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Simultaneous Saccharification and Fermentation (SSF)
wag Separate Hydrolysis and Fermentation (SHF)
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ABSTRACT

Nowadays, ethanol is an important energy source and has been used in various
applications. The study of ethanol production is mainly focused on reducing costs of production
and material. Aquatic weed is lignocellulosic compound which could be collected from various
water sources in Thailand. It can be utilized to value added product such as ethanol instead of
burning or disposal to the environment. This present work, we aimed to utilize aquatic weed as
substrate for ethanol production. Strain OK1103 was isolated from soil and showed the highest
cellulase activity on CMC congo red agar plate and broth. This strain was identified as Bacillus
subtilis based on 16S rRNA gene sequencing and morphological studies. The optimization of
cellulase production was investigated. The maximum activity was achieved with 540 U/mL
when using aquatic weed as substrate in CMC broth, casein as nitrogen source with 1% (w/v)
and incubated at room temperature for 3 days. After that the fermentation process for ethanol
production was studied by using strain OK1103 and Saccharomyces cerevisiae under simulta-
neous saccharification and fermentation (SSF) and separate hydrolysis and fermentation (SHF).
The SSF could achieve ethanol concentration of 14 g/L. by using aquatic weed as substrate for
36 h which higher than the SHF process of 10 g/L. This report demonstrates SSF is suitable for
ethanol production because of it can reduce fermentation time to 36 h and decrease the utilization

of commercial cellulase in hydrolysis step of lignocellulosic material.
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vadn unay 191 udu wdiltedinsan 1sanlusagla siaduTNIFTEN 15U 900 UK
A o & o v a v o oA 3 = ¢ A g
WioAnausy  nsahanldliiAadselesiladamnineg  Jsisinvaiiiesdlszaeuimiy



30 SWU Sci. J. Vol. 31 No. 2 (2015)

iagla Uszina 30% wennnifanuhifinallsdulszng 10-20% swndudemsindy

dy a A o 4‘ a o o/ o a v 'Y
vouweyaumdivelslumsndaeulsiisaqia uazds wnsathl1Flumsndaemuealddnde
TaslunmAdeiiinglss sdivednnisliszlosinnisiizh nnFounaiiGen wnsanda
eulsiisagqia  IWAVE divendaiemuea

ad o ) = Vv
APANUUNTTINGY
1. MAANYNUAZINTINUNIFIRAUNTTIN wnsandaeulsiisagia
ihfmegeduiinunnisnaninsivanveudusais Tuimia uasnen Usndmg
= aA o d O gj Qy o/ 1 o/ ] o/ o ) Y d’l
B33 UsEnuAidus uunaTu 50 fedn dednaz 1 asn amhmsReanlildlsnanse
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Congo red, 0.001 g/L; Gelatin, 2 g/L; Soil extract, 66.7 g/L; Agar; 15 g/L) ﬁuﬁqquﬁﬁm
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National Center of Biotechnology Information (NCBI)
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uazanuz [12] sinhideagelliumiseiianu® 8000 pm ihina 10 wil gamgii 4°C 1y
woawmiigamgf 44°C iiethlyiafenssmeulsiisagia
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3. alanghnnssuveseulsisagia

135@6}'141’7;1%% 1% (w/v) CMC 1y Sodium acetate buffer pH 4.6 153103 0.5 mL
nntiun wfuioulsi 0.5 mL Tunasanaaes vufigamafi 40°C iunm 30 Wit 1dn 1wazme
Dinitrosalisalicylic acid (DNS) 1513 0.5 mL hldaluiudeaduna 5 i lduiui
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6. MTHAABNIUBAINITNFIN

6.1 MIWaneMUealayls Simutaltancous Saccharification and Fermentation (SSF)
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7. msdaSinatemuealasds Flash distillation

mmsiadsuaiemueanisds Flash distillation mu35ve9 Pavia wazame [13]
thihedn 1 wa. 1 luvaearhinden fin 13aza1s 0.1 M K,Cr,0, Ssazaielu 0.5N HCI
Panes 2 wa. fwh 2 wa. W u wazaeliishan dhluduluhifesun 5 i iy
#ufiiiongalfAzer Yas OD. 600 nm ifisunaildfuANYNATgY lBMUBA (0-100 g/L)

8. MIINATNTHHANN Of
o a d aa = 1 4‘ 2 as £
MMFAANZHHAN 9@ one way ANOVA 1fSouiiisuanadsmeds Tukey lagls
Tsuns1 PASW Statistic 18, SPSS Inc. uazl¥ t-test WSsuiguaNnNunnd1awed 2 Mnaasd
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I USna 16S rRNA gene WUNAANNAAWANNAY Bacillus subtilis WAy 100% similarity
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3. msdnm agiang alunsuaaeulsivagia TaoldTsimhilisumsl$s s
“uL asm

namsdnn angiiang dlumandaeulsiisagia laglelsian OK1103 (qUi 2)
wudniiohmaiasageluenns CMC broth mmﬁvwwm‘lumumiﬂﬁu A ur am 1
gamnivios (32°C) lelsian OK1103 tnsandneulsfld ol afle 465 U/mL Zauandh
odfiily Wama Addlerfeuiumsligamnfi 35 40 uag 45°C Suve nnsandaeulsildiosnh
(Ul 2n) nndwhmsasmddulasauiiang swwiiielfieduiumdduniglulasion
Tolsian OK1103 1nsandaioulsdld it afo 512 U/mL sesasnifiu mimaassaugm
(' 13 Aannd @ﬁuazmﬂimuémﬁ’uﬁmmL%uﬁﬁu 0.75%, wiv) 13 A9NE AeIed1AY)
uazih/lauifissedaifien 3 wmmwamauvlszsﬁ'léﬂuLmﬂmmuammuﬂ 1NN Bduazns
NAaea ﬂvnﬂvlﬂﬂ”lmiﬂﬂ}l’lﬂ’nuL‘UN‘UU‘U@QLﬂ"ﬁuﬂmm"’ u wuhilenududu 1% (wv) 1o
mﬁawamau‘lsﬁu‘lﬂ i afle 540 U/mL Famnmiddendanldinsdammandaoulsi
wagia 1ol angimang uuandeiieenlUiuogiuaiinuenduris erfisu 1midisues Banoa
uazaoi [14] 1dneau angiivang wlumsudaeulsiisagia ni%e B. subrilis KIBGE
HAS TaglFsudoni vl am wwhideodeuseluennsifinudosibirumasy aw
Shuvdemniueuanuduiu 2.0% (wiv) WWuenludlondamla Wuuradulnsiou uaztad 40°C
B. subtilis 92 w3 Hueulsifld ol afe 290 U/mL ueninil Sethi uazamiz [12] wuh
magimng wlunmsndaoulsiisagia fe 1dngla humdsmsvou uonluidiondamaiiu
unadluTasiou uagymatnil 40°C pH 10 nsandaoulsdld ol aile 0.9 U/mL
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4. msuantemuealagds Simutaltaneous Saccharification and Fermentation (SSF)

namaienifiey anglumsudaiomuoadieds SSF quit 3) wuduilevhmanin
lnglde 4 S. cerevisiae 1etug B1-1:1 wionfiv B. subtilis 1eviug OK1103 Tuemns CMC
broth Tasmawerdl 150 rpm Wunm 36 $alwe  wnsandaemueald 9 auhdy 14 g/L
Aauflu productivity 1@hau 0.39 g/Lh wazAafuefituditeuiunguilawhiy 70%
3898970013 CMC broth udlihmswen wnsananemueald 125 ¢/L ievhmaviin
Wunm 72 il Sl productivity TR 0.17 g/Lh uaznglil 3 wutudierms
iaedluenns basal medium  wBnsandaemuealdtosntudin 2 ansdewduazliweniy
T8Smnar emuealndidety uazidloTamadywud B. subrilis ovus OK1103 ain3ayiiin
$umiluenms CMC broth Aeud dilFlumswaaemuea fewnnnuuaiitesskaneuls
wagia ifiedos metsfimbliifwhmanniug dafiwdnnunntunaglfihmaiifatuly
mInaaemusaluamaudoll

18

16

. A ya
§ i yrd
§ / NN

Snanemuea (g/L)

0 12 24 36 . 48 60 72 84
nan (¥2Ta9)

301 3 1 aemsifSeuieumIndaiemueannemstaz MENuANENTY @, Basal medium
wazmmswen: M, Basal medium uagliwer; A, CMC broth wagimswe; x, CMC
broth uazliweg1 Insnnmmaaedlsnszuiumsminuuy SSF
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5. msuantemuealagds Separate Hydrolysis and Fermentation (SHF)
NNMIANINMINAALEMUBAAIEIT SHF (JUn 4) wudnudiemsidea B. subtilis
187U OK1103 luens CMC broth 1unm 48 $lwnniuhmsuenindessessntiie
ilundniemueadied 6 wul wnsandaemueald i afe 10 g/L Amilu 0.14 g/Lh
¢ < ¢ % aNy 1 v A o v Y a ¢ g & o A
wedibudieuiungug lduwhiu 50% wemmmiingisd dunm 72 $l sazihmswgin

150 rpm & AMzdUe WunwuMlddinatemusamamn
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. A
8 /
L
N A

sanatenuoa (mg/ml)
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N/ | |
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nan ($2134)

U 4 1 amafSeuieumIndaiomueannenIlag MITNuANANAY @, Basal medium
wagimsigh: M, Basal medium wazliweg1; A, CMC broth uagimswen; x, CMC
broth uazliiwe Tnsynmanaaedldnszuiumsvinuuy SHF



38 SWU Sci. J. Vol. 31 No. 2 (2015)

16

. , /!
. SN A

) / aN

suanemuea (mg/ml)

0 T T T T T
0 12 24 36 48 60 72 84

nan ($2134)

31 5 1 aamsSeuiisumndaemueanionszuiummin SSF; € uaz SHF; B 9
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