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Abstract: The seaweeds with high carbohydrate ratio Gelid-
ium amansii, Saccharina japonica and Enteromorpha intesti-
nalis were used as red, brown, and green seaweeds, respec-
tively. Thermal acid hydrolysis, enzymatic saccharification
and fermentation were carried out using those seaweeds to
produce ethanol. The ethanol concentrations from red, brown
and green seaweed were 14.8 g/L, 11.6 g/L and 9.9 g/L, res-
pectively. After the production of ethanol, the seaweeds were
reused to absorb heavy metal. The maximum biosorption ratio
was Cu(Il) (89.6%), Cr(I1IT) (82.9%), Ni(II) (66.1%). Cu(Il)
had the highest affinity with 3 waste seaweeds. Red seaweed
was verified the most effective substrates to both process.
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1. INTRODUCTION

A AR 12, A7k 2 3 75 A FoF
o2 HAARE YT 5 Y AU A Aol e
A7k AW T ek [1]. AN A F 2w gk
vpol oo g2 AFAA A 2A ZER, 242N
AFE A SHT AR SRR WL R Aol
eh o] BY A0 BAZL e, BAFE o] 9
S AEE0 20| BalA 3 ela volen) A Sz 2
ofel g2 A1 gk (23] A 3AIY Hhol o224 H2F
L2 ST, T AR AR, L CO, §HE 1
23 Foiuc $4 3 A5 ghvhs Fol 4 1 A
st uho] @nj 22 2 glrh(IL

NEFE FL2F, 22F 2ol0 SEFE THH90
W, g8k B o] oghe AAe] F7b Hck w48t 1A
he £59) T3] uje chapsiet 4. 1 %
TRRL FRFY RRF W O HSRES T
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ot (Zn) 2 Al 9F= 7= TEELE AHA
o fFYE FEFEES HolAME Sl HAH At &
oA dgE o] dAo A 54L& FEget [5]. wat
A ale W Fage A7 ARt Bk el o] A3
S5 QU @A Egadolu A Sl A tiE LA
€ su% g AZs] A8 AW, ol2nd 5 o
2 7lgso] T E AMEIL oy ol 52 HA =2
Zpedo] EAE [6]. 1M EE, FHO| SR Ql5}o]
Tasol et w2 F2sde Easta il a5 A
AR AT 7hsst A2olA 22 HER v Mt
Hedeede Ta5e T AVl vl AAIE B
o] o] g3kl et 53 2 f= TuH S Aol ¢
st thE 7]l el S A ¢hon ofo] Fsho] 3}
717k AL 7hA o] A stths HolA Sa4 Aeets F3

A2 B A7} o201 9Tt [3)

B A3 o A= Gelidium amansii ($-5-71AF]), Saccharina
Jjaponica (C}A|u}) 18] 3L Enteromorpha intestinalis (342} &
o]-§-5lof Hfo] Lo eh&S A4St A A 2= FAkE A
gsto] ARSI E o8 el sk, AbeE 1ear d
e Al gkl ol Akt aaA el o2 7HA] aaE
o 52 2gsto]l aagIE st AagsE il &
gl JHARE o] &3t IR E Sof oehES AAkstaL
k7o | 2o gt gAY 4te] H A xS 2HE skl
o o&E ik & H7EE s de AAHESH] FE5
# ek $HA| 7 257 S2lelEE 10~130 g/L H 9]ofl Al
A zx70& B9k, o] & 279 s 7ol thalf vl a5t Sl

=

2. MATERIALS AND METHOD

21. 484 =

2 AP = S TR E 96l
ZFHE S japonical®| il 5272 E. intestinaliss A&
shalth AlE2 27 &akE Fhgo] thE Fofl Hsl =5k
o 7). AR E R R AR 5 Z4712 ot 9
Ak3.717} 355 um (45 mesh) 0]5}2] Bih-S- A2 e} 1A

S 252 G amansii, Z
L
—

Table 1. Composition of various seaweeds

ol EAZF R, At e al oo
ot Ay E skl ARl xS
AA3}7] 93l 250 mL flasko]| 4] working volume 100 mLZ
ato] xFo FE W 6~10%= aFct 3t F=
91 0.06~0.22 N2 A4 8F 3L A 2] Al 121°Cof A]
30~120 7t A 25k At

aAgsE A8Yst7] s a7t E A 2T
A2 E AFESFE T AFRSE B4 Celluclast 1.5 L (endo-glu-
canase, Novozymes), Viscozyme L (beta-glucanase, Novozy-
mes, Bagsvaerd, Denmark), Spirizyme fuel (Gluco-amylase,
Novozymes)E @Y &2 &£315}6] 16 unit/mL= 3} A&
BHAT. AAYRS O pH 5.0, 40°C, 150 rpmC.5 48A] 7HEOF
EFC TR E R P RO PNTE E T
& (Eps, %) o A (D2 UERd 5= lH[10].

Epg(%) = %g”’x 100 (1)

7] Al, ASponei= BAMZHPE Sl H A AT Sl A A E =
monosaccharide®] %= (g/L)°]d, TCx % &<3HE (total
carbohydrate) 3+ (g/L)o]| t}.

o Ehe W 350 F5-5 AHgstol AAH Tt AT
= Saccharomyces cerevisiae KCTC 11265 G amansiiol|
Pichia angophorae KCTC 17574E S. japonica®l 212 1L Can-
dida lusitaniae ATCC 42720E E. intestinalis©l] AH-&3}9 T
Seed culturex= YPG broth (yeast extract 10.0 g/L, peptone
20.0 g/L, galactose 50.0 g/L)S 250 mL flaskof| 4] working
volume 100 mLE &}o] 48417k ¢k vl kst Gict. 2 &E «F 5
E710.35 g dew/L2 HE3F & 30°C, 120 rpm o2 5 FoF
& st A D7 AlZtebeh Al 25 R F ST B ol
SR o A 2] Al 2 3= 1593 x goll A 108 F-oF U4
9 & #2945 HPLCE 574 5}o] glucose, galac-
tose, ethanolZ 415} T}, o2 & (Yeon 2/2)S thar

Composition (%)

Species Seaweed Crude protein Crude lipid Crude ash Carbohydrate
Red seaweed Gelidium amansii 18.30 0.03 7.40 74.40
Gelidium prisoides 11.80 0.90 14.00 73.30
Gracilaria cervicornis 22.96 0.43 7.72 68.68
Brown seaweed Saccharina japonica 10.60 1.60 21.80 66.00
Sargassum filipendula 8.27 0.00 44.29 47.44
Hijikia fusiforme 9.80 1.20 41.50 47.50
Green seaweed Enteromorpha intestinalis 31.60 1.80 29.20 37.40
Capsosiphon Fulvescens 30.40 0.60 32.90 36.10
Ulva lactuca 7.06 1.64 55.40 25.30
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EtOH Sugar fermentable

o17] A EtOH= oleh2 a2 Qs A== 25 e
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3. 888 FAA 4 FF&HS
g L2 T2k Ao ALE-H 2T vlo| o ek AJAL
e seel2 SRS 28 AH F 5AUZ T 24
3ol Q1%F27] 7} 355 um (45 mesh) o] 3F2] Buk-S A3}
q
2 7l 5 S SR (1L )

Aot

24. Y EFF

Cr(IIl), Ni(Il) 2 Cu(I)9] $2<4 S%27} 22} 284.6 mg/L,
125.0 mg/L 18] 31 79.7 mg/LQl 24> &0 100 mLS 52
2|4 pHQl pH 52 gra=0] ARE-5}GI T [S]. pH 24 o= 5N
IEM@NN@H—&%&%%]?gﬁwiﬂﬂiﬂﬂ
T v 2% £ E 10~130 g/L-S ¢ 3! shaking incubator
of| A 30°C, 150 rpm 2 F2} 2|4 HY A|7F2] 2A17F 52t
S2AI AT [5]. 2L 2 25 mLo] A2 F8Fo] 5000 rpmof| A
15571 QA1 a]5 T A= S [:]00.2 5]45to] [CP-MS
£ H8stel 334 FEE 240 248 34 v

=

=
= =
g ol g3tol FF4 FHBU)E th 402 tehd 5 9)

=

Heavymetal concentration,

x100  (3)

Biosorption ratio = -
Haevymetal concentration i

24 En (g

oy 7| A, Heavymetal concentration; = _7157] =4
5 5% (gL)

L) ¢/ Heavymetal concentration;+ & 53

ol ct.
25 2494

o (glucose, galactose, mannitol)2} o &H& =7-& HPLC
(Agilent 1100 Series, Agilent. Inc., Santa Clara, USA)2} RID
(refractive index detector)E ©]-235} 9Tt A H L Biorad Ami-
nex HPX-87H column (300.0x7.8 mm)E A-&3}o] &= &
65°C, o] 54 5 mM 3HAL 54 0.6 mL/min .2 3}o] ZF Al 7
£ 358 248kl [11].

Za<& 5k 242 ICP-MS (Perkin elmer (Shelton, USA),
Optima 7300DV, Nexion 300D)2} electron multiplier (detec-
tor)E ©]-8-3} % t}. ICP system 2] RF power= 1300 W= 3} %1
11, plasma gas glow rates= 18.3 L/min, nebulizer gas flow rate
+ 0.97 L/min 18] 31 auxiliary gas flow rate:= 1.2 L/min®. &
shof £45}9LT} [12].

3. 4394 3%

3. 32 F A REY

AdalzF 5 325, 2425 3891 52524 G aman-
sii, S. japonica Z12] 1L E. intestinaliss ZtZYo] T £O02
AFE-5Hith SR FES AOACHH o 7 BA3% 7§ﬂ} Table
13} o] G amansii] 732 74 4%, S. japonica®) 7% 66.0%
J18) 11 E. intestinalis®] 73 37.4%2) Et3ES @'O shal
AN o] Aik= AlFol ZV‘J dgol A gestE o] ek
o] o} oferL: xu/\} A5 o) 233t vlo] o o Aekal Fotg
of ALg3He Tt [7

3.3 270 AN L 5L T

AR S-S o] §obo] WATS Hrh2 A4S 9
o ieneler magse] AAza s
Table 20| A= G amansii, S. japonica 18] 1L E. intestinalis )
QupeRalsh FATE HAZAS Gehhh oo

Table 2. Summary of thermal acid hydrolysis and enzymatic saccharification

Monosaccharide concentration ~ Efficiency of pretreatment

Xperiment Condition (g/L) and saccharification (Epg, %)
Thermal acid 8% (W/v) G amansii in 0.05N H,SO,,
. . 25.0 42.0
hydrolysis 121°C, 90 min
8% (W/v) S. japonica in 0.09N H,SO,,
o (WIV) 5. Japoni e 200 37.0
121°C, 60 min
8% (w/v) E. intesinalis in 0.09N H,SO,,
. 10.0 33.0
121°C, 60 min
Enzymatic Hydrolyzed G amansii with mixture 364 610
saccharification of Celluclast and Viscozyme ’ ’
Hydr?l?/zed S. japonica with mixture 29.9 64.0
of Spirizyme and Celluclast
Hydrolyzed E. intestinalis with mixture 202 69.0

of Celluclast and Viscozyme
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2R T, FAbs e 12l A ATk TE FAL
2ol A F27Q G amansii®] 75 8% (w/v)9] 3| 25
=5, 0.1 N H,SO,, 121°Coj| A 908-2] G A 2] A|7tol| A 25.0
g/Lo] TS AAbs] WSl o= 27 ©rdtE 5 =9
WS o 42%0] A a&s YEtW ek S. japonicat
E. intestinalis®) 7 -0 .= T X579} ZHo] 8% (wiv)Q] s =&
SEolA) 74 5 TS AAehalth e SRR eke
] SAbs e 018N 12l G 2] A7k 121°Coll A 60
Fo| A S. japonica=20.0 g/ 18] 31 E. infestinaliss=10.0 g/
Lo| Bhe2 A AFBH ST
Hi7tEsE XA AA P 2402 AAIGH S SNNaOH
o]-§3lo] pH 5.00. 2 F3}3F & A4S 253t
B9t 23 a4E o855ty HF TEE
FESITh Al 7H AR BE T EAS 4
o] &3t At 7} 2 @ AT G amamsii
39 Celluclast 1.5L1} Viscozyme LS 4-2& &3 G40
A S. japonica®] 739 Spirizyme fuel®} Celluclast 1.5L2 4
L Bty Ao|A 18| A E. intestinalis?] 7% Celluclast 1.5
L3} Viscozyme LS 4] E3taaofa] 242 36.4 ¢/L, 29.9
g/L, 20.6 g/LO] TZ AAbekqlal, aadsto] A& (B,
%)= 61.0, 64.0, 69.00.2 BHol €] Qi th. o] 2 A] Ahn et al. [13]
o] w3t wfol o] Al E AR TH: £ B8 o] & 7}
TR B EES Fole AUA At )leS 2elst

ot

i

o

K unit/mL

>~ 12
fo =

il

L

[e)

2 1o B Huoestomo

(o]

33. AR 4T IRE A
27ke] S 252 RE vho] Qo ehg- YAEHE H A Ew o
L o] 2 ek &) WA Eof 3] A H Lt o] 2
I} G amansii®] 739 S. cerevisiae, S. japonica®) 735~ P. ango-
phorae Z12] 1L E. intestinalis®) 739~ C. lusitaniae7} 24 9] +
F2 Bt ol Z7te] FF7t A4 B4 B
QlTt. o] A Aol Al S. cerevisiae] 7330+ =2 glucose2}
galactose] ©]-8 0 2 of|ek-2-& A3}, P angophorae?| 73
- mannitol¥} glucose S ©]-&-5}o] o eh-&-& AAFstH, C. lu-
sitaniae®] 7%~ glucose®} cellobiose S 0]-8-31¢ of &b A}
AFshE £ o] Halw Qi) [14-16]. o] 59 54> 2429 of
o] B3} Ryetol 2 Mo 272 AHE U] Fig 12
o] s 2 FE A 2 30°C, 200 rpmo]| 4] ST v
AE vebd Ze ol E]E Table 30 A= HaE7}
S oEg AL ATE o gelo] ok AAEE
(Yeonye WERH o|th. A} G amansii®] 73-9- 14.8 g/L2]
o HE-S AAYSIT 8-S 0412 eRgeh. S, aponica®]

o o2 I [N
b ot I S
< O n

[

—8— G. amansii (Monosaccharide)  —@— Ethanol
—I S. japonica (Monosaccharide) ¢ Ethanol
—&— E. intestinalis (Monosaccharide) —— Ethanol

40 4

Monosaccharlde (g/L)
Ethanol concentration (g/L)

Time (day)

Fig. 1. Ethanol production from 3 different seaweeds using shaking
incubator: 30°C, 200 rpm for 5 days, (red circle) Monosacharide
from G amansii, (brown sqaure) Monosacharide from S. japonica,
(green triangle up) Monosacharide from E. intestinalis, (red hex)
Ethanol from G amansii, (brown triangle down) Ethanol from S.
Japonica, (green diamond) Ethanol from E. intestinalis.

745116 gLo| o &S Aatstglon 1 882 0312
E}Stth. E. intestinalis®] 7$- 9.9 g/L 2] of g-&-& AJAF5}3] 0
o] of| ek WALE &2 0482 UrElStTh 1 A3} of gk A
AN 2 {FE olehE ikl wet s 27, 2=
F a1 =xF 082 g4 9lon) 327 ulo]e
ofghE Aol 71 2|93t vio] vl 2kl dhekE v

34. 3 5% V5 E ST HEZTE

Cr(IlD), Ni(Il) ¥ Cu(I)9] 27| Z2F&5 =7} ZH2)F 284.6 mg/
L, 125.0 mg/L 1E] 31 79.7 mg/L7} &3+ S< g0 5|
27 S22 E 10~130 gL= 2485to] FAAHS X3yst
At} Fig. 2+ Fa&27]s 20 dsf 359 9 |27 &
2] & WSHAA 252 HEhd ef ol Fig. 2(a)=
2715 E71284.6 mg/LZ 71 =3td Cr(ll) ¥ |27 &
g2l et st 2t Axtolth. G amansii®t E. intestinalis )
75 H s 5 ed 2 ol vleste] 2ol F7tshalon,
S. japonica® Cr(Ill) 2 A1= #) 3| 27 &3 7 110 g/Loj
A7) =2 A EE B F 130 gLo|fol= S5a55F
L7t Al F7Fsl G ol = AR 110 /Lo A Z A o=
FTEES T A A T 4= A Uth Fig. 2(b)= 27|
70 125.0 mg/LQI Ni(Il)S # =7 & 2o A4 &2+
3t Axtolt}. G amansii, S. japonica L8| 1L E. intestinalis .

Table 3. Results of ethanol production from red, brown and green seaweeds

Fermentable monosaccharide

Ethanol concentration Yield of Ethanol

Seaweeds Yeast concentration (g/L) (g/L) production (Ygon)
Gelidium amansii S. cerevisiae 25.0 42.0 0.41
Saccharina japonica P. angophorae 20.0 37.0 0.31
Enteromorpha intestinalis C. lusitaniae 10.0 33.0 0.48
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Fig. 2. Biosorption of heavymetal (a) Cr(III), (b) Ni(Il) and (C)

Cu(Il) by various waste seaweeds.

70 90 110 130
Biomass ( gL )

5o 25 Sele g2 ZASE ST
2(c)=

79.7 mgL3l Cu()E ¥ s 27 &2t
ojth Al F9 # s £7F T 10 g/L o] % =5
= &Ikl AL, Cu(Iof] thet S22 T2F, 4%
9 2 F &0y oo 2 et Fa5deR
AS e AAE S2EE YEH Table 40| A = 2+2)
FY Fa&el vt ASAdE =l & 4 9ok 1
A1 259 Al FHAES A T T35 25 G amansii
# sz &2ig 130 Lok 52t A= Cu(ll) (89.6%),
Cr(I1I) (82.9%), Ni(Il) (66.1%) <=0 & L EIL} F4&:0]29] 2
Foll ol F2Eo] e AL & 4= %l ol 27
TES AU SESY Adste Y= FH, Al xH
O] A LFEALS] A=, T aEY o287 T T2 =
2], o}e}, HEeHA 5407 Qlsto] Fa&ol vt X3te
Zhdebsl7] wiZoletar S E T [17]. o] A4 s U 24
NA 27 &2 &2 54 (Cr(ID), Ni(II), Cu(Il)) 2+
= T A Cu(l)7t FAA o= F2E S gels itk AlF
TES EF i s 2F S0 FFol metA FaSEE

Hasy 99 B4 2% ¥ s =7 sd o= &2
B ol Uetth= Ae e o U8 o= Davis et al.
[17]9] A+toll EH &3 F5& NN Fa&Hol2E
70 218719} AsHA H=rl o] wf AgE = ol
2o &fol it} th= A yetue, ol & FAA
-9l ofl thek Aol ekl A star Qlk. o] 21gt 7
stereochemicals effectso] 23t ¢] £ AL o] 2529 A5
o 2ol Aid o= A dvt=rt & F27F &9 H
F & oA E e S22 ety o

B3 Al T F54 B G amansii W 257 S E
AR e 7HY =& SAES UEFTE Murphy et al. [18]
o BEad Fa4 FHAMAUSES 27 Azl &4
st ol 2] 2187 (hydroxyl, carboxyl”] $)e] S5/} 53
o] ofHatol Agtato] YY) ABAE B o LATS
Shtha waght) Eat o] e o] hEW A 2o 32
F 5 A2FY Al o 24 8}:= alginate, fucoidan 5-2]
/3733 carboxyl, sulfate”] & o] 59| =47t 554

1o dob kI o
o B e |
BN o BN

— ot |r 1o

oo 2k
e rlo BN
1-" N :1

o Y. o i rlo rlo
BN o rlo Lo

Table 4. Biosorption ratio of Cr(IIl), Ni(IT) and Cu(II) by different waste seaweeds concentration

Waste seaweed contents

(g/L) heavymetal 10 30 50 70 90 110 130

Seaweed
Cr(IIT) (%) 45.1 64.5 66.6 73.1 78.4 82.1 82.9
Red seaweed (G amansii) Ni{I) (%) 17.0 373 524 56.9 60.1 63.4 66.1
Cu(IT) (%) 85.2 86.8 87.5 88.1 89.5 89.8 89.6
Cr(IIT) (%) 29.4 42.7 41.1 53.2 59.2 59.2 47.5
Brown seaweed (S. japonica) Ni(IT) (%) 20.4 39.0 444 50.4 52.9 54.8 55.6
Cu(IT) (%) 74.6 78.7 76.3 78.4 79.4 78.2 72.1
Cr(III) (%) 32.0 43.0 474 58.2 64.3 69.7 72.8
Green seaweed (E. intestinalis) Ni(II) (%) 25.1 38.1 50.9 52.9 54.5 543 57.2
Cu(II) (%) 64.0 62.0 64.5 65.0 57.5 69.8 70.0
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S Folu) ZAFE 1Y 950 HEFHAR HstelA
B (18], £ A4 L vho] Qo|Ehe A4 5 o2 W
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4. CONCLUSION

E AFo A= G amansii, S. japonica TL2) 1L E. intestinalis S
o] gote] FAb7h4-Hial, AATE 177 350 FHEEE
shol 2ojekg Alstel AL FYsle A7 SHa)
Sk E3F olEhe AL T o 7| 5 RS YAHEato]
I EEE o] FEES BAFE A7S
Z1eg kit vio] @ ofeh-& A 4ke] 2| & 272 G amansii®)
785 8% (wiv) £212] 9} 0.1 N Sk o]-g-5to] 121°Co]
A 9087 EA 2] & Celluclast 1.5LT} Viscozyme L2 42
Z"J‘TL £ o] 83t 2ANA, S. japonica®} E. intestinalis2)
© 8% (wiv) 22 2] 9} 0.18 NO| SFALS o]sols}o:] 121°Co]
H 60—}?_4 v EXE & S japonica®] 739 Celluclast ISLE}
Spirizyme Fuel®] Z¢+a Aof 4], T3} E intestinalis®] 73
Celluclast 1.5L3} Viscozyme L& A& &3 a4 5 0]—8-0}011
& 428} o A1} 7F 7} 36.4 g/, 299 g/l :Lau 20.6 g/L O]
monosaccharideS At} oet-& W7 = St A3 G amansii
£ 8. cerevisiaeZ WA 35lo] 14.8 gL oS dgloH,
AAGE (Yeon)2 0412 eI, S japonicas P ango-
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o B8 BT LY E|oRS S USRS B Zobehs
Aoz L}E}hﬂ{i}. Cu(Il)®] 742 10 g/L2) G amansii ¥ 3| %
£ & Hrletol: 85.2%9] S2Es Holn 7HE =
ASHE S S 4 ek B A $9 o AR 5 3
287V = S ek ol k2 A T2
I} o o olgH e 3 el @ o] 1 gkt vol 2o~
2}l JeE o

>4 Flo du

=0 &z
'C."El_z—l

Acknowledgements

o] =R 014U E M (4T84

QAo 49
1A1A2059095).

ol o= shat
S whop 23 E 7] 2 A LAY @ (No. 2013R

o] = R-2 20141 B A () FE R of thSH()AY

L
[¢)
[e]

fE

SHATLE A A O & S AL A Tkt St A 18l %
A YAE o] AL whol A= S

U,

REFERENCES

10.

11.

12.

13.

14.

15.

. Lee, S. M., 1. S. Choi, S. K. Kim, and J. H. Lee (2009) Production

fo bio-ethanol from brown algae by enzymic hydrolysis. KSBB J.
24: 483-488.

. Saha, B. C. and M. A. Cotta (2007) Eznymatic saccharification

and fermentation fo alkaline peroxide pretreated rice hulls to etha-
nol. Enzyme Microb. Technol. 41: 528-532.

. Hahn-Hagerdal, B., M. Galbe, M. F. Gorwa-Grauslund, G. Liden,

and G. Zacchi (2006) Bio-ethanol-the fuel of tomorrow from the
residues of today. Trends Biotechnol. 24: 549-556

. Jeong., G T. and D. H. Park (2011) Production of levulinic acid

from marine algae Codium fragile usign acid-hydrolysis and res-
ponse surace methodology. KSBB J. 26: 341-346.

. Suh, K. H., H. S. Lee, and J. H. Suh (2000) Biosorption and devel-

opment of biosorbent by using seaweed, Sargassum thunbergii. J.
Korean Fish. Soc. 33: 60-65

. Suh, K. H,, K. H., Ahn, M. C Cho, B. J. Kim., H. J. Jin, and Y. K.

Hong (1998) Biosoption of Pb and Cu by marine algae. KSBB J.
13: 444-448.

. Marinho-Soriano, E., P. C. Fonseca, M. A. A. Carneiro, and W. S.

C. Moreira (2006) Seasonal variation in the chemical composition
of two tropical seaweeds. Bioresour: Technol. 97: 2402-2406.

. AOAC (Association of Official Analytical Chemists) (1995) In:

Cunniff, P. (Ed), Official Methods of Analysis of the Association of
Official Analytical Chemists, 16th edition. Association of Official
Analytical Chemists, Arlington, VA.

. Sanchez-Machado, D. 1., J. Lopez-Cervantes, P. Paseiro-Losada,

and J. Lopez-Hernandez (2004) Fatty acids, toal lipid, protein and
ash contents of processed edible seaweeds. Food Chem. 85: 439-
444,

Ra, C. H., H. J. Lee, M. K. Shin, and S. K. Kim (2013) Bioethanol
production from seaweed Gelidium amansii for Separated Hydrol-
ysis and Fermentation (SHF). KSBB J. 28: 282-286.

Cho, Y. K., H. J. Kim, and S. K. Kim (2013) Bioethanol produc-
tion from brown seaweed, Undaria pinnatifida, using NaCl accli-
mated yeast. Bioprocess Biosyst. Eng. 36: 713-719.

Bates, L. C. and J. W. Olesik (1990) Effect of aerosol transport rate
on inductively coupled plasma emission and fluorescence. J. Anal.
At. Spectrom. 5:239-247.

Ahn, D. J., S. K. Kim, and H. S. Yun (2012) Optimization of pre-
treatment and saccharification for the production of bioethanol from
water hyacinth by Saccharomyces cerevisiae. Bioprocess Biosyst.
Eng. 35:35-41.

Horn, S. J. (2000) Bioenergy from brown seaweeeds. Doctor The-
sis, Department of Biotechnology, Norwegian University of Sci-
ence and Technology NTNU, Trodheim.

van Maris, A. J., D. A. Abbott, E. Bellissimi, J. van den Brink, M.
Kuyper, M. A. Luttik, H. W. Wisselink, W. A. Scheffers, J. P. Van



420

Korean Society for Biotechnology and Bioengineering Journal 29(6): 414-420 (2014)

16.

Dijken, J. T. Pronk (2006) Alcoholic fermentation of carbon sour-
ces in biomass hydrolysates by Saccharomyces cerevisiae current
status. Antonie Van Leeuwenhoek. 90: 391-418.

Freer, S. N. and R. W. Detroy (1983) Characterization of cellobi-
ose fermentations to ethanol by yeasts. Biotechnol. Bioeng. 25:
541-557.

17. Davis, T. A., B. Volesky, and H. J. Mucci (2003) A review of the
biochemistry of heavy metal biosorption by brown algae. Water
Res. 37: 4311-4330.

18. Murphy, V., H. Hughes, and P. McLoughlin (2008) Comparative
study of chromium biosorption by red, green and brown seaweed
biomass. Chemosphere. 70: 1128-1134.





