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ABSTRACT

In this search, the biomass pretreatment methods were investigated by
combing between chemical and biological methods. The four treatments including 1)
Mushroom waste materials digested with sulfuric acid (H2SO4) and mushroom
Laetiporus sp. 2) Mushroom waste materials digested with alkali (NaOH) and
mushroom Laetiporus sp. 3) Non-treated mushroom waste materials digested with
Laetiporus sp. 4) Raw sawdust digested with Laetiporus sp. All treatments were
cultured for 20 days and the sample was taken every 2 days for measuring reducing
sugar content and enzyme activity, cellobiase, which is an enzyme involved in the
digestion of cellulose. The results showed that reducing sugar was produced in two
phases in all treatments studied. The reducing sugar content was up to 1.85 mg/g of
non-treated mushroom waste material at day 4 of incubation time. While the alkaline
treated mushroom waste showed the content up to 1.40 mg/g of the material at day 14
of incubation. The mushroom strain has ability to create enzymes to digest cellulose
with 0.25 to 0.45 U/g of substrate. The effect of the ratio of mushroom waste material
water used for extraction was studied and the result showed that the ratio of 1:100 was
more suitable for yeast growth than a ratio of 1:500. The high content of growth
inhibitor in the high ratio of water and mushroom waste could inhibit the growth of
yeasts cell. However, the production of ethanol was not different between mushroom
waste media and YPD which is the general media for yeast cell and it was in the range
of 10 mg to 60 mg/l.. The fungus, Rhizopus microsporus which are capable to
degrade lignocellulose materials and produce ethanol was additional used for the
production of ethanol from mushroom waste material and the result showed that this
fungus can produce ethanol at 220 mg/L. However, the amount of ethanol produced

from this research was not high enough to apply for the industrial level.
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Hemieellulose Pretreatment
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Y
Lignin ;&!(f

Cellulosz
Celhulos
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waglasuazaniuaannnwaglas lasmsldnsaniaduiiosn waiiaglaauaraniiu
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umlﬂﬂivﬂﬂm“lﬁumuau 9 swdsluladiwasaly uaaseas BIANSHANBMUIAIIN

YagndudnTuwagloadaniwnii 2-7
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Ligaoceflulosic biomass ﬁ

Pretreatment - - -
(hemicetluloses hydrolysis) Consolidated bioprocessing

Liqud
{ pentose —water)
Pzufosa fermentation
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Solids
(tignin-celluiose)

Cellulose hyvdrolysis
( add 7 celiufases)

¥

Hexose fermentation
( glucose | galatose . mannose + lignin)

|

' Ethano! - Lignm
Ethanol (fuel}
J oy

MW 2-7 ifumaumswﬁmLamuaamﬂi'@lqﬁmauaﬂuL?jazﬂaa (Joshi et al., 2011)
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3.1 93unsg

9

taret Saccharomyces cerevisiae na'uﬁ%é’ﬂlé’fﬁuﬁwmwﬁqwu’iuéa Zymomonas
mobilis  MeNugsIsIMATumeRusH limmsondaemueald  uafivmeiugh itk
msmﬂmamqwuﬁnﬁuummmmwamamuaalﬂ mangugitedeluldige "";‘Jm
NAADY 180T Rhizopus microspores 'ﬁlmmﬂm'sﬂmaan'nmmsnwamLau'l‘zi fiede

numsdasiagnguanluimagladuaziomuoale

5.2 ﬁﬂmamauﬁ’ﬁLf‘]aqﬁuﬂaﬁaﬁgmﬁa'ﬁqmnmimmﬁm
3.2.1 USinaamaiuy

auﬁ'zaﬂaﬁtﬁﬂﬂuﬁauﬁamwﬂﬁ 105 awnades  auhwminasivh gy
desiccator mmmumuﬂmmuau Fahatasznm 1 ndu "lam’[umﬂaamuawamma
wasitatnhwinuastiuimhwinfuiuauina hiheegiidisuiiussydathaieud
gumnll 105 ssmwaided Junm 6 9l theunldly desiccator #el5IVEwR
gamgivasnamhllanh avdaunhasldihminasd
msinamesidudanudunngas
wWasiiudanusy (%moisture) = (fwwﬂ'ﬁmalﬂ(n%’u)/ﬁmﬁ’ﬂﬁmshq (A5H))x 100

3.2.2 Ysinauluséiu

ihdathanazaslnhndusondn 1:5 aurel 30 i W lunsasmnedm,
1 wasduisafianauEisay 6,000 rpm ‘namw.ﬂn 4 °c Junm 20 Wi Wuduld
b luSaUsane soluble protein @& DC protein assay (BIO-RAD).

3.2.3 USmnausien
mmsawma“lumﬂﬂs“mmmﬂmuaamammmaum‘lmmmemw,ﬂu 550°C

Wunm 2 s hasninislduly desiceator FauaztuBinhmin crucible §ndhatha

Uszanm 2 n3uldludensadas Falimnuihwinuiuey 1 crucible W3DNAIDEIIN

Lmﬂaimmmmamwﬂu 550°C autndudzmviamsay Un@azldnaidssum 2
s (uunmmaamwnﬂumummaaﬂmn’muﬂ) Maudutdsnsudasmneenig3
Tiduly  desiccator udrdsthminagazidua ihinensud ssdauded lUundasn
30 17 udnandufiumsauldhwinaed (e lvalaysaiud)

MIAIUIN
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% L anue (Total Ash) = (ﬁwwﬁntﬁvﬁqwum/ﬁmﬁﬂﬁ"sath) x 100

3.2.4 "‘Jmswzﬁaqﬁﬂszﬂa'uwmﬂﬁTaTamag'l_,aa(magiaauamaﬁtﬁagiaa)

Minasunsnlaganaldimin 10 nda (U190 40 mesh) AIBFIIBLAUNTUYDY
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8896 Buchner funnel waztdndhazmeiinniuludmhduieminemuas
weadliasluiinmes awe 1 505 uazda 500 fiaddnsuanindu dulidaniy
v 1§l hlunsassin dal¥ls Buchner funnel wazdndmhnauiidudon
Uaasiel3lsusia

miBnalalawaglaalastahwinuiwadeieliivnaanngsumsn 3 n3u
laavlumadunasmum 250 faddes ey 160 §08d05 N30azEdAn 0.5 fadans
wazlmidaneaalsd 1.5 nu audnvluggaaiu thmafunauluasly water bath 75
RuunQil 70-80 avrradsaiuna 1 #lulosmsnnaiumhes NaINATY 1
# i 1FuNI008in 0.5 Haddns anudelmdsuasalsd 1.5 nu aslumsavaeiiss
souaguiE e ndNAsy 2 lu s ke war 4 ST Watunasan iy
157u,ﬁwuns:v‘i"qmsazawaiuwaﬂﬁqmwgﬁﬁwniw 10 B9FNALEEY uanhasazmeingag
Smhidunarasiloy wﬁqmﬂﬁv'uﬂﬂﬂauuﬁa’[uLmauﬁqmwgﬁ 105 paMmaIded
nannavudnhnsnhuin lﬁ‘uGT)aa'w'li""nﬂﬂzﬁmﬂ%mmuaammag‘[aa

‘mﬂ‘%mf;uLmammagTaa‘[mﬂ’g'quywﬁnﬁmshqmnﬂ“nﬁmsww"[aiavziag‘[aa 1.5
n3n dasludininasauin 400 fiadans wwasazaelndonlansenladidudy 17.5
Wosidud Uszanas 75 fiaddns Usugamgiivasisazmeliadi 3-4 asnwades au
msa:mﬂﬁ'gﬂm%mmuwn'szﬁ"u?]aﬂszmﬂaszaugmi’ A3 IBEsazas
lndioulaasenladidudu 17.5 Wasisud 25 faddas AumsazaEMBuIui I ugi
RNl 3-4 avnaded (Wunar 30 1 Washndy 100 08803 AudBuriwui fia
13 30 w#i nsasmsazans fadhnhndusunssadunaad 1o wWadidud nsmesddin
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\waglag

9.3 ﬁnmﬁgumaum'sﬂ%’uamwi’ﬂqﬁu
3.3.1 msUSuamwisgudainminmsimsiiogasnsouazeng
ahL%ai'ac’qmﬁaﬁ\mnmﬂwmﬁﬂﬁqmwgﬁ 121 avenwaded Junm 30 wi
TumsmamﬁlﬁuﬂqnEjum‘mmamaanL’flu 4 ngu Aa 1) Faqudatemnmamnziiod
USuamwensnsannuduiy 10 (1% H,S0,) 2) Taqudafennmsmnsdioiisy
IMUNEENANITUTY 19 (19%NaOH) 3) ’3’&@mﬁaﬁamnnmwmﬁmﬁ‘hjchuﬁgumau
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msUSuamwmensauazaralasuslininsssuan 4) zuLaaﬂﬁ’[ﬁmmammmuiuﬂmwu
v LishusuesumsuSuamwiansavtoss hmsugield 24 tlmadauthinnses
uazSudmenudunsadruiu 5.5 m\amﬂmﬂauua"m'lmmq“luﬁ v 60 avATALTYd
mmaﬂmeuaamul"ﬂ?}"lumﬁwmaama ﬂlﬂﬂamwnwaﬂumﬁuyﬁ'ﬂﬂaﬁﬂ

3.3.2 maUSuanmwiaqlasl#idos Laetiporus sp.

’luwumauﬂﬁﬂnmmim‘saummal,wamlﬂwamamuaa iideldlHizes
Laetiporus sp. ‘mmwzmu'nmmsm%m’lmamnauanTuwaa'l?aaummwmulwnau‘n
dosdnTuwagladld laavinisdes Laetiporus sp. 'lummswﬂsmanmmawmumﬁ
USuamwud mmsidsadung 2a auﬂamwﬂu 30 Bymnwaldod ynmsiiudiagmn
2 U mmammlmmaﬂﬂmﬁmﬂauamwmu 1:2 mlﬂﬁmmmamwnu 13,000 rpm
Wunm 15 wil mmu‘aammwlﬁlﬂmmwummqmaﬂmﬁmmwmmmaumﬂ Tudu
rasvanh iUl nsivsnanhmading wasmsuanewuls cellobiase

3.4 ﬁmena“’mﬂduuﬁmwawmmi’l'fﬁ'aﬂmﬁaﬁqmﬂmﬂwwvLﬁﬂ
aﬂmammaammnmimw indeh ludesidu 1:100 waz 5:100 ihlunsas
LLawLW’JﬂQLWBLLﬂﬂG’Ju‘HmLL’zNE]aﬂ maﬁaﬂmwléﬂﬂmaauwawaqamﬂmumamsmmﬂaEN
@adadhmsdsaiiunm 6 mﬂammu 30 MAaTed iipasy 6 Tu WBUNMSIaS 8y
'aaqﬂam"Tﬂﬂ’mmmsmﬂnauumﬂmmm’mau 600 1N ULNAT

3.5 ﬁmﬂuuuuwumnﬁmwaqﬁam”luurmﬂ“’mmﬂi'aqmﬁaﬁamﬂm'sl,wmﬁm
afaaqudainnmamzdiadnihlusondan 1:100 hlnsewazmisaiia
usndIuzaITRan maﬁaﬂﬂﬂﬁlﬂnmaaumawaqammmmamsmmwmmaﬂammms
@eadunm 12 Iungungdi 30 seenimaded mmsmumammﬂ 2 T I0M5193n9
ﬂaﬁﬁﬂammmsmmﬂauumﬂmmm’mau 600 WA Wazvmhminus

3.6 MIMUTMNanna3ig dred8 DNS

iheaaitldndimstumisasunes 0.5 §adans UfAseniuaisazars DNS
Unas 1.5 885305 wdlviuhdu v lududiune s v fellsy Wanhnduy o
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3.7 AATwilszananamuas
ﬁmﬁ"‘sm‘mﬁﬂ%mmtamuaa‘[ﬂﬂ'l%' Gas chromatography (GC) i SHP innowax
raau uazldudadidosndudmifionas 1 faddasdauii AN oven 13NGUR 50

°c v 250 °c Toel¥ FID Detector (Flame Ionization Detector)

3.8 S wﬂ1nmﬂsswmmu1ﬁmﬁaaLaa
mmﬂmmwLaulﬁm‘damaa 2 ¥ANI ﬂaﬂ’luﬂa:uanTumaa‘[a“lammauvlﬁu’lﬂLm

CMCase Laz Cellobiase ﬂﬂﬂ']’)“ﬂ']'iﬂ’lﬂ{]ﬂitl’]‘ﬂ pH 7 gaunndi 30 °C Wunan 30 Wi
Fusamilalumsnesasldun Carboxymethyl cellulose (CMC) uaz Cellobiose 819y
mﬁm‘mmauhu CMCase uaz  Cellobiase mNaIaU MAINssNTaeelasSaTne
mmasmwﬂaﬂﬂaaaaaﬂmmﬂmsmﬂgnﬁm 1 giavasaulyy uhnuafanssuaey
zaul*awﬂamlaaﬂmmasmﬁaanm 1 lulaslua dawndl lusnmsiingaas
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4.1 qmauﬁﬁ;fiaqﬁuwaﬁagmﬁaﬁqmnmmmmﬁﬂ
=3 7 & g .
4.1.1 HaMINANAUIINUANINTY (Moisture content)
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HaMIIATIEUTHI0 soluble protein WU'J'I’]U'SMWQJI‘IJWI‘N‘&IBQHTﬂﬂﬂ)aﬂmaa‘ﬂ\ﬁﬂﬂﬂ'\S
WWzaveN Tanududumiiiy 5.49 NAANTUADNDANT mmﬂmﬂﬂmuwaqmaﬂm
aammaammnmsLmvmmwauwummmmu‘[ﬂsﬂmmnu 1.73 HadN360ladans Laag
FINTHAINT 4-2 NANISNAA DY ALENN UNDILE LY mauuavmtszm Noissal (2551)
mwuﬂsmmiﬂsmuiunaumammmwaqmwamaaau 4.13 authwiinusie ludewda
Wovausesas 5.13 vauhwiinuia NnmMsnaaavaziehludsuiadesionuayi
Usinalusiudias saneh lddeniy uanmﬂuﬂsmmTUsmummﬂmNnumwuaﬂﬂu
amwmaamaqnmwmaaqma muu"lumsunaﬂmaaw\mﬂnmwmwﬂm’lﬁammaq
mumﬂmauumummua’maummuﬂakuﬂuﬂmawﬂmanmanuaﬂ

1.1.3 USinadid e

MaNMTIA LTSI g wu*jwﬂ%mmf’?tﬁmaqﬁ'auL‘ﬁwamﬂ'w dA5oway 8.05
vasnauingauii¥osas 15.17 uazdidosfidorar 5.05 GIMNT 4-3 NauFeu TpREY
Lta.,n'mﬂu Wil (2551) wuﬂ‘immmmluﬂauwamwammsaﬂau 33.20 284
Wwiinusa TusauBauinzaudonar 26.27 ﬂmumunum NAMMAaasiRauiawE
wlumwamamaaaLﬂmwummsaam 8.84 BANMINUI USananivsvandsSun
muwaqmsauumzmmaawaqmﬂmummmiaumﬂﬂﬂLmlwwmlﬂ faiuUsInaen
mmmmﬂmaamuu 1HUSinmasBunidiamnnn
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mnmﬁmsn”ﬁﬂ%mm‘[afamaaTaaTuﬁ’autﬁmmﬁaﬁmauwLaaﬂwmmmmummcﬂu
BNYBYUAANGINWT 4-4 Lﬂulﬂlmuﬁamwm's’lwaﬁmmwmﬁ‘«nnmuwaumwm
lﬂ'luammms'lumimsmﬂauuammmn‘nmmsmmuaqlﬂnumawa zin15a314
wulsiduaiadassiaay wm'lwﬂsmm‘[a‘famaa'{aa'aaﬂammaawuﬂw;mnmqnu
Waudnag muu'lumﬁmnaummmaamm‘lﬁawmLﬂummumsgwmuﬂawmms
ﬂsuamwaﬂﬂmwa'lﬁ"lﬂﬂsmmmmamwmwamamsmlﬂ’lﬂwamamuaa

s

4.2 ﬁnmﬂgumaunﬁﬂ%'mmwi’mqﬂu

mma’tuﬂauaﬂ‘[uw.iaa'[aa:umuﬂﬁuﬂawaﬂmqmwdmmﬂa anilu woaglad 1a
Tiwaglad uazasunsn Tmﬂmsﬂsvnauwaqmaa'l‘,aauawLamﬁaaiaanamw Taiamaa‘[aa
mﬂmswﬂaaqwuﬂ‘smmwaﬂaiawjaaTaa’luaaﬂmaammﬂmstm siRauasiEasilen
lnmﬂmﬂu‘[ﬂaﬂimﬂﬂamaaTaa’lumaaﬂmmnaﬂmaammﬂmmm"mmanuaﬂ 10
mauawawuuuamanammaammnﬂmwwwmmmmmuﬂﬂ’lmﬂmmawaqmma’lu
msmammmuaalmmamalsnmmmamwumumauwaqmsﬂ‘mammaﬂnaum
NSZUIUNITHES Usum‘[a‘[amaa'iaa*nwu“luﬂm%uumwmmnmqmnmsﬂnmnau

vnm'nwum'L!smm‘[aT,amaa‘[aahwwﬂsnﬂaﬂ’luﬁw 60-75 Wasidud
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“luﬂu@aumsmsﬂmuamswLwaﬂaﬂmmammammaam Tumsnaasaiipegy
1mmaamamﬁﬂaﬂmaqmummﬁmqmumﬂuuuﬂﬂﬂaﬂmmﬁmqmmm Taguuans
noasvdasaaniy 4 ms‘nmammmswawumaunmmﬂmaﬂmaam Toeludaiine
1. ’S’ammaammﬂmstm mGmmuﬂumaumsaaamansmm'mmmu 1% (1% H,S0,)

€

2. ’mmwaammnmsmw msmmuwmaum‘sﬂaﬂmﬂmqmmmmu 1% (19%NaOH)

e

3. 'mmmaammnnmwmwmwlnmuﬂumaumsaaamﬂﬂmu,am@m
4. 5Lﬂaaﬁ1umumumaumsaaa (Lwa’lmﬂumLﬂ‘saumﬂuﬂsvﬁwﬁmwwaﬁa@]maa‘m)
mmiaamammaammmsnwmqmumaﬁmﬂmamufﬂmaﬂwmumsaaﬂmaﬂmmm
’lmmquaaunmamwnu 60 avANTaLFaEdua 48 mimmawmmmunmﬂwLﬂu
hwammwm mnuummﬂmnanmmmsﬂaaﬂnnmﬁmsmqmmmuamswaau
Usmnathenadild Imﬂ’lumiwmammmmuwwﬂmumwlﬁ'lw Laetiporus sp. Fufluigas
lunguiiean1Flumsnaaas w muumsmum‘smmsuwamqaqlmwa‘[mﬁamsmmﬂ@
LLava'mtaul?fmmmaaﬂauamswlﬁﬂumwaq ammmsw'l“z“ﬂumiﬂmamﬂi £NAUAIEY
19717 39%(w/v) mmana'[ﬂa 196(w/v) Yuam 1%(w/v) Immammﬂm 0.29%(w/v)
uazUSuanudurasemslils 6s. 5%(w/v) mm‘nammammﬂ 7 Yuasluam i
msﬂuhwamwnu 30 avmwaFaaung 20 Su wazimsiumagmn 2 Juiila
asvFauUsNIamaiad L‘waﬁnmﬂswﬁ‘nﬁmwa‘uﬁmswmnaaﬂlﬂ Tﬂmn‘umamq
P 2 058 mmsasmhmalasnisas sanafehnausaNE 1:2 (hwindage:ih
naw) mnuumlﬂﬂum'mwmmmsau 13,000 tpm (Huia) 15 1# Mnuthduls
v Sainashmaiandengis DNs wazmenanssuwawaulyd cellobiase Fadlugauny
wulmilunguuaguaaiiisdaaiumsdesduginsm uanmﬂﬁlﬁﬁﬂmum‘m%mauga
inlasmsvmiminusig

msmenanssuaulsivilasld 10 mM cellobiose $119% 200 lulasdasuasso
mM azgaminies pH 5.0 Swau 100 lulasieszas  uss 200 lulasansyas
a“ﬁaq,mal,aulﬁwanﬂvlm (aau’laﬂaqmsﬂmmm) mmmmaawamwnu 30 aven

vﬁamﬂmﬂunm 30 W ’i]"lﬂuuﬂ’IﬂBUﬁ’lﬂﬁlﬂ‘i‘il!‘[ﬂﬂﬂ?ﬁ?ﬂﬂ’lﬂ?ﬁiﬂ??ﬁﬂLﬂﬂ?iuﬁnil’iﬁ
DNS
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Cell growth (g)
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~—#—TUntreated substrate —H—Treated with 1% NaOH sub strate
~~#—Treated with 1% H2504 substrate  —e— Sawdust substrate

MWH 4-5 tinusisesada Laetiporus sp. Tuszvninyhmsnaaag

annmi'nmaaqwu:hL%yaﬁmm%nﬂui’a&;mﬁaﬁqﬁhjmumsziﬂm’fwi‘;%wmmﬁ
(Untreated substrate ) L%’Jﬂ”jﬁﬁﬁgmﬁaﬁqﬁmumsﬁaﬂﬁmnm (Treated with 19%H,S0,)
W30 (Treated with 1%NaOH) wastiiaassssuen (Sawdust) agdan Tnsdasims
m"‘afy’[uﬁmnsmﬁuﬁuashq*z“hLLa:ﬁnﬁm%fyg\aqﬂiu’fuﬁ‘ 12 289Msiaouasndanniiug

MIAIYAIN UFNGINMNT 4-5
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Reducingsugar (ng/g of substrte)

Time (days)
~—#—Untreated substrate ~&— Treated with 1% NaOH substrate
w#—Treated with 1% H2804 substrate ~ scen Sawdust substrate

MW 4-6 ma'zLﬁﬂmm‘nﬁmﬁwma%'o‘hﬂuﬁwnamaamsaiaﬂ

mnnswﬂwmwmsa‘mmmamwaﬂ 2 SEEY mﬂm 4 ﬁumwmmﬂmammmu
u,wumimwmmawﬂmﬂﬂuummnmwnunﬂsmm IagszazusniimsiiniupaslSine
U"lGﬂa‘iﬂ’J?IENﬂGWI 1.8, 0.74, 1.08, uge 0.90 FadnTusianSuiaqmdatislusuil 4 2n
mmmaam‘nlumumsﬂaﬂmmﬁﬂmﬂu (Untreated substrate) Jaqudafiviikumsgan
08 A4 (Treated with 1%NaOH) mm‘waaﬂwmummaaman'ﬁﬂ (Treated with
1%H,S0,) r,l,avmaaﬂﬁs'sum (Sawdust) @NaIAU wmmnuuﬂimmmmaimﬁamm
u.a.,umsmwuwmﬂimmmmaﬁm?janﬂs\ﬂmm“w 2 M&9RINUT 14 Taefusunn
§9g9 1.40, 0.60, 0.65, 0.81 uaansumansmammaam’lumﬂmaamwmummaamﬂ
@m (Treated with 1%NaOH) uaﬂmaamwlumumsaaa (Untreated substrate) mﬂmaa
m‘nmummaamﬂnw (Treated with 1%H,S0,) uavmaaﬂﬁﬁum (Sawdust) LLFANAY
MNR 4-6 NNWaMInadavivayuige Laetiporus sp. mmwmmm“lummamam
maammnmuuav'lumumsaaammamimqmumnau uaﬂmﬂuwmnammaammn
MSWIHRAN AN saulumshuudaannniniidsesssuo ¥ naiitiisanniiday
ﬁss:uﬂ‘mlumum'maﬂmaaﬁmsmumnauaf[ﬂsqaﬁqmwaum‘lwmulmﬂumm‘m
mouldagreiussdnsamw daandasnunwdseluvas MuITEFesnuhinsihe
(pretreatment) ﬁuaﬂsﬂuazdwﬁmﬁﬂﬁtﬁmmumn%uua”m"lwmaa‘faa‘luiﬂﬂaawaﬂnﬂ
MEANNUTILTIH m’lmaulﬁumm‘smmlﬂﬂaﬂ'[ﬂ‘sqaﬂwaqaﬂiumaaTaeﬂ,mwmu
(Mosier et al., 2005) 1o & Hahn wazams (2006) lmﬂan’nmsmummamwwwm‘lw
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TﬂsqaswwaqaﬂuﬁmmaaJaﬂﬂULﬁaaTaanﬂmawm‘m‘lwLaulm"’luﬂaumamaammsﬂ
Wisuaryouldduiniy uanmﬂumnzmu'lumsaaamumﬂwﬂ‘[mﬂmﬂm‘ﬁa
Trichoderma reesei ZU-02 way Aspergillus niger ZU-07 wawmwmummumﬂwmmﬂ
nmﬁawiﬂwuﬂsmmmmaimfd 89.5 NSNARANS (Chen et al., 2007)

05

045 |
04 |

035 |
03 |
0.25
0.2
0.15
o1 | §
005 |

Cellobiase enzyme activity (U/ g of substrate)

0 5 10 15 20 25
Time (days)

~4+— Unireated substrate ~—8—Treated with 1% NaOH substrate
i~ Treated with 1% H2504 substrate—=— Sawdust substrate

MWA 4-7 NgazBaamsaaeylsy cellobiase Tuznanmvasmsgag

LNE] Anw msammuhu cellobiase WU')']MLLUULI.NUﬂ']SE‘S'NTlﬁE] AABDY ﬂ‘U‘IJ‘iN'lm

mmaimmmmmmwn 4=7 ﬂa"l']ﬂﬂﬂﬂ’]‘iﬂ'i’]ﬂtﬂul‘ifulﬂu 2 Jeee IWE]’JHWL‘HBE}‘YN‘HIN

L.

mumsaaﬂmmﬁmuﬂu (Untreated substrate ) mmﬂuu’tumsmmaul‘au ceIloblase W
Hﬁﬂ’l’ﬂﬂﬂmaE)TNﬂNTuﬂTSEJBEJﬂ'JEIﬂN (Treated with 196NaOH) 'Jaﬂmaamﬂmum'saaﬂ
Mansa (Treated with 1%H 250 ) LLEIJ&ILEIEIEI’ESSZJG]'] (Sawdust) Tﬂﬂwzaaﬂﬁﬁuﬂmﬂﬁ
aﬁmaulwumaﬂmummuaqmanﬂm’mu,mu,'iwaﬂﬂ‘samwm’lwmu’lmﬂummmm
ludaula 'uaﬂmnmuanl‘ssmmﬂuﬂimmtaulﬁumammmaﬂnmumsmummaﬂ'iﬂ
(Treated with 19%H,S0,) m’l‘wm'n'lﬂammﬂmaﬂmaEmQﬁlumumsaaﬂmmﬁmamu
(Untreated substrate) uaziiengsnhiiisasssaem (Sawdust) gansamanlahmsunda
mansmnaumsaamﬁmimmwmmﬂ’lwuﬂi"ﬁwﬁmwcﬁmwu
mﬂwam‘mmaawwuwﬂanmmwuwmwms’lmaﬂmaammﬂm‘ﬂwum@m
886D Lactiporus sp. uummmml@“ﬂ:ﬂamﬂmtﬂ,umaqunaﬂulﬂmumsumﬂmﬂ
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ANUIBNIANDY ﬁv'qi’:a'mijaammﬂTﬂiqa%’wmqahuﬂnsjamnué'ﬂuLﬁmﬁu'lmj'awm
MSHAALIAR aﬂw'l'sﬂm'mwamamaqmmasm‘amuﬂsmmﬂmmamﬂunuﬂﬁmmmma
sadulumsldudaemuas ‘m’lwmmumsmaﬁmmaﬂmmaﬁnmamwaamwmm LY
mﬂmwmwa'lmnmms'lﬁﬂﬂam’"[mﬁqﬁm

0.600 - = & o ¥ oo o
amﬁnﬁm‘a‘q;ﬂawuauﬂ’luumnﬂnaumﬁu‘nau
0.500
0.400

0.300

0.200

Optical density 600 nm

0.100 -

dngndau 1:100 dm91d9u 5:100

0.000

MW 4-8 BONTIYBNNADIFYPNAD NN IS QYU TAFUAIMSINIZEEN 6 T

wé’qmﬂﬁnmwawmmsﬂ%’uamw‘}'ﬂﬂmﬁaﬁqé’aﬂfj%‘wamww:iwa%'msmmmﬁ:.La.,'?fﬁﬂm
naumqalmaamﬂmwawaqamwmuﬂmum“[ﬁ"lum‘sanmaﬂmaammnm‘smumm‘[ﬂa
Laan'lﬁamswmummmammaammnmﬁmwvmﬂw 1:100 udz 5:100 wazthasanodle
IULamﬂamLLa..mn"l'S'mnﬁmsmIﬂﬂLﬂsﬂumaumnmmmwu (OD,y,) wmwamﬂmu
1:100 Mg am]amsmlﬂ’l‘mummnﬂamumsmsmwmmwuammmwm 4-8 Wil
Lummmnmﬂzﬁamwaauﬂaqawm’lwuqummuwmmswmmsnﬂuamnm'eu‘sm 1y
miﬂauwuaa way antiu Wueu 'zNLﬂumswﬂummsmmumauaulﬁmmmmsmw
?JENL’HEIEJHGI@’JEI (Xu et al., 2010, Hasunuma and Kondo, 2012) maaw‘lmaammwam
1:100 tavmMInaasssa 9l
mamaﬂlmﬁnmmsaﬂmﬁlﬂ”ﬁnn*}’ammﬁaﬁqmnmsquﬁﬂﬁﬂ%’uamwuaxhjﬂ'%'u
amw mEl‘Uﬂ‘UFJ"IW]‘S YPD mmummsmwm.,numnmiywmﬂaﬂua lasll Tnarh
mnammaﬂamﬂamwﬂu 30 avAmEaFsaUMAIaLENANNEISaY 150 rpm ({Wunm
12 Julasifiushathayn 2 Ju wuhiadimsniyggaluens YPD u.ammnmamn
mmﬁﬁ‘lﬁmanmmmammaammnmsmmwmmmmmwn 4-9 uar 4-10 LiadAnw
mMsudaemMuaanuhiivSInamsuaailng@eiuluawnsudassiio UHPNGIMNG 4-11
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*Center of Excellence for Marine Biotechnology, Faculty of Science, Chulalongkorn
}Jniversity, Bangkok 10330, Thailand

Department of Marine Science, Faculty of Science, Chulalongkorn University, Bangkok
10330, Thailand

*e-mail; sirawut@biotec.or. th

Abstract: Identification and characterization of proteins functionally involved in
reproductive development and maturation is necessary for understanding molecu]:fu
mechanisms of ovarian development in the giant tiger shrimp (Penaeus monodon). In this
study, proteins in different ages (10, 14 and 18 months old) of domesticated shrimp and wild
broodstock (N = 3 for each group) were characterized by proteomic analysis. Total ovarian
proteins of each shrimp were extracted and size-fractionated in 12.5% SDS-PAGE. T-he
electrophoresed proteins were excised from the gel, digested with trypsin and sequenced with
nanoESI-LC-MS/MS. Several thousands of examined proteins' matched proteins in the
database and several reproduction-related proteins, for example, protein kinase C (PKC), 14-
3-3 like protein, nuclear pore protein and Ran GTPase-activating protein I, were found.
RACE-PCR was further carried out for isolation of the full-length ¢cDNA of PKC in P
monodon. PmPK(C was 3404 bp in length containing an open reading frame (ORF) of 2235
bp corresponding to 2 polypeptide of 744 amino acid. The deduced PmPKC protein
contained a protein kinase C conserved region (C1) and C2 (cysteine-rich) domain, and
Serine/Threonine protein kinase catalytic domain at positions XXX, XXX and XXX,

i S P n.c\mspg;f;‘-g

H_H0053: CLONING AND EXPRESSION OF A LIPASE GENE (LIP12) FROM
Staphylococcus pasteuri ) 5 -
Supatra Areekit,' Arda Pakpitcharoen,” Paisarn Khawsak,” Sirirat Wachiralurpan, Hathaitip
Suksodsai,” Kosum Chansiri>*

'Innovative Learning Center, Srinakharinwirot University, Sukhumvit 23, Bangkok 10110,
Thailand.

2Depattment of Biochemistry, Faculty of Medicine, Srinakharinwirot University, Sukhumvit
23, Bangkok 101 10, Thailand.

*e-mail: kosum@swu.ac. th

Abstract: Staphylococcys Ppasteuri containing a novel extracellular lipase gene (Lz'p]‘2) was
isolated from palm oil-contaminated soil. Upon DNA sequence analysis, Lip12 comprised an

(approximately 330 amino acids of signaling sequences and 390 amino acidg qf mature
enzyme). According to the nucleotide comparison, Lipi2 showegi 99 % 51m11ar1ty'to
Staphylococeus haemolyticus and Staphylococcus warneri. Referring to the nucleotide

© H_H0054; UTILIZATION OF MUSHROOM WASTE FOR SUGAR PRODUCTION
 Navarat Ton kerd, Thippayapas Sornchai, Amorn Owatworakit, Pattana Kakumyan*

" School of Science, Mae Fah Luang University, Chiang Rai, 57100, Thailand

" *e-mail: p. kakumyan@sci.mfu.ac.th
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Abstract: Mushroom waste is an alternative lignocellulosic biomass which is been
considered as a fermentable substrate in bioethanol production. In this work, waste Khon
mushroom (Lentinus squarrosulas) medium was studied to evaluate in reducing sugars
profile, cell growth and cellulose hydrolyzing enzyme activity cultured with white rot fungi
(Laetiporus sp.) under solid condition for 2 weeks. Here, the sugar yield of the waste
mushroom medium was higher than 2-fold that of raw mushroom medium (control) and the
culture of pretreatment with alkaline and acid condition at day 4% Consistently, the level of
glucose (1.85 mg/g substrate), cellobiase activity (0.434 Unit/g of substrate) and cell dry
weight (0.08 g/g substrate) were also highly produced. This indicated that the waste Khon
mushroom medium can be used as substrate for fermentation. Next, the hydrolyzing sugars
will be used to study on bioethanol production. 2

H_HO0055: OPTIMIZATION FOR POLYHYDROXYALKANOATE PRODUCTION
FROM SUGAR CANE INDUSTRY PRODUCTS BY Azohydromonas lata

Nicharee Wisuthighaet,] Suchada Cﬁanprateep-Napathom’l’z'*

"Program in Biotechnology, Faculty of Science, Chulalongkomn University, Bangkok 10330,
Thailand

Department of Microbiology, Faculty of Science, Chulalongkorn University, Bangkok
10330, Thailand

*e-mail: suchada.cha@chula.ac.th

Abstract: The aim of this study was to enhance polyhydroxyalkanoate (PHA) production by
Azohydromonas lata from sugar cane industry products. In this study, the carbon sources
were refine sugar, raw sugar, sugar cane juice, Syrup and molasses. The optimal
concentration of carbon source and the optimal ratio between carbon and nitrogen (mol/mol)
were investigated in details. Preliminary studies were performed using raw sugar or refined
sugar as a sole carbon source. The results showed that when the concentration of refine sugar
was 30 g/L and C/N was 200, the highest PHA productivity (0.066 g-PHA/L/h) was
obtained. Next, in order to reduce the cost of production, sugar cane juice, syrup, and
molasses were studied as alternative carbon source. In this case, the total amount of sucrose
presented in sugar cane juice, syrup, OF molasses was set at 30 g/L and C/N was set at 200. It
was found that the highest PHAs productivity was obtained with syrup (0.0177 g-PHA/L/h)
followed by sugar cane juice (0.016 g-PHA/L/h) and molasses (0.009 g-PHA/L/h),
respectively. Therefore syrup and refine sugar were chosen for optimization of PHAs
production in 5L bioreactor. The results indicated that productivity of PHAs in bioreactor
can be increased up to 60-70% of dry cell weight.

H_H0056: CHEMICAL COMPOSITIONS OF Michelia champaca FRESH PETAL
AND ANTHER EXTRACTS

Sirinthip Kedsana, Siam Popluechai, Patcharee Pripdeevech™

School of Science, Mae Fah Luang University, Chiang Rai, Thailand

*e-mail: p.pripdeevech@sci.mfu.ac.th

Abstract: The objective of this work was to study of chemical compositions of the fresh
petal and anther of Michelia champaca flowers extracted by using dichloromethane solvent.
The obtained extracts were analyzed their volatile constituents by gas chromatography-mass
spectrometry (GC-MS). Sixty-five components were detected in the petal extract.
Germacrene D, p-elemene. agarospirol, p-pinene, ] 8-cineole and germacrene A were found
to be the major components. Forty-eight volatiles were identified in the extract of M.
champaca anther which was dominated by methyl linoleate, E-coniferyl alcohol, trans-

linalool oxide (pyranoid), cis-linalool oxide (pyranoid), linalool and indole, respectively. The -

different contents of components detected affected on the individual scent of both extracts.

H_H0057: SCREENING OF ETHANOL-SENSITIVE MUTANTS IN THE YEAST
Kluyveromyces marxianus
Patcharaporn Summat, Treerawat Pimpakun, Sanom Nonklang™*
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UTILIZATION OF MUSHROOM WASTE FOR SUGAR PRODUCTION

Navarat Tongkerd’, Thippayapas Sornchai', Amorn Owatworakit' and Pattana Kakumyan'*
"School of Science, Mae Fah Luang University, Chiang Rai, 57100, Thailand

*e-mail: p. kakumyan@sci.mfu.ac.th

Abstract: Mushroom waste is an alternative lignocellulosic biomass which is been
considered as a fermentable substrate in bioethanol production. In this work, waste Khon
mushroom (Lentinus squarrosulas) medium was studied to evaluate in reducing sugars
profile, cell growth and cellulose hydrolyzing enzyme activity cultured with white rot fungi
(Laetiporus sp.) under solid condition for 2 weeks. Here, the sugar yield of the waste
mushroom medium was higher than 2-fold that of raw mushroom medium (control) and the
culture of pretreatment with alkaline and acid condition at day 4™, Consistently, the level of
glucose (1.85 mg/g substrate), cellobiase activity (0.434 Unit/g of substrate) and cell dry
weight (0.08 g/g substrate) were also highly produced. This indicated that the waste Khon
mushroom medium can be used as substrate for fermentation. Next, the hydrolyzing sugars
will be used to study on bioethanol production.
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ABSTRACT

Mushroom waste is an alternative lignocellulosic biomass which is been considered as a fermentable
substrate in bioethanol production. In this work, waste Khon mushroom (Lentinus squarrosulas) medium was studied to
evaluate in reducing sugars profile, cell growth and cellulose hydrolyzing enzyme activity cultured with white rot fungi
(Laetiporus sp.) under solid condition for 2 weeks. Here, the sugar yield of the waste mushroom medium was higher
than 2-fold that of raw mushroom medium (control) and the culture of pretreatment with alkaline and acid condition at
day 4. Consistently, the level of glucose (1.85 mg/g substrate), cellobiase activity (0.434 Unit/g of substrate) and cell
dry weight (0.08 g/g substrate) were also highly produced. This indicated that the waste Khon mushroom medijum can
be used as substrate for fermentation. Next, the hydrolyzing sugars will be used to study on bioethanol production.
Keywords: bioethanol production, Laetiporus sp., Khon Mushroom waste, cellobiase.

INTRODUCTION

Lignocellulose is the major component of biomass
which derived from agricultural waste. The most
component of lignocellulose is cellulose and it can be
converted into glucose. This studying is the analysis of
sugar profile, cell growth and cellobiase enzyme cultured
_ white rot fungi in waste Khon mushroom medium.

MATERIALS AND METHODS

Microorganism

The Laetiporus sp. was obtained from Prof. Dr. Hyde
at Mae Fah Laung University. Fungal stain was kept at 4 °C
as stock, freshly subcultured on PDA and incubated at
30 °C for a week before being used in the experiments.

Preparation of Mushroom wastes

Mushroom wastes were sterilized at 121°C for 15
minute. Wastes were separated in to three groups including
non-treated, acid treated (1%H,S0O,) and alkali treated (1%
NaOH) for 24 hr. It was filtrated, adjusted pH at 5.5 and
dried 60°C for 48 hr.

Culture Condition

The cultures were incubated at 30°C for 28 days.
The sample were collected every 2 days.

Determination of Reducing Sugar by DNS method

Culture supernatant was pipetted 0.5 ml, added 1.5 ml
of DNS reagent, well mixed and boiled for 5 min then
cooled on ice. Solutions were added 2 ml of distilled water
and mixed before measured the optical density at 540 nm
using spectrophotometer.

Determination of Cellobiase Activity

The enzyme activity was assayed at 30°C in reaction
mixtures containing in 500 pl: 200 pl of 10 mM cellobiase,
100 pl of 50mM acetate buffer pH 5.0 and 200 pul enzyme
solution. Then the reaction was measured by DNS method.

RESULTS AND DISCUSSION

The results showed that untreated mushroom
waste is likely to be used as substrate because day 4t
it gave higher level of glucose at (1.85mg/gram of
substrate) in Figurel. and cellulose activity (0.434
Unit/g of substrate) showed in Figure2. Cell dry
weight 0.08 g/g substrate (data not show.)

Figurel, Total reducing sugars from Figure2. Cellobiase enzyme activity

Khon mushroom waste substrates. profile after inoculated with fungal

The performance of enzymatic reaction of
Laetiporus sp. to hydrolyze and reach the cellulose.
This suggesting that fungus Laetiporus sp. works
well on untreated waste.

CONCLUSION

Khon mushroom waste can be used as substrate
for bioethanol production. After inoculation with
white rot fungi Laetiporus sp., the results showed
that Khon mushroom waste is good substrate for this
fungal strain due to high reducing sugar, cellulose
hydrolyzing enzyme and high yield of dry weight.
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