amount, the formation of reducing sugar did not show
considerable change at 1% substrate. However, in the condition
of 2.5% substrate, the great change of reducing sugar formation
was observed by the increase of enzyme amount. The conversion
yields of reducing sugar were obtained to 18.77% and 22.83%
at 1% and 2.5% substrate with 30% enzyme, respectively. As a
result of heat treatment of biomass, the high yield was obtained
in 2.5% substrate and the yields were increased to 0.06-7.2% by
the heat treatment. This result will provide the basic information
for production process of biofuels and chemicals from marine
biomass H. fusiforme.
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v A olabslekas MeBAI F Sl A7 e ouvA
Aoz s gk, ey S5t Fa 22 A%
ZES o] 83t vlo| oA &) A HE7H Y F5 5
o] & U Abs) A FAIE opl8kal Q. olof] HlA8Ak
Q1 HZAA nlo] uAE o] &5k ulo] eoflufx]e] ik whd
¥ 7|7l v wEE ot itk H Fufollidi= sl
F5 olg3le nlo] oA E AkslaA) sh= A7 Hol
=3 3l [1-4].

o] Qo] Aatell QloiA] sz S ARkt
o] AAE W glon, ATt S84 Eell H]eto]
231 CO, §5&0] 57810 olvx] s 874 4 &l
Aol Z Q3 AP O 7 JIAH T g}, 53] d3 T 4x
Fo Ao wE T SeHAY Bado] fersital LA
AT [1,2,5]. AEFolle 7Y, vhajal, 2L X Fol Sivh
A FRe FEATI e whet dxsEe] ©F 30-67%
o] grEHE-S S-Skl Q)L % alginate, laminaran, “1
2] 27 mannitol T2 A5 Qlc} Alginatet™ AzF72)
MEHS o] F = 324 thdFold, p-D-mannuronate 2}
C5 epimer T34l a-L-gluronate® 7/J 5] St} o] &2
o-14 T p-1,4 AFCE FgHo] Sk o] F AES 7
Z} homopolymer (polygluuronate$} polymannuronate) 3 El
1}, 239 heteropolymer FHIE EAISICE Laminaran<-
Laminarias2) AN 3 £2 p-13 dFo= 74
9 glucano]™, YH-+ B-1,6 AE-S 31, D-glucose £
D-mannitol (2-5%)% 7=l AT [2,6].
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olup At @] E= FaA ] Sl 9slo] FEeh= uhy
= AREE A QlU)[1,5,6,8,9,10]. ©] & [6]S B AkAEE)
o] 40g/L2] FATE, 12]71 AP oAM= 099 gL 3
& 2t 7 [8]1 $RMRIE 7R Z 819 140-150°C,
153, 1% Skl 33.7%2) &) =88 dglon, &=
§k o] 243 AR [Choline]HSO,Z Fj = ARg-slo] Ho)
of AHEA F8E B, o [1] 52 EARRE 19t
N2V 2 THRaiste] A& rfrRaEg o] &5l
gk AIBIIY. 2T 7lrRlol aAS Abge A
ZE A 912 AlEHo] 2 cellulose® 7% TE 2 w}e)
= o= mlo]a2 ol HE 2Abslo] AAjglela ik
(o-amylase, cellulase, B-glucosidase)E 317}8)0] w351 A}
83.7%7} kel g& Baskict =3t A [10] 5& 1))
W oAl EEES kO R ascobic acid$) liquozyme S
o3l Thraliate] 27.2 gL F& At

B AFolM= Z2F/Q 5 (Hizikia fusiforme)S 4
A5 ARES ThEialste] BhgS galal=t) mA]
© AR TS Akt A Fi

2.5 ‘;l Hhy
2.1. 484 =

ARGl AT T2 5 (Hizikia fusiforme, =AY Bat
(355 um (45 mesh)°|sh& AMESISILE AA7FRS) WS
off AR5 S+ Viscozyme L (100 FBG/g, Novozymes
A/S, Denmark)< arabinase, cellulase, beta-glucanase,
hemicellulase, xylanase = 7~J% H&&4o]m, f-glucosidase
2! Novozyme 188 (430 CBU/mL, Sigma-Aldrich, USA)ZS
ARg-3HITE.

2.2, 54 71483
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3.1. 98 FRFAAHE Y

A dx2R[A o GRS 543 A3)E Table 19
UERISITE B2 38.9%2] E-4, 4.8% G, 17.8% ash,
1237 38.5%2) 7|El B4R A E] Qoith A8l AR
o Bvp 22 2Rl Eapik) v tislo] AR FA
St A3, B 39.4%, 119o] 44.7%2] LR &
skl it

4

do

Table 1. Composition of marine biomass

Reducing Moisture ~ Ash  Others*

Bomas g (0 %) (%)
= 38.9 4.8 17.8 38.5
(Hizikia fusiforme)
AR 394 8.5 16.7 354
(Sargassum fulvellum) ' ’ ’ '
s 447 13 12 328
(Undaria pinnatifida) ) ’ ) ’

*Others: protein, lipid, sugar alcohol, etc.

3.2. o) i3 &4 7183

Fig. 13> 71439 20%¢°] g3k 48 1-5%2] 713 &
Lol Hrtslel &8 &4 7R ARE veRd Aol
VNAEET} SV E B2 ko] dddo] Y EE A%
<= VERISITE A4 02 Hkg 244]7F o] Foli= 71
AE7r 2A F7YeA Y AEE JElTh 5% 712
FEOIME 24417000 2.72 gL, 754110l 2.83 g/Lo] B
Fo] BYHSUTE 2.5%2) 714 FolMi= 24A17H 754
Zroll 72} 1.63 g9} 1.75 g/L o] ghldo] BAE T 1%
9] 714 sEolME 2447} 75417kl 212 0.61 g/L S}
0.64 g/L2] shelgo] ATt o= 718 AAe] gl
I (38.9%)S 7L LR Aa 7HEEE Y S
9] &5 ARl A kg 75AES 7]1F 0= Blwshd
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Fig. 1. Effect of substrate concentration on hydrolysis of Hizikia
Sfusiformis in 20% enzyme preparation.

Fig. 29l 34 5 (10-30%)°] W& %9 84 71553
T RS 247 )| e S FEE njws AoE Ve
itk 1%2] NAs T s 54 55 Skl
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o] AN T4 ETE 10,20,30%% 248 739, 7kt
1.36, 1.63,2.22 g/L2] o] A=) o= 714 1A
o] gkl B (38.9%) S 7|FO0® &k VAR A
B gl =88 Akt A3 1% 712S Hrlet 7S
oAM= BA FE (10-30%)° w2t 247 11.05%, 15.68%,
18.77%2] &8 yehidth. B3t 2.5%2] 713 sl
= 13.98%, 16.76%, 22.83%2] &S RN o] 24
9] 7igRafo] ARgEE G40 s 718 1%} 2.5%
F5ollA] 30%2] &4 7] 749l 247} 18.77%9) 22.83%
2 7P =2 &S YERSIT o] T[22 20 gL BAt
Hk 5 72|30 thAju) Kol Pseudoalteromonas sp. AL-1
FRE P& 2GAHNE o] gdl g VgEslE e
Az}, Bk Fo A 1247 o] Fof= ko] A4
H37F A glodohr Bauskeloy, gk & 71 AR AR
SE A9 12417k] 0.916 /L] o] AAE-S R ust
oItk wst o) E (612 20 gL O BAWL, 5, el thAle)
Qollo]] 120°C oA 305 F<r 11t At GAEE g Ay}
EolA= Hul 0.99 g.o] T (2F 4.95% T8 &<
S, AP thAlolellals ol wis] 173 H=o) e
22 Felalgith 1S 0.1 N HCIS #2718k dxjelo =
Al et FAsA FolA Tl gl 4.00 gL=
7P A vEbdTE 8 S 5] 5% SRR A
o2 =S AREElo] I (galactose, glucose)E AJAF
Sh= AtollA] L2 108.2°C, F0is T 3.0%, HHAITE

= =
T
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Fig. 2. Effect of the amount of enzyme preparation on hydrolysis of
Hizikia fusiformis at 24 h.

3.3. A 23 ol i 54 7HeE3
Fig. 3 71239 20% sidshs 848 Ariele] 714
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2 vehd Zoltk, 714 57t S71ESE AT A
o] Z7} 3kl oLt, 5% 7 As R AddE R 2.5%0
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Fig 4= &4 Fo v gdxg s %9 54 7E
3] & HEE 244|700l U S FE Wik Zlojtt. 7]
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Z7Veh= Aske LRI 713 F572.5% U vl 23]
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of o gk XS YeERYTE 714 B 1% 21
=57} 10, 20, 30%E A7}

& 79 717F 0.48, 0.67, 0.92 g/L.2] o] A
7] B 2.5%2] FA0AM a4 FEE 10, 20,30%
A7VsE A 2H2) 1.46,2.33,2.18 gL E-AFo] B4

=
0

wolch o= 712 AAe] AT 3 (38.9%) VITOE
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Fig. 3. Effect of substrate concentration on hydrolysis of heat-treated
Hizikia fusiformis in 20% enzyme preparation.
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Fig. 4. Effect of the amount of enzyme preparation on hydrolysis of
heat-treated Hizikia fusiformis at 24 h.
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Fig. 5. Effect of solid/liquid ratio on hydrolysis of heat-treated and
non-treated Hizikia fusiformis with 20% enzyme preparation at 24 h.

4. dE

AT E sdutol el A AR} 22T K (Hizikia
fusiforme) & -F AAE ANESIY] TRt Sgo
2 Agshad] vAE ARFEL] Yis ZARRISITE A3
A3 8 38.9%2] S99, 4.8% =, 17.8% ash, 17
1 38.5%2) 718 EAZ 3E0) AT 1-5%2) 71 E
EoA 54 7Esl A9 NAsErt S E U
2 o] AAYEG o, BES 24 A1 o] Foll= 715
w8l Aot AFsHA A EIUTE vk 75A1REE TS
2 3Aue) A 8-S B)wahd, 1% 71804 16.45%,
2.5%2] 718N 17.99%, 5% 710X 14.55%S L1E}
o] 2.5%2] 713 sl 7P E8hth 54 TRl mE
QS ZANS A3}, NAFE 1% E4%0 719
wE 2 HgHE HolX| AR 2.5%2] 7)Aol &4
o] Flsld A Aol G438 FUetth 249
5= 714 1%8) 2.5% EEoAA 30%2] EAE H7et
Aol ZF2} 18.77%5} 22.83% 2 =2 82 YERAIT
AA d- 59 154 JlRalss nas 27, dAeE
S 9L} 181X 932 749-of Qlo1A 2.5%2) 714 Feol
A 7V e ST Ageg eIy, @Azl wet
0.06-7.2% 52 F=&o] 718t o2 gt A= sl

K
=
[E)




A

M=x7 = (Hizikia fusiforme)Q| §A 71225l

—_

351

Hlo] e rj2el o g FE] vPYES Foh vlel e din el 518}
=AY Aol 71240 ARE AlFE 2oR ),
A2

O] = 20098 Fg gt e] Al
A9 (PKS-2009-013).

o

ol S8

References

1. Yeon,J.H.,H. B. Seo, S. H. Oh, W.S. Choi, D. H. Kang, H. Y. Lee,
and K. H. Jung (2010) Bioethanol production from hydrolysate
of seaweed Sargassum sagamianum. KSBB Journal 25: 283-288.

2. Lee, S.M,, 1. S. Choi, S. K. Kim, and J. H. Lee (2009) Production
of bio-ethanol from brown algae by emzymic hydrolysis. KSBB
Journal 24: 483-488.

3. Kang, K. Y, S. Y. Park, K. H. Bang, H. Park, G. T. Jeong, and
D. H. Park (2010) Study on enzymatic hydrolysis of rapeseed
straw. Journal of Research Institute for Catalysis 31: 77-85.

4. Lee, S.J., 8. Go, G. T. Jeong, and S. K. Kim (2011) Oil

10.

11.

production from five marine microalgae for the production of
biodiesel. Biotechnology and Bioprocess Engineering 16: 561-566.

. Jeong, G. T. and D. H. Park (2010) Production of sugars and

levulinic acid from marine biomass Gelidium amansii. Applied
Biochemistry and Biotechnology 161: 41-52.

. Lee, S. M., J. H. Kim, H. Y. Cho, H. Joo, and J. H. Lee (2009)

Production of bio-ethanol from brown algae by physicochemical
hydrolysis. J. Korean Ind. Eng. Chem. 20: 517-521.

. Korean Society of Food Science and Technology (2004)

Dictionary of Food Science and Technology. Gwang Il Munhwasa,
Korea.

. Kim. C. (2010) Saccharification of Gelidium amansii by acid

hydrolysis to generate mixed sugars. M.S. Thesis. Kyung Hee
University, Seoul, Korea.

. Kim, J. K. (2010) Pretreatment and Enzymatic Hydrolysis of

Ulva pertusa Kjellman. M.S, Thesis. Inha University, Incheon,
Korea.

Choi, D., H. S. Sim, Y. L. Piao, W. Ying, and H. Cho (2009)
Sugar production from raw seaweed using the enzyme method.
Journal of Industrial and engineering Chemistry 15: 12-15.
Shuiter, A., B. Hames, R. Ruiz, C. Scarlata, J. Sluiter, D. Templeton,
and D. Crocker (2008) “Determination of structural carbohydrates
and lignin” in Biomass Laboratory Analytical Procedure (LAP),
Technical Report NREL/TP-510-42618.



