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ABSTRACT

TITLE : ETHANOL PRODUCTION FROM LIGNOCELLULOSIC MATERIALS

DERIVED FROM RICE BY-PRODUCT VIA BIOLOGICAL PROCESSES

BY : JANJIRA SALUBCHUAE

DEGREE » MASTER OF SCIENCE

MAJOR : BIOTECHNOLOGY

CHAIR : ASST. PROF. NAREERAT MOONIJAL Ph. D.

KEYWORDS : ETHANOL / LIGNOCELLULOSE / RICE / BIOLOGICAL

PROCESSES

The possibility of producing ethanol from rice husk and rice polish was investigated.
These two materials contributed as a significant underutilized source of sugars, so-called
lignocellulose, used for ethanol production. The study focuses on the production of ethanol via
biological processes. Firstly, a fungal bio-treatment of lignocellulosic materials with the white-rot
fungus Lentinus polychrous Lev, LP-PT-01 under solid-state fermentation was studied. This
mushroom was grown on the lignocellulose at 35°C. The highest cellulase activity was measured
after 4 days of cultivation and reducing sugars were released. The yeast strains were selected for
the production of ecthanol at 40°C. The strain isolated from honey (HN) and Kluyveromyces
marxianus (KM) were found to produce high ethanol as concentration of 1.04% v/v and 1.03% v/v,
respectively. Simultancous saccharification and fermentation (SSF) of the bio-pretreated rice husk
and rice polish (70 : 30 by weight, 60% moisture content) were carried out using L. polychrous
Lev. LP-PT-01 and K. marxianus cells. It was found that ethanol yield was 0.10 g ethanol/100 g

substrate after 3 days of fermentation.
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5.1.6 msﬁﬂynliz?m%mwmsﬁﬁm@‘ﬂwuaamau%@%ﬁﬁqmwQﬁ 40°C wiude
Tamnenoiufaunsondaonuenld Taefidefuenldnnife 1N uazde K mamians
&KM) aunsondaentuealdhulfuugage Faiauify 1.04 uaz1.03%va mudidy

5.17 msfnyimsnaneniuealasnszuiumsudngwsumsdosaate ileU§u
ﬁmw%ﬁﬂwﬂ’ﬂﬁ’}m‘ﬁ}mﬁﬂ L. polychrous Lev.LP-PT-01 Ltﬁ?ﬂ%&%@ K. marxianus ﬂwi’jiums
wifmenuea lumsl#faguinfifuunavuasiazdoaludnsdin 70 30 Tanimin
mm%u%’ﬁawﬁmﬁﬁu 60 Woidud iflevhmaniniduna 3 Yu wudr aunsoniaeniues

18 1Ay 0.01 nSuenueass 100 niuYaquiin

5.2 UolauoUUY

NNHAMIANEINTZUIMMSHARDMUBDNSaguiTnyseianan Tuag Taadidy

v
QDAY e

¥ Yy ot Yo v o g
wanasy ldnnmsmnzgndndisnssyummedinm Tasnudsei 1 aaninfiduunay
Yo a < i A g v 0 o a o ]
uagldhazBuadudmauioduunasvosrisomisdmivgdunis vinmsnaasanud
Jaguiiadenanmuisatmndaeniueald uawaldveswdnduainiueniuen (product
yield, g ethanol/g substrate) imAoud 19 orvdflunanininefonarss Usears imu Saquiing

v
-] o v & 1 L)
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o W L4 ¢ § 1 .
$15 udusuiSou. 2548, Denisuveuou luliragaanNMsINZasuieIfia Lentinus spp.

L) a de @ a a o
Tuemsman. YSygniwusinuemastuda : un1Inerdeguas s,

) a o J - L) v - = ¢ fa
wssa ba Aegassmiel, 2545, mawdapmusannmiiudzuds, IneduusUTyan

o

Tnomasumiadia : gnasnssiumIneds.

as A =) =y o ! o
Fywad Unufa. 2545, mafSeuiounszuaumsanainuyy SHE uay SSF iieninan

3 9
mueadomdsnnutlaiudnlendsInudo dspergilius niger and Saccharomyces

a = ¢ | a o a o Y] ]
cerevisige. INVTHWUTUT Y Inemasumtiaeie ; s Inedodeslng,

Tam @1%1’1"3?321, 2544, Effect of pH and temperature on cellulase activity in white-rot fungi,
o o B D@ - ) o =]
Lentinus spp. ﬂiﬂ]uiyﬂuWUﬁ’Jﬂﬂ'\ﬁ'MiUmW]@ HYTINERYPUAITIYT U,

v o a s g 4 o A o
nssu Yumendnal uag i guisgnu. vl masdasulsdnniaansmsnyaadiod]y

9 4 ¢ a o
LLU’W]NﬂﬁGl"HGLuf)’]WﬁﬁWJ P IWIINTUNNIINGIDY.
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o o dal b4 v v
1. msHusraanuvIvaselihmiiningly Hemocytometer

¥ H
1.1 9931 Msaza1ef10013 (11mdn) A20a15a2a18 methylene blue NTERUMTITD
DRI TREASY
1.2 #ead10819T 150 a8 19a9 Y Hemocytometer

o oo o W ¥ @ o o
1.3 Wudwawyadnieldndosqanssmifidaves 400 i1 Taviusmauwadly

1 I {
5 ¥99an (MW 1) UW Hemocytometer

HAISED
coven P ATFORME
CLASS o v
o Closd up vigw of onve of 159 counting SGUdTes
N
X 3 4
| Ll
=Y - (@
i 1
) N ’
K :
MOATE =
TOR VIEW \mﬂgm(g ™ (B -
CHAMBEIS
LOVER GLASS ey P ORALGER = A ‘ 17
DEPTH F CHALBER = 0. iy 7
,I § i
RAISEG PLATFORNM Ao \rwsw PLATEOIM
SIDE VIEW HIASHOT0S
o ° @ o
. ANHUSVDY Hemocytometer . 1T NUVDY Hemocytometer @Y TUUULIYDR

a LY vy
WA 1 8AYMZVDI Hemocytometer AMUVUIATAIUTS (1) 1AZA1T19UDI Hemocytometer

LARLYBINIEY 1-5 dmsuTumad ()

A 0 v ¥ el @ 1%
aﬁmsmmmmmmmummwaa‘nuu‘lﬂ

'
< DI ) aoa

J ' ° ° 3 [ a
DUHUUIULERDATY S YO LL%’JU’\NW\TU'Qﬂ!WT%']u')ukcﬁﬁﬁW@Nﬁaﬁ@iﬁ']N

9/
v do

ANVTUNUTAIN
1 %99 H1sues =1/5x1/5%x1/10  mm

=1/250 mm’
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9
o o

iU 5 ¥o9 HUSuas = 5(1/250) mm’
= 1/50 mm’
WU 5 999 I muad =X cells
iiufle US1nms 1/50 mm' S8 amadiify X cells
d11/511a3 10" mm’ (1 m) wl$rueadivndy 50 x 10X cells
=5X x 10° cells/ml
HARIBENHIUATTID1Y
i SnuEadiae = 5X x 10° x dilution factor cells/ml

deay d
2. mﬁmswwmmﬁwmmﬂmmmagma (Measurement of Cellulase Activity)

2.1 mIasEnglAaNIASEIM

w3vu Taosang Tnaun 1.0 05y aza16110.05 M citrate buffer USu/Suras

~

v
| a aa o LY [ @ 9
gatheidlu 100 Jaddas vdmsazareng Inadudu 10.0 Tadniudeiiadans niduiiun

14
o et

=] v Y ¥ 3 ' ST A T
mama"lw"lﬂﬂ’smmmumtm 2-6.7 URANITUNDUDRDNT AU

vaoat | maazmenginmddi | 0.05 M citrate buffer andatuvesmsazmenglrasnasg v
(16,6 mg/ml) (mb {(ml) (mg/ml)
1 1.0 4.0 2.0
2 1.0 2.0 3.3
3 1.0 1.0 5.0
4 1.0 0.5 6.7

2.2 NIVTOIUULIAUBAITRZAIBAIUAN
2.2.1 MI0OIBUUDIS : 0,05 M citrate buffer UTH197 1.5 ml
222 ensazanoien ladion lalnruaw : 0.05 M citrate buffer USU195 1.5 ml
I d &
waew lai1/5uas 0.5 ml
2.2.3 FUAATNAIVAY : 1N 0.05 M citrate buffer Uu1w5 1.5 ml agluvaon
NAADINY avicel 50 AadnTu
2.3 Bmsdmned

v ¥
2.3.1 %9 avicel ¥1Hn 50 Haaniulaluvasanaansvuia 13 x 100 Janiuas
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3
2.3.2 1§14 0.05 M citrate buffer UT11915 1.0 m! 9ndusiwdazvasa ldurlusrs
3 = 9 p ¢ ¢ ”
ihgugungil 50°C wiawdumsazarnuasd msazaroenlafion lminiuay Fumasn
¥
AR wgamgiivosmsazawluvasanansundugungivessinigy
o P y o 9 1 - 1
2.3.3 @ueu lalirumsumlswdraslunasanaasudaznasaiiuyly
v
erihigugungil 50°C vulden Tl ffsonduna so wiit -
9y
2.3.4 wonsunomgalnsuvesow lyl Tasd s lug e nduiud
o a o o = 3’ = At
2.3.5 hmsazaed 14 1U3mssinm/Tuaninaiaae lau3 DNs
2.4 MIsmuInmInonssnvoaeu lul
msfwamfnssuveseulnliwagaani dnamsununsinsganduies
% ' o gy Y :‘ aa 9} Ty, g’
vourleghnesmsmlTnahmai A luaumaduas i ldvinnsmuiasgiurhein
ng Inadsaus

X, = aX+b

a =ANUTUVOINTIN

b =fnh
1 & P A o ' o 9 a J
X = AN1TAANTUUAINAINGTINGY 520 nm VOIA10ENNADINMINATIEN
L) oy ) «
USaniheasang

UAZUNUAINITRANAULASTANNEIIATY 520 nm YRIFLIIANAILNY T1TaLaY
o o 4 o o S e aa fHuy v
wulaiowladniugy uazarsazaiseu lainniuiSuameasasd i dumusilu
qUNIT

X, = XXX

1

a ¢ a/

v
X,= UTmnanihmasfsvesdumanaiugy

a :l aa o < 4
X,= Ysmanhemaiagvesmsazansen lediou lndniugu

s ¢

3
L) ° L) .4
X,= Ysinanhmasaaguesmsazatuen T

:,' o 1 { ° 1 o
viniuthan X, # lAudnosmafnssuveseu ledfnnaums

Aanssuveaenlysl = X,%0.185 Uiml
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3. mydnzimYSnesihmainig 1ne3% DNS (Miller, 1959)

3.1 mIazaenglnauinsgu

= @ @ e o Y a 3
wivwlavtanglaaui 0.1000 0§y armsluiingy dSudSunasgatiodiu

o

o
=S a a oA oW 1 s aa Y ° Y
100 fiaddas vz ldensazmunglnadudu 1.0 Tadnfudedading sndihuuionslild
9

8/
o Aas Qs o

AN uTUAI 0,0-1.0 Nadnsudoladans safl

vaeadl | msazmenglnadatu | vndy anmdiniuvesasazaenglnanasg M
(1.0 mg/ml) (mi) (mb) (mg/ml)
1 0.0 1.0 0.0
2 0.2 0.8 0.2
3 0.4 0.6 ' 0.4
4 0.6 0.4 0.6
5 0.8 0.2 0.8
6 1.0 0.0 1.0

3.2 IImAnned
Y i o y = [ k4 &
3.2.1 gamisazatedlnd (Miumstulsauyadesnual) wiomsazaty
- - ¢ (o & As
nglamuasgiu (Aududu 0.0-1.0 mg/ml) AdsemsinrerdTums Lo Taddns aslu
WaPANANDY
3.2.2 1@Auesaza1w DNS UTuas 2.0 Hanang
3.2.3 Uadhwaealasamunderlivain (viellathnnasadlegnuda) udni
¥
vaoa luduluudeaidiuna s wif
k4
1 [} e 9 Y] =%
3.2.4 usvasanaasslusreiudusiuiidiuing s wid
14 »
3.2.5 @uhndud5ieg 20 daddes asluvasananes wera gy uda
1l ammsganiunesfinaiugrindu 520 nm
o 1 A = o A o -
3.2.6 Winmsganaunas ifvudunadunesgiuiesiulamanududu

young Inalumsazmwdinge
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4. mydnszrmfSuiaueanesealuiniing 1y Gas chromatography (GC)
)
41 MSINTINNIALDLUIATFIU

4.1.1 930NA150LA1 Ethanol 1182 Butanol 1% (wiv W30 v/v)

v v
4.1.2 WisyamsazaenIasgIUAn Ul ua1e Feil

1% Ethanol (nl) | Distilled water (ul) 1% Butanol (ul) | % Ethanol (v/v)
100 400 500 0.2
200 300 500 0.4
300 200 500 0.6
400 100 500 0.8
500 0 500 1.0

d LY
4.2 mywszimlSuiameanegealusiiegg
1 1 ¥ ¥ Vv
4.2.1 9931A20619NTLAUNMTIDINNHUIEAUAINAY IINWUHAUFIDEN
A A Y o a
NR9919487 1511915 500 I AU 1% Butanol USu1915 500 pl
4.2.2 Aamsazaludndn iednszrdls 6C Taulddiesienitonslude

1U5mas 2 pl

anmazild e

Column oven ﬁqm‘ng:ﬁ 100°C
Injection port ﬁqmwgﬁ 150°C
Detector ﬁqmwgﬁ 180°C
Detector ‘7141‘%}?1‘6 FID
Carrier gas m."i’f’ﬁ@ Helium

'

Internal standard ‘m‘%’ﬁ@ 1% butanol
43 FhanzimifSinauneanssed
43.1 wisunsensazamnnsIueseneafin g uTuA1e 0.2 0.4
0.6 0.8 uaz 1.0% (v/v) TaolFunu x unudfuildnsmuesonusadefuilgnsmyesion
197 (Ethanol/Butanol peak area ratio) agUAU y ENUAIANUANT YR UBNIUDA (% vAY)
4.3.2 Wivuheua ethanol/butanol peak area ratio VOIA 08 NATNT N

MsazaeNInsgIn omanududuvesoniuealuensazatodiedna
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1. 9IM510891T® Potato Dextrose Agar (PDA)

Potato 200 APFY

Dextrose 20 A5y

Agar 15 k2"

fandu 1,000  NnddNg
v

FBnswdon YenwFensiunis *ﬁmﬁaﬁucJ%"deu%yu?f'm?;augﬂuwﬁ‘lﬁ'ﬁwmﬁm

sUssina | epufiny %ﬁﬁymﬂfﬂiﬂs%'mmqm Wl ludindu so0 faddns duldiiuden
dsgana 10-15 Wif szfevnzauedrldifdesiudfuns nvouenhdnlalaesldtviue
sntfudaimamnd Tnra uazix’u“lﬁ'"lﬁ’ifmﬁﬂmuqm avawluriindu 500 fadfas Taude
T Foue s fugn Nﬁufi}wé{mﬁuN?auasﬁiﬁui’ﬂﬁx%’wﬁ”u Ysudsuwsdasy 1 s ussy
adluvanmionemisuasin iy desindedaonodinuguled 121 °c  Farudu

a1 ay [ =
15 ‘1.]@14@@6%151314’3 L‘lJUL’Jﬁ'] 15 4N

y &
2. 8IM15I084T0 Yeast extract Peptone Dextrose medium (YPD medium)

Yeast extract 20 AT
Peptone from casein 20 nvy
Dextrose 10 nsu
vhndy 1,000 Hodans

14 '
s oy azaedmlszneudie Tuihnau audssuraudalddaudsenouueg
¥ v
omsaras wazldanuienyisldazavidie YsuiSmasidasumugesdohnduussn

o 4 4 4 & o ! 4 o
asluvammSoueivisuaziii il udedrondoienuauled 121 °c Ainnudu

4R Qy [~ -
15 Youanoa1s19tin umal 15 Win

3. BIMIALUYD Yeast extract Peptone Dextrose agar (YPD agar)
Yeast extract 20 N3N
Peptone from casein 20 N3

Dextrose 10 nsY
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Agar 20 A5y
v T
WInau 1,000 Jodans

b4 3
zarwdaudszneudien Tuthndu (endumedu) audrounwdalfdudszney

v ¥ v
vavemisazarw navu@dujuaniazanh ld W ldideasunsviadugn UsullSuns e

q

y & & o 0 4 &y y 4 Y o
ATUMNGATATUINAY ‘Uﬁs@m“lmrmmsawmmmaxuﬂﬂuwu%mwmmmmﬂu‘law

¥
Qs 1 =S o
121 °C amudu 15 Yousaoais1eia Wumal 15 wif

4. Methylene blue solution

1% Potassium hydroxide (1% KOH) 1 Haaans

Methylene blue NBUA U 95% ethanol 30 ionans
¢ ]

Wndu 100 Uaaang

[4 v

@301 1% KOH lau%a KOH ¥Min 0.25 nSuazarsluiingyu 20 Haddasusuly

b
AsUMuUsSUIasAlsvIalTudSIas vue 25 Taddas 1InWut 1%  KOH w1dSuins

'
oY

1 UaAAAT ABY LAY Methylene blue NBUAIU 95% ethanol USH10s 30 Taddes aulvidhdu
¥ 1 ¥
Wusumsgarodasindudiu 100 Taddns fuluviadn ngunglives

L3

5. 0.05 M citrate buffer

o

Citric acid monohydrate (C,H,0,.H,0) 210 N3
Sodium hydroxide (NaOH) 50-60 A5Y

¥ 3
WIndu 750 Hanans

W T
810 Citric acid monohydrate (C;H,0,.H,0) 1131 210 15y azatvludingdu
3/
750 Uadans @y NaOH Uszuial 50-60 ATy Jaaifiosld lAwiidu 4.3 aimiudSudSuns v
A5V 1 803 uazdSuies 1R 1amfy 4.5 921 a1502878 1 M citrate buffer 1odnanis 1414

Windea i ianududumify 0.05 M fifesvAL 4.8

6. M15axa1 3,5-dinitrosalicylic acid (DNS) 1.0%

3-5, Dinitrosalicylic acid (DNS) 10 asy
Sodium hydroxide (NaOH) 16 Ay
Potassium sodium tartrate 300 _ Asu

Sodium sulphite 0.5 nsu
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¥ ]
1naY 1,000 Jaaans

=Y Y

v k4 '
1n50 Tese DNS 10 nfu azareluthngu 250 aaans WumTasuANNasUDY

Y
Y o 4

14 1
(NaOH 16 n3u aza1wlutingu 200 Taddns) auldasaudrdusunus v ldgulueraiden
' £
wnszie ldasazasla 91nfwfdy Potassium  sodium  tartrate a4 lAnzdogaunsy

300 NTM 1AW Sodium sulphite 0.5 n§u USuilSurmsgaiielR 1A 1,000 Taddns Buliluvie

v
=}

dangunginies
7. Ethanol ANMYNYY 1% v/v Uz Butanol ATIMTNYY 1% viv

Ethyl alcohol anhydrous (C,H,OH) Wt 99.8 %

iso- Butanol t4u4/1 99 %

1AW 1% Ethanol 139 1% Butanol 1aug@ Ethyl alcohol anhydrous (u%u 99.8 %
139 iso-Butanol (B4 99 % 1UT1a3 500 lulasdes laluvaadsuuSuias so Haddas U5y

a y y 2 4 2 nyy vd
YsnasIiasudaningu dul3ludiou
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wollad | snomwad | weddudms | YSinamemwen | WSmanimaiidiimde
x 10'(cells/ml) s0AYIn (%v/v) (g/L)
TK 442057 | 94.244,74 0,870,02 0.9410.02
sC 284035 | 99.041.65 0.85+0.24 0.90%0.05
KM 7.4£1.41 | 99.7£0.38 1.0320.02 0.89%0.05
HN 4558078 | 93.243.19 1.04£00.08 0.8940.04
ST-SR 2.97+0.32 83.5£1.85 0.85+0.02 1.0230.12
ST-UB | 4.15£021 | 93.043.83 0.90£0.03 0.9740.02

M 2 Aenssuveen lylwagEaiindnInies A orvzee Ty luTaguiin

BNIITIUAI
nanssuvewerlwilivagae (U/ml)
$uf sana v Tanniin (unau:$1) %
100:0 90:10 80:20 70:30
0 0.01 0.02 0.03 0.027
2 0.03 0.01 0.00 0.00
4 0.00 0.00 0.00 0.00
6 0.02 0.05 0.06 0.09
8 0.06 0.06 0,04 0.04
10 0.13 0.12 0,12 0.13
12 0.06 0.04 0.15 0.12
14 0 0.02 0.03 0.02
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NUNSATIHIUAI
fenssnvesewlmiagae (U/mI)
St enTMIUTagHITD (unau:d) %
100:0 90:10 80:20 70:30

0 0.02 0.02 0.05 0.04
2 0.02 0.02 0.02 0.02
4 0.01 0.01 0.00 0.01
6 0.07 0.03 0.02 0.04
8 0.06 0.06 0.05 0.06
10 0,12 0.12 0.12 0.12
12 0.09 0.06 0.08 0,02
14 0.01 0.01 0.01 0.02

¥ v k4 ]
m319h 4 MfensTuvosou llingaaindnnnios) Trickoderma sp. T-11 fita

=

Ty
luFaguiindasiadiudien
nonssuvesewlusliagoe (U/mi)
i onsrauTaguiln (unaw:i) %
100:0 90:10 80:20 70:30
0 0.03 0.02 0.02 0.02
2 0.00 0.00 0.00 0.00
4 0.04 0.11 0.04 0.00
6 0.00 0.00 0.03 0.04
8 0.02 0.06 0.03 0.05
10 0.01 0.02 0.02 0.01
12 0.02 0.01 0.03 0.02
14 0.02 0.03 0.02 0.03
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fnSaluTaquindasidiusiieg
fenssuveseu lwsiivagae (U/ml)
S s IuTaguiln (unau:$1) %
100:0 90:10 80:20 70:30

0 0.01 0.02 0.03 0.02
2 0.00 0.00 0.00 0.00
4 0.04 0.04 0.04 0.03
6 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00
10 0.01 0.03 0.02 0.03
12 0.03 0.02 0.01 0.01
14 0.02 0.04 0.01 0.03
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"CLASS-GC10 Ver.=2.01 SY¥S=1 Ch=1 REPORT.NO=2 DATA=JANJIRA1l.DO2 01/03/03 20:38:36

Sample :
Iin : e
Dilution Factor: 1

Type : Unknown

Detector : FID

Operator : Janjira

**+ Chromatogram *** Filename:JANJIRA1.C02
; mv

1004

50

0 1 B 2
‘ ' min
é*** Peak Report #x*
?PKNO TIME AREA HEIGHT MK IDNO CONC NAME
i 1 2.145 16252 9558 B 10.4806
i 2 2.449 138667 110064 E ] 89.5094
: ) 154918 120022 1006.0000

$ I o vy
ﬂ?ﬁﬁ 1 Chromatogram ﬁumm5azmmammaamm*gmﬁﬁmummwmu 0.2%v/iv

a sy A
URTICHUAULATOI GC
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CLASS—GCIO Ver.=2.01 SYS=1 Ch=1 REPORT.NO=4 DATA=JANJIRA1.D04 01/03/03 20:48:22

Sample :

ib :
Dilution Factor: 1

Type : Unknown
Petector : FID
Operator : Janjira

**x Chromatogram *** Filename:JANJIRAL.C04
mv

1004

504

*%% Peak Report *=**

PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 2.146 39171 21446 E 20.1104
2 2.448 155607 118480 E . 79.8896
1594777 135926 100.0000

% P o Y ¥
ﬂ"ﬁ"lﬁ 2 Chromatogram ﬂiﬂamsa:mmﬂmuaammgm‘w5zﬂummmmu 0.4%v/v

a <9 A
UATINAWIATDE GC

min
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CLASS-GC10 Ver.=2.01 SY¥YS=1 Ch=1 REPORT.NO=7 DATA=JANJIRA1.D07 01/03/03 20:57:38

Sample :

1D ' :
Dilution Factor: 1

Type : Unknown
Detector : FID
Operator : Janjira

*%* Chromatogram *** Filename:JANJIRA1.CO7
mv

100+

50

*** Peak Report ***

PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 2.143 58140 33504 E 27.2313
2 2.445 155364 128272 E 72.7687
213503 161776 100.0000

d’ 1 a
WA 3 Chromatogram Y89@1TAYAWENIUEAINATTIUATZAUANMTUTY 0.6%viv

a oY &
UATIENAWIATOY GC

min
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CLASS-GC10 Ver.=2.01 SYS=1 Ch=1 REPORT.NO=12 DATA=JANJIRA1.D12 01/03/03 21:17:04

Sample :

ID ) :
Dilution Factor: 1

Type : Unknown
Detector : FID
Operator : Janjira

**% Chromatogram *** Filename:JANJIRAL1.C12
mv

-

1004

504

0

min

**%* Peak Report **=*

PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 2.141 98771 41664 E 32.7039
2 2.443 203245 124000 E 67.2961
302017 165664 100.0000

d P .
WA 4 Chromatogram Y8A15azMWEMUBANIATTIUNTEAUANUE LYY 0.8%v/v

a Jy A
AUNTITHAWINTDY GC
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SYS=1 Ch=1 REPORT.NO=13 DATA=JANJIRA1.D13 01/03/03 21:20:14

100+

50+

i)

el

*%*% Peak Report **x*

PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 2.136 116236 65008 E 39.4926
2 2.438 178088 144032 E 60.5074
294324 209040 100.0000

! o @ g 9
ﬂWWqI 5 Chromatogram YBIF TG WONIUBAUIATTIURICAUANUVNIY 1.0%v/v

a 3% A
AUNTITHRWATOI GC
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Simultaneous saccharification and fermentation of fungal bio-
pretreated rice husk and rice polish to ethanol

Nareerat Moonjai*, Charida Pukahuta and Janjira Salubchua

Department of Biological Sciences, Faculty of science, Ubon Ratchathani University,
Ubon Ratchathani 34190 Thailand,

*Corresponding Author: nareerat@sci.ubu.ac.th

Abstract: The possibility of producing ethanol from rice husk and rice polish was
investigated. These two materials, produced in large quantities as by-products of the rice
milling industry, constitute a significant underutilized source of sugars, so-called
lignocellulose. This study focuses on the potential of a fungal bio-treatment of
lignocellulosic materials with the white-rot fungus Lentinus polychrous Lev. LP-PT-01
under solid-state fermentation (80% moisture content). Simultaneous saccharification
and fermentation (SSF) of the bio-pretreated rice husk and rice polish were carried out at
40°C using L. polychrous Lev. LP-PT-01 cellulase and Saccharomyces cerevisiae cells.
It was found that ethanol yield under the fermentation condition with 100% rice husk was
0.50 g ethanol/100 g substrate. The ethanol yield increased to 1.53 g ethanol/100 g
substrate with the increasing of rice polish percentage (up to 30% rice polish). The
biological pretreatment was an efficient pretreatment method of rice husk for its ethanol
production.

Keywords: Ethanol, Simultaneous saccharification and fermentation, Lenfinus
polychrous, rice husk

Introduction: Lignocellulosic biomass is an abundant renewable resource on earth and
includes various agricultural and forestry residues, food wastes, and wastes from the pulp
and paper industry. Ethanol production from lignocellulosics has gained increasing
research attention due to their abundance and immense potential for conversion into
sugars and fuels. Several technologies available for the conversion of

lignocellulosics to fuel ethanol involved various steps such as pretreatment, enzymatic
hydrolysis (saccharification) and fermentation. Pretreatment can be performed by
mechanical, physico-chemical, and biological or a combination of these processes. In the
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biological pretreatment processes, white-rot fungi are the most effective basidiomycetes
for biological pretreatment of lignocellulosic materials (Fan et al., 1987). Pretreatment of
wheat straw with white-rot fungi, Pleurotus ostreatus, Pleurotus sp. 535, Pycnoporus
cinnabarinus 115 and Ischnoderma benzoinum 108 resulted in increased the
susceptibility of straw to enzymatic hydrolysis (Hatakka, 1983). Pukahuta et al, (2005,
2006) studied the degradation of lignocellulosics, rice husks by white-rot mushroom,
Lentinus spp. and they found that L. polychrous Lev. LP-PT-01 grown on rice husk
expressed high cellulolytic enzyme activity.

In this work, we investigated the white-rot fungal bio-pretreatment of lignocellulosic
materials and its subsequent enzymatic hydrolysis of cellulose for ethanol production by
a simultaneous saccharification and fermentation (SSF) process.

Materials and Methods
Preparation of white-rot fungi

The white-rot fungi used in this study was Lentinus polychous Lev. LP-PT-01, This
strain was obtained through the courtesy of Assist. Prof. Dr. Charida Pukahuta, Faculty
of Science, Ubon Ratchathani University. It was cultured on potato dextrose agar at 35°C
for 3-5 days and stored at 4°C.

Substrates and pretreatment

Rice husk and rice polish were obtained from the rice milling plant, Faculty of
Agriculture, Ubon Ratchathani University. Before pretreatment of rice husk, it was
washed thoroughly with tap water, dried in a forced-air oven at 65°C for 6-8 h and milled
to pass through a 16-mesh sieve. The fungal bio-pretreatment of 4 different substrate
mixtures was carried out as followed: (1) 100% rice husk; (2) 90% rice husk with 10%
rice polish; (3) 80% rice husk with 20% rice polish and (4) 70% rice husk with 30% rice
polish. Pretreatments were carried out in 250-ml Erlenmeyer flasks, each containing 10 g
of substrate mixtures. The initial moisture content of substrates was adjusted to 8§0% by
adding distilled water. The substrates were autoclaved for 20 min at 121°C. After
cooling, each flask was incubated with five pieces (0.6 cm in diameter) of white-rot
fungal mycelial agar block and incubated at 35°C for 7 days (see Fig. 1 A-E).

Preparation of yeast inoculum

The yeast, Saccharomyces cerevisiae was used throughout this study. Active cultures
for inoculation were prepared by growing the organism on a rotary shaker at 150 rpm for
24-48 h at 30°C, in a YPG medium containing: yeast extract 10g 1", peptone 20g I"' and
glucose 20 g 17,

Simultaneous saccharification and fermentation (SSF)

SSF reaction mixtures contained the fungal pretreated substrates, L. polychrous Lev.
LP-PT-01 cellulase produced, yeast inoculum (the inoculation concentration was 1.5x10’
cells mI™") and 100 ml of distilled water, The reaction mixtures were incubated at 40°C
under static condition for 5 days (see Fig. 1 F).
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Fig 1 Substrate pretreatment with L. polychrous Lev. LP-PT-01 at different incubation time. (A) 0 day, (B)
1 day, (C) 3 days, (D) 5 days, (E) 7 days, and (F) simuitaneous saccharification and fermentation.

Analytical methods

The samples taken from the SSF were centrifuged and the supernatants were used to
analyze the reducing sugar and ethanol contents. The reducing sugar concentration was
determined using the DNS method (Miller, 1959). The ethanol content was determined
by gas chromatography using a flame ionization detector. All experiments were carried
out in triplicate.

Results, Discussion, and Conclusion

Ethanol production by the SSF of fungal pretreated rice husk and rice polish were
carried out using L. polychrous Lev. LP-PT-01 cellulase and S. cerevisiae cells.
Pretreatment of 100% rice husk with white-rot fungi resulted in a low amount of
reducing sugar in fermentation medium. However, the concentration of reducing sugars
produced on enzymatic hydrolysis increased with increasing rice polish percentage.
Maximum ethanol yields of 0.50, 0.72, 1.14 and 1.53 g ethanol/100 g original dry
substrate were reached in SSF experiments with 100% rice husk, 90% rice husk + 10%
rice polish, 80% rice husk + 20% rice polish and 70% rice husk + 30% rice polish,
respectively (Table 1). These yields were achieved in 2 days from the beginning of
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fermentation. It can be seen that ethanol yield increased with the increasing of rice polish
percentage. It seems likely that supplementation of rice husk with rice polish could
support the cellulase production so that ethanol production could be enhanced,
consequently. It can be concluded that the biological pretreatment was an efficient
pretreatment method of rice husk for its ethanol production.

Table 1, Maximum sugar and ethanol yields in simultaneous saccharification and fermentation process of
different substrate mixtures after white-rot fungal pretreatment

Substrates Yield g/100g original
dry substrate®
Reducing Ethanol
sugar

100% rice husk 0.14 0.50
90% rice husk

+ 10% rice polish 0.25 0.72
80% rice husk

+ 20% rice polish 0.37 1.14
70% rice husk

+ 30% rice polish 0.40 1.53

* Means of three separate experiments
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