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AWH5ELARESRSE (Gracilaria) Uk 2R EPERE SR » PR I EE 7K g {oR - BRI P 208 e A 7 21 Y
KB - AEREDR - DIRZEE 10.0%[E VIR TRE SRR TR/ R » 7K MBe( By 0.5 N HIRRERSS 121 °C
FAKfE 60 min T {5 ] BTN A i o ZKIRRHE HPLC ST BER - R HESa /K R b A
i (galactose, 20 ~ 27 mg/mL) Je#j%jHE (glucose, 2 ~ 5 mg/mL) ; A3t/ R AN S BRI [-Im
(furan) fi74E%) 5-hydoxymethyl furaldehyde (HMF) (4 ~ 6 mg/mL) » {H#: furfural - DIESE[LEHN - &5
{E$5 B A LT TR EE (overliming) - FEIRMEUR HMF BJA[EA 50% LA L - BREREH 2 2 /K i
TRLL 38 MR REET TR 250 - RIS B 3 Z BN B4 (10.0 g/L) B B0 (8.3 g/L) » iE—4
BRI SR IR ] R RS LRI AR R (8.7 g/L) » (RIS BEER S R

R 13 ~16% o
REHEST | B ~ BEERK - LB - B

HI &

S AR A B I E RS R = T R A
AEATE A iR A RE TR B S R - Horp
—IERRE AR (Sarlos, 2005) - AR BT yPAE B2
H 892 AR DUZ B A =l AR 5 /Y68
& KSR TETREOE R T IRGEERER | WO
th o s | ATE BRI E R — MR R
AEWRSHYIECRE (Saha, 2003) © AR5 FIAYJR
Bl H i E0E TKREBYIPT A A B R
(Lin and Tanaka, 2006) » 35 RV K IMEERE T &
KERME 115 AMESEA B R A = sy
HREEARGEE Lk o WIRBER HIERE £ R R
Kb A e R AR BRI A A - R
M tREEE A R R - R R B A B W
UL T AR ) S ] Y
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MR RyEESaSE (Gracilaria) » BESESRBINRLER]
(Rhodophyta) ~ ELA[ 31 (Florideophyceae) ~ fE5a
$2H (Gracilariles) ~ BEZESER} (Gracilariaceae) 2
BESAS® (Gracilaria) (fC, 1997) - FEMARE
1~ HA S EIRE ~ FEEE - B ~ TRl SR il (Singh,
1992) - Lin (2009) 4534 Fr3 oM S22 e
THAVRESCRIE Ry Gracilaria firma » 32 Affitrh
FAFRIS R > A AR — K - R RAERE 47
WE/Z\EE (Fan et al., 2009) ©

& (2006) GHIHHMEHETS (cellulase) ZR7Kfi#
BESRSE » B FLZE AR R AR R A PN (L S e A
B o Nl BRSBTS (agarose)
Fris B FESEIE  (agar) - 38 & HH B- A g ~F 2L H%
(B-D-galactose) ~ 3,6-fit 7K AL fEF-ZLAE (3,6-anhydro
-a-L-galactose) 4371 LAB-1,4-8 Bl o-1,3- S H A5
FHRCAEE ZME (Araki, 1956; Tako et al., 1999) -
Araki (1956) $5& HivH S MRS R el i 32 /K fig 26 W]
B 2R 3,6- It /K e fig - 2LpE - IRIEL e )
ALFI AP ZUREE GRS (Wilkison, 1949) » {5
BESR SR HLAA A A A B WIS Z IRORHTE )T - AR
FEikiE Fan et al. (2009) HUASHSE » #E—F IR
KRAETTRES SR L MENI /K - TRET Sod /K et
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BESESE (Gracilaria) HYH EMRCIHI4FRESR
RETHY - BESRSRIN IR, » A H ORI
LRI erd - FHLL60 °C JERZZEK RISy 30% >
A2 R -

(D) BEEE

Fifi 2 AR B T B HERT B ] < B RE - BREER
73 PR H ARG R B1~27 « SIS R il T4 38 A 2T
W 3t 2 B R’E4 - Saccharomyces (S.) cerevisiae
BCRC 20581 -~ S. cerevisiae BCRC 21962 ~ S.
cerevisiaet  BCRC 21686 - S. cerevisiae BCRC
21607 ~ S. cerevisiae BCRC 22220 -~ S. bayanus
BCRC 21673 ~ S. cerevisiae BCRC 21687 -~
Pachysolen (Pa.) tannophilus BCRC 20329 -
Candida (C.) shehatae var. shehatae BCRC 22510 ~
Pichia (Pi.) holstii BCRC 20469 ~ Pi. angophorae
BCRC 2148155 3L38FRE © DL EFERFBEPRET LAYM
BE#8dk (Difco, USA) FT25 °C BEEIIRTF4
°CR - FEEE L —XEH -

(=) {LB%Hm

Tl (H.SO,) HiH Panreac (Spain) ; &5 (L.#5
(Ca(OH),) Kk # 1k #5 (CaO) <F 2K H Showa
Chemical Inc. (Japan) JBREREER o A EE LA ¢
Zlg (ethanol) M HMerck (Germany); H &R #BHE
F N (cellubiose) ~ FLHE - AjAghl - ~FZLPERZ
(galactitol)~ H'E&#EES (mannitol)~ 7]z HE i (sorbitol)
DL B P W (furan) §i7 42 # 5-hydoxymethyl
furaldehyde (HMF) F12-furaldehyde (fufural) £p
Sigma (USA) Firi#fs » B EHILER TR

=Tk
(—) RESERERKHHGAREY

A\
it

L. AN Z IR EK R Z 35

RITE HZYERESESE » B e Ry e il 5
35 meshfififfd iz REMEBESESE » 43 HILA15% TRANEE
Bl > A 100 mL A [F] 32 B 2 B R 7K VS TR
(0.05 ~ 0.10 ~ 0.50 ~ J21.00 N) » %2 A 250 mL [fili%
MR ARREELL 121 °C HETEYREUKE 60
min > FRS AR ELL0.5+ 1.0~ 510 N 2 NaOH
FIFAZE pH 6.0 » 3 /K s  pE B L 2R
B
2. /K MRIER & AT

DL 15% @Bl sz e s 2 m A 100
mL JRELRy 0.5 N ZIRER/KEIH - 2EA 250 mL
ZIMEHH - 2RI AR LA21 °C #EfTRUKE
0~15~30+45+60 J 120 min > A% ELL
0.5~1.0~8 10Nz NaOH #{TFI1Z%E pH 6.0 >
ST/ R e R R B AL B

3. ARIETEYIE I e BESER < K i iRas

e A A E Y E o b BESE SR (5.0% »
7.5% ~ 10.0% ~ 12.5% ~ }215.0%) HIA100 mL j
JER0.5 NiZ BB /K VAR R » 28 A 250 mL 2 & KA
o SRR E DL 121 °C #EITEUKE 60
min > FHSASEELL0.5~ 1.0 ~ B 10 N 2 NaOH
HELTHFIZE pH 6.0 > 53RNk BEEE & -
AN KB 3 I LA 1,500 ~ 5,000 ~ 5215,000 x
0 ZHEEOLITHETTHEL - WIHARF R  fEE
I PEEL L FLRE < AR

4. RESCRMIKIRY) < HEIgEEEE (overliming)

e Bt FEBRFPRET 1 £R 10% (ZHZMEEESR
FIMARE Ry 0.5 N (ZRfM/KAIRH - S AL
i PR 121 °C #ETRUKE 60 min
% > Z2H0EHT Saha et al. (2005) J5i% - KA
K L E A Ll - SELP AL EEAE
fig > FA80 °C NHHZE pH 11.0 KJE 30 min > fEZ
FLIRREERRIE] pH 6.0 - s34 HHIIP)E b fe A e
PR ERLEE -

(D) RESRRELKERY) IR REAIRIFEITEM 2
o

PR SRR 15,000 x g Z B JHETTHE
Lo B EEWAR0.2 pm JEfE (Gelman, USA) #7E
£ > DIHPLC (EEJEZEREEH © LC-9A, Kyoto,
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Japan; FTESR(EHIZE © Perkin Elmer® Series 200
refractive index detector, USA ; EH7EFE: Shodex
SUGAR SP-G [6.0 mm ID x 50 mm] + SP0810 [8.0
mm ID x 300 mm] Showa Denko, Japan) #E{T43
Mt o BB RHZK » BiE © 1.0 mL/min » EHERE
80°C - BRAFERIES & Fs10 uL - BRALHIERT » 58
DUEEHE 5L ¢ cellubiose ~ galactose ~ glucose ~ mannitol ~
sorbitol AR LKz HMFFIfurfural S5E[<REHT4E
Yoe AR HE g B - (2 1% PLIAPAR o v R P
B e o R A B ~ R R P AT
R/

(Z) REXRKERIFAEEBERERCS
BEEEmE

L DREALRECE Rl ha S B 2

Fi#l 200 mL 2 YPG B5EE @ 1% yeast
extract (Difco, USA) + 2% peptone (Difco, USA) +
10% galactose (Sigma, USA)-#E A 250 mL [MI5HE
o RIS RIS AR =R R 3 I EEAE0.5%
CEERER - R2SPCREEAETREITRFE R 0 £R
BHGE & -

2. DIBESRSRIE/K iR f B B B 1 F o TP A S5 e b
il

LA10% ZsinEepikiizdaesaseimA 200 mL
BER 05N ZIMM/KERF - #8A 250 mL Il
BT > ARRESDL 121 °C S#EfT7EVKEE 60 min
% REAAISEREER > FHRAIEER > &
A Bt A NE R e IR > BB R B T
FEEERE > WY 7 RIGHNERS &= DEHESEHEE
S KR EEY) < HIRE ST AR -

3. PYFETETARERN] 2 S

e e fEg A - AR A Bk & ERE RE 43 51 DL ER
—HEBIRGHE > TR R B SR S K R
TR E B Z FE VIR 25 o AT 0~3~5~
79~ ke 14 RAETERE & &HIE -

() BEBES=EE

PR B BA R AOAC (1998) J71:Pks 7%
BI8% > #%0.2 um JERE (Gelman, USA) SEE#% » ]
Fi HPLC (#5282 5 - LC-9A, Kyoto, Japan;

{E3HI2S : Shodex RI Showa Denko, Japan ; &A1& F1:
Shodex RSpak DE-G [4.6 mm ID x 10 mm] +
DE-613 [6.0 mm ID x 150 mm] Showa Denko,
Japan) #ETTHIE - BENAH Ry MK - W 1.0
mL/min > EFEEEE60 °C o B RIS & Fy20
wL - SHTHISE L LB ARRE AL S A HE Hh ARG 5L
% HESETRR ST R IR T S e s TR - AR
hifEC a & -

() #REtDH

EESE I8 L Statistical Analysis System (SAS,
1999) ik #¢ #£ 17 Duncan’s % = #i & & &
(Duncan’s multiple-range test) > s34 % R EHHRT 2
FEFL o BR T RIH S 2B B R S SR /K ARy
WIRE R & Cr R R BRI i Ry AL - IS
—EHME O MSKEIE - BEKIEERy p<0.05 -

i S B

— ~ BESR /KGR
(—) HBEZI=E

DR MR B [ETEVIEL 15% [UHZ MR EE
2552 0 7£ 0.05~0.10 ~ 0.50 ~ Fz 1.00 N GRE8EE T
HETTIR/KIE - DL HPLC 3A7 » HAaapE R
F0~0~3.02 ;& 2.14 mg/mL ; F pEERA]S
By 1.47 ~ 8.46 ~ 34.46 ~ B 31.8 mg/mL » FfALL
WA T 8 e R P B R WP RS M5 28 Ry P 3 I
i > HESRHI R 1.47 ~ 8.46 ~ 37.47 B 33.89
mg/mL (Fig. la) o BRDABRIRE Fy 0.5 N {55
I EERENE S B WOAEREELL 0.5 N IR Ry i IR
FX}A o

HHHZRE S LU WE B A TR e - I SE#E 35
mesh Z B - B4H1L 0.05 ~0.10 ~ 0.50 ~ Kz
1.00 N ZifERHEIT/KfE » DL HPLC 434 » HAE
FEEER AR 05052.32~ Fz 2.45 mg/mL (Fig. 1b);
P A SRR A 2.93 ~ 7.73 ~ 34.86 ~ Ei 38.03
mg/mL ; 7] ZE AN EE SRR 43 B By 2.93+7.73+37.18 ~
F140.47 mg/mL - FEHFETFHTRITR » LLOSN Z
TR T /K e AR AE A A BB A & DURK el
i » et DERE AR (H2E ALK
R PR o R TR A P S A N R
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5L [RILHERR R IR BRG AS & B IRESE S Bk i
AYZENESR

TR (121°0)  JIEWRFRET Ry 15~ 30
45 ~ 60 ~ Eid 120 min » 7KfiEf% - #& HPLC 2387 » #j
EMERE SRR 1.57 ~ 1.30 ~ 1.52 ~ 1.80 ~ J% 1.57
mg/mL ; U EAE SRRk 16.40~16.25+21.20
30.45~ Bl 35.05 mg/mL ; T] BEBAREEERH R 18.02 «
17.49 ~ 22.72 ~ 32.25 ~ J 36.62 mg/mL (Fig. 2) ° &
SREURAE 121°C WRET - AIREREmE AR H P R
FERFRERY RS AN N 2 > (HEGRIE 120 min
FIrfSi T S5 A 2 SRR 60 min Ay - HA
#at bAEs - (R —rERFHE - BE S 200 A
HoE - RIELEA AR & PP Ry i 7k
IRFRET ] st fy 60 min o

(2)

45.00

[ glucose

40.00 4 ZZZA galactose

B Fermentable sugar
35.00 -
30.00

25.00

20.00

Content (mg/mL)

15.00 -
10.00 -

5.00

0.00 L — 7777588

(b)

45.00

[ glucose

40.00 4 ZZ2 galactose

BRE Fermentable sugar
35.00
30.00 -
25.00 -

20.00

Content (mg/mL)

15.00

10.00

5.00

0.00 -

0.5 1

Concentration of H,SO, (N)

Fig. 1 Effect of different concentrations of H,SO, on
hydrolyzing Gracilaria for sugars production. (a)
Gracilaria did not smash; (b) Gracilaria after ground
and sieved through 35 mesh sieve. Capital letters in the
same groups of columns and lowercase letters in the
same groups of columns between (a) and (b) are
significantly different (P < 0.05).

45.00

40.00 4 E

35.00

30.00

25.00

20.00

Content (mg/mL)

15.00 4

10.00 4

5.00

0.00 -

Processing time (min)

Fig. 2 Effect of different processing times at 121°C
autoclave on hydrolyzing Gracilaria for sugars
production. Different letters over columns in the same
groups indicate values are significantly different (P <
0.05).

(=) EEKEZAREYED LR

HEEEESE L 5.0% ~ 7.5% ~ 10.0% ~ 12.5% Kz
15.0% ARG JOEEHY 121 °C 7Kfig 60 min £ 7K fiF
EEVIRIMEIRAN Fig. 3> 4E 5.0 B 7.5% HILLEI Ny
WA B > 10.0% DL HBRJEERAK#EY) - 7K
FR T T B R 2 Bk by 11.99 ~ 16.93 ~ 23.93 -
26.76 ~ B 32.57 mg/mL (Table 1) » B RFE2E E W)
B3 EERI RGN - FrS o] S B S 2 /N R 2 Y
e AH 23— K KR E Y 43 B LA 1,500 -
5,000 ~ 2 15,000 x g ZHE O THETTHREL - IR
FIRETE B ] NS 2 & > BBIRRH
15,000 x g HEOERSEYE Sz B G
R KR 81.41 ~ 104.19 ~ 120.85 ~ 124.07 ~
Bl 144.70 mg (Table 2) > 15.0% Z[EIEYILLATRZ
T PRI B i o SR 15.0% AHIECREE 5.0% #H
193 % nEMEEEEIVERA 1.8 6% mle
LR 5.0% #H 2 509 10.0% Z G &k
L5 £5% » T HAETZYHET S - Bl - e
SRR /K R LB Ry 10.0% ZETEY) -

S5 0 #ER 15.0% ZETBYIELATS . 7]
BTN & Ef e 0 (S 15.0% ERYEL
it BRIBESR SRS Sy R /K By e e A B R
W BECRMERK RIS > MREET
FRIK fEEAR o [RIMLRESE RMOK B TR E 2 [E Y
o E R 15.0% -
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Table 1 The sugar and HMF contents in the acid treated hydrolysates of different solid-content Gracilaria'

Solid content (%) Glucose Galactose Fermentable sugar? HMF
(mg/mL) (mg/mL) (mg/mL) (mg/mL)
5.0 0.68+0.14 11.31+0.39°¢ 11.99+0.25°¢ 1.60£0.01°¢
7.5 1.02+0.52° 15.92+1.01°¢ 16.93+1.52°¢ 2.76+0.34>
10.0 1.91+0.01° 22.03+2.23% 23.93+2.29° 3.55+1.09%
12.5 2.32+0.01° 24.43+2.03% 26.75+2.02° 4.84+1.25°
15.0 2.56+0.18° 30.0243.46% 32.57+3.63° 7.21+0.76*

'Mean = standard deviation (from three replicates).
“Fermentable sugar = Glucose + Galactose.

3Values with different superscript alphabets in the same column differ significantly (P < 0.05).

Table 2 The total fermentable sugar contents in the supernatants centrifuged with different speeds of different

solid-content Gracilaria samples prepared hydrolysates®

Total fermentable sugars (mg)

Solid content (%)

1,500 x g 5,000 x g 15,000 x g
5.0 58.85+2,24%* 68.26+1.78" 81.41+0.65¢
7.5 73.12+1.50° 86.91+2.01° 104.1942.98°
10.0 56.22+2.04%® 90.50+4.97° 120.85+6.56"
12.5 51.48+7.58" 87.94+8.66° 124.07+6.37°
15.0 54.30+19.35" 99.90+19.54° 144.70£19.85°

*Mean = standard deviation (from three replicates).

*Values with different superscript alphabets in the same column differ significantly (P < 0.05).

Fig. 3 Acid hydrolyzed results of different solid-

content Gracilaria.

(F0) RESER/KERY < BERRIE

FH 5l A A R B - RESRS/K Y &
B HMF - FJREE L B R IERE S] - oA
Fefl AL ~ S8 R A L# AR
LSV TR P < B iBa B - #5ERAN Table 3
PR - ARACE g B o 22 R B (5 ) 5 e i 2

KRBy HMF S840 7 1k 5.01 ~2.29 ~2.25 ~
B 1.79 mg/L > ZpRHE% e HMF 2 88 L]
FHAEE A 50% DL (AR R 2 HMF 5§
D E IR A S - R RIS E
bR T @R LERH AN ER SR - HEHIZ BL 5 4R
VEBRFTEL > PLAE— BB T T NLLAEEA - Olsson
and Hahn-Higerdal (1996) $2 K HIHI#IA9HER: 7=
HIRZME - WREIRINE LR ~ AEREAEIZEL - B
F & #a 1% (lon-exchange) ~ Hff ¥ #E [H % (ion
exclusion) ~ 4> T-EfiiE (molecular sieves) ~ K75 HE
BRi% (steam stripping) S EERBIRFIIAT - (HIELEHR
HHERE G ARG N > BRIEA B T R R R
F > — e BT =R gk w2 -

=~ RESRRK R ARG T

4% Araki (1956) Eil Tako et al. (1999) FHF
RRUR  BESRSR ZIE  BLE FH R SR AT R A
KB Bl B-AhEEINE ~ 3.6-/K e A
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Table 3 Effects of different alkali overliming treatments on the fermentable sugars and HMF productions from the

Gracilaria acid hydrolysate®

Alkali Glucose Galactose Fermentable sugar HMF
(mg/mL) (mg/mL) (mg/ml) (mg/mL)
Control 3.43£0.07° 23.31+0.86° 26.68+0.96° 5.01+1.06°
NaOH 2.024+0.08* 22.5940.62° 24.55+0.74% 2.29+0.39°
CaO 3.21+1.11° 20.13+1.03% 23.34+2.14° 2.25+0.47°
Ca(OH), 3.45+1.39° 18.32+0.03° 21.77+1.42° 1.79+0.21°

*Mean  standard deviation (from three replicates).

*Values with different superscript alphabets in the same column differ significantly (P < 0.05).

B3 I L. B-1,4-5 Bl o- 1,3- 3 S5 Pt e /9 [R) '
21 - Araki (1956) $5 HIAE SRS FR PR B0 32 /K fig
BRI EAG AR 3,6- /K 7e e~ 20 - e SR
SRER/K g FERIASE HPLC 23477 - HESRAN Fig. 4 88
0 55 10 B 12 min 5371 Ry R 7 5 DUR S USRI
I - HBESR/K g Y M MEE mE R E L T
SET IR -~ SR EE_E Sl SORRAS SN SR B e o3 2
B-1afiEFFLpEEL 3,6-/K A fieFZLMELL 12 1 E
BEICHEER » ASHZE R B SRR - it
L 3,6-M /KA e~ FLBE A YE 5 AT 1T LR
§ > SCHEEIE ZUMHERL 3,6- it /K /e e AL b
B 7 & - Kaztowski et al. (2008) FI| F size-
exclusion chromatography (SEC) Ei NH2-column
chromatography 2 Z&Z5GEHaAIES (evaporative
light-scattering detector, ELSD) 437 2RI A 43 HY
SEFIRERERL S - IRIERE (2008) RFZEHETS - BESESE
/K& B-agrase BARE/K A2 & i BL A
b 3,6- It K Ze e~ ALBEFT AL EL B Ry 36.1% » 2 UbE
HIIH5 63.9% - Tm#TEFERIHER 1.5% -

SA—J5TH 4% 6 min HER—{ERIE - HEHIE R
R/ 22 0E - ALl G BaiasIR - BESRRIR
TR IR RER U Ry B RE B A A I~ 2088 - A8
Fetibs - DURERAFEEET I ZE - HAA AT F] A
AR B-AhekRpEE 3,6-It/K7e e~ 7.pE
SRR O

FR K At R T BRI A B B P i AR )
HMF - {H# furfural (Fig. 4) - 5 DUREREHENE R
BRSO - RSB A& A4 furfural B
HMF SE-B7 490 » Fieh furfural BP0 KAEE
(hemicellulose) #EMEHRHAREE (xylose) Z FliklE

HE— K furfural FTfS2RAY > 1 HMF 2 H
FABAE R ELARAE SR (cellulose) & i 1l > 2L
B ~ AATHE B HEERE (mannose) SE/HREE - A
—H AR5 A (Palmgvise and Hahn-Higerdal,
2000) - FEEERASERZ I G L HMF - (HE2%A
furfural » SE/RBESE NN 71 RS TR R A
% o LSRR YT R RS - BUREESR
SEHIAHIEE 2 e 2 B R AEHESR - 5 th/2 Martin
et al. (1988) &I FHEAE TR R K I ISR SR
HIPERIB AR JFA] -

=~ MRS KRRy LTI 3
R R

—
~

EREY R R FEIBBRBIERE B

DA ZURE ORI RS 278 I B 2 0 i g8 el SR
Table 4 Fi7R » BRT B1S G MR IREE WG4 -
HogR 37 WIREZ B B RE I I~ 2 UbE A AR -
i3y b ARER — 0 F B R R R B 2R T AR R o
TR WREUEH 100 o/L fgEbE a2 &
#7151 g/L N2 (Ingledew, 1999) » REHEE AL
50 g/L ARG B S 2URE RS HEHER 100% -
K[t Table 4 #§IRERE® 60% DL E#HZE S.
cerevisiae ; S. bayanus BCRC 21673 (iR R
FI 60% ; 11 7 K| FH FLIxEHE < FE R C. shehatae var.
shehatae BCRC 22510 ~ Ei Pa. tannophilus BCRC
20329 ~ Pi. holstii BCRC 20469 ~ Pi. angophorae
BCRC 21481 » H:H1k T Pi. angophorae BCRC
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21481 ¥HZEE] 60% b HERE/INR 50%- Keating
etal. (2004) {3 A]ERISFI A ZLBERIRE R TR - 28
H—HREF AR S. cerevisiae $ZUBEAI FITETEAH
& R IF o Maleszka et al. (1982) Hij#& 3 Pa.
tannophilus B 1 AT A FAKESMUGREF] FHRT & BE
FFUREELH EERE - B AT S B R A A
FALPERITHE AL - Wilkison (1949) $2EIREF]H
FAFENRNEFE R EH R galactose
permease - galactosekinase ~ hexose-1-phosphate
uridylyltransferase ~ #[I UDP-glucose-4-epimerase
5o F DR LR R O S 2 — T RERE A A
(Keating et al., 2004) -

800
1. cellobios
2. glucose
665 3. galactose
4. mannitol
5. furfural
528 6. sorbitol
>
E
=
2w
w
254
117
-20

0.0 70 14.0 210
Retention time (min)

Fig. 4 HPLC analysis of Gracilaria acid hydrolysate.

(D) ERETRN BRI KENIERERE
BYBEE

A Nilsson et al. (2005) 25 R EIEERFETE
¥t furfural B, HMF WY PEARRE > B TSRS
JE P TERE SR M /K PR FE DI IE R > [RIBLDL 38
BERFBRDILAGR 2 o AR BLIR Se nTF F ~E 2LBERY
P RE AT Sk ol 1 i 6 s B g P 25 ] )
FHRESE MK g EEY) - Horp DL B4 KRBV AE > W&
10.0 g/L kg » Hk B10 .2 83 g/L » B17 ~
B18 ~ Bl B27 Allky 8.0 g/L - 12K AR LATZEPE

G VS FHE 1 M) P T S SRR /K fik E W) 2 T 7 21 P R
(Table 5) - B 1 B4 Bl B10 7~ ZLAERIRESSKfiF
VIAI R TR R — 2t > RS AR A
£y B17 B B18 BfESa= /KAl I S 2
by > HEEMIBEHI A RHRRT - iBLE B 2LPERINE S,
SRR R B R R B R B - HEBDRIRI 25
W BB E SRS SRR VI AE R NI E i 32
PEARFIFTEL - AGABE i R & F R BESRR IR
TP L AT R B I R Ry B4 B BIO -

(=) ERETR BBt IR aVRE SR IK Y
ARERERCBEE

L i A b O N ity e ]
e o A AR B BRSSO K R 0.5%
PRESTEREE B4 ~ B6 ~ B10 ~ Jz B27 (1:1:1:1) i
TTIREREIE - R 0~3~5~7~9 ~ & 14 RSP
& Fig. 5 PR o WESEEIRIS IR I < HE
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Table 4 Ethanol production of YPG fermented with 38 yeast strains’

Starter B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

Ethanol

40.0 35.0 40.0 40.0 37.5 37.5 35.0 40.0 32.0 39.0
content (g/L)

Starter B11 B12 B13 B14 B15 B16 B17 B18 B19 B20
Ethanol

content (g/L) 41.1 5.0 1.5 0.3 0.0 1.7 0.6 1.9 7.8 4.6
Starter B21 B22 B23 B24 B25 B26 B27 20581 21962 21686
Ethanol

content (g/L) 33.0 30.0 22.0 31.0 30.0 33.0 33.0 31.0 32.0 35.0

Starter 21607 22220 21673 21687 20329 22510 20469 21481

Ethanol
content (g/L)

*B1-B27: commercial baker of wine production yeast; 20581: Saccharomyces cerevisiae BCRC 20581; 21962: Saccharomyces
cerevisiae BCRC 21962; 21686: Saccharomyces cerevisiae BCRC 21686; 21607: Saccharomyces cerevisiae BCRC 21607; 22220:
Saccharomyces cerevisiae BCRC 22220; 21673: Saccharomyces bayanus BCRC 21673; 21687: Saccharomyces cerevisiae BCRC
21687; 20329: Pachysolen tannophilus BCRC 20329; 22510: Candida shehatae var. shehatae BCRC 22510; 20469: Pichia holstii
BCRC 20469 ; 21481: Pichia angophorae BCRC 21481.

*Data were obtained from two independence experimental samples, and the values were means.

30.0 31.0 30.0 38.0 14.0 25.0 16.0 30.0

Table 5 Ethanol production of Gracilaria acid hydrolysates fermented with 38 yeast strains

Starter B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
Ethanol

content (g/L) 1.0 1.3 3.0 10.0 0 0 4.0 0 0 8.3
Starter B11 B12 B13 B14 B15 B16 B17 B18 B19 B20
Ethanol

content (g/L) 0 0 0 0 0 0 8.0 8.0 7.8 7.3
Starter B21 B22 B23 B24 B25 B26 B27 20581 21962 21686
Ethanol

content (g/L) 2.3 0 0 0 0 1.0 8.0 0 0 0
Starter 21607 22220 21673 21687 20329 22510 20469 21481
Ethanol 0 0 0 0 0 0 0 0

content (g/L)

*B1-B27: commercial baker of wine production yeast; 20581: Saccharomyces cerevisiae BCRC 20581; 21962: Saccharomyces
cerevisiae BCRC 21962; 21686: Saccharomyces cerevisiae BCRC 21686; 21607: Saccharomyces cerevisiae BCRC 21607; 22220:
Saccharomyces cerevisiae BCRC 22220; 21673: Saccharomyces bayanus BCRC 21673; 21687: Saccharomyces cerevisiae BCRC
21687; 20329: Pachysolen tannophilus BCRC 20329; 22510: Candida shehatae var. shehatae BCRC 22510; 20469: Pichia holstii
BCRC 20469 ; 21481: Pichia angophorae BCRC 21481.

*Data were obtained from two independence experimental samples, and the values were means.

t Table 4 FIEF|fGH B4 5 B10 JEFk B ¥ IR P AR RIS ¢ W] SRR P RS B RE
FFUREOTHIFI SR ERRE T 80% © Fig. 5 YA J7°B4 & B10FHES R AIEHS 2 5 s 8.70 /L (Fig.
&Ry 25.60 g/L > DL I3t Ingledew (1999) [YEE 5) » & E 25.60 k5 0.34 g ethanol/g substrate » f5 5
imoKE o Ll R M Em(E Ry 13.06 g/L (25.6/0.51 BN O OMHE 2 35 M 3w {1 (041 g ethanol/g
= 13.06) » {HEE & B4 5 B10 HEIAFEFHR substrate) o FELL#E Horn et al. (2000a, b) HYRFSE
80% » # 13.06 g/L FE_F 80%f5%( 10.45 g/L » & ffM LB &k Pi. angophorae k¢ Zymobacter (Z.)
T e A R RENE BV 2 Z P AE R ARy 10.45/25.60 = plame T109 #EfTEAR (Laminaria) ZXHURZEREZE
0.41 g ethanol/g substrate - 5% F N7 BIFRRAESASR WiAERE IR - K52R Pi. angophorae R EATHHHY
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Fig. 5 Ethanol yields of different alkali overliming

treatments of Gracilaria hydrolysates fermented with
mixed yeast strains B4, B6, B10, and B27 (1:1:1:1).

Ethanol yield (g/L )

01 2 3 4 5 6 7 8 9 10 11 2 13 14
Fermentation time (day)

Fig. 6 Ethanol yields of the Gracilaria hydrolysates

fermented with yeast strains B4, B10, and a mixture of

B4 and B10 (1:1). * indicates values are significantly

different at the same fermentation time in the same
groups (P < 0.05).
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Bio Ethanol from Acid-hydrolyzed Gracilaria

Chien-Wei Wu*, Yu-Chen Chen, Wen-Chun Chen and Chwen-Herng Wu

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

Gracilaria sp., a red alga, was used as the material to produce bio ethanol. The hydrolytic processes for
sugar conversion and yeast fermentation conditions were tested. The process of the highest amount of
fermentable sugars obtained was that 10.0% Gracilaria (w/w, dry base) was prepared in a 0.5 N H,SO, solution
and then autoclaved for 60 min at 121°C. High performance liquid chromatography (HPLC) analysis showed
that most hydrolysate were galactose 20-27 mg/mL, glucose 2-5 mg/mL, and 5-hydoxymethyl furaldehyde
(HMF, an ethanol fermentation inhibitor) 4-6 mg/mL, and there was no fufural (also an ethanol fermentation
inhibitor) found in the HPLC profile. The hydrolysate was further treated with overliming by adding sodium
hydroxide, calcium hydroxide, or calcium oxide. Results showed that the HMF in the hydrolysate reduced to less
than 50% with each of the treatments. The overlimed hydrolysate was then prepared as media for the test of 38
different yeast strains to produce ethanol. It was found that the competent strains were B4 and B10, which could
produce about 10 and 8 g ethanol per liter, respectively. Futher observation of the fermentation time, a highest
yield of ethanol (8.7 g/L) was achieved in a batch culture at the 7th day. The ethanol producing ratio of
Gracilaria hydrolysate was around 13-16%, while converted and calculated based on the dry base (w/w).

Key words: bioethanol, fermentation, Gracilaria, seaweed
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