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Abstract

Saccharomyces cerevisiae M30 was selected base on high efficiency of

ethanol fermentation from molasses at high temperature. In batch fermentation using

molasses mash contains 18% glucose equivalent sugar concentration at 35°C M30
could produce the same amounts of ethanol at the same fermentation rate as S.
cerevisiae 5¢90, a nan-flocculent industrial ethanol fermenting strain. In shaking flask
cultivation M30 produced 8.48 %v/v at 30 h of cultivation while Sc80 produced 8.42
Yaviv. M30 and 5c90 could ferment ethanol at higher temperature, 37°C. however, the
amount of ethanol obtained was about a half of ethanal obtained at 356°C. Both strains
could not grow at 40°C. Ammonium sulfate and urea added as nitrogen source did not
show any differences in ethanol fermentation by M30. Increasing of initial sugar
concentration from 18 to 20% resulted in slightly increasing of ethano! concentration.
M30 fermented ethanol in molasses mash that initial pH was 5.0 s|ightly fasler than at pH
4.5 while at pH 4.0 both M30 and Sc80 couid not grow at high temperature. Addition of
low concentration of potassium hydrogen phosphate did not enhance ethanol
fermentation of M30 but addition at high concentration resulted in inhibitory effect.
Flocculation of M30 during ethanol fermentation in 3 | of molasses mash in 3l
fermentor was analyzed as sedimentation efficiency (S.E.), height of cell sediment after
standing including number and size of floc cells. The result revealed that longer
fermentation time resulted in increasing of flocculation of cells, however at 42-48 h
flocculation decrease. At 48 h of ethanol fermentation at 30, 33, 35 and 37°C the
sedimentation efficiency {S.E.) of cells of M30 were 0.35, 0.39, 0.33 and 3.5,
respectively. Time-course of flocculation during ethanol fermentation at 35°Cin 3|
fermentor indicated that the highest S.E. (0.59) was obtained at 30 h. During ethanol
fermentation at 35°C but in 100 | fermentor with 80! of molasses mash cells of M30
showed the highest flocculation (S.E. 0.72) at 42 h. The flocculation analyzed as height
of cell sediment was the highest at 30 h and did not change during 30-42 h but
decreased at 48 h. Floc size was also largest at 30 h while at 36 h the size was slighily

reduced and remained constant during 36-48 h. During 0-42 h of ethanol fermentation



of M30 in molasses mash in 5 | fermentor at 33 and 35°C as high as 92% was viable
cell. 1n 100 | fermentor at 35°C only in the first 24 h of fermentation that 92% of the total
cell was the viable cell. At 30 h the viable cell was reduced to 86.9% and remained
constant until the end of fermentation at 48 h.

Cells at 30 h of fermentation showed better fermenting ability when used as
inoculum for the next batch of fermentation than cells at 24 and 36 h. Ethanol
fermentation by co-cultures of M30 and Sc90 did not showed any improvement of
ethanol production. In contrast, the co-cultures reduced floccuiation. Cbhservation of bud
scar by scanning electron microscope indicated that the number of bud scar increase
with increasing in age of cells. Addition of 5% by weight of ethanol reduced growth of
M30 to about half in ethanol fermenting condition and 8% by weight of ethanol inhibited
growth completely.

Selection of S. cerevisiae for fodder yeast production in molasses mash at high
femperature (37°C) obtained RL-6 (non flocculent strain), AM12 and'MBO {flocculent
strains). Production of cell mass in molasses medium using high speed shaking flask
cultivation at high temperature of the 3 strains showed that urea was a better nitrogen
source than ammonium sulfate. At 0.1% urea all 3 strains revealed the best growth while
M30 and AM12 also gave high total protein. When glucose equivalent sugar concen-
tration in motasses mash was adjusted to 4%, all 3 strains produced the highest cell
mass with high total protein and protein content. Optimal initial pH for cell mass and total
protein production of the molasses mash was 4.5. At pH 4.5 all 3 strains showed 1.5-2.6
times higher in cell mass production than at pH 4.0 and 5.23 {withcut pH controll) and
1.9-3.5 times higher in total protein. Cell mass and total protein production by RL-6 was
the highest at 33°C. AM12 provided the high cell mass at 33 and 35°C with higher total
protein at 33 °C than at 35°C. The highest celi mass and total protein production of
M30 was obtained at 30-33°C. Initial cell concentration contributed to cell mass and
total protein production, initial cell concentration as ODg, at 1.5, 2 and 1.5-2 were the
optimal cell concentration for RL-6, AM12 and M30, respectively. The resulted of
optimization for cell mass and total protein production indicated that though M30

provided the same amounts of cell mash as AM12 and slightly lower than RL-6 but its



total protein was the highest. Moreover, M30 showed stronger flocculation than AM12.
Therefore M30 was selected as the best strains for fodder yeast production.

Flocculation of M30 cultivated in molasses mash by air-lift fermentor without
temperature control was analyzed. The result showed that at the end of aerobic
fermentation (48 h} flocculation of M30 was high (S.E.= 0.74). But by measurement of the
height of cell sediment the flocculation at 36 was 2.5 time higher than at 48h. The
number and size of floc cells were increased at longer cultivation time and at 36 h the
highest number and biggest size were obtained. During 0-36 h of aerobic fermentation
of M30 almost all cells in the fermenting mash were viable cells and the number of cells
increased from 5.50 x 10°to 4.50 x 10° cells/ml after 48 h where 97.6% of cells were
viable.

Production of cell mass with high protein content in motasses mash using air-lift
fermentor by co-cultivation of M30 and C. utilis IFRPD6014 showed tl':lat the co-cultures
and axenic cuiture of M30 and C. utifis produced almost the same amount of cell mass,
17.03, 18.10 and 16.73 g/, respectively. Besides, co-cultivation of M30 and C. utilis
caused non-flocculation of M30.

Cells of M30 showed very strong flocculation at the end of aerobic fermentation
in molasses mash using air-lift fermentor therefore addition of some inorganic
compounds {(aluminum sulfate, ferric chloride, ferrous sulfate War potassium sulfate) did
not enhance the flocculation.

For the production of fodder yeast from slop waste mash S. cerevisiae M30
was also selected based on good growth and high protein production. The result
revealed that yeast used only 0.7-0.8% of glucose equivalent sugar ¢oncentration which
was the same as the concentration in the slop waste. Therefore, no addition of sugar
was made in the other experiments. Optimization for cefl mass and protein production of
M30 in slop waste mash by shaking flask cultivation at 37°C revealed that there was not
much different when ammonium sulfate or urea was added as nitrogen source, the
optimal pH was 4 while optimal temperature was 37°C. Flocculation analysis of cells
during strong shaking flask cultivation at optimal conditions indicated the biggest floc
cell sized at 24 h. Co-cultivation of M30 and C. utilis IFRPD6014 in slop waste revealed

faster rate and higher cell mass production than using M30 alone.
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WRHAREANNAIATITRIIATINTG

a

fasmnaznau (flocculent yeast) AatladniinuaunelunsAnRTNaY
(flocculation) Tasaf1enguasssedimuminaslian e asdsinefunsay vinls
amrrautnfeananamamacetesands nmslitadanaznewlugnanunssusing s
ﬁ’dqmmw-ﬂ?:mm:mﬁﬁlL'amuﬂmm:qmmuni‘?unﬂmﬁmﬁﬂﬁmm?ﬁm’ (fodder yeast) ax
Wiy uadianwnsounnadesnanduanmiddninndw Seldanes Tanne
dedununisndnazanas dwmiunstdmesmestunsineuadBaddtiansdudugs
naaanisuinazin il productivity gandnnewmintaeldisadaoududulng favinldsres
anIinansuazRAREs e MaiiaedBarTieonadudugensenanisuin
anan bivaneds 1l n9sisaTag (cell immobilization) wianastiaatunnldlud (cell
recycle/ reuse) aadEamnduu i Bndeanuanaanannduiaamildide e
TaeaB5i197 1w centrifugation w3 membrane filtration vanamiunasidansaunsaty
nsmnaznausestasananauiuihisunisadifilsdninmgs fifidlddnelunnses
UBAzANINMIAN

nsuames ueafelfillu@ama (fuel ethanol) Bxiudeusadtasasuian
Afaf 2 wivdsanaspsulanakeiuindmdifnasnnuaziinengn sildneudne
seafieldiiudamdcilifunuanhunnin wdantunsuanasueandunls
supmawlatalandnafouils Weifinganisaliviulidt wa. 2516 szmalneesiifingg
‘ﬁ'uﬁ’qLm:wmﬂmmwmwé’amumﬂ umaumaiiy ameseadhumsandaiin
wilaRlEFummanla ity wisnadlesnniinfumusasiufassr R Wl
szwalng fldaruaslafiasirunisudmesaadundumeunuiiven hifeou
sewfies welildsunsatiumyuatinewivds aulussr 23 11 fiunniiala nsauietlszne
1wﬂﬂ@mwﬁrguﬁmnsqmﬁimﬁﬁuﬁtﬁuﬁw)mmﬂLﬂm nnrndsuazlflastuaanaunuie
safunsldundy denduanlifunaumilainads ‘Emﬂluﬂ;*qﬁ?gmalﬁ’ﬂ.ﬁmmﬁuméu
ateadeds AvdrdpdviunisnaniesiueslugRavngsy ﬁunumw%ﬂﬁ’mﬁﬂ Fannsan
ﬁ’uwumwﬁmﬁ'\‘lﬁﬂnnmuﬁuwmﬁmmwﬁn (fermentation yield) Wi productivity
msandiatnisanguugfivesfanin uaznisndy nnsamBrnasinde Fedamanid

Iannmaminlugnimpiigs uazmslfduaimsmanididugs
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uwnaatlsiuifianunmgaitlud fnablduasausmalngunisdmiy

amsdndRliuagmelulszma Wy favites vie dami dufuesiinengeiu uasdu
1ALARY HHinITiEAnsANszns ﬁqﬁ’uﬁqﬂowwuuﬁqtﬂ?ﬁuﬁﬁamquwﬁm%'u 1
unadasitenaunuualisiuildagina addusduidmimeawémiulfiduwes
Wsfluannngs asnnifisiuiommBinogeussiinsnasituindursudon Tay
lrnsitlafuiunngs SuddihBinaemlsletureuddduieofusduiiiu uen
aniusedresdeffnlsznaudatindeusnane o v tasdiun Tadion baua was
Fangd sauidmuaneialasensAmiutson fedlwlslonirednd Gandiudiad
fefinAusan dominanuindlnaresewis

dlesannuinendanemsenand BiansAnsludunesdnestuaauay
fafamednd uiluwesum e linsuenfadenuassausdadfiandn e
dnmumsudnasueauat il msdng Suudaianazney uasdiuindadneni
tnasinunmgaremeienmenanesueausiafaims usziifsgraiunsnaald
Aualsensiifledn@anaefugAnmanorimnzandmiunamesues unsfias
arwednfludaafiRing sauiednndnenzsngg 1a9RYNEUTIRIT AR HOALAANIHER
wnfuTeenrin nedeyausvdafifndentdanirldsuiudeysiiléaintasenis
?F‘J'uj ’ngmi‘mqnwwﬁmu@wmﬂmuaaﬁﬁfm%’um?ﬁmmmwﬁmuﬁﬂﬁmﬁ%mﬂmﬁmm
i:ﬁuﬁ'q@,mmwnsmﬁimmmmﬂﬂaﬂﬁ Tasamegoumszasdaouansam samdsanniiae

M fuduuuunisdniuisnispanesiueauasiigranmsdadnisuiadnsiell

FIBNUHRNUNHYITHINAT (Literature Review)

NITANAENBUUAEEAGAANALNEY

NYIANAZNAY (flocculation) s0aTas figlAdninanlinanalsznis v
Stewart (1975) W& Suzzi et al. (1984) WendimpuinAsnismadtasidunsaniu
JlungaiFundn clumps W3 flocs udaAnAznaueEnam ﬂL?qzjﬁiqumwmmm?mmﬁ
(3tuat] 49w Esser uaz Kues (1983) 19llanuaasdnida flocculation An ﬂs‘ﬁngma‘nﬁl,ﬁm
Fuiflead A watmedTiagluemavannsanguiuiniiia flocs vide clumps A
ATANNAILNTANRLNBUNTAN FABE FAA A TheRnseesfaanafiaiissanmesausaiy
WasuRaaiaiumannswh Sauenaindnd floccutation uda daflsemunislinaun
it clumping, aggiutination, coagulation, adhesion, association, agglomeration,

aggregation uaz floc-formation #au Johnson WATANLY (1987) $1eudn Tunnssaunga
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PDITRFANNANNTATTIAERUSIRuTuFandn autoflocculation 138 self-flocculation
watnissaNngaisnigadaaiufiasealiid Funda co-flocculation %5a mutual
flocculation TNsANAENALRNGRNIREmINEBIaIEMeRNAzNauaTasUnRLReT 1
13-1'5"3Nﬁﬁﬂﬂ?ﬁﬂm:ﬂﬂutﬁﬂﬂﬂfauﬁuﬁ uena i Kamada uaz Murata (1984) wudnnis
Anaznausnaduihuuudunduld Tnennsazneuuasnsnssate Tauadazuuls
muanazwInden Tuaavihmssufusnsadiihuuman q i
auiatlaqiiunalnmsrnnzneusesissidabineusunsoaduneldadig
auysaf wienandldineanavneusedadilufnsnsiinounuiaafugnes: fiunas
giadnuluBafnanazneudafimdasiunimanazney Tnmaniz FLO genes W FLOT,
FLOS wax New FLO (Esser and Kues, 1983; Miki et al., 1982a; Mortimer and Schiid,
1985; Hohgson ef al., 1985; Kobayashi et al., 1996; Hautcourt and Smart, 1999) uan
mn‘lz'umsmnﬂ:nﬂuﬂﬁuﬂgjﬁum@'aflmmanﬁ‘u'lmﬂuymmd’uaLmi“w Tnenflufinessy
dreyyafadan (Ca”") Hunumsientsanmpznau laadelimadtiadquiudungy
(aggregation} waznasenazneudanmuiii cell-cell interaction %3e wall-wall interaction
(Calleja, 1987) WANRANT Soares and Seynaeve (2000b) wudraIdnduaes ca® Tu
AWNIRLITOUATAN pH gasa s e adetiAnudiiustuatnamn uaziutladaian
JluetineBiasianisanavneusatadian S. cerevisise

nsanazneulssdiafanaialaaayyaniilszaay (anionic group) TR4AL

L1

radhagindiu Gentulsoflayyadadandrion widibifeyyaniilsrqaumanivee

a & q

1
=l

ngla Tnasrawilu carboxyl groups 194 acidic protein AL uLad phosphate groups 184
phospho-mannan usnantutieaiiuslalanailuaiiulansnwaslansendauunii
LmﬁLﬁm%uLﬁﬂﬁﬂumaﬁﬁQﬂ (Layons and Hough, 1971; Jayatissa and Rose, 1976; Esser
and Kues, 1983; Kamada and Murata, 1984)

Taylon and Orton (1978) uae Miki ef al. {(1982a) 18U8 protein-carbohydrate
model 138 lectin mechanism TatTadaANAznauAif M (site) Rinpadastunisan
m:nau'ﬁ'nﬁawﬂﬁ 2 1916 e protein site ‘7’15?1 s-s bond A8 lectin-iike protein u?ﬂ"ﬁl Fandn
zymolectins Wia flocculins (carbohydrate fsugar binding protein) a¥iaenisaaunuing
FLO genes (itp://www.crc.dk/flab/newpag4.htm,; Jin et a/.,2001) wanifludumifiinng

fueyyadaden wlinli conformation Waeuuasldaunsunzi mannan site Juilu

Frumisiasuuutaginaataiunisanaznauld mannan site LU C-branched

mannan carbohydrates Fanuliluslagadeastiasinhliflunananaos MNN genes 09
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fufureasadareiufinnaznauaziinlas bilateral connection sz lectin-like protein
il mannan (Calleja, 1987) 18t Jin et a1.(2001) ;reTuiMsTiEaRANERUSAn inngmn
mznaumfiiy ‘mguatuiﬁ’u zymolectins density W% affinity

Komada and Murata (1984) LAuana INAN1sANAZNAULEI brewer's yeast 79
{Bma1nN"35t hydrophobic interaction WAZ ionic bonds [aaNANLAINITARALNAWEENTS
NsTanTreTRA AR LAuEIFadN Nz wnR N Re e 1Ty pH anududuraninmg
wazdNsinuInsAnRENaY Tmmﬁm‘ﬁ“ﬂ HiTlse9udn cell surface hydrophobicity (CHP)
utlajugnfnylunisannzneused brewer's yeast (Straver ef al., 1993; Straver and
Kijine, 1996)

nsanaznautedafeuiLidonedainelaneeditienytion ftmn
ANMNTOANAENAUAN Lm::mﬂﬂnﬂ:nﬂutﬁu%uﬁa:ﬁ'aﬂlmmd'Nmm?’mua:mwﬁn
(Eddy and Phil, 1995 a; Rainbow, 1966) uaziitAvaENad LT es log phase
(Mill, 1964} wazn1sanmaznawiluuLL growth associate (Brohen and Mcloughlin, 1985)
‘u.“ﬂﬂ’i’]ﬂ&uﬁ'lﬂﬂﬁ“’!?ﬁﬂﬂﬂ'ﬁﬁﬂlﬂﬂ’]n']i‘tgmL%ﬂ AREAAUEANIZLIAdENTR AT BT
HasianIInAznauLsat W lsiANNATENEIRRMS wieanazuasdeniitidanisanazney
%uagﬁmﬁmm%ﬁ s Tmawulusiesiunsairanguranaadlufafnanneiug
(Stewart et al., 1975; Stratford, 1992) &awialaavinlfiradts ﬁﬁé’uﬁutﬂun@:un?m'\ﬂﬁq
(Hough, 1957) uazstadTiansluanmsitinglamifeglare uaninismnazne (Nishinara
et al., 1976; Limtong, 1987) A miuuvaslulmnaunudnuanludiainlinnsasneuifiadnag
gy Fofl Guastuaadian lagbiinsaigasi Weasidusmdungunszarfaseing
anysad (Mill, 1964) uanusil Nishinara et al. (1976) Wun S. cerevisiae IFO2018 AN
mrneusnniwdiasiyluensiiientudiedamia gidt uaz Casamino acid uAnmn
renawtietluasiituenuilanean

Lﬂﬁﬂuﬂﬁéuﬁu metabolite 984 anaerobic groth RN AFNNARBNITANAZNDL
Traflfmeuindufuesiues 10 uas 20% sadutadtadineldfinnaei dnliasdan
AENEl WAGUANIREY 5% MIFRANTATZALMAIBTRE 491 Limtong (1987) WLILOEY
u@aﬁﬂ%’wﬁmmdwmm’?‘mm S.cerevisiae AM12 vnlimadmnaznavetnianRu
40U Jin and Speers (2000) Wi nsfinaduiuaasesues i W disEun
Famuduaasdad RunisanAznauted S. cerevisiae il NewFio phenotype WA LifiHaR®

\IaENT Flo? phenotype
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Soares and Seynaeve (2000a) $9847%n"5 1 50 mM succinic acid WAz 3.1
mM Ca®" Wlumstivinef Weadindnanmasinsidansemiseasadens S. cerevisiae
NCYC 1214 dteluamnniaesderfindanmed (yeast nitrogen base medium) 1#inng
t@?‘ﬂgLm:mmnm:nfauvﬁulﬁmﬁ’uLﬁ@tgﬂQ'Lufaﬁmﬂﬁmﬂngsni (yeast extract peptone
dextrose medium)

dougnazianded AN ABIa Ty Mil (1964) WULIMNNFANAZNBEUTD
brewer's yeast q:ﬂqwuﬁ@muqﬁ 20-50°%. uazAAAIBE1NIIAEIT 50-60 *1. uazdanirn
nsAnmznewAssulia pH 2.0 usia sl pH Lﬁuﬁuiﬂﬂﬁmmnm&:n@u@qeﬁmﬁ pH
4.5-5.5 @94 Nishihara et a/., (1976) 31897141 brewer's yeast TiAnaznaud pH A1nn 3
dau Jin and Speers (2000) UWAAINTARTES S, cerevisiaeTini NewFlo phenotype AN
pznewiniudiofa pH
FasnlddmsunisuRmasues

RFF M mSumsanesueasAugRaMnIT. A S8 Sacoharo-
myces cerevisiae, S. uvarum (carlsbergensis), Schizosaccharomyces pombe WaT
Kluyveromyces fragilis §3u S. cerevisize Whilafiinussaniazwandansng I i
WnzaulERNGn S, uvarum uatlastingm ﬁd'&ualuﬁ‘i'jﬁumﬁ‘uaﬁLﬂﬁﬂuﬂﬂﬁqulﬁﬂ,ﬁﬂ‘ﬁ
fiail S. cerevisiae wanmnﬁu'l.uﬂ@qﬁ'uﬁms‘ﬁmmmwamﬂﬁ'\u@ﬂiﬂﬂlﬁtmﬂﬁG‘ﬂmqa
Zymormonas 9 Z. mobilis wazana Clostridium A8 Cl. Thermacelium %aLﬂuLmﬂﬁﬁ‘ﬂ
lifeantseeniian anansavinigaglas wansslifigungfigands 50 sernitaides

1 =l = Lol

atalsfinnuuusfTuvivaastdasingnn Daoaunusaesiuealaaningas

-PLE

o - Ao o a - .
ﬁﬂﬁmxﬂlﬂ\iﬁﬂuﬂ?ﬂﬂﬂﬂqﬁ?Uﬂq?NﬂﬂmﬁWU'ﬂﬂ N“ﬂqﬂﬂ?:ﬂq? (Kosaric et al.,

1983) 19U

—

Winanangs

HEMsINININIBEIUBA §9
 HAHYUABIBE1UBA {(ethanol tolerance)
- NURINAHEY (thermotolerance)
. NUADUINGUERAINTA (osmotolerance)
. Hipuatunsalunisanaznay (flocculation)
.U (pH) A1 videnunsa (acid tolerance)

o

 fiugnssad iAo uutaalddoy

o~ @ G A W N
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9. biiiReuutinsinaluanazsne reamewin
damfunislinanfings uasildnsnsminiesiianga (rate of ethanol
fermentation) ﬁ'wi’]uﬁ“‘m‘?iﬁmlﬁmmﬁqﬁrytﬂuiuﬁuum efansunfmdanqfunitin
Mg usunsuRmesues uenaniudnociuilifusuauls namsdadenta
sl lugsamnssunsuasesueaitaldidudoma e sl Tuszazfitum
aufivnniil A Arnuannsolunisanazney (locculation) AaMURBIBSTLER (ethanol
tolerance) ATNNUYNINIIIAN (thermotolerance) U AMUNULIIAUBERTNTA

(osmotclerance)

BadanaznaudviunsuRaiasiuaa (Flocculating Yeasts for Ethanol Production)
nslfEadanaznaulugrswnssunmsndnesiues Susdenilundinaunss

WEMIARBBNAMNKRAA T I laadne ﬁﬂlﬁmm?nuﬂm-mﬂ'dnulunjaﬁn‘lﬂ'lé’ﬁaumsnﬁ"u
ldndsenifeslddniunenduanes dhislidumnsudnesuessnss Tmu
nisdmidan wavairedaipansnansalumsmnazney wehalssmeuazsnalszma
RMUIUNIN

agay wazAniz (2524) WdmdanaoiufBedidfmiuminiesiues nud S.
cerevisiae M30 34iflu flocculent yeast Aunsowiiniasues ﬁqmmjﬁqq 7040 "1 16g4
N9 8. cerevisiae Sc90 éﬂ‘]ﬂlﬂi‘x‘lﬁ’]ﬂfﬁ?’lﬂﬂﬁﬂ’\ LLa:Ta‘qmuqﬁﬁ"q’lﬂ Tuanuzdi 37 %0
winliing fu S. cerevisiae Sc90

Kumnuanta et af., (1981) wandgmvinesusauasannzneld AN
malulraansasneseduacingusinnia 4mam 200 lelnan uaniledndendelotnan
fFudiniesnueasinnininmalégs wuda no. 327 winesueslfganittelaantu 7 35-
37 °g wenanniudilfiauenisminiasusaloldgUnnlines famnzdmiulsaumue
AN hTuum

Seki et al. (1983) ¥ S. cerevisiae TI1 fiminiesuesldgeRgnamniigs nu
\B51ues uavannsaanazney dwmanlfanniseuueanesadllszmdlng mnaaiug
ot inadnlusTannadaduty S. cerevisiae N1 Sauanannmnviarasnaswsing
Awamori brewing Uszmadu adeidan fusant iedeld widn fusant AM12 muasn
wanligs uarlfiesuantia 12.4% Tneniauiin # 408 doumswTndl 30°a Whasues
16.3 % Taesinwin uas AM12 AnmznaulédRngt T4 uenamiumendaldAnmnnsen

p o= ] . Y X .
Frnauded fusant AM12 WiI1LA l?i’"]’1ﬂﬂ’l?mﬁﬂﬁuﬂ‘ﬂﬂﬁlﬂﬁ’mﬂﬂﬁgﬂﬁﬂ%ﬂﬁ‘ﬂui‘:ﬁ')’]dﬂﬂﬁ‘
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143ty (Limtong, 1987) ‘é"m%ﬂﬁﬁﬂﬂ’]‘j‘ﬁﬂtﬂN'a‘ll’ﬂ\‘lLﬂaﬂﬂ‘ﬁuﬂ?ﬂﬂﬂﬁﬂ’ﬁﬁﬁ‘-ﬁ@ﬂ’lﬁ‘ﬁ?‘ﬂg WAL
NITANACNANYDY AM12 ﬁ (Limtong et al., 1986}

Limtong et af. (1984) $281UNIWN S, cerevisiae TJ1 WIENWINTHARLEET
was laanswinuunsaiiesautunstimadndun il (continuous culture with cell
recycle} Taeld simple system Waz multiple system Lﬁ:ﬂtﬁm productivity W31 Lfli'a'l"ﬁ
three-vessel system 19 productivity g4gm0i3 30.1 nfu/amsdnTiue lwrnsfinnswinuuuse
dleesssuan TJ1  ethanol productivity WeN 3.9 nu/ans/dalug

mslffaAmanaznaumnzandmiunsruaunmines e Ridimadeann
Wanduge Iaeldsruuniningsdndunnldan fvunsdmnesiueatiy msldaadaans
Wuduganaessraziaainismin yldnswiiniinduathanmdnaiae productivity §4
ndmswineuuiediduduiing nsvnliRdadanuduiugansannisuinenadinl
want3d lenasuen uasiasTvnudandUl4an (cell reusercell recycle) HuAavik
nsuanadlagendanuannsalunisanazneusesiafies hitansuonaadisimd
snelunisaanuen

fratinages uns TR ANAzneud R IMsRARIesMes 11w nnrldB e
anmznewlunisminesuesssssaiiasnfuntsiadndLsn14lun (continuous
culture with cell recycle} (Kuriyama et al., 1985; Limtong et af., 1984) ﬂﬂ?ﬂﬁﬂttﬂﬂﬁﬁﬁiﬂ
dieedanfunasiradnduun1¥im (Joson ef al., 1985} utl m.A. 1993 Kuriyama ef a/.
U flocculent yeast 14 two stage two stream continuous fermentation @MMFLNITHARIRET
LBAIINNNINANG LATHL stage usnl cell vield Alaglaian ethanol yield atinailvi
ity TnmesuesgedneRld Ae 92.0-63.5 nfwAns 7 diution rate 0.10 ansralan
Suzzi et al. (1996) $E1UNSE S. cerevisiae maﬁuﬁfﬁmnm:nau‘lé’ﬁ%euan‘lﬁmnlﬁ
Fisalu calcium alginate bead 1¥dmiunsminlaiila cell-recycle batch fermentation
Paiva et al. (1996) naaasld S. cerevisiae muwugiinnaznen unswsTnLesUEAaIN TN
fatanudindusiag v Toe continuous fermentation sanfunsdnsadualflusd W tower
reactor Wnnswintaeld dilution rate Ash A 0.2 Falus™ grungfi 30 saiTAldna uaz
bH 3.3 nudniileldtinma200 nf@ns Fel ethanol productivity §egm 18 nwansda
{4 $atl substrate conversion rate 99% AMNdNdUTDNBEUBS 90 NFI/ARNT @IU
Vicente et al. (1999) WHasimnmznaulunminesuesainnglag Inalddamdnuun air
lift WAEWLIT ethanol productivity ITAIMNNITAARITBITUIARNZNAU MepaNULLETI

o - ) o
fermented mash 880 KATNIFRAANTTINITFHRINNA (aeration rate) uaniz Olivira et al.
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(1999) ¥ S. cerevisiae auvufanaznau wameseslauniaminuuuseiiasauiuns
wiasanausnlflua W tower reactor

Hasinuesea Hesmugamniigs uas Bafmusuesalida dwiuns
HARLDETUDR (Ethanol Tolerant Yeast, Thermotolerant Yeast and Osmotolerant Yeast for
Ethanol Fermentation) Taealunisuaiy uﬂxmwﬁmﬂmuammﬁaﬁq:gnﬁué’qﬁqa
wsues Tnawudnesiuesanadudu 1-2% tneviwin Mnrasreatiafanal way

naaTtyrasdadinaialiazuymilafiesea 4.7-7.8% laeniwdn Aaluesenty

]
qr

fafuRdndryetnatafisinnsuanesaatestas

RINANTANEITRY Brown WazAME (1981) %dﬂuﬂnﬂsﬁuéqmﬂq?miuﬁau ALY
Tlgiulunsurunsdodaurhiviedy Taefnasantsddinmnaatguaranninud
FAnmeugdnadinesuenstiluszwinfidenslugas exponential phase sl
BRIINIAI YIBIERARANDENTIATI LR TUERTI8INNIAUATITNBEUER UANA
TevesMEaRBE RN RS asThnndsasiedrsnemin uenanudeiideeun
wsueadudanisdaamet RNA uazlusiu fﬁmaﬁﬁﬂﬁé’mnmm’?mamm Turusiinsi
adladmafiaanlfifiesueailillsiuaedidananm (cenature) gauns
, é’u&mwuﬁ’nimamﬁﬁuﬂa&uwudmﬂum?ﬁué’quuu‘lﬂmiﬂ’utﬁmﬁmﬁuLﬂu'l-:iﬁﬁm']
WATETIINYTBIIRE TﬂﬂﬁmT;TqawﬁgﬂudﬂLﬂﬁﬂuﬂaﬁﬂIﬁtﬁaﬁuL-nﬂa'tﬁﬂmﬂ vizelinn
sutRBounladh dovlussduewladnissudeeraariinasaielnl dehydrogenase
L8 hexokinase uenantussAunsfudeediusiudmaziandaniu Iaganziiled
sinmapadiduge Llﬂ:'qmﬁﬂ“ﬂﬂ;dﬁﬂﬁﬂ’]?Eﬁ]&d‘{ﬂLLN%ﬂ AINYWBE AR (ethanol
tolerance) iludnsuzilsrdnaeiug Tuussendlasitiiaf q nudnfidieeunsalidees
Saccharomyces Wae Schizosaccharomyces Auanadnuourtl Taa S, cerevisiae \Thiflas
fmuesuasunndrdasiuiisdu (Rose et al, 1993) Waz S. cerevisiae fifiAounusaies
WBARNNTTALAY  UaAIN1sUFUARERARIasaAsTY (Chi and Arneborg, 2000) Daus
ﬁﬂﬁummL*’]‘J"\'Lfauamsf;Tuz'fwmL@muﬂﬂ'lm:ﬁuimﬂqaﬁqﬁﬁﬂﬂmn wildefuinanny
nusBiesueaTesEami Tuagiueadilsznaudauidunsaluiunfifussg (unsaturated
fatty acid) luwaalnatin (phospholipid) idleduaed Tnefgnirnlaugdasiunondn
LETUBA LY Saccharomyces spp. WAL Kluyveromyces lactis d491 Watson (1981) $18l
sl S, cerevisiae nnlashuilifusshlunaaailn Fideduaadindusenisuan
waMeaAHdENdIg ot gadTTieenemmasen (ergosterol) A wisinsaluudis

b ! -, ] a‘ L 1] d' X
WuszAge wanesuesligede 13-15.5% Taeniwiin ddseawdfainaaaiuems
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2

ﬁ’i) = d‘d . . . ] { = ] L1 i & i
@Bl linoleic acid (Cqg:0) NuAtesuaaTuRNs UNNNINTaNIRe IR oleic

b3
ar &

1+ 1 [
acid (C1g.1) Yl lafudnsalauiiiWussdludealvalisndieduioas duduadunng

[

ytingl (excretion) watuaaanEas w1 ldUiuniesueaaciiuien s lumasanad

1
Fed 0 e

oy \ ad . X , P - o a al
waziigwudnasiuaaiiieairuadlussundnnisutdn Ausdufinisiaiyesdannnid
wanuInnIes vaaENadlY wasaaaNAluNNEEUSA MUESIUBA LANINNGIIRE
T
ety ludlaifiserues (Loureiro and Uden, 1986; Lioyd et al., 1993)
1 = o -8 =3 dtﬂl - hd L
ANUAegMHgaddad uarqduridey udnmuzdsiianaiug i

Saccharomyces fntfugRTaLgUuaiil1LNa1 (mesophilic strain) Tadlfunnggn

=

wasfidmsnisiaiougean Ngniugiidad 28-35 seraaidus warilgnmnilasgm (maximal

a u

o o = . o - a k4
temperature) &1FUMTIATELsvanm 40 asdEades usignumgigeanTadentoy i

5

£ & wu 4 5 Ao T o el a
@:@;Q‘ﬂm@ﬂuﬂﬂ Lu‘ﬂiﬁﬂ‘ﬂlu‘aqﬁ']?ﬂuﬁqG‘!ﬂ'\ﬂq?ﬂnu?m dquﬂﬂﬂﬂ’ﬂ(ﬂu’@m“ﬂ“u%\i

(thermophilic yeast) axdlsyiugnmnifiuuunzay (optimal temperture) @ wmiunnnadah

40 eargaitea uazgumgigugadmiuninadny 50 ssnsadus wanannidudadan

o

= £ a vl <l ' | -
NUYIUUYTIGA (thermotolerant yeast) gy liangamgiithunas urvulFiala vTe

u

aglunignunpiigadmiunisminiesiues wudienmpiinnsandmiuntsudnazgandd

AMFUNNTIRTY 5-10 avrades uaznnuALedTNTestiafufileandiauasiuuly

]
e

nanisuinifiegouugiliinann 25 1y 38 asreadaa LiassnniAe inactivation 189

ulmffddydmiunseantindu 4 18a inliRansaranlngnuaziesues e

&

Aumansaiuiuaasliiiuinfleg sy 40 asingades dnsnisminesues

1 ¥

1 = o y L = B d‘
lugaaurnasiin vedlaradisssinfanssuaeaaulsl aicohol dehydrogenase inldgiqni
gouunAlndiAes 40 asriaadag (a1i6T Aunes, 2540)

mawiniesueaiiddnsnismingsaziianufaunistuludnsigs nvin
dl 9" 1 L A = J L) ¥
reiasmldiall FaTndBadfreuguugiithunans Wegum)iigadu ethanol
- . - 2 o ow = & %
productivity aand8t19n HaRINNSTUSgBIMaAININTY  WUININTTUA

o 0d o o

Tymilednaniss fa nsldtiaimugnunfige Tasdguasminesiuealinvigungiian

1 e - o - .3 .
uiiffapaRTyuasusniesuesliteudifanunfigaan (Limtong, 1987; Sree et al, 1999)

o u

b

o ar

L3 o -y 3
Uszlafaesnisldfiasmugumaiige dwiunisudmesuealugaaiwnssy Aa

1
aansldszuuvaaisiu (cooling system) ¥inldian1danaludautianas Whinaldifuyunis

=Y o o o

NaRaARs wanandunninlufienmplgeiiafminidnmmevings inl¥amnsu@nld

a
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) wanmmfuﬁa'ﬂfwﬂmﬂrumnm]:ﬂum«%ﬂﬁu {contamination) (Seki et al., 1983,
Singh et al., 1998; Sree et al., 1999)

msldduammmamadidugaluniainesives Tl Enani R
FusmsniAeansaudsdufimnzauaan ua:ﬂnnwﬂutﬁﬂmmt‘%ﬂﬁu-] Fanfuduas
m TgdamsatdanstudusussuesBaniindmesuesliadidugaiu
SuazinliAlianeluninducnss winslifuammanudidugeinadudannsioy
uarnmminiestuen mafudedaunitafieanusiiueestida  Jusedvacdaasion
mai‘u'la%Lf'jfafagjluﬁ'\mfmm'mLi’uiuqqndq 14% Taeswin fvwdumnndaduresin
ma‘ﬁ'ﬂ’ué”qmwﬁ’nﬁttﬁQ‘?‘aﬁ’uLﬂuﬁ’nﬁmzﬂizﬁqmﬂﬁ’uﬁ Faiidnhmaiiranadudugandn
14% Taetinmin. Emsnmswinduduanss uﬁiuﬂmsﬁué«mﬂqﬁwmamquLﬁu%’uqq-ﬁﬁfaﬂ
ninaresesues wanamiunamsfufmeimauaziesueatududduie S
useiueealndalivstunilugramnssunisminesiues inszannsaisTyuasniniesd
uaa luﬁqmﬁaﬂoqutﬁu%ugq debifawsaansiudieutesdeiuq widslhesenld

1
-

Ardudugy einsandnldenntumsndy

dmfuntsfinmfadaeiug Adneuemussiues nugamniigs weenu
uswueealida WeldlunsndneswesfimsAnmdsdiunaiun W yodien
(2523) Am L'é'ﬂnmﬂﬁ'uﬁﬂﬁtﬁammﬂntﬂﬁquﬂmﬂnmnﬁﬂmauﬂ:ﬁ'\ﬁﬂﬂ AMnElan 904
lalsian Sonanldfgrmgiives 558 leltan gamgll 40° 141 lelman uszaaumni 45°
205 lelaian WainanAn@aniasniaminesiues snmminmafigrvnd 40 14s.
cerevisiae 313 Wax S. cerevisiae 281 1atl S. cerevisiae 281 Lﬂuﬁﬂﬁﬁ‘ ANAZNAUR UG
winiasmealdfnndn S. cerevisiae 313 dauilaRnAndandn 45 %1 Ae Kluyveromyces
manxianus Sawiiniestuesidanudidudoudnein Sree et al. (1999) nanaLARLasY
uead it fifludamasmininoinammunaziudf T S. cerevisiae (V) mﬂﬁ’uﬁﬁm
AuMQiigy uAz Bacillus sp. (VB,) Tiatutlls Tnunaidead 37 uay 42 ssrnaaidus
wudndlelidafanessanii (co-culture) uarlidummmissassiiananfuliiaseaunn
nimnsldBafatihaine wanesuesgeaTinanlk Aa 5 nfans 7 37 swusadug sy
3.5 nfi/ans 7 42 aernusaides uaNA T Sree et al. (2000) $ILNTUNATUEN .
cerevisiae 4 AMUWUEG ﬁwu@muqﬁqe nasssueasinia uavanaznay lnaynaneiug
W3UlAR 44 asrnaadng TasanoRug v, Wiesuasgagmannnglag 150 nf@ms win
fiu 60 nf/ans 1 40 asrnirades WwanizAlHiesuen 75 nHvdns 7 30 swmaaiden

d1 Sridhar et al. (2002) Wulgsannamuussdueealida pramuguvniige uas AN
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. 1 i s o g 1
nuesuea laald UV mutagenesis Wudn mutant Mdedenidndmasuanldgatundn
g B y Y | - - :’d ] Ag
A189WUg wild type Wanind 42 ssrnaaides dounrnamuusssuesalufatiu wudigal
4 X P =
LaWISIHBLREN mutant i 30 aaAaTea
fianorvursdnd
dariuaduirtriianiladnildnanwdwiuldiduundseallsiiu (lawand
1+ L4
TsAuFaunuge Tneiilusiuianun (total protein) 40-50% e winuiueaTas wan
antiuAuAm R nmunsesilsRiudgagednsan inesiingnesfilusniuasudou 8
Aftulawmm 30-35% Gadlszneudaalnalany nguau wazuaw flulasiau 7.5-9% nis
YaAdaa 6-12% i1 5-9.5% uazluiu 2-6% fandTiueadeastiasilszneudeindaus
a o s - . PP
nanatianiiu trace element duiuauuasdnd iy Irslan (chromium) 381w
v
(selenium) THANAEN (molybdenum) uardansd® (zine) rnviaRmiuwaatialaeanis
¥ = n: ]
Aanfiulison Asudau (Reed and Nagodawithana, 1991) uanannyiutiafelaiindusaatan
1 v k]
Wnain udstnueese s fafidladRegnififludiunilirasanmnednd uazlfiily

WWASIRaMNSEIVFaIRNNAuTaTaR sauLar ARG U Y

¥
£ ar

Bhattacharjee (1970) aqulliaTadilanmwanzaniigalussaiqduviei
il fhumadsiu Wesnnaiyiuiaghumangn uzanwnsifesdlsznavatine
$1ee fiAonureenis growth factor snaplee Muvasdsaldedaildsr@nsnow 1
AN e e Ry unuasftadine fapamdefisannnszuan
NIRARTRE AYANEENNFUGNITNG Lingreiufimdledsafusstzaaunufssiaiy
dnladnsausnnaiugnesinazaisaine inldaansadfulpaiugnesuldasaon lddlufis
visanaliiiaanegluy Wlisiu lasdu uesanflulamsmiFunngs wenfiufnmdne gy
Tmennsvinudie

eI NENEA  a8sBiaddnasy Hadgnld Faflugruvitmesemedng
a3undn feed vsa fodder yeast uazowldifuumassneIwmingiu (nutrtional
supplement) WheRuRunauss (favour additive) Tuamnsduiusiu ﬁﬁﬁgﬂ't‘?ﬁ‘ﬁmﬂﬁd'lu
wilsreaaemsdnd FaBunda feed wsa fodder yeast uarenaldifluunassnnanmnaiaiy
(nutritional supplement) vioRafiunausa {flavour additive) luarmsdmiuau unthuiaan
U

Hadamsauuarasdniinialfifh 2 ngu audEnisu@n Ao Primary Yeast
WA secondary yeast &14iU primary yeast mneEammsala A unnitein Uiy

s Auvtadndlaamse Nbasuaneetiafiaunsold dmiunisuan primary yeast (i
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famuiis Candida, Endomycopsis, Kiuyveromyces, Saccharomyces, Torulopsis UWaY
Lipomyces s 'hmm:ﬁﬁqmﬁmmwmmuﬁq:mmﬂﬁuﬁﬁﬁu Taeannzinua g
i v Kim et al, (1998) RnwnARIINaRTeY Kluyveromyces fragilis Taemnasiaes
L%‘ﬂLLUUlﬁﬂﬂﬂ'\ﬁ‘E\ii’NFiﬂtﬂﬂﬂ (aerobic continuous culture) 4 2.5% fructose medium B
HaRl Aa A productivity gagawiniy 4.81 nRvansdali (dilution rate < 0.17 4aTua ™)
nanfnTanoagaeild Ae 042 nfwniudane waiihlsiiuluaad (protein content)
50-55% @21 secondary yeast WiunanaanaanlivdnmsEnRRnEATTs™N 17
uda 1 Bafannsn@nides (brewers' dried yeast) uasBlamannsadngsndu
(distiller's dried yeast) %fadfammjﬁnl*i’ti’]umms‘ﬁ’m'mnnfiqmmmu
fnQALT 1 4dmFunTsuaR primary yeast lustdugraunsauiivainsiia
i Talifamaianisunszae nntaaa wdanisausang astitasedl
(Petrochemical substance) U n-alkane waziegnues uil uazda qm’é‘ml-’ﬁﬁﬁl.ﬂq Wy
avfilszney  wariaqiiulddnsAnmWdagauty 1 dAwiunaudn Wy Curto uaz
Tripodo (2001) naaesld virgin grape marc (VGM) "iﬁ'qz‘imn'luﬂi‘:mﬁﬁﬂqnaéuﬁwi‘u
HAMREIUEN 1 BE Ly A dmunARTUsRuIediRaann S. cerevisiae Taald
. fed batch fermentation i 30 a3A1LIAFLE WudA productivity fawauruildaanninin
A8 @94 Choi et al. (2002) 14 Chinese cabbage Faihirmevanunret dnaga (1.89-
1.94%) uazfitfunomnnbunvd dudusimmdmfunsuandouasrediafaiingg -
Af C. utilis, Pichia stipitis, Kluyveromyces marxianus Wae S. cerevisiae ﬁ 30 99AN
[adaa wudwnaneRuganidu C. utiis uamansrtilsFkana (total protein) i
anma1n Chinese cabbage TuszduRafuRi@eeluemaman YM

g Duunaddsiiudy Tnadeeasmiinenduinasaansifin
NITUENUATARIAEN ﬁaﬁﬁﬁtﬂi‘ﬁmﬂﬂmmﬂﬁqqéwi"u’t"ﬂﬂuﬁﬂﬁmmsﬁm'mmmsimﬁm
(auAm, 2521; Usaluwnd, 2521; anndd , 2525; wede, 2527, astunn, 2532) uananiulu
srazudsldivinnsliulgaugnssutes S. cerevisiae a9 Qmmmq‘l‘n-ﬁmmfgﬁu e
Pl futafamsdnd Teeminisdnden S. cerevisiae ms;ﬁ'uﬁ;_'ﬁﬂ“lﬁu%as‘: (free
lysine %78 lysine pool) MUiIa§gY AN S. cerevisiae TJ1, T3, M30, N1, B120, Sc90 191,
281 Wi S. cerevisiae B120 Hladulmaadgign aamiiwinenasiug uazdn
\@an thialysine resistant mutant 1# mutant RL-6 ﬁﬁ‘lﬂ%ﬂumﬁgqm‘q B120 D14 4.7 W1 L6
RL-6 Sl lsRulumadAdavdrasii A 37.98 nf100 nfuauiinutissaad (Sams, 2536)

uananmii $501 (2539) Andanlel S. cerevisiae N1 daflgnletiufars luaasgs uazn
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nsUinlgaiugnssulaenisnanefugdaefaddanmlisanwazdadan ethionine
resistant mutant fiflws Intaiiudasz (free methionine i methionine pool) §e@a udads
¥in1enaneig ethionine resistant mutant fifa@entiddnafimile udadmden ethionine
resistant mutant ﬁﬁmﬂﬂ@ﬁuﬁﬂw@ﬁu WU mutant MR-195 Hiuginlaliugaszgend
mutant B4 Taewudn MR-195 et eluennsfitiesdilizney uavsntasimmnean fiws
InlafiuBasegandn . cerevisiae N1 iila Fulemussanasivanzauan 33.3 wih
uananiudslinauaiedaeiglnifuenanasiilsiunelusadgouda gl
ﬁ’ﬂa?im%m:uaxmﬁiwiﬂﬁuﬁasxqeﬁw ToeGuannisaniuglanldmaialustananas
Fladuszwing mutant RL-6 uaz mutant MR-195 usinurin fusant s kalévanuaiiusstnia
TudaszAInd MR-195 usiiiaria MR-195 sinlilsTananadaduiinesiiefis dose 189
Buimuaumdaaseiusnetiuuarladu anmnsaaing fusant MR-F44 uas MR-FB5 i
Tsfunazusinlatiudasslugadgdunii MR-195 Tag MR-F44 uaz MR-F65 filtlsfiy
53.74 WAz 57.85 42 NFu/100 niusinmiinudssaasad snadidu lusniedt MR-1958 41.42
n§1100 nfuiwiinusierearad atdlsfinladuiasslugadtasnni mutant RL-6
Foiuanauginlafudasluradgeitoganiil (ghan, 2542 uas #7350 uazAnLE,
2543)

a

IAYAUFIMSUNISHAMAE IR

o’

FapauifluladuddnminasesiununisadnlaeiiAnlsesnnn 60-70% 1835

]
- = [ -

o L4 o =
NUNsaATels Aadulunsndmesuasdanarirnud Aydedngiu dngauh

Q
v

WNNZEMMFUIUNEAREEIUEA AT NINIUNAS WU 488 WBZHENN1ANITU (Deet) TNV

ar

pnimna Aot Wy $ole 410608 Founfiad 10 Tl uasfudnlings dan
liraglaniueadilsvnay wu i uasdouvidesasiis uasnandanaenlfainnszuou
36119 7| Ly waste sulfite liquor MUK (whey) uarBawdaldaNgARIMNITIHOIMS
dmFugraivnssunsHamsiuan ulaqiiy mumn't-i'mnﬁﬁmmﬂuﬁmqﬁu
NANTNANGTEA black strap molasses iludrumdandsanannanglasaean
sntindasfiinunenitude Fusunsiiitdneaesmiiontu Adu Tesflsznauiidu
AnsTu-lenmsmianam 50-60% Tantiin Tautlssneudauglase nglaa uazvisalag s
mmiﬁ'ﬁﬂLi‘]uﬁiﬂm?L@?mmmﬁ‘ﬁuﬁéﬁi@wﬁ’qmug?cﬁ (A19197 1) MNEARNAREEIN
wazilanfulamsmransdndiuge M tiAUE L Wefesmsihanldwinesuesd
AesrsdaeitilEanudidutesianeamdgaans whidamnmninmeetaditin

= = ) v v o a ¥ oo
srmavsTEansaantsutiatinadios. daulunininnndnesues 81RABUANTR
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@NNTUMNREN 1 wanTudlnFamin vie uenludlmmesin Weufiiygminise
Tulnsiau uazveaviesn d1viu pH Al lunaswiTn sinUFUWHIK 4-5 Aaansmdaria
Tumninmaiafiasdusneriefassanns g misnmeinld dolu
black strap molasses ﬂ’l‘iﬁqfh‘n 17% mqms“ﬁ"ﬁq'f;'fmm i caramel, mellanoidine,
acetoin, hydroxymethylfurfural Wax formic acid levulonic acid uﬂn'i'm‘&u lalas was
vialalulen fhuandrefmlugnunsaninF&mi . cerevisiae uanaNTRLNINTNAG
ﬁqﬂﬂ1?uqﬂﬁﬂﬁﬁu&qmm?muazmmﬁmﬂmuﬂmmﬁaﬁ 1114 sulfur dioxide WAT
hydroxymethyl-furfural 5"::472111 inorganic ions 11197%m (Sattler and Zerban, 1945;

Underkofler, 1954; Prescott, 1959)

= - g . ! LI
ANA 1 AUTZNAUIRINININAIRINEDE LATENNIANGIY (ﬁ 75% uqﬁuﬂLLﬁQ)

(Kosaric et al., 1983)

Cane Beet
Total sugars % 48-56 48-52
Non sugar organic matter % 9-12 12-17
Sulfated ash % 10-15 10-12
Total organic matter % 60-65 63-65
Protein i.e.N x 6.25 % 2-4 6-10
Sodium % 0.1-0.4 0.3-0.7
Potassium % 1.5-5.0 2.0-7.0
Calcium % 0.4-0.8 0.1-0.5
chlorine % 0.7-3.0 0.5-1.6
phosphorus % 0.6-2.0 0.02-0.07
Biotin mg/kg - 1.2-3.2 0.04-0.13
Folic acid ma/kg ca.0.04 ca.0.2
Inositol mg/kg ca.6000 ¢a.5800-8000
Ca-pantothenate mg/kg 54-65 50-100
Pyridoxine mg/kg 2-65 ca.b4
Riboflavin markg ca.25 ca.0.4
Thaiamine mg/kg ca. 1.8 ca. 1.3
Nicotinic acid mg/kg 20/800 20-45
chloline ma/kg 600-800 400-600

nsleaIsIANTI8ANAENAULTRRERE
ANMNATNTD NN TRNALNauTRAEA A AL Nanainasdudnrur N AT

" o 4 . N .
muaneuiuioanmuaafeniifinemiacti vy gumgil ufadienadiadulditiesann

'
} 9 [}

e = i :', = g o = o
tladaaudndanitu nisulauuus pH MmN s@uannlssnauieramdifianisaou
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=

uwtlanlsyq i ma‘ﬂ?:nﬂuﬁw:aimﬁfmn%a (carboxyl group) uazviWeawm (phosphate
group) %ﬁﬁﬂﬁlﬁmneutraiization ’ﬂﬂqﬂizﬁﬂu {anionic charges) UUHERALA Nakamura
(1961) Meaunsiaslsznaimautiiaun ddsnnaznauadaewuafiGy fas uas
a e a1stnaniTAnREnaufiocculent) fmfa'agﬂugﬂ‘nmmsﬂ?:nﬂuﬁq-‘fhﬂums‘%uﬁé
uazansadiuvsd atsusenavusuvisd laun lafu lalatu waz wWilsu dousnsisznevsl]
uvsl Lun aﬂsﬂﬁzn@uﬁﬁ@wmm calcium, alum, ferric, tannic acids, titanium
tetrachloride, quaternary ammonium compounds, alkyl amines, alky! pyridinium salts

Fernadez A% Fox (1996) fnmsAnminiesanmeneulusiufiazanatnlélue
Wit Tudas pH 2.0-7.0 vaztauedranalflalnufiuniefaniksienmileliaannis
nsaasinenatia uitrafiltration waz nsuangdaulaelfies uen dau Guerrero uazAn
(1998) NAGBARNAN TR TN LEhy coagulants vartiaansuvitisu lalng1u uasaiseil
unsEllu ferrous W&z aluminium salt [FeCl,, FeSO,, Fe,(SO,),, AL(SO,)] Wnszinunisan
arnewllsruanniniradlaeundramnlan wudilalnuiiledngnwlumsan
ArneuAuasitaan s uTsnzeaty pH fflunanssindag fe 7-8 fantsAnET
uaosianrufiiusidaduaminsasuguindurasisanueetuaz Bunnlalng
ﬁmmmuﬁ%ﬁﬂmmnm:nﬂumsquua'ﬂﬂlﬁ {Huang and Chen, 1996; Pinotti ef al.,
1997) wananiatinsAneiteu Baufeumaaansolunsanaeneuseslalamud
wianannunumiinuaznszeenieldanvey wuirlelnauildlunsdndeillszAanm
Andn wienafilsyAnanmaadalrmusnununiinidlatnnsaanseauniadamsy
acetyl Tunszuaunisuanlalatiuanlafuluunumiin (Shepherd et af., 1997)

ﬁwx§’um§:3ﬂIauwﬁnﬁﬁﬂuﬁ'\m’l‘hﬂumﬁqumsmnmznaumn-ﬁqm fa
aluminum, A uaz iron, Fe™ (Tilman, 1996 ua¥ Droste, 1997) Iaaanssznay aluminum
I lugieas aluminum sulfate %$a liquid alum msﬂa‘:nﬂun@juﬁmmmmﬂm:nﬂuﬂgmﬂ'lﬁ
wantialatinewldlugas pH 5.57.5 douansusznauesmdniu Snnsldluglvasans
ds¥nayl ferric sulfate, ferrous sulfate %54 ferric chloride %ﬂﬁﬁ"lﬂ’]gﬂﬂ'jﬂ asann e
nEInNEnENTBgRE AR AR PN Ltﬂzmnli‘:ﬂaunzjuﬁﬁm?ﬁ'mu‘lﬁ'mﬂfm pH
n31and arsdseneulunguaed aluminum

dwFLTiasmiu Gasner and Wang (1970) #U4N1SANASNOUTDATARTAS
Candida intermedia %uaq‘ futfinresansiauanazney uindld uazanezmsifia

genaw anudnatsnsaintszavisnmnisanaznaulduanta 909% dnulunizulunig
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WanTLsuediBies fnsldnsarasdesndeanunmdifuiasamsluenms doadeld
pat Wuastaensnau (Hamer, 1979)

Weir et af. (1993) wudnlalnusudaiu cationic flocculant awmnsaldmn
PEnewIadEARL complex medium TurnssiBnalalaususigaieindiudwmiunisan
nznaufianiu complex medium lilATludadouiuaridudutausad uai‘%wagj f3Enng
Balalawruss il ludamuturaagastias (Weir ef al., 1993) TatussBmwiien (strength)
snwmznauiieeiulng ialauwnsiiduerfussmmnAans suspending medium @auniadin
InAieififitszqauedlily suspending medium feuntsanmznausiaelalauawinliiing
WAL 98NS AN AL LN TY {(Weir et af., 1994)

Cubells et al. (1996) 'mm'mmsLﬁutﬂﬂ‘imuaﬂummﬂ&'ymﬁ#aﬁaﬁ Candida
famata (Debaryomyces hansenii) Wudnagaamawroansznaulsatinarniianily
naied 10 wilmeudanaisdy e Fanaduas e IsRE T At uAIAN

< ﬁ‘ e g
ANTINUMNEILTRAUK/INATN
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18N ANISIE

<« & ar o, ¥
1. BARANAZNAUFMNTUNFTARALDEIRBRIINNINUIANA
aunsaiuas3ans

1. Easi g lunmeans
Saccharomyces cerevisiae ﬁqﬂﬁu€ﬂﬂﬂ=ﬂﬂu (flocculent strain) AR M30,
AM12, TJ1, T3
Saccharomyces cerevisiae Sc90 mﬂﬁ’uﬁlﬁmnﬂ:nﬂu (non-flocculent strain) ﬁ

lugnanssunminuaanagadlulssmatng

T ;
2. NISIESHNNAUTE
, A A X o H RPTS 4 PP
fradmaidealuamsudaninimaniinmasaad (reducng sugar) 2% WAL
=l & ] ot ‘C’ { :’ -
wanluEiaNgaNm 0.05% 1 30% w1 T4 sdluamsmasnninRIaRNRIRANG AT 5%
uay wanluilondamn 0.1% pH 4.5 (UTums 100 1a. Wranad 250 1a.) UuuuATea
] v 1

e rotary  A9M3L3R 150-200 rpm ww 24 Falur dvdudsunandidenlddwiu

ar 1 - L% | = ) 1] Y o -] k4 g
n1gusinea 250 ua. avsmingastifiu 5 ua. SMlAundisesinlindd@e duduty

Taan stlulengas WasiATuNITaduIIuant (cell suspense) T 0.85% normal saline

3. msnimiesen luemINIMiIAIA
e i fe ansnaninmanssneudaanintnma B osing
uax wanluiflandaia (0.05%) vidagFa (0.0227%) 5ums 250 ua. Uiy pH iy
45 ¥i3a pH By ) Mufitiun ussqlu Erlenmeyer flask 500 18. daumastiamindl 37°
wdsfafqmunﬁ%'uq paFimn uAsesudeimtnun rotary Ag35a 120-150 rom e

11 water bath reciprocal 271439 110 stroke/min

4. msaasied
- nsay: Anmviediemadalaunisinaaut (optical density) At
Spectrophotometer FAMHENIARLLES 660 wluuRs udsandrartasdan 0.1N HC! 2
a1 uasiRaaguaLaeslY 0.85% normal saline LAZMIMMNWINWH
- s uea: Aemedinald Gas chromatography (Shimadzu GCOA with C-
R3A recorder) waxl4 propanol Lilu internal standard

v v
- wsnagand: lunintiana Aseilag14389e4 Lane and Eynon w5e

HPLC (Hewlett Packard, Series 1100) #&3a1nM hydrolysis
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- nsANALNew TmugUeas Sedimentation Efficiency (S.E.) : ANN3TY8d
Limtong (1987) #ai 1 culture broth 8 4@, NHENAL 0.1M EDTA 1 4a. IRBAIYIILITAE
WAZAFINGY 1 Na. Fana it 660 untums Anfidimualfifludn A v cutture
broth 8N 8 N8, NAKANAL 0.1M EDTA 1 uA. WAz TM CaCl,, pH 5.0 \ewiisainlfisad
sunguiuBneds G913 10wl Welhgadmnaznaussgin ihzeamacdaunandapa
g1t 660 wilunms AR wualFuen B ﬁ'mqmﬂ"]msmnmznﬂumuqm‘ﬁﬂ‘lﬂﬂ S.E.
=1-B/A #wiu SE 1A 0-1Tag 1 S.E HAwiniu 1 usavintsdanaznauléigean
WAZIIBANANAIRIN 1 HAAIIINIANAYNEUARAY

- ansanszne dalugLAnNgIIeInznem: 11 culture broth 1114 cylinder
TUIA 25 WA AUAT UATIAAINEITR9MZADY (sediment) wiaansaly 3,6,9,12, 15,
30 UAE 60 W

- InIUIARZNAY Imﬂuﬂmﬂ'mﬁfmnﬁqmﬁlmﬂ’nﬁmmﬂw1 fL
hefnacytometer Umsin cover glass  daedaundasqanssailaeld objective Anaseene
20w e diAleananmiueeid T uaunznewtsd uarinruasasmznoiaeld
Tussiaspainaei® udafiouiuruaiiufiase Taaw calibration szwindldiussinfy
stage micrometer

o
o

- duRnuausadnmualaunisin wet mount lu methylene blue  YLTRET
k4 v

H39m 7lifnddladensne methylene blue WRIAAT MITIR TRABNIRNIEY

methylene blue

HAMINAREN

1.1 msAm@an Saccharomyces cerevisiae SrEugAnAznBuUAMANIas MR LAY
Q1IN"511Y S. cerevisiae anaugANATNaN A M30, AM12, TJ1, TJ3
oasaminesealuemsnaninma fieufu S. cerevisiae Sc90 anevuflinn
aznew deldlugnanssummminueanaged wudianeiug M30 minesuesligelnd
LAEsaY Sco0 'lmsmzﬁmaﬁ'uq"éuuﬂn'lﬁﬁqndq (Figure 1.1) Futuadlddmdan M30

AMFURNENNsMITNeEIUeaLATNNTANATNawRa 1]
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Ethanol (%v/iv)
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Time {h)
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——SC90 m— M0 3 AMI2 o TH g-T43

Figure 1.1 Ethanol fermentation of flocculent strains of S. cerevisiae, M30, AM12, TJ1
and TJ3 compared with non-flocculent ethanol fermenting strain, Sc90, in
molasses medium containing 18% sucrose equivalent sugar concentration
and 0.05% ammonium sulfate, and incubated on rotary shaker,150 rpm, at
37°C.

Table 1.1 Growth and ethanol fermentation of M30 and AM12 compared with Sc90 in
molasses medium containing 18 % sucrose equivalent sugar concentration
and 0.05% ammonium sulfate, and incubated on rotary shaker, 120 rpm, at
37°c.

Sco0 M30 AM12
Time (h) oD EtOH 0b EtOH oD EtOH
{660 nm) (%viv) (660 nm) {%viv) {660 nm) {Yviv)
0 1.80 0.48 2.20 0.47 2.68 0.48
6 1.70 0.88 3.35 1.29 1.33 0.86
12| 6.23 2.77 10.60 4.70 8.10 3.46
i8] 9.68 5.08 14.00 5.51 12.50 4.94
24] 965 6.18 16.70 6.93 17.10 6.33
301 955 7.56 14.60 7.21 13.80 7.10
36| 105 7.73 14.30 7.94 10.90 7.09
421 1110 7.20 13.40 7.62 11.90 7.82
48| 13.50 8.05 13.00 7.61 13.20 7.19
54|  12.50 7.70 11.80 7.78 14.30 7.58
60 11.80 6.78 11.30 9.59 13.80 7.09
66| 11.50 6.99 11.10 6.78 12.90 6.75
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OD 660 nm
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Figure 1.2 Growth (a) and ethanol fermentation (b) of M30 and AM12 compared with
S¢80 in molasses medium containing 18% sucrose equivalent sugar
concentration and 0.05% ammonium sulfate, and incubated on rotary

shaker, 120 rpm, at 37°C .
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Table 1.2 Growth and ethanol fermentation of M30 and AM12 compared with S¢80 in
molasses medium contained 20 % sucrose equivalent sugar concentration
and 0.05% ammonium sulfate, and incubated on rotary shaker, 120 rpm, at

37°C.
Sc90 M30 AM12

Time {h) oD EtOH oD EtOH oD EtOH
(660 nm) (%aviv) (660 nm) {%viv) (660 nm) (Yeviv)

0 1.30 0.46 4.05 0.47 2.38 0.53
6 173 0.90 4.15 1.37 1.45 142
12 6.03 3.94 10.5 4.04 7.68 3.02
18 10.4 4.75 13.3 6.06 12.5 4.88
24 11.7 6.14 12.5 7.12 15.4 6.33
30 9.50 7.44 15.6 7.07 13.4 7.51
36 9.05 7.72 17.2 7.80 10.8 7.45
42 10.3 8.15 12.6 8.34 10.6 7.92
48 14.5 8.63 12.5 7.58 1.2 7.57
54 11.7 7.98 13.0 7.70 16.2 7.06
60 13.1 6.94 11.2 9.79 14.3 6.94
66 12.3 6.81 11.0 6.99 13.1 7.15
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Figure 1.3 Growth (a) and ethanol fermentation {b) of M30 and AM12 compared with
Sca0 in molasses medium containing 20% sucrose equivalent sugar
concentration and 0.05% ammonium sulfate, and incubated on rotary
shaker, 120 rpm, at 37°C.
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\BEUBA 7.68%vA Sc0 uaz AM12 Wies1uaa 7.45 UT 7.42%viv RUATAL (Table
1.3, 1.4 wax Figure 1.4, 1.5)
Y ' o 4 el '
NEaNaseddesiuuassInuiniesuealue wTMNAS TGS

Tulnsian Huwenludflondama vieg e Biflacmuandraidaeu winnsiyres Sco0

14 H I ¥ v
way AM12 luammsnindimaniigFadhuvadhulanaugmds dadmluemsniniiy
manduentuilsndaaiuwallanaudnties Iuaniei M30 wWigwin q fluenms

dld 1 :‘z -
AHuvaslulpsiauya 2 99ia

Table 1.3 Growth and ethanol fermentation of M30 and AM12 compared with 5¢90 in

molasses medium containing 18 % sucrose equivalent sugar concentration

and 0.0227% urea, and incubated on rotary shaker, 120 rpm, at 37°C.

Sc90 M30 AM12

Time (h) oD EtOH oD EtOH oD EtOH
(660 nm) (%oviv) (660 nm) (%oviv) {660 nm) (%viv)

0 2.2 0.56 3.0 0.52 a7 0.50
6 2.2 1.19 6.6 2.01 4.7 1.02
12 6.2 3.15 10.7 435 10.6 3.30
18| 105 5.29 10.6 6.25 15.5 5.08
24| 129 6.27 14.3 6.55 17.7 6.14
30 151 7.01 16.3 7.36 17.3 6.37
36| 177 7.45 16.0 7.68 17.6 7.42
42| 163 7.08 13.2 6.45 18.4 6.44
43| 148 7.11 10.3 6.55 16.6 6.37
54| 133 6.47 14.2 6.65 17.3 6.66
60| 145 6.59 11.8 7.29 14.9 7.16
66| 15.7 6.20 11.0 6.43 14.6 5.88
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Figure 1.4 Growth (a) and ethanol fermentation () of M30 and AM12 compared with
5¢90 in molasses medium containing 18% sucrose equivalent sugar
concentration and 0.0227%, and incubated on rotary shaker, 120 rpm, at

37°C.
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Table 1.4 Growth and ethanol fermentation of M30 and AM12 compared with Sc90 in

molasses medium containing 20 % sucrose equivalent sugar concentration

and 0.0227% urea, and incubated on rotary shaker, 120 rpm, at 37°C.

Sca0 M30 AM12
Time (h)| oD EtOH 0D EtOH 0|:§ EtOH
(660 nm) (Yoviv) (660 nm} | (%viv) {660 hm) (Y%oviv)
o 21 0.60 1.7 0.52 1.7 0.52
6 22 0.92 4.1 1.34 3.1 0.87
121 76 2.60 7.9 4.09 92 3.1
18| 123 4.71 8.3 5.55 14,1 4.71
24| 129 6.06 12.9 6.42 17.2 5.85
30| 139 7.00 14.5 7.26 185 7.04
36| 167 8.11 13.8 8.04 18.1 8.05
42| 142 7.74 1.7 7.42 16.1 7.25
48| 142 7.56 11.6 7.54 16.1 7.33
54| 114 7.07 12.5 7.53 15.7 7.51
60| 154 7.48 8.6 6.65 143 7.39
66| 14.8 6.59 9.2 6.84 13.7 7.06
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Figure 1.5 Growth (a) ethanol fermentation (b) of M30 and AM12 compared with Sc80
in molasses medium containing 20% sucrose equivalent sugar

concentration and 0.0227% wurea, and incubated on rotary shaker, 120 rpm,

at 37°C.

duFunismnmznaudiodalusiaes SE uanwdn M30 anaznauléiu
nate Tuaneh AM12 Anrenausn uay SC90 lianAznew warnaN TANALNDY Tuewe

e 1 v
AMNEIAANHTAaT AT AN LT 18 way 20% luflAfuuAnReiu (Table 1.5 Way

1.6}
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Table 1.5 Flocculation expressed as S.E. of cells of M30, AM12 and Sc90 after
cultivation in molasses medium containing 18% sucrose equivalent sugar

concentration and 0.0227% urea in rotary shaker, 120 rpm, at 37°C, for 66 h.

Strain of S. cerevisiae S.E.
Sc80 0.018
M30 0.45
AM12 not determine (error)

Remark: S.E. = 1.0 was the highest flocculation

Table 1.6  Flocculation expressed as S.E. of M30 and AM12 compared with Sc90 after
cultivation in molasses medium containing 20% w/v sucrose equivalent
sugar concentration and 0.0227% urea in rotary shaker, 120 rpm, at STOC,

for 66 h.
Strain of S. cerevisiae S.E.
Sco0 0.00
M30 0.45
AM12 0.10

Remark: S.E. =1.0 indicated the highest flocculating ability

& ¥ al oot
1.3 ﬂ'7‘31/73.!”Lﬂﬁ?”ﬂﬂ1ﬂﬂ?ﬂ1‘i‘n7ﬂu1ﬁ7ﬂﬂ Qm“ﬂﬂﬁ’!\? 9
YARDUNSWMINIBEUBRAEN S. cerevisiae M30 LAY AM12 Lﬁﬂ'].lf.ﬁ_l Sca0 'Lu

TN IARTRNaTAT 18% uariiuanludundain 0.05% Fignamnd 33, 35, 37

uay 40 °g
J

] v nlf
AwFunieming 33%% 1w wudmnaeiududniesiues ldigaganiaan 36 69

a

T

Tae Tner Sco0 MHasuangagn A 10.96 % viv luasi M30 uas AM12 THiasuaawin 7
U Ae 9.66 UAT 9.69 % vAv AMNAAL dauninasrytiunudn AM12 Wi laandnanawug
BU (Table 1.7 uaz Figure 1.6} #aunisanmznewdsimiudn S.E. WeRuganismaaes Ae

WaiReTeun 48 4alua wud1 M30 rnaznauléigandn AM12 (Table 1.8)
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Table 1.7 Growth and ethanol fermentation of M30 and AM12 compared with Sc90 in
molasses medium containing 18% sucrose equivalent sugar concentration
and 0.05% ammonium sulfate, and incubated in water bath reciprocal

shaker, 110 stroke/min, at 33°¢C.

Sc90 M30 - AMI2
OD [EtOH| RS | OD |EtOH| RS | oo | EwoH | RS
(660 | (%viv) [(%wiv)| (660 | (%viv) [(%wA)| (660 | (%viv) | (%wiv)
nm) nm) nm; .
0| 263 | 006 | 1841 1.98| 004 {1899 | 3.50| 006 | 19.42
6| 295] 054 | 1785} 3.30| 0.61 | 1844 | 4.35| 031 | 18.04
12| 855 | 266 [ 1676 | 7.78| 230 |16.94 | 978 1.76 | 17.81
18 |13.85 | 570 | 14.06 | 11.50 | 4.84 | 14.36 ! 13.35| 4.53 | 14.06
24 (1528 | 7.76 | 656 | 13.00| 6.65 | 7.85 | 17.00| 6.64 | 7.98
30 (16.38 | 9.12 | 270 | 1290 | 826 | 3.43 | 20.05| 7.89 | 3.87
36 [18.08 [10.96 | 1.78 | 19.05| 966 | 2.90 | 2068| 969 | 2.39
42 (1598 | 961 | 2.38 | 1653 | 8.97 | 2.78 | 24.05| 899 | 1.87
48 {16.85 | 827 | 2.52 | 14.33| 844 | 335 | 24.75| 866 | 2.42

Time (h)

Table 1.8  Flocculation expressed as S.E. of cells of M30 and AM12 compared with
Sc90 after cultivation in molasses medium containing 18% sucrose

equivalent sugar cancentration and 0.05% ammonium sulfate in water bath

reciprocal shaker, 110 stroke/min, at 33°C for 48 h.

Strain of S. cerevisiae Sedimentation ef?iciency
Sco0 0.12
M30 0.68
AM12 0.27
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Figure 1.6 Growth {(a), ethanol fermentation (b} and sugar utilization (c) of M30 and
AM12 compared with S¢90 in molasses medium containing 18% sucrose
equivalent sugar concentration and 0.05% ammonium sulfate, and
incubated in water bath reciprocal shaker, 110 stroke/min, at 33°C.
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] L3 1 '
AINAIAREINLdRg AR 3570 s Wewin M30 11w 30 2T ias-

UBA 8.48 % viv Tawin q MU Sco0 minldgegm 8.42 % viv e 30 Faluse Turusd

AM12 wiinl@ddndn Ae Wiesiues 8.41% viv 1 48 dalus dandunisasytiunidn AM12
ww3eylagandndn 2 anawug uan (Table 1.9 uaz Figure 1.7) AMmFunisanaznauiiuand
Tnzen S.E. diaduganimmeaas Ae 60 4alueu wudt M30 mnmzneuléitndr AM12 u

atuzdl Sc90 lmnaznawdudnaiuluaniazau q (Table 1.10)

Table 1.2 Growth and ethanol fermentation of M30 and AM12 compared with Sc80
after cultivation in molasses medium containing 18% sucrose equivalent
sugar concentration and 0.05% ammonium sulfate in reciprocal shaker, 110
. a
stroke/min, at 35 C.

5c90 M30 AM12

Time (h)| OD | EtOH | RS OD | EtOH | RS ob | EtOH | RS
(©60nm)} | (Sviv) | (Sewnv) |(660nm)| (@oviv) | (Sewnv) [(660nm) | (%eviv) | (%wiv)
o} 1401 016 |17.45| 1.36| 012 |18.18 | 2.03| 0.18 | 17.54
6! 190 | 061 [1698] 1.80{ 1.13 |17.64 | 2.28| 0.05 | 17.22
12| 6.30 | 261 | 11.06 | 1000 | 345 |1028 | 6.45| 1.84 | 11.97
18 [12.10 | 471 | 6.93 | 16.10| 569 | 7.02 | 12.00| 5.00 | 9.32
24 [16.10 | 701 | 678 | 18.00| 751 | 7.14 | 16.30] 6.67 | 5.55
30(18.90 | 842 | 628 {1840 | 848 | 717 | 19.80| 7.92 | 3.36
3611660 | 818 | 671 | 1460 | 817 | 1.62 | 23.40| 810 | 2.54
42 11710 | 827 | 6.84 [ 1550 | 832 | 210 | 27.00| 8.26 [ 2.82
48 1470 | 841 | 685 | 1550 857 | 150 | 21.50| 8.41 | 2.84
54 {1820 | 6.71 | 6.78 | 24.90| 661 | 1.33 | 21.50} 6.60 | 1.85
60 | 1520 | 6.88 | 667 | 14801 682 | 1.66 | 19.40]| 6.73 | 2.34

Table 1.10 Flocculation expressed as S.E. of cell of M30 and AM12 compared with
$¢90 after cultivation in molasses medium containing 18% sucrose
equivalent sugar concentration and 0.05% ammonium sulfate in reciprocal
shaker, 110 stroke/min, at 33°C for 60 h.

Strain of S. cerevisiae S.E.
S5c90 0.072
M30 0.462
AM12 0.210
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Figure 1.7 Growth (a), ethanol fermentation (b) and sugar utilization (c) of M30 and
AM12 compared with $c90 in molasses medium containing 18% sucrose

equivalent sugar concentration and 0.05% ammonium sulfate, and

incubated onreciprocal shaker, 110 stroke/min, at 35°C.
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dmsunminestuealuasninimaiammnil 37 dudaladlin

AM12 1ANAaRIAIE Lﬁmmnuﬂmms‘mnm:ﬂ@uﬁ'\nd'\ M30 17t RINNTTNAABINULIINAG
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niga 370 finalitavasesaaiuginisadosinga

dszannuadmiisnaninasoi 3579 daisrrunnisulniesuea1adBaAvivaaIang Wy

g

annaLlszinneTaniiauiu Tag M30 Wesueagaan 5.00 %viv # 36 4alus uarliias

UBA 4.75 %viv 71 30 Fatus Fawiriu Scoo Mlfiesuangagn 4.73 %viv 1 30 Falia

(Table 1.11 ua¥ Figure 1.8} AMmfunisanaznautiu M30 fensuganisanmznaulamnm

1nsl (Table 1.12)

Table 1.11 Growth and ethanol fermentation of M30 compared with Sc90 in molasses

medium containing 18% sucrose equivalent sugar concentration and 0.05%

ammonium sulfate, and incubated onreciprocal shaker, 110 stroke/min, at

37°cC.
Time (h) S5ca0 M30
OD (660 nm) EtOH (%viv) OD (660 nm}) EtOH (%v/v)

0 213 0.09 2.15 0.10

6 0.10 0.16 0.15 0.30
12 2.63 0.47 3.75 1.16
18 4.38 0.91 9.55 1.99
24 5.58 2.24 9.75 3.28
30 6.43 4,73 5.80 475
36 8.38 4.51 910 5.00
42 8.63 4.20 8.88 4.84
48 8.50 4.07 6.95 3.76

Table 1.12 Flocculation expressed as S.E. of cells of M30 compared with Sc90 after

cultivation in molasses medium containing 18% sucrose equivalent sugar

concentration and 0.05% ammonium sulfate in reciprocal shaker, 110
stroke/min, at 37°C for 48 h.

Strain of S. cerevisiae S.E.
Sco) 0.06
M30 0.50
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Figure 1.8 Growth (a) and ethanol fermentation (b) of M30 compared with Sc90 in
malasses medium containing 18% sucrose equivalent sugar concentration

and 0.05% ammaonium sulfate, and incubated in water bath reciprocal

shaker, 110 stroke/min, at 37°C.

AFuT 40° 1w wudnia M30 uaz Sc90 lianunrnasaylé (Figure 1.9)
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Figure 1.8 Growth (a) and ethanol fermentation (b) of M30 compared with 5¢80 in
molasses medium containing 18% sucrose equivalent sugar concentration

and 0.05% ammonium suifate, and incubated onreciprocal shaker, 110

stroke/min, at 40°C.
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1.4 nsusinasueayas M30 lueimsnimitena ¥ pH 4.0, 4.5 uss 5.0 # 33%
Lﬁﬂlﬁi’ﬁmmm pH Fan1svsiniasuaaTe S. cerevisiae M30 3MAAENN
uminiesues e wImNTAREAEIATT 18% uaruanluiditadaums 0.05%
lna1l5u pH a8semnslfvindL 4.0, 4.5 uaz 5.0 Tanld hydrochloric acid uss sulfuric
acid finomidadusing 7 fwiunsdiupH  finiswinluranad uaz 1iilu water bath

shaker $ 110 AfT

1.4.1 psvinesNeaTes M30 Tuamimianie AU pH #ingl 50% HC! uas

Lisii 33 %

anmmasesmiiniesesluasnINnAIaLT pH Gududan 50% HCI
WL 4.0, 4.5 uaz 5.0 uazialu water bath shaker 7 33 %1 wudnlugnms i pH
Gudueintu 40 @8 M30 WiyldRnn dauanmaniinanai pH Gudurinfu 4.5
1 M30 w5y légandn pH 5.0 dwFunaviiniesiueatihs wudnd pH Budu 5.0 M30
winesuealdandadi pH 4.5 &ndee Ineliasueagandnluseay 24 Faluausnaeanis
win wingsanmiuadiniuretesiueailaliuansngiu (Table 1.13 and Figure
1.10)

Table 1.13 Growth and ethanol fermentation of M30 in molasses mash (18% RS and
0.05% ammonium sulfate) that pH was adjusted to 4.0, 4.5 and 5.0 by HCI.

Incubaticn was performed in water-bath reciprocal shaker, 110 stroke/min

at 33°C.

pH 4.0 pH4.5 pH 5.0
Time (h}| Growth EtOH | Growth | EtOH | Growth EtOH
OD660 %viv ODBes0 | %viv OD660 | %viv

0 | 220 0.07 2.10 0.08 2.33 0.07
6 3.60 0.10 5.48 0.63 4,45 1.19
12 4.15 0.04 12.98 3.55 9.98 5.54

18 4.30 0.01 22.98 6.14 16.78 6.88
24 3.35 0.05 28.00 6.64 18.45 7.28
30 3.90 0.27 16.93 6.85 12.75 6.46
36 4.65 0.11 16.50 7.72 15.23 7.89
42 5.18 0.16 24,33 7.83 11.30 7.65
48 5.15 0.43 17.35 7.37 8.65 7.38
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Figure 1.10 Growth (a) and ethano! fermentation {b) of M30 in molasses mash (18% RS
and 0.05% ammonium sulfate) that pH was adjusted to 4.0, 4.5 and 5.0

by 50% HCI. Incubation was performed in water-bath reciprocal shaker, 110

stroke/min at 33°C.

1.4.2 nswinesueazes M30 luemasnimicang AU pH fae H,S0, esUnd
33%
LY [ 1
TEnaaaenisminesiuealuanmirninuiaanuiulni pH Busiuvaiu 4.0,

45Uz 5.0 Kor 10% H,S0, Turaar uaziinlu water bath shaker % 33 0 1ivediudy
dAnn9UFL pH dne HOI Aosdudiugafia 50% il M30 inanaFry usznnewin

wanuaaiall Tatewisi pH 4.0 Tawuda M30 Hnnaasoysaann
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NARNNINARBILAMINT pH 4.0 T4 M30 Revlifinmadny Turaifing
m‘?‘tylummﬁ‘ﬁﬂi‘u pH Guduily 50 Andnd pH 4.5 FasinsaanemmemnnanaiLiy
PH #281 50% HCI - dmsuntswiintesuastis Tuamnsns pH 5.0 M30 niiniaswaald
Fondn 7 pH 4.5 Tutae 24 Fatausn uraiuﬁqmnﬁ’um'mLi’nﬁ’ugaqmml.ﬂmuﬂﬂﬁ M30
wamld evsinluamsiii pH 4.5 WA 5.0 winfiu WwRtafmnluemnsnntnaa

U1 pH s9e 50% HCI (Table 1.14 and Figure 1.11).

Table 1.14 Growth and ethanol fermentation of M30 in molasses mash (18% RS and
0.05% ammonium sulfate} that pH was adjusted to 4.0, 4.5 and 5.0 by

10% H,50,. Incubation was performed in water-bath reciprocal shaker,

110 stroke/min at 33°C.

pH 4.0 pH 4.5 pH 5.0

Time (h}| Growth | EtOH | Growth | EtOH | Growth | EtOH
oD660 | %viv | ODBB0 | %viv | ODBBO | %viv
0| 2.46 0.15 1.23 0.16 198 | 0.18

B| 2.85 0.23 3.65 1.01 3.70 2.55

12| 3.60 0.33 6.65 2.89 14.85 5.70

18] 3.85 1.00 8.48 5.06 13.83 6.77

24| 3.15 1.95 7.80 6.62 14.90 7.08

30| 3.08 317 6.90 7.07 16.30 6.95

36| 3.60 425 12.75 6.99 10.48 7.34

42| 3.95 5.80 11.73 7.06 14.33 7.29

48| 3.45 6.65 12.93 6.33 20.25 6.74
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Figure 1.11 Growth (a} and ethanol fermentation (b} of M30 in molasses mash (18%
RS and 0.05% ammgenium sulfate) that pH was adjusted to 4.0, 4.5 and 5.0

by 10% H,SO,. Incubation was performed in water-bath reciprocal shaker,

110 stroke/min at 33°C.
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1.4.3 MansiniesueaTed M30 uaz Sco0 hiamnsnaminaie UL pH i 4.0
#ael H,S0, 71 33 %
@;mﬂ?zmﬁmmmmﬂamﬁ Aia e Sco0 asaiiaminias ety
BNININIAARLIL pH Brduninil 4.0 Tan 10% H,S0, Hisell Wiaanz M30

&

winduildessitaiodemnnlu pH MNa1n  HASINNIMARSILAAIN NadaIaERug

q

= °I 1 s 4 .
wieyldRnmnn 4 ity M30 lunmasesfitinmn (Table 1.15)

Table 1.15 Growth and ethanol fermentation of M30 and Sc90 in molasses mash
{18% RS and 0.05% ammonium sulfate) that pH was adjusted to 4.0 by

10% H,SO,. Incubation was performed in water bath reciprocal shaker,

110 stroke/min at 33°C.

M30 Sc90
Time ()| Growth | EtOH | Growth | EtOH
OD660 Yaviv OD660 %owlv
0 1.75 0.22 1.33 0.23
6 1.63 0.24 1.50 0.25
12 168 0.27 1.75 0.26
18 1.98 0.29 1.90 0.29
24 2.20 0.31 2.00 0.33
30 218 0.32 2.20 0.31
36 1.43 033 1.70 0.37
42 1.55 0.33 1.80 0.34
48 1.33 0.37 1.78 0.41
54 1.90 0.39 1.50 0.49

1.4.4 msuimeseaTas M30 Tuamsmminata AUy pH A 10% HCI s
v 35 %
Avaaaatin M30 winiesiuesluamsnininaraiiy pH Guduldivia
1 4.0, 4.5 uaz 5.0 Fnaswil Tagld 10% HCl Hufaulfu pH uaswinfigamgfl 35°

wudnaanimasaadiuliluiueadaaiuiunld 50% HC! uas 10% H,S0, Uit pH
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WeausidnluemsRUsu Gy pH winfu 4.0 $u M30 iy wazminasiuas lian
Hae lumm:ﬁmm?rylumm?ﬁﬂi"u pH Gudwile 50 Gandr weliaadunnndng pH
45 iwdsafuninadoluemnsiGuduyinfy pH50 Ty M30 winestuealiFang
7 pH Guduvinty 4.5 Tu 30 Falueusnassnismin usidatnung 36 9lus ws st
M30 HRs L8 lue il pH 45 Hngunwinduluewnslil pH Gl windy 50 Ae
7.37 uaz 7.30 %viv taeluarmsinlfu pH Guduwinfy 4.5 v M30 Sepaminldia
sruaaifadli 7.61 %viv § 42 4ol Tusausfluensiisl pH Guduwindu 5.0 ejh

nrnuasiiaudnduredesueaanat (Table 1.16 and Figure 1.12)

Table 1.16 Growth and ethanol fermentation of M30 in molasses mash (18% RS
and 0.05% ammonium sulfate} that pH was adjusted to 4.0, 4.5 and 5.0

by 10% HCI. Incubation was performed in water-bath reciprocal shaker,

110 stroke/min at 35°C.

pH 4.0 pH4.5 pH 5.0
Time (h}| Growth | EtOH | Growth | EtOH | Growth | EtOH
ODB60 | Y%viv | OD660 | %viv | ODBBO | %viv

0| 1.04 0.38 0.98 0.35 1.99 0.35

6 1.09 0.37 1.89 1.40 2.25 2.37

12| 2.04 0.53 4.97 2.76 8.05 4.15

181 2.72 0.04 6.19 4.30 6.10 6.38

24| 352 0.99 6.60 6.10 9.90 6.60

30| 4.39 1.62 8.24 6.60 7.30 7.16

36| 4.57 3.33 7.49 7.37 6.53 7.30

42| 6.69 3.94 4.59 7.61 6.80 5.51

48| B6.72 5.60 6.14 5.5 6.63 4.76
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Figure 1.12 Growth (a} and ethanol fermentation (b} of M30 in molasses mash {18%
RS and 0.05% ammonium sulfate) that pH was adjusted to 4.0, 4.5 and

5.0 by 10% HCI. Incubation was performed in water bath reciprocal shaker,

110 stroke/min at 35°C.

1.5 msnsiniasuaayas M30 luamsmnihma waxlussidesia-
lalnsWaminan 71 35 %

saaveaiily ionic factor AflATNA1ARENITMIN Unfildasiuanmslugives
eawn WeasanluemmsniminmaanafiBuinmearesa bifamaiuaaudems
FSLNNIuIinLesLaATRe S, cerevisiae M30 Fthidmassadnllunadenlalalng
WaduWln 0.01 wax 0.05 % asluprnsnininmarsinmedaad 18% ussuasludios
Fawm 0.05% W5y pH Winfiu 4.5 vnsminiunanad uaztislu water bath shaker 110
AxanT 7 35%

nanMAaRIRLAniIENULes By lalalnsveamin 0.01 was 0.05 % adlu
AMNININNANG flNﬂlﬁt%ﬂLﬁ?‘ﬂ..jLﬁluéu’ﬂﬁﬂ'ﬂ’m’li‘ﬁiﬂ‘lﬁtauiﬂuﬂﬂﬁﬂulﬂulﬂtl:ﬂ?ﬂﬂmﬂﬁl
wiileRansnnisminwudinisdulluna@elalalnasan 0.01% M30 winiasn
uaalfivi q fuluemsithilfifiiunadualalalasearin Taglfiestues 7.35 uas
7.50% viv e 24 wax 36 Falus adndy dovluenunshWlddaluunadoslalalag

Waan Was1uan 7.03 Uaz 7.46% viv MIlaan 24 1aT 36 99l ANatAL dounisiiu
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= A
Tuwsadeulalalaseamn 0.05% T @andunsinesiuealdtias Iasliesues
7.28% viv \dendnuiuba 48 4alug (Table 1.4 use Figure 1.13) A9UNIANAZNAULDY
2 [ 7S v 1
MAasUU wudngadniassluanmsniminaisiiy Iusa-danlalalasesain 0.01 waz
0.05% a1 48 4alue fnvsmnmvneudalugaes S.€. Wiy 0.56,0.44 uax 0.57 Tl
HAnuuanAfamsin
e o el ¥ - o Iy
nan1rnasesidieaneianiagluamsnaninenafieaneiuaiusieanis

\WSyd i uazniswinasseses wasniiiiveareialugtaeseamnuniiuliiiay

LD
Anafudaniaminiesnueagas M30

Table 1.17 Growth and ethanol fermentation of M30 in molasses mash (18% RS and
0.05% ammonium sulfate pH 4.5} containing , 0.01 and 0.05% potassium

dihydrogen phosphate. Incubation was performed in water bath reciprocal

shaker, 110 stroke/min at 3500.

0% KH.PO, 0.01% KH,PO, | 0.05% KH,PO,
Time (h)| Growth | EtOH | Growth | EtOH | Growth | EtOH
QD660 %viv | ODBBO Y%viv 00660 Yaviv
0 0.14 0.24 1.53 0.18 1.81 0.20

12| 18.48 3.93 15.13 419 13.56 416

241 21.61 7.03 18.73 7.35 19.48 6.68

36| 29.00 7.40 16.00 7.53 20.80 6.81

48!  29.35 7.14 1313 6.90 25.63 7.28
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Figure 1.13 Growth (a) and ethanol fermentation (b) of M30 in molasses mash (18%
RS and 0.05% ammonium sulfate pH 4.5) containing , 0.01 and 0.05%

potassium dihydrogen phosphate. Incubation was performed in water

kzath reciprocal shaker, 110 stroke/min at 35°C.
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1.6 NISANAZNAUYAY M30 SzuINMSNINasINea N IMma N

-

ANEINITANAZNANEEY M30 1Heminluamisnint AN ansiuIAasAaT

18% wanlufinudann 0.05% uay pH 4.5 Tudemin Aaumgi 37, 35, 33 wax 30

o =y [V i = o

g Tnunsiwsmsianazneulaenisinannugerainzney Miiaaannistin culture broth

4 1

1118 cylinder 1w 25 4. wazFaldauinieAnRnewinANNgIRIRLNEY RIAIAN 9
uazu1 sedimentation efficiency lunmaaesliléliuldmadiu culture broth Hanudu
duwiniu  asannlddasniminlimad lddumnunsenunssiien fenalikasonisiniy

e 2 9
NENTIMNIITINTANATNBULDUTAA L

Tunsilraantsuiinii 33 uar 35°7 usnaninmIngresnznauuiy G914
winsdrunanznay laavaaamsniniimIageuiniiaaimi1g 4 a9LL hemacytometer
Tndiat cover glass  datfatndasqanssailngld objective Mdseene 20 w1 uatldiA
Taanunwinasis tus uunznewgad warinrunaresmzneulaeiflfiussiadaannae
e i = al S o L3 . . ] & o B .
79 udaauflusunaiiuiaie Taavin calibration szwanalafussyiniu stage micrometer
3 ¥ 1

wananTiLs N aaTaMuATAtN1sYa wet mount 14 methylene blue  WIRTRANNTIR
dl [ ddll 9 13 ra; 1 =l d'a dlo’ =
Tlifndlindausoe methylene blue WASITRAN WHTAR T9FaRUNRUIa1 methylene blue

Waliflefinudieuradifndifinlusaeiinimidn Welddssdiudusadifiengdas
Tafapamunziastnduli1d vl (recycle) Waldifludayadiviunisfanndsedninin
nsUNIEE1Maaed AT stiaed 2

’ 14
1.6.2 Anwn9ANALNaUTaNTBY M30 Waninluamsnmminnig Turnefinuiaes

nooupi 37

dauFunsminestiealuemanininaasasigoamngil 37°0 wudlies,
1R 5.85 UAY 5.34 % viv it 36 Way 30 Faluq mwdndi (Table 1.17 uasFigure 1.14)
LAz S.E. s8eradiiie@esd 37% w48 dalue winfu 0.39

ﬁnnmﬁﬁm'ngwmm:nfawé‘{mmﬁqmma‘nfmﬁqmaﬁuﬁmﬂummﬁwq

funnld cylinder warseld wudnfiedafiong 12 4alue annsodanaiugares aznau 16

q

<o =

easa¥ude 60 wi JwanvingadBasdafinemnaznewlien uazviedeududu
snvradtion luinzidlawinun 24 4ol aadTinIANAYN e Tnadpanngs
anapznaundaandels 9 1wt 1 3w Senrugenzneutasadent 24 Faluai] pefidha
wiiudrasetiunte 30 vl dauiadany 30 dalus wudrfinsanazneusnnay aeile

l.a; | e ::. ] rniv
Felfunn 3 unil Amnugeasdaznawwiniy 10 . s q Panudndureqaadiidnlug
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OD ratamsminliiuansinafiuiuf 18 uax 24 datue anniin uﬁiti’jﬂﬁm%ﬂmq 36 Fali
wiansanazneu laednprnuguasinznen nfunudirangeemenauliAsan Fodiy
Sguinnnesanynaueadluamnsitdaminum 30 foluais deilnunaseuinadn
nvin e naudlaidadaiuniu wideeymntunnatenznewtadugiuin Wiia
AMTANALNALT LLa:i?ﬁETQﬁuuﬂu‘%uﬁﬂﬁm’mgwmﬂznﬂuﬂmm (Table 1.19)

Table 1.18 Growth and ethanol fermentation of M30 in molasses medium (18% FS and

0.05% ammonium sulfate) in 5| fermentor with 3 | working volume, at 37°c
and 300 rpm agitation speed.

Time {h) OD{660nm) Ethanol (%viv) Fermentable
sugar (%)

0 0.45 0.05 18.75

6 3.50 0.12 18.02
12 1.00 0.60 17.08
18 10.90 1.60 15.99
24 8.95 453 6.41
30 7.25 5.85 417
36 8.95 5.34 3.34
42 13.75 4.06 2.45
48 8.20 4.64 1.64

Ethanol (% viv)

=3
Cells (0D 660 nm), Fermentable sugar (%)

0 6 12 18 24 30 36 42 48 54
Time (h)
—@— EIOH _o- Cell (OD) —jg— F sugar (%) |

Figure 1.14 Growth, ethanol fermentation and fermentable sugar utilization of M30 in

molasses medium {18% FS and 0.05% ammonium sulfate) in 5 | fermentor

with 3 [ working volume, at 37°C and 300 rem agitation speed.
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Table 1.19 Flocculation of cells of M30 cuitivated in motasses medium in 5 | fermentor with

3 | working volume at 37°C. The flocculation was measured as height of cells

sediment after standing culture broth in 25 ml cylinder.

Height of cell sediment (mm)
Time (h) ) : - : : : :
3 min 6 min 9 min 12min | 15 min 30 min 60 min

0l NS NS NS NS NS NS NS
6 NS NS NS NS NS NS NS
12 NS NS NS NS NS NS 5
18 NS NS NS NS NS NS 5
24 NS NS 3 3 3 2
30 10 10 7 7 5 4
36 6 5 5 5 5 4 4
42 2 2 2 2 2.5 2.5
48 NS NS NS NS NS 2 2

NS = not sediment

1.6.2 Inwintsmanmznauresves M30 Wavanluamsmnuwng  lunesfuunesd

igaiu)A 35 %

dmFumewsuetuenTad M30 ludmsin 7 35% 1 wudn M30 minly
\B811400 8.27 %viv i 36 T2l (Table 1.20 uaz Figure 1.15) &IMFuUN1sAnAZNaL e
Talugtlees S.E fu wudngadiilanguantull S E quu uamaadany 30 falue i1 SE.

(P

FAgAINrL 0.59 UFNAIANUL S.E. anaa (Table 1.20)

57



Table 1.19 Growth and ethanol fermentation of M30 in molasses medium {18% FS and

0.05% ammonium sulfate} in 5 I fermentor with 3 | working volume, at 35°¢C

and 300 rpm agitation speed.

Time (h) OD(660nm} | Ethanol (%v/v}| Fermentable S.E
sugar (%)
0 0.57 0.29 17.27 0.02
6 1.08 0.41 14.40 0.02
12 5.69 2.1 13.15 0.15
18 11.49 5.23 8.23 0.17
24 10.14 6.90 6.48 0.33
30 10.51 7.73 2.50 0.59
36 10.91 8.27 2.75 0.44
42 10.09 8.14 2.08 0.38
48 9.00 7.72 2.40 ND

Remark: - result from 3 independent experiments

- ND = not determine

1621 nsdnaugeaniaznaw AmuadT isainnisueing 35°4 u
o =3 & L e (% o ar j A a o :: d’)
Fuiy usrdamznau ludsainmevidn 18 dalue uasdmaunaiietiany 24 dalus vl

1 & ] ¥ 1
AINGITBIRTNOWIaLTadeny 24 Falie anndagaddaliedu ¥is q ifianoasad T
o A o .'/ :” [] 1 i ‘I/
gulrae OD InfiAeeiu Wamin 18-42 4ol tu shazdflesnnanniieadany 24 4alua
=l L} « o o 4 [ ar
HnnsanmznauRndntadeny 18 dalie Teeaspdediunamsinnisanmznewlugiless
, o o ; SN I

sedimentation efficiency u.mmsﬁr-mqumm:nﬂuammtﬁﬂmqmmﬁamnww 819

o=l v =4 el aé’ &t M
Wnssiraginiennmnenaulsianad  WIARTNOUEARNIUIAIAR TN SUNANNIAN

prneu Wife uardniuwiuan AINNgIIBIRZNaUaana (Table 1.21)

1.6.2.2 NIANEIATUIMUATIUNATEIALNEWERE: AINNTELRIUIUAZNEY
iraalagldndosaanssed objective 20 Wi desg uazildmausznaeadlunui 1 M
' 1 H 1 -
sfiadiung  wudmadlduasumnliudngeaisienglies 0-6 4olue dnnsaiunzneuasd
o & da > o A a - ' it
veundn eandanysus 12 49lue waniiafan s nIRIRENauTeg WUdNIaany
angien 6 uaz 12 4t Hruisresnzneumadraninadnindifeeiu wasdiaisad

o X X
BERNTY IUIATDIRTNOUTAR IV TURTN (Table 1.22)
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Ethanof (% viv), S.E. (x10)

Figure 1.15 Growth, ethanol fermentation, fermentable sugar utilization and S.E. of

M30 in molasses medium {18% FS and 0.05% ammonium sulfate) in

{ 10

6 12

18

24

30 36

Time {h)

42 48

—@—EIOH _o _Cells _g Fsugar (%) 4 S.E.

Cells {OD 660 nm), Fermentable sugar &
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5 | fermentor with 3 1 working volume, at 35°C and 300 rpm agitation speed

(result from 3 independent experiments)

Table 1.21 Flocculation of cells of M30 cultivated in molasses medium in 5 | fermentor

with 5 1 working volume at 35°C was measured as height of cells sediment

after standing culture broth in 25 ml cylinder.

Height of cell sediment {mm)
Time (h) 3 min 6 min 9min 12 min 15 min 30 min 60 min

NS NS NS NS NS NS NS

6 NS NS NS NS NS NS NS
12 NS NS NS NS NS NS NS
18 N3 NS 2 2 2 2 2
24 10 i3 11 9 8 6 4
30 11 8 8 6 6 4 4
36 6 6 5 5 5 5 3
42 7 7 6 6 ) 5 3
48 6 5 5 5 4 4 2

NS = np sediment: Result of the first experiment that M30 was cultivated at 35°C.
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o ey cllddq

1.6.23 A TUIUIAANNTINTZNINNTIIEN: HRANNIANEUTARNNTIA

wasigaanany lusevdneniainesiuash 35%0  ugaednlugaansusin 0-36 Falua
e e s = = v o o I
EARNTIRN A9 MIUGNTN 96.0-99.4% uar awiuiuan 42 dalus lu culture broth fams

L& 1

N aaNNTImgIndn 90% (Table 1.23)

Table 1.23 Direct count of total and viable cells of M30 during fermentation in molasses

medium (18% FS and 0.05% ammonium sulfate} in 5| fermentar with 3 |

working volume, at 35°C and 300 rpm agitation speed.

Time Nﬁmber of cells (cells/ml} Viable celi
(hr) Viable Dead Total %
0 7.06x10° 5.6x10° 7.40x10° 99.4
6 1.45%107 5.6x10° 1.51x10" 96.0
12 4.27x10° 1.67x10° 4.43x10' 96.4
18 8.25x10’ 3.06x10° 8.56x10 96.4
24 7.22x10° 8.3x10° 7.31x10" 98.8
30 7.50x107 1.94x10° 7.69x10 97.5
36 8.28x10 2.22x10° 8.50x10° 97.4
42 6.89x10° 5.26x10° 7.42x10" 92.9

Result from the second experiment that M30 was cultivated at 35°C.

1624 navesetgrangasainnimvinesues wedindululdwin

watuealuy: Enassdtigastas M30 Aldrzwdninisudnesiues luaimismn

] 14
zled 9 =l ey &

UmaTiinena At 18% wazuenluiiundawn 0.05% TeU5U pH Busuwini 4.5

TufowTn Fineumnll 35°% Taanasld culture broth WFunms 50 18, mnzadluemsnan

Yaatodn Uduamssan 250 wa. lurangiawim 500 1a. uwaztinlu incubator shaker

¥ ' i °
AuSe 110 Afvundt 7135%1 msramsialey waznswin Walssiiusmnastdaad
¥ i = o = & o 1
nduun iy msldiradifiengludals Asdsasdidstdngnmlunnswinesiusain

B aannimasasidioadiiieny 24, 30 uay 36 Falie Beldainmieminiestuealuda

ar

win uaninadyuaznisminesiues faanslu Table 1.24 Tnewgadeng 24 49l

]
L] ar

b =
Faindunn it wigyluamslmilédidanduaciiaaauinninaadeany 30 uay 36

Falus Faadyldiin q iy wiwadaig 30
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dala Waadinnndngadary 36 Falue (Table 1.25 uas Figure 1.15) uazidiefiansan
nauiniesIuea Wi easang 30 Solue wilniesuesluemsmiléGandnaadant
24 uaz 36 Talne Tnelfienuen 7.42%wv aen 24 dali ANUTARDNY 24 UAT
36 s dimiantdifundrdadmiuniminesueslval Wesues 6.08 uss
5.17%viv MaanpEafiude 24 4ale witedeny 2449t Wesiueagendn Ae
8.21%viv ilawiinu 42 datus 1u‘11m::'7fimaﬂ'mf436'fo°£m Setndunminiesiues
Ini Wiesuengegnites 6.56 %viv fonn 36 Galassasniaviin (Table 1.23 uay
Figure 1.16)

Table 1.24 Growth and ethanol fermentation of M30 in molasses medium (18% FS and

0.05% ammonium sulfate, pH 4.5) in 5 | fermentor with 3 1 working volume,

at 35°C and 300 rpm agitation speed.

Time (h) OD(660nm) Ethanol (%viv)
0 0.64 0.34
12 6.65 2.29
24 8.55 5.33
36 10.50 65.66
48 9.90 6.61

Table 1.25 Growth and ethanol fermentation in molasses mash {(18% RS and 0.05%

ammonium sulfate, pH 4.5) when culture broth of M30 at various ages that

cbhtained from ethanol fermentation in molasses mash at 35 °C was used as

inoculum. Incubation was performed in water-bath reciprocal shaker, 110

stroke/min at 35°C.

Time {h) 24 h culture broth 30 h culture broth 36 h culture broth
0 1.34 1.65 1.28 2.34 1.89 2.14

6 1.83 2.33 2.85 277 2.23 2.25

12 2.82 3.89 4.00 3.80 3.90 3.03

18 478 4.64 2.64 5.16 2.75 464

24 5.45 6.08 3.24 7.42 2.80 517

30 415 6.66 3.21 7.40 3.07 6.23

36 3.36 7.44 4.31 7.40 2.59 6.56

42 6.02 8.21 5.00 7.07 3.62 6.07
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Figure 1.16 Growth (a) and ethanol fermentation (b} in molasses mash (18% RS and
0.05% ammonium sulfate, pH 4.5) when culture broth of M30 at various
ages that obtained from ethanol fermentation in molasses mash at 35 °c

was used as inoculum. Incubation was performed in water-bath reciprocal

shaker, 110 stroke/min at 35°C.

r L 3
1.6.3 Anwamsanaznauyasess M30 Weninluatuzninuimia luwefivumes

i

gyl 33 %
] E 1
A wFunasvein® 33°%4 e wuda M30 uinldlesnues 6.72% viv M98 36

43139 (Table 1.26 and Figure 1.17) uazuaaseny 48 4alus § S.E. iy 0.23
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Table 1.26 Growth and ethanol fermentation of M30 in molasses medium (18% FS and

0.05% ammonium sulfate) in 5 | fermentor with 3 | working volume, at 33°C

and 300 rpm agitation speed.

Time (h) OD{660nm) Ethanol (%v/v) |Fermentable sugar (%)

0 0.35 0.22 18.26
6 0.85 .28 16.84

12 0.75 0.77 15.24

18 3.30 277 10.18

24 6.55 4.51 7.46

30 18.15 6.18 4.71

36 7.65 6.72 2.05

42 7.10 6.63 4.02

48 6.40 6.71 1.60

Ethanol (% viv)

12 18

24 30
Time (h)

—@— EtOH o Cells _yg— F sugar (%) |

s L
®

20

4 10

L=}

Cells {OD 660 nm), Fermentable sugar (%)

Figure 1.17 Growth, ethano! fermentation and fermentable sugar utilization of M30 in

molasses medium (18% FS and 0.05% ammonium sulfate) in 51 fermentor

with 3 | working volume, at 33°C and 300 rpm agitation speed.

1631 n1ednAINgeIaInznet: ANgradRsnentiy  Eudnldiendn

y ¥ =i ar d‘
U 18 daTue  Tremaemeld wiute 12 unil [demzneuls wReALUR 24 uas 30




9 1
4

t 1 i 1
falus TneiFeiliieny 36 ol fineanazneuiinindesny 30 falne Taeinarngeres
k4 :’J 1:1' & = cnl dp é‘ da; t‘f
znauldl Aausflium 3 il uazrougrresnznawfiunniy daudeiinens 42 42
N A f A
b mznauiipamgaiiniudn Jahasflumszpznewsedtaunalugiu wlidne
o X y
ASNOWTIIU UATNNNTY (Table 1.27)
e = ' 1 es a
WaauAinsanpznewluzliesrugaeenzney wudwasniatyly
2 1 1y
2wrnIntengs luaniazniewdniesiues Tgmgll 33% W mnugerenzney
2 ] rhi! s a Q -7 = 1] tﬁ‘ o o [] = 9 ] 4‘
Weandusaataniing 35 “g dntey luanieisnnndngadioning 37°e Enides uAile
= o o :’/ ' v 1 ur e
ey S.E. sassasiwiniesueauiu 48 deluady wudnbifimuunnsnadu Tneaeds

WReandniesues® 30, 33 uaz 37%1 I S.E. winfy 0.35, 0.33 uar 0.39 BYNANSy

Table 1.27 Flocculation of cells of M30 cultivated in molasses medium in 5 fermentor

with 5 | working volume at 33 °C was measured as height of cells sediment

after standing culture broth in 25 mi cylinder.

_ Height of cell sediment (mm)
Time {h) ; ; : ) ) , :
3 min 6 min 9 min 12 min 15min | 30 min 60 min

0 NS NS NS NS NS NS NS

B NS NS NS NS NS NS NS
12 NS NS NS NS NS NS NS
18 NS NS NS 5 5 3 3
24 NS NS NS 4 4 4 3
30 NS NS NS 4 4 3 3
36 1 6 6 5 5 4
42 5 5 4 4 4 4 3
48 5 5 5 4 4 4 4

NS = no sediment

1.6.3.2  [AMUIUUATINATDIAZNOWTAS: AMTUNITULRIWN wazdnane
vanzneuTasTacTARTitatgRws 24 Fale T widaadeng 24 dals Slaznew
mmmﬁnndﬁmaﬁmqﬁmrﬁi 30 datius Inenaadany 30-54 §akus Sunaliinansaaiuin
anifuiragent 30 Fatus wudwﬁm:nau‘\mandqm:n@uﬁluq NN 2 FZNaY ([N 11
AENau) daudnnumzneuTadiuLLlsFaud 4 aufie 11 AznewRu 1 AnmalaAns dou
gunaremznewtiy hidhum geanmsu Beunlaiiday lutsiidnmmunsduiy
fe 24-54 dalae FemradlulllfdmnatesnznaumedingiiaaReusizadany 24 St

(Table 1.28)
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1.6.3.3  [AMIBEARNHTIA LUTEMINAIIMITN: §MFLNITANRININTRE

darniiganlursndnanisusn TaaBusas 24 49709 wudad 24 fe 42 Folie dnuau

b7 1
IRANANNA (total count) 1HANATN 4.78x10" aa/ua. Wi 2.50 x10° wad/us. Taelu

1 Z H é H o i o H
22UT19%U culture broth NIAANNTIRA 92.3-96.7% Tauandsanpdasiunallaminy 35
o & '3 ;l ii raloda ] ] dl' -
1 ARLIaAelt 0-42 Faluei WuTARTTIAGINIT 90% Usiianinu 48
Falie AIUERRTIRNARAGIAR 6.72 x10" ad/ua uarilefiduiresgednitinen

aduNnAREguiy Aavderadiainiies 83.5% (Table 1.29)

Table 1.29 Direct count of total and viable cells of M30 during fermentation in molasses

medium (18% FS and 0.05% ammonium sulfate) in 5 | fermentor with 3 |

working volume, at 33°Cand 300 rpm agitation speed.

Time Nunﬂ;ber of cells {cells/ml) Viable cell
(hr) Viable Dezad Total %

24 4.61x10’ 1.67x10° 4.78x10 96.4
30 5.61x10° 1.67x10° 5.78x10 97.1
36 7.33x10° 5.56x10° 7.89x107 92.3
42 2.35x10° 1.50x10 2.50x10° 94.0
48 5.61x10" 1.11x10" 6.72x10" 83.5
54 3.39x10 1.67x10" 5.06x10" 67.0

1.6.4 AnwansanasnauTaeTed M30 Wananluanmsatniasia luwesinuses

Aampi 30 %

AwFuniswiniasauen luanmsnintimai 30 °1 wudalilesuangage
7.86%viv Anan 42 dalue uszliaadgandanisusdigauugian (Table 1.30 uaz Figure

1.18)
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Table 1.30 Growth and ethanol fermentation of M30 in molasses medium (18% FS

and 0.05% ammonium sulfate) in 5 | fermentor with 3 | working volume,

at 30°C and 300 rpm agitation speed.

Time (h) OD{660Nm) Ethanol (%v/v) | Fermentable sugar (%)
0 9.1 0.06 16.35
6 9.1 0.11 15.50

12 9.4 0.41 15.10
18 13.3 1.68 14.03
24 13.9 3.71 13.39
30 19.9 6.07 2.18
36 184 7.61 1.10
42 22.3 7.86 0.52
48 20.7 7.72 0.65
54 11.5 5.91 1.76

10 30

Ethanol {% v/v)

110

0

Cells (OD 660 nm), Fermentable sugar (%

6 6 12 18 24 30 36 42 48 54 60
Time {h)

—@—FEOH _o Cells _g F Sugar

Figure 1.18  Growth, ethanol fermentation and fermentable sugar utilization of M30

in molasses medium (18% FS and 0.05% ammonium suifate} in 5 |

fermentor with 3 | working volume, at 30°C and 300 rom agitation speed.
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o o [ 5 1 = L i LF
dmfunisinAnugeaenznausausasin nudGadalalesadiiany 24

1 b7 ¥ 1
dalus Toesanaliuny 12 Wil FeRanfinsraadlu culture broth HAMadnduga

a2
1

nanluneminfigungiau q Fahazdlufiidduradiildannismineswean 30 °4

7

fasmamnsoanaznauiesndusadnvinfigomgiiu  uazdiaeny 48 dalue Jauiu
ool o X L el ol =
nsENRENauTEaddaEaL weavidueguadifineanatnaud (Table 1.31)

Taenaadany 48 G9luedl S.E. winffy 0.35

Table 1.31 Flocculation of cells of M30 cultivated in molasses medium in 5 | fermentor

with 3 [ working volume at 30 °C was measured as height of cells sediment

after standing culture broth in 25 ml cylinder.

Time (h) Height of cell sediment {(mm)
3 min 6 min 9 min 12min | t5min | 30 min 60 min

’ N N N N N N N

° " N N N N N N
12 N N N N N N "
18 N N N N N N N
24 N N N 2 5 ) ;
30 N N N N 4 c -
36 N N N 5 P . .
47 N N N 3 5 6 6
48 10 10 g 7 - - -
b4 8 8 8 8 8 c -

NS = no sediment

1.7 nswiesNEAUAZNISANAENBLYEI M30 (RDiAEIsaNAL Sc90 Tuaus
nnea
Wadnwdnilaiies M30 saufu Scoo azinlfiannsananesueaiistwie
ol was M30 azgaeinli Sco0 mnpznawvidelal Fmaaaii M30 war Sco0 umln
waueaionfy Whzufumewinlay M30 sz 5090 Heq 1 atldensnninmad

Snmnasaad 18% uaswenTuilandams 0.05% USu pH Gusiumiaiu 4.5 warlinuy

water bath shaker 71 33°1 WANNIMARBLLAAYIN M30 Miladigaan (OD 16.68) #ilaa1
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]
=

18 dalua dau Sc90 witylMaadgegn (OD 15.85) 1 24 dolwe lwwourfidladas M30
WAz Sco0 sauru liasdggn (OD 15.73) fioar 30 dale dwsunismsiniesiueanes
M30 uaz Sc90 Miaetien 1 du wudminiesuesléivi 1 uaziin - Auniswlinie
sveaiiield M30 waz Sc90 fanfu lutaq 30 Falnawsn usfl 36 dalue naswiniesn
u@a‘ufaqéﬂuﬂwqﬂ TsrousA M30 waz Sce0 damamiingia uaze@mesuas ity
(Table 1.32 waz Figure 1.19)

daunsnALNauTRL TR NIeE AR 48 $aTue WudTRgIeY M30 §
At 1 finemneznevdiign Taefl SE. Wit 0.50 U TWAL NN ARELEY 7 T
Humn Sc90 lusnmznau (S.E. = 0.05) LAzISalREY M30 $auf Sca0 Faen S.E. iy
0.36 dedindnen S.E. 189 MSEJ e 7 (Table 1.33)

LaMIMARdad nmminiesuesiaeldeaasaiia A M30 uay Sc90 o

v L v, . X X Y My, -
futy Wigdaelfnnsminesuessiu Wasusanindy wenanntihu M30 Llledaasuld

Sc90 ANAZNEY N1ITANT M30 uaT Sco0 agdnufiu FlinmmnAznauRIes

Table 1.31 Growth and ethano! fermentation of M30, Sc90 and mixture M30 and Sc80
of in molasses mash (18% RS and 0.05% ammonium sulfate and pH 4.5).
Incubation was performed in water-bath reciprocal shaker, 110 stroke/min

at 33°C.
M30 Sc90 M30+S¢80

Time ()| Growth | EIOH | Growth | EtOH | Growth | EtOH
OD660 Y%viv oDe&60o Soviv oDes0 Y%eviv

0 009 | 063 1.83 | 0.61 2.44 0.60
6 039 | 1.11 413 | 097 3.85 1.04
12 12.23 | 3.21 633 | 2.24 11.20 2.96
18 16.68 | 5.92 12.80 | 5.01 13.48 5.28
24 1270 | 652 15.85 | 6.23 13.88 6.07
30 1250 | 6.55 13.75 | 660 156.73 6.72
36 1465 | 7.13 14.63 | 7.1 14.43 6.65
48 2488 | 7.76 1733 | 7.36 16.25 6.69
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Figure 1.19 Growth (a) and ethanol fermentation (b} of M30, Sc90 and mixture M30 and

Table 1.33

Sc30 of in molasses mash {(18% RS and 0.05% ammaonium sulfate and pH
4.5). Incubation was performed in water-bath reciprocal shaker, 110

stroke/min at 33°C.

Flocculation expressed as S.E. of cells of M30, Sc90 and mixture M30
cultivated in molasses mash containing 18% RS and 0.05% ammonium

sulfate and pH 4.5. Incubation was performed in water-bath reciprocal

shaker, 110 stroke/min at 33°C for 48 h.

Strain S.E.
M30 0.50
Sc90 0.05

M30 + 5c90 0.36
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1.8 NITUNMIREINAALVL repeated batch 189 M30 lua1m1snInu678
luwaran
TAnaaeansinasiues fedan1sudinuuL repeated batch 989 M30 1ot
sntsvaasdlunaiad wedlunisdszdivanuduluiglunisia repeated batch
e o 4 o a d N ¥
Faen Taazansiunsianiaranisdes® 2 lunmesedidasninuims Uiunes

L4
= 2

250 findans lurarattuns 500 ams ATiiAnaTaad 18% uazweanlutieudamng.05%

& ] 1 1
pH 4.5 1islu water bath shaker 110 AN %35 %1 uamdlandnuiwe 36 Falng
Famzinnnasay uazmnududuradeses aantusieliils 7 ieligsdanaznauuiu
30w Tulm culture broth dauuuean Wwda culture broth NTEagANAENeWRY 100
ua. ENawsnininanslud WS unmnesan 250 ua. uazinisuinauasy 36 Falu
13 ¥
MULUANTEN 2 AT
1 s L%
NANIINAREILEAATIRINATINT repeated batch Hiavum 3 ATty Usunm
q 1 13
WwaNUaaTANTWlNNNIN repeated batch tdumnsineiudn Taelunnann repeated batch
13 1 1 1 t
AR 1 Bunouesuesfindsls Aa 3.74%viv (W uaaluamash 0 d9luq - wsiuesiy
2T 36 Faluq) daunnsm repeated batch AT 2 uax AR 3 NS WEAT
uanld Ao 3.13 uar 3.31 %viv AINAAU  (Table 1.34 uay Figure 1.20) atnalsfiau
= = L at e o o ét’ P . :‘r ) Py 1
dladaufuniswinesiuealu batch usn Hld¥ndnTad active ¥i WuIHARESTNAR L4
) ] 1 1 1 A
sinngn Feenadhunszmadedluszazili active wirfuadianglesfldidundite Tu
N19§9N batch Wsn
e L dy o o2 o =4
FatiuR N a9ANTate wazanuaulalunimdnuul repeated batch Ag 918l
ARIRATIN LN ANAMTUNINA repeated batch Tefaaiiwarasnisuinfiginisnlvia
9 L 8
§148ARINITNTUgIFIE
Table 1.34 Growth and ethanol fermentation of M30 in molasses mash {18% RS and
0.05% ammonium sulfate and pH 4.5} in repeated batch fermentation.

Incubation was performed in water-bath reciprocal shaker, 110 stroke/min
at 35°C.

Batch Repeat batch 1 | Repeat batch 2 | Repeat batch 3

Time (h) | Growth | EtOH | Growth | EtOH | Growth | EtOH | Growth | EtOH
0D660 | %viv | ODB6D | Y%vAv | ODBBO | %wviv | ODBBO0 | %viv

0 2.82 0.19 872 2.65 478 2.49 9.75 2.11

36 14.88 7.09 | 1497 | 639 |14.76 562 |15.87 5.42
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Ethanol (% viv)
Cells (OD 660 nm)

0 36 72 108 144
Time (h}

—o—EtOH g Cells

Figure 1.20 Growth (a) and ethanol fermentation (b} of M30 in molasses mash (18%
FS and 0.05% ammonium sulfate and pH 4.5) in repeated batch

fermentation. Incubation was performed in water-bath reciprocai shaker,

110 stroke/min at 35°C.

1.9 msmnmzneuszwInmsusiniasiuas luammsmnims luiwesiuaasd
yuIm 100 Ams 71359
1.9.7 NIARTYUAZNITUNNBEIUDA
¥ A nmnnsanaznaulussdnamasinesuesluensnaninag AL
AaTand 18% wanlulandams 0.05% uarilunaianlalalasiauraavs 0.01% pH
45 Uiunoe 80 ame luwefundimes auim 100 &me  Tealuszudnanisminaqum

grunniilfiniu 35°C war agitation i1y 200 seusieutil Tesnliunisiaalasanig
dauf 2 annianesas wudwaeinnnesayreudnedn ualfiasues 8.38%vy At
42 Fala9 (Table 1.35 way Figue 1.21) (A wfumuaniBaananisiasey n1sudn waz

nslmmeinansvases Weanlasnistiany 2)

1.9.1 nasanazneulugLeed S.E.

1921 msanaznanluglees S.E o Wadimmsinisanazneulugilaes SE

wudnadlil culture broth @1g 42 Falie finnsanmznaugega W SE. winriu 0.72

(Table 1.35 uag Figure 1.22) egandinewinludaminnn 5 &ns uazlfamsails
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Wweaiu 3 Ans wazmauauguupiinaeaneinlivingu 35 °C 39l S.E. 0.59 #3099

114 (Table 1.20)

Table 1. 35 Growth, ethancl fermentation, fermentable sugar utilization and S.E. of M30
in molasses medium (21% fermentable sugar, 0.05% ammonium suifate and
0.01% potassium dihydrogen phosphate) in 100 | fermentor with 80 |
working volume, at 35°C and 200 rpm agitation speed.

Time {h) CD EtOH Fermentable S.E.
{(660nm) (Yoviv) sugar (%)

0 0.25 0.26 21.07 0.15
6 1.77 0.67 22.25 0.19
12 4.85 2.67 15.52 0.15
18 5.75 4.44 12.58 0.14
24 5.45 5.70 8.98 0.24
30 6.10 6.85 515 0.49
36 4.00 7.71 3.28 0.53
42 5.30 8.38 1.49 0.72
48 515 8.10 2.64 0.47

10 2

g

205

g 8

5 &

£ 10F

[H] [=

(=]

8

[a]

1 e

L L 1 i L i . 0 §

Q 6 12 18 24 30 36 42 48 54

Time (h)

. _@—EtOH _gCells _g F sugar (%) |

Figure 1.21 Growth, ethanol fermentation, fermentable sugar utilization and S.E. of
M30 in molasses medium {21% fermentable sugar, 0.05% ammonium
sulfate and 0.01% potassium dihydrogen phosphate) in 100 | farmentor
with 80 § working volume, at 35°C and 200 rpm agitation speed.
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0.8

SedImentation Effeciency (5.E)

Timeth)

Figure 1.22 Flocculation expressed as S.E. of M30 cultivated in molasses medium in

100 | fermentor with 80 | working volume at 35°C.

1.8.2.2  AINGITEATNAY AINNM9HE culture broth RillengFe 7 M w1ld

1
= -]

cylinder TUIA 25 NA. LATTAAIINGITIAZNBUIINTAN 7 WudEuiunsSLA T8
] 1 ¥
as uazANAznaw LA culture both 81g 12 Foli  Tandanrugeldndaanasly 30
= . o = ad a o o
w1 dou culture broth 8¢ 18 Falie Hnvsanaznawpan Inmlsudiusnnisiidnmany
L v U '3 t
geremznaulAfue 12 unil uasufaniusadiinisanaznauiaay ledaInanunTm
v v
Fapnugrasnsnau IiFwssaliun 3wl (Table 1.35) ann13dnAMNGIIRS culture
1 H 1 L1 H
broth @1g) 48 Faliy wudnflanugezesaznau dinnd1anauvia q 1l culture broth
sl ir & ] o o e » :: | = gl &

aaR A NdRdun 1 AU 42 dolie Anfudahadiamssgsdineanaznawios

ndn Geassadasiud S.E. 7 48 dalue TefiAweands S.E eimndans 42 Falus

1.9.23 AMUIULAZIUIATEIAZNDN: HANIFILANNIU LasIATUIATBIRLNAL
wed  wansdnfinznausadanuautesusray 0-6 4olue wAdawlnuay 12 dalue wull
hid [ 3 5 o :‘, dll d’) = g fﬂlld '
uunznadasunIuiany vanamiudladefianguindu pznaugadntawa g
3 . & B . X
AU uay B91uounndy ag cutture broth 81g 0 F9lie WURZNAULTAR 3 AENAW/HLY

1 1 ¥
1un’? Adswaduigudnanasaduiaiasminiumiaiy 14.81-18.57 7 25.98-37.04
o 2 X .
Tulasiums  uaziila cuiture broth AENINTW TWIATBIAZNBUIME Y WRTITARENY 30
2 - o « 2 . .
Falue prnewteasdtlawalugifige ussawraraudniies Walradany 36 dalus

LASMAIRINTIRNATaIAznay AR tuAN ANy
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wan 42 F9lue WUATNEWTAR 8 RENawNLT 1 4N AENAUTARTITUA 14.81/14.81 -

44.44/66.66 lulasmng (Table 1.37)

Table 1.36 Flocculation of cells of M30 cultivated in molasses medium in 100 |

fermentor with 80 | working volume at 35°C was measured as height of cells

sediment after standing culture broth in 25 ml cylinder.

Height of cell sediment (mm)
Time {h)
3 min 6 min Smin ]12 min 15 min | 30 min | 60 min

0 NS NS NS NS NS NS NS

6 NS NS NS NS NS NS NS
12 NS NS NS NS NS 8 9
18 NS NS NS 8 6 & 8
24 NS NS NS Error 8 6 6
30 4 4 4 3 5 6 5
36 4 Error Error 3 5 6 5
42 3 4 4 4 4 3 2
48 7 6 7 7 7 6 9]
NS = no sediment

12
s

1924 Annwrediiasnlurinanimin: annsAnmduauTadia
wnalatn9via wet mount 11 methyene blue SULTAATRTARN warbii®in Tenaines
methylene blue wudfleGusunisvin Sunuadiauaiafy 6.72 X 10° 1rad/ua.
Ineranunfugadiiin ewtnuiu 6 dalus eradifsdnuoumths 2.95 X 107 wad/aun
Tnelusunubuaadindin 2.01 X 107 wad/as (vinfu 98.64% mawﬁaﬁﬁ’wum) 1N
duiilenny 12, 18 uar 24 2l AusweadRiInliuansneiy Ae 4.60 X 107, 4.92 X
107,438 X 107 wad/un. Audafy ediefeufusuanaadiomande wudndurad
AilT9m 99.35, 96.66 WAY 92.4 1% AMAIFU  uanadn 1 culture broth HaadiiTIRludR
doufirins wasileniu 30 4alus vedand uausariudeafulefiaufeaaadii
Fnluradrouunanas Weiieuiulefiduisusadidin syndnenimmainaes M30 Tu
faudnawedn Tonmgfidanty i ludminluioadidan fefduding,

{Table 1.38)
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Table 1. 38 Direct count of toial and viable cells of M30 during fermentation in molasses
medium (21% ferm&ntable sugar, 0.05% ammonium sulfate and 0.01%
potassium dihydrbgen phosphate) in 100 | fermentor with 80 | working volume,

at 35°C and 200 rpm agitation speed.

Time Number of cells (cells/ml) Viable cell
thr) Viable Dead Total %
0 6.72x10° 0 6.72x10° 100
6 2.91x10° 3.89x10° 2.95x10" 98.64
12 4.60x10" 3.33x10° 4.63x10 99.35
18 4.92x10 1.67x10° 5.09x10" 96.66
24 4.38x10 3.67x10° 4.74x10 92.41
30 3.98x10 6.00x10° | » 4.58x10" 86.90
36 2.63x10 4.33x10° 3.07x10 86.67
42 3.47x10° 8.50x10° 4.32x10" 80.32
48 4.46x10 6.89x10° 5.15x10' 86.60

1.924 AMSTUANUIUIDLUNAIINNITLANMIA (bud scare): IRBANENENE T8

= 1

[l v .
wamnglduannisdnaadntangnindnisuanuananani waﬁﬁﬁ\ﬂﬂ EHARNNIZUWANTUE

o

X . . ¥ v e -
1NN aeldnaaesingagainnisudnesiuaalue msnaninang daviinauna 100 /e

. , d
35°C Wasasasuaaannnisuanya Taeld electron microscope tan1sasaaililmnnui
1 ¥ ' ,
papzuuld Ao ladnlangiasiinisuanuieianaie S1UILIBULHAIINNITUANTUEE HINNN
= PP . o > . | o o 3
\IRARNELAN TiSnsuAnMIN A NUAEASs uilumemasathiansiid RN L

W NITASHAMIUHINUATINIZNEN NI (Figure 1.22 Uax Figure 2.23)
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Figure 1.22 Electron micrographs of cells and some bud scars of M30 cultivated for 30 hin

molasses medium (21% fermentable sugar, 0.05% ammonium sulfate and 0.01%

potassium dihydrogen phosphate) in 100 | fermentor with 80 | working volume, at

35°C and 200 rom agitation speed. (arrow = bud scar)
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Figure 1.23 Electron micrographs of cells and some bud scars of M30 cultivated for 36 h in

molasses medium (21% fermentable sugar, 0.05% ammanium sulfate and 0.01%
potassium dinydrogen phosphate) in 100 | fermentor with 8G | working volume, at

35°C and 200 rpm agitation speed. (arrow = bud scar)
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1.10 NSANHINAYBNUDSIUBAFDNITIATUTEI M30
Wasnasuesanudindugeiinasaninaiy uaznmmines uessesdan s
::' = a o fﬁi‘ | L T as rdl o ar
uugasaeiugimuesuesnnidnduge anduseiugivunzd wivldlugeramnssunis
WAmesIuea  Wanesueanududugaiiareiugiu 4 sdald lidudenansiguasnns
ar <t o ﬁi =l o ar ::r == 8 al - 1 = %‘»
win vsedudufisndnles Anhidslddnmnareansueaniiinaslildenisiasyees M30 v
NITIRTYUUEINIE TelinanTiauiani uavluamwiliwinesiuas
dwiunaradesuesiiinashlson naiores M30 Anm Taevinnag streak 1ia

unamsudanninmeRTiinaaI AT 2% wenluduadaine 0.05% waziiiniesTues 0-8%viv
Wazunamsuda YPD Fidaases 0-8%viv Lk 28-30%7 mmqmm?‘cy'ﬁ 2,4,6 uax 8
T HANIMARSIEAIN LNEMMILEINANTNAARRNOSTUEA 0-3 Y%viv NAIATEyaae M30
Tdfimnuuansnsdaay uﬁimi‘ﬁ?‘fyﬁﬂmLﬁﬂlﬁmﬂﬁﬂuﬂﬂlumw}i‘ﬂ"m‘li’lb’l'}ﬂ 4% TmEnisiagey
ardasandieduesiues 5 %viv (Table 1.39) dauamisuda YPD TALIe5118R 05 %viv
niastyees M30 lalumnsineiu WFRMRITIRIRUAEER 6%y HALARIIINNTEIATE8E7
ueafiBuatluemnsniminanaunands ?é'w','m:ﬁmm&]mnm?mumnﬁwmaLﬂqﬁmﬁ?{ﬁma
dudanaaduestiafedguds Ariunasutesasiudifiegiunininmatiesiues axdeng

o ¥ oo &
NATHUERNTULTITUY

Table 1.39 Growth of M30 in molasses (M) agar and YPD agar containing 0-8%v/v ethanol

at room temperature.

c Incubation {days)
thanol > p " 3
added (%v/iv)
M YPD M YPD M YPD M YPD
0 ++ +++ ++ +H++ |+ | A4+ it |
1 ++ +++ ++ ++++ +++ e+ +++ ++++
2 ++ +++ ++ ++++ |+ | A +4++ Lt
3 ++ +++ ++ ++++ +++ +4+++ +++ +4++4+
4 ++ +++ ++ ++++ ++ +4++ ++ 44+
5 + +++ ++ +++ ++ +H+++ ++ ++++
6 + ++ ++ +++ ++ 45 ++ +++
7 + ++ + +++ ++ +++ ++ +++
8 + ++ + +++ ++ +++ ++ +4++
M = molasses agar YPD = yeast extract peptone dextrose agar
++++ = very good growth +++ = good growth

++ = growth + = low growth
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2‘5Quﬂ'1?L’ﬁﬂﬂﬂﬂﬂ’]ﬂﬂﬂi‘ﬁﬁﬂLﬂﬁ’m’ﬂﬂ'l’fu naseslnglFamnsmaanintnmaiitn
a3hiod 5% wanludflendan 0.05% UATFNLEMEA O, 5 UAT 8%V UATBIMITINAY YPD
fifuies1uan 0-8%viv Liailu water bath shaker 110 afoandt # 35 °1 AFIAMNTIRTEYNN ]
1299709 HANIMARBIUAAIINBIMITMAINININAATIFIEIUER 5%VA M30 fimaigi
ﬂ’i’l'l.u‘a’m’l?ﬂ’]ﬂﬁ’wﬂﬂ‘ﬁl\lﬁlﬁuLﬂﬁﬂu‘ﬂamﬂﬂ"hﬂ?ia (AARILTTHNL 67%) Toed 36 dalne Ty
NI RRHIBETUER 5%viv l%'am?ru'l.ﬁﬂmmju 6.41 Tusourilugmnsnaniin
arafllaiifinies1ues M30 hnldpnugu e 1979 uarluannsiidn ws1ues 8%viv da
Tdiwsry  dmfumaeigluamisvas YPD fidmesien wuuanm‘fuﬂ?qn'ww?msia M30
'l luduesdeaiy Taodlefinesues 5% mssiyasadia 75% sasnnssggluanmst
TaiRses 11484 tﬂﬂtﬁﬂumm‘ém TuamamaInINtAMaRLawMNs YPD WU'J"IL%‘BL‘I?‘L‘U'LU
amsn1minana ldrndneinsian YPD inn TuawnsitliBuisswes uiiflamuesen
NITLASTYARGININN 7 T4 Lisluewnsfidinies ues 5 e 8%viv (Table 1.39 uas Figure

1.22)

Table 1.39 Growth of M30 in molasses mash and YPD broth containing 0, 5 and 8%v/v

ethanol in water bath shaker, 110 strokes/min at 35 °C.

0%wv/v ethanol 5%vwv/v ethanol 8%vi/v ethano!
Time (h)

M YPD M YPD M YPD
0 1.51 0.90 1.39 0.70 1.45 0.66
12 13.39 34.53 2.72 4.31 2.11 0.74
24 13.76 31.60 4.89 7.78 1.89 0.62
36 13.79 30.90 6.42 7.23 1.40 1.40
48 19.79 17.65 4 4% 2.63 1.33 1.33
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Figure 1.22 Growth of M30 in molasses mash and YPD broth containing 0, 5 and

8%viv ethanol in water bath shaker, 110 strokes/min at 35 °C.

83



2. BaspnaznaudmiunsuARSaRaMTART
avnsalunz3sns
1. Basi 4 lun1snanes e
- Saccharomyces cerevisiae S UNUFANATNRUITNIU 4 A Eiug Ag AM12, TJT,
TJ3 uay M30
- S. cerevisiae anauFTSaLifins AN NsREnaY annig A RL-6, MR-195,
MRF-44, MRF-65 Way MRF-65-UV89
- S. cerevisive 5090 TufhumeiuflianaznaudilFlugmamnssuntsmin
waanagad Wlszinalng
- Candida utilis IFRPDB014  {lafuAneyasiziainaatidqauasimnnngn

AtUFa1ug)

2. masdenndite
ﬂ"]ﬂl,%m'm stock adlu Yeast extract peptone dextrose (YPD) agar slant ﬂu‘fﬁ.
grungfivestlszancs 24 4ol aandutaess YPD broth fifinglaa 1 % Bues 25 ua. lu
Erlenmeyer flask 250 14. LA LLL rotary A91NIE7 160 rpm 7 37% sz 24 4
e Thusniraddo centrifuge 5,000 rpm 5-10 11# drafaernndutliAannide 2 af uasiin

E 1 k4 ¥ v
damuduluiindudsAanide daaugui 660 wiluwns Widundiae

3. nsidendaluemenamimig
msdeadeuuifennialy Edenmeyer flask 2w1m 250 a1a. U3T981MN7 50 H8.
IneldenmsniminanafilinFunaliihimeiand uasinaiouaz Furnmsunadlulnna
pfitualuusinznsmaaet saaiinniy pH Budy mufinnvusluusdsznimaaes ns
Ladenuneiaanuuy rotary A1aE7 160 pm navarugagiianafitiuueluusiazns

NEAE

Y ¥ ¥
4. nIFAENTS e ITNInINa Y

13 2
nnnsi@sEauu1fainielu Erlenmeyer flask 4W1A 250 H. LSF38M1F 50 M4

b ] 2 ) :1 = , - e
Ineldarmsitnindidminenanglea Wedfinfunaldiinanasaedivinnu 2% visaliviu

14 ! 1°
Wme deazssyluusarnimases weiinsliawaziFunomssunaslulanausnaiidouualy

2
= ]

WARZANTVABEY PIURINPUSL pH Gusii Arufifvualulascn1anaass NMeLNmenILIY

LASBALTEINULIL rotary A2TNLTY 160 rom UATAILGMNRAHTNMUA INUARZNNINARES
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5. mMaaared

- nsatey Tnednnannguasaagsiag Spectrophotometer AN LN PRUE
660 wrluwmAs uaz nsutaminui

- Burueaelusiuluaas Tnald98ue9 Lowery-Folin (Norris and Ribbon, 1971)

- audidutnanaiaed laeis Nelson Somogyi (Norris and Ribbon, 1971)
wazinunnsld HPLC (Hewlett Packard, Series 1100) 842901 hydrolysis

- anadindwesuealasld Gas Chromatography (Shimadzu GCOA with
C-R3A recorder) wazld propanol LU internal standard

- meanmznew dalugifaes Sedimentation Efficiency (S.E.) | mMNR5184 Limtong
(1987) 593 17 culture broth 8 8. 3EANTL 0.1M EDTA 1 N8, {ANTLAIUMad WAsRNn
A 1 A, FmAnuguil 660 uluiums A It mualiifhudn A v culture broth 3n 8 ua. 1
uanTl 0.1M EDTA 1 5A. Az 1M CaCl, , pH 5.0 iewiuaih Wisadmunguiidnais feld
10ud el isadanaznauasgfi TvstmatdLu AR NguT 660 wiluimas AL
fuvueliifiudr B Ausnsrnsanmzneumugamdellil SE = 1-B/A § 13U SE. e 0-1
ot 61 S.E. flAiniu 1 uansdraadanazneuldgegn uasiadwiiasann 1 uanedaniean
AENAURARS

- meanazney daluglAtnugasneazna: 1 culture broth 1114 cylinder 1WA
25 18, AUIAT WATIAAINGITIATNEN (sediment) uﬁqmnr}%ﬂf’i 3,6,09,12, 15, 30 uaz 60
Ui

- Snauapnznen TaevEANMNIMNINA AT Ia1sng 7 AU
hemacytometer Tasat cover glass daadeendesqanssailagld objective fdzene 20
Wi weridRaleenanwauAeT Tusuaunzneued wazinmnssesmznawlaglddussia
Faanaeis wdafeudhaunefiuiade Tasn calivration sewinglfiussiiariy stage
micrometer

L
o ar

o B o o rc{lalﬂa.
- uduuadRanualatNIgR1 wet mount Tu methylene bive  ULLARKANHTIR

1 1
9 [ | Slala S =

d¢lsifeddladanfan methylene blue wazitadnifidin FafindunRuans methylene blue
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HANITNARRY

o = =l ¥ ar
2.1 g@nnnaznaudmiunsuinisnarnsdng Waldmnurenadludusimnm
2.1.1 ARLAEN S. cerevisiae A1EAUE nANITIST AR TUSAUgU BRI luR IS
& <f -
NINYIIR NYUNDIFA
A w A = o w oAl A € rHyo o e L. > o gt
wadmsondesdwiuliniadaiaimisdnd Iaintian S. cerevisiae YIATLRUEH
b4 v 1
Ansznauwalianazneuw mAnRanlaan aRmdadluamisnImies uazAndananougi
el f: ar i o rgr
wyled AldsAuaniadviavua (total protein) 14 culture broth w&snfinlfadviavus
E ) 1 4
U culture broth Huuan FazFundllsiuimungs usy Alusiulugsd (protein content) 44
° & o 4 ada ¥ e .
NINRENEIAA IUEMITNINUANRNNLNANATRAM 2% (glucose equivalent) UAY
wanTuHautamn 0.05% pH 4.5 luraad Tredfu pH 1aeaimstidivinguy 4.5 Aoadndv
waaaEaRy daluarngui 660 unTuuns (0D, Wit 0.5 tnuwATaatg Ul
37°9  HANITNARDILAAYINTAGTE MR-195, RL-6, MRF-44, MRF-65 Ay MRF-65-UV89 H#in
i £ v 1
S.E. AN1N wih 4 fugadaas Scoo Sdhinnaznew (0.07) AniuAsdndndasdaneiudindiiduy
taflimnnznan Tusouzi M30 Insanpznew 1 S.E. winfu 0.36 Wakasuiu 48 4aluy 14

gandraniugannznauBuynaeiug (Taole 2.1)

Table 2.1 Flocculation expressed as sedimentation efficiency (S.E.} at 48 h cultivation.

Strain Sedimentation efficiency
MR-195 0.07
RL-6 0.08
MRF-44 0.06
MRF-65 0.05
MRF-65-UV89 0.04
Sca0 0.07
AM12 0.12
M30 0.36
TJ1 0.14
TJ3 0.28

\Hefiarsannisaiyrastiafanaiuiilinnaznay wudn RL-6 finsageyliieas
o - 1 ar d ] . - P
gega Ae 11.36 nfwAms Gagandnaneiugaulsssnc 2 vih (Table 2.2, Figure 2.1a) uazilies

= =y

s ‘c’/ r 1', [ 2 t:il e
aanfinnasge duiuddnalianEunadlsfuannisadianualu culture broth #63INTINT
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T

9 2’/ :’/ 1 ] = ar ] ]
Igaavianalu culture broth Suusn TeazBandnlusiiuianun gamulifon Dawhudaen
=l red ] | & o :’r Y]
Isinlumaslifinnuuansnsatidmiau (Table 2.2, Figure 2.1b Uas 2.1c)  saThideAm@an

RL-6 duduAnwasialyl

Table 2.2 Growth and total protein of MR-195, RL-6, MR-F65, F65-UV89 and MR-F44 in
molasses medium containing 2% glucose equivalent sugar concentration and
0.05% ammonium sulfate and incubated in rotary shaker, 160 rpm, at 37°c.

Time MR-195 RL-6 MR-FE5 F65-UVB9 MR-F44
{h) Dw TP Dw P DW TP DW TP Dw TP

0 0.24 007 | 023 | 009 0.27 | 0.11 0.30 | 0.11 023 | 0.10

24 3.53 1.27 563 | 242 3.76 1.69 3.78 1.55 3.09 | 1.42

48 3.90 1.33 | 1044 | 3.03 578 [ 2.14 448 | 2.06 4.03 1.97

72 4.51 176 | 11.36 | 2.61 4.81 216 454 | 200 3.00 | 1.67

96 1.72 ND 0.47 ND 1.43 ND 2.18 ND 1.42 ND

OW = dry weight; g/l TP = total protein; g/
3 ar - =l =l rdl 2‘; ARI (A o
amFunsiasyuarilsmulediaimannznausani Sco0 Tadluamaiuginfiay
= 5’, ] oy 9 & ) -gll di = 1 1 - or
Wi wudn AM12 iy Ifsadgegagendimedu inausaawin Inaliiaad 11.16 nfu/dns
win Ay RL6 uardausidrAtsiiunislugadaas AM12 aan 40 2l Aeudnesn usad
13 ] 9/
TusFuiavnadagandrateWugsu (Table 2.3 uaz Figure 2.2) fathiRsdmAan AM12 §1miuns
Anwsialll wanaindudiasain M30 fnnsmnaznauAndiatewugau Seazinns@nmfianis

= o= L8 {27
HAFLTARLAADINITERIA0E

Table 2.3 Growth and total protein of Sc90, AM12, M30, TJ1 and TJ3 in molasses medium

containing 2% glucose equivalent sugar concentration and 0.05% ammonium

sylfate, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°C.

Time Sc90 AM12 M30 TJ1 TJ3
(h) DW TP DwW TP DW P DwW TP DW TP

0 0.26 0.09 | 0.23 0.08 | 0.24 | 0.07 025 |1 009 | 032 | 012

24 4.52 1.95| 4.75 1.90| 416 [ 150 | 470 | 202 | 397 | 1.83

48 7.7 1.87 [ 11.16 223 576 | 219 7.03 | 1.97 | 652 | 2.02

72 4.51 2.03 | 8.82 229 534 | 1.81 769 | 215 | 592 | 207

96 1.72 ND 5.85 ND 447 ND 6.42 ND 3.50 ND

DW = dry weight; g/l TP = total protein; g/
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Dry waight {g/1)

Total protein (g/)

50 |
40
30 g

20 |

Protein (g/100 gDW)

10 }

0 24 48 72 96
Time (h)

—o—MR195 _5 RL6 __ 4 MR-F65 _g_ F65UVBY g MR-Fd4

Figure 2.1 Growth (a}, total protein {(b) and protein content (c) of MR-195, RL-6,
MR-F65, F65-UV89 and MR-F44 cultivated in molasses medium containing

2% glucose equivalent sugar concentration and 0.05% ammonium sulfate,

pH 4.5, and incubated in rotary shaker, 160 rpm, at a7°c.
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Dry weight (g/l)

Total protein (g/l)

Protein {g/100 gDW)

0 24 48 72 96
Time (h}

_e_SCQO _E_AMTQ +M30 _.._TJ1 +TJ3

Figure 2.2 Growth (a), total protein () and protein content (c) of 8¢90, AM12, M30, F65- TJ1
and TJ3 cultivated in molasses medium containing 2% glucose equivalent sugar

concentration and 0,05% ammonium sulfate, pH 4.5, and incubated in rotary

shaker, 160 rpm, at a7°c.
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o @ = - [ 5
2.1.2 Anwrdamazivuizandrvsunisuangas wnensusnuunlvatnia lu
2snIndIAe iauunigs luviesljusanis

Wamanasiimnsanduiunsnantassasanaiugnaniaanld RL-6, AM12

L]
= <

waz M30 Tpsniswidnuuuldennia lusmsnimiima fgomgiige dedludeyadwmiunag

a

uarlulannstan 2 fatyl

R o gl e A H o e <
2.1.2.1  nnpesgafaeRugnn@anidluammininaaiduenludley
ar =] = LI g I} !
dauin vizagFuanududusig q uunadlulane
o 4:’{’ .dlll iu‘r 1:? - Sod %’ e .
nnsiRas@aluanmminiianga vUfuldvaa At 2% (glucose equivalent)
uaziuanudlandawn udu 005, 0.1 war 0.2 % vide g Fuidndu 0.03, 0.05 uar 0.1 %
wsslulasian Taesu pH aesemsliiviniy 45 ArmduduresssdBusuindu oD, win
AU 0.5 uarLnuueTasatwuL rotary 1 37°1
' © [ ::' dl .;J ﬂ!‘ﬂi =y 1
HANITUARIINEIMTY RL-6 TU iWaideluamnsnlyGeduumaslulnsiau vn
kg i == 1
Arudndumefinisasyitonna (biomass) gandnileldusnlundendames Daufidnly 24
* & 1 1] v
faluausn vawieydindt leeilawseluewsiiy Gy 0.1% Wu RL-6 Wiaad 11.93 niu/ang
! 13 ] 9 ]
wridaRansoun Tdsiniananudnfiadeiuaimefiduenlndoutamn 0.2 % RL-6 TWlUshiu
viannagendrlummisan alerdumendieldyGodumalulanay gBudadiunisaioy
& ' o o 2 - ' | i | : =i
raate limndtuenlifieldaia Mldlfasduanndt wiilssang@aildiluunalulnaaui
Purudnfia ldieanefiasduansiuazaranlugadluglaeslusiin fualilusiuluaad

=

sreenufunuTUsRwtnminuad 100 nd (of 100gDW) FiFen (Figure 2.3¢) wasilolusiu
Fouuasnday RL-6 Lﬁmgmlugﬁﬂ fnnslithanaiinds uas freseaaisdundntesly
921 24 Falueusn uazmeliudeanndi athelsfmuoudirluernsiidyde 0.1% RL-6 U
Tdsfufemasnduileluentufondann usfdninfiesdntes szneutudefansantu
wdre4911 g Guilsaniealszinm 10% eduenludisndama faulunnsmasasseliia

wwanldeGe 0.1% Wuuuaalulnsiau (Table 2.4, 2.5 uay Figure 2.3)
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Table 2.4 Growth and total protein of RL-6 in molasses medium containing 2% glucose

equivalent sugar concentration and various concentrations of ammonium sulfate

or urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°C.

Time Ammonium sulfate Urea
) 0.05% 0.1% 0.2% 0.03% 0.05% 0.1%
Dw ! TP | DW | TP | DW | TP | DW | TP | DW | TP Dw | TP

0 | 023§ 009 |023 | 009|026 | 009 | 023|009 | 023|009 |023 | 008
24 | 441 | 168 | 527 | 253 | 481 | 216 | 321 | 1.54 | 252 | 133 | 311 | 148
48 | 657 | 223 | 720 | 252 | 7.34 | 315 | 689 | 234 | 585 | 217 | 9.00 | 2.61
72 | 6.04 | 202 | 752 | 278 | 6.93 | 298 | 945 | 274 | 891 | 2.58 | 11.07 | 277
96 | 6.98 | 244 | 644 | 264 | 770 | 3.39 | 1026 | 2.46 11098 | 275 | 11.93 | 2.86

DW = dry weight; g/l

TP = total protein; g/

Table 2.5 Sugar utilization and ethanal production of RL-6 in molasses medium containing

2% glucose equivalent sugar concentration and various concentrations of

ammonium sulfate or urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at

37°C.
Time Ammonium sulfate Urea
) 0.05% 0.1% 0.2% 0.03% 0.05% 0.1%
RS EtOH RS EtOH RS EtOH RS EtOH RS EtCH RS EtCH
0 211 [ 0018 | 241 | 0016 | 211 (0016 | 211 | 0016 | 211 | 0.016 [ 211 | 0.016
24 0.07 0 0.1 0 0.25 0 017 | 01421 029 | 0.198 | 0.15 &
48 0.05 0 0.05 0 0.04 0 0.15 0 0.21 o Q.12 0
72 0.05 0 0.05 0 0.04 Q 0.12 0 0.18 0 0.11 0
96 0.04 0 0.05 0 0.04 0 0.08 C 0.10 0 oNn 0

RS = reducing sugar; %

EtOH = ethanol; Y%wlv

fruiu AM12 wuuensmninanefAdy Saduuvaduinsiawdastnyosd
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uaziguAeAuAwL Ty RL-6 Andle iy Foifhuumssdulnnan AM12 finsliuimnasiind, uacdl

neafaiesueaiugag 24 saliausn uasyaelvdes ntiu (Table 2.6 was Figure 2.4) 1ngl

maaiguas Fniliwimmeres RL-6 ARacemnsidingFe 0.1% gandfianadaiv
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U Fnfudwitnmeaswiatlay 1y 0.1% dhundiiinay etelnnn dadeaiui
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(Figure 2.4¢) BavhazuarsdniuinsauluamnsiiBuinsfin WiRsaweRasinlidnnsacauy

Tsiulunad

Table 2.6 Growth and total protein of AM12 in molasses medium containing 2% glucose
equivalent sugar concentration and various concentrations of ammonium sulfate

or urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°C.

Ammonium sulfate Urea

Time
0.05% 0.1% 0.2% 0.03% 0.05% 0.1%

h
) DW | TP oW | TP DW | TP | DW | TP DW | TP DW | TP

0 0.23 | 008 | 023 | 008 | 026 | 0.08 | 023 | 0.08 | 0.23 | 0.08 0.23 | 0.08

24 1 392 196 | 468 | 215 | 389 | 200 | 558 | 240 | 463 | 1.80 504 | 1.87

18 | 540 1.78 578 1.62 | 4.37 162 | 7.74 | 225 | 6.89 { 2.13 7611 2.21

72 | 7.25 | 232 | 5.81 168 | 473 | 227 | 7.34 | 1.61 842 | 1.85 882 2.38

QB 5.99 162 | B30 | 227 | 437 | 214 | 779 | 234 | 7.868 | 260 | 10.26 | 2.67

DW = dry weight; g/l TP = total protein; gl
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Figure 2.3 Growth (a), totat protein (b) and protein content (¢) of RL-6 in molasses
medium containing 2% glucose equivalent sugar concentration and various

concentrations of ammonium sulfate or urea, pH 4.5, and incubated in

rotary shaker, 160 rpm, at 37°C.
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Figure 2.4 Growth (a), total protein (b) and protein content (¢) of AM12 in molasses
medium containing 2% glucose equivalent sugar concentration and various

concentrations of ammonium sulfate or urea, pH 4.5, and incubated in rotary

shaker, 160 rpm, at 37°C.
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Table 2.7  Sugar utilization and ethanol production of AM12 in molasses medium containing
2% glucose equivalent sugar concentration and various concentrations of

ammonium suifate or urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at
o)
37 C.

Ammonium sulfate Urea
0.05% 0.1% 0.2% 0.03% 0.05% 0.1%

Time

(h)
RS | EtOH | RS |EtOH| RS |EtOH | RS |EtOH ! RS | EtOH | RS | EtOH

0 211 0016 211 | 00186 | 211 | 0.016 ] 211 | 0016 | 211 | 0.016 | 2.11 | 0.016
24 0.09 0 0.13 0 0.10 0 012 | 0473 | 015 | 0.463 | 0.44 | 0.158
48 0.05 0 0.10 0 0.08 0 0.1 Y 0.12 0 0.18 0
72 0.05 0 0.08 0 0.08 0 0.10 a 0.71 0 0.14 0
96 0.04 0 0.07 0 0.07 0 0.08 0 0.10 0 0.12 0

RS = reducing sugar; % EtOH = ethanol; Y%owlv

1

<l

AwFumassnyaes M30 TuswnamindenaniiyForhudtulnnauniugandlu

W I uen st aiwe uFaeiu RL-6 kaz AM12 TuaneAillsfuiauauaznisdin
v 1 b
A ULANFNALEN Banamiuinirafaesuealun 24 daluann wasunglludsaniiy

B

AU EaEn 2 AeWLg (Table 2.8, 2.9 uaz Figire 2.5) ﬁquﬁdmﬁai‘ﬂgwﬂ 0.05%
P M30 iy lemndnluy3e 0.1% Wntlay S s s nddnten il fard
fiimmeaessie e Wyide 0.1% Chaumaianiueudmiininis: M30 Wuduaiu uszan
msfsanTlsiilued wumudseaiifisesamigineiu A luanmilgBusadiums
Wy IadNnn s lusagnauindninasiuletusuinfhanmztwsdulnsaudnis A
yrnearastussiuluadsn Saiullumenssdnn dawenbudlandamngnidéiuns

Wiyt awinlfmwaninludausnsdll siunazasanlunad (Figure 2.5¢)

Table 2.8 Growth and total protein of M30 in molasses medium containing 2% glucose
equivalent sugar concentration and various concentrations of ammonium sulfate
or urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°C.

Ammonium sulfate Urea

-
e 0.05% 0.1% 0.2% 0.03% 0.05% 0.1%

h
(h) DW TP DW TP DW | TP DW TP DW TP DwW TP

0 024 | 007 | 024 | 007 | 024 | 007 | 024 | 0.07 | 024 | 0.07 | 0.24 | 0.07
24 | 360 | 165 | 371 1.82 | 400 | 1.48 | 3.77 | 143 ¢+ 371 1.41 3.67 1.51

48 | 3.29 1.59 | 470 | 2.02 | 377 | 1.81 484 | 1685 § 804 | 208 | 6.06 1.76

72 | 310 1.49 | 4.37 1.92 | 3.57 | 1.61 5.31 1.81 7.43 149 | 7.52 | 2.26

96 | 3.29 | 1.71 465 | 200 | 348 | 157 | 465 | 158 | 823 | 206 | 7.52 | 1.88

DW = dry weight; g/l TP = total protein; g/l
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Figure 2.5 Growth (a), total protein (b) and protein content (¢c) of M30 in molasses
medium containing 2% glucose equivalent sugar concentration and

various concentrations of ammonium sulfate or urea, pH 4.5, and

incubated in rotary shaker, 160 rpm, at 37°C.
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Table 2.9  Sugar utilization and ethanol production of M30 in molasses medium containing

2% glucose equivalent sugar concentration and various concentrations of

ammonium sulfate or urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at

37°C.

Time Ammaonium suifate Urea

h) 0.05% 0.1% 0.2% 0.03% 0.05% 0.1%

RS EtOH RS EtCOH RS E{OH RS EtOH RS EtOH RS EtCH

0 211 | 0016 | 211 [ 00168 | 211 | 0018 | 211 | 0.016 | 211 | 0.016 | 211 | 0.016
24 | 018 0 0.11 0 0.11 0 0.13 | 0.534 | 0.13 | 0.495 | 0.09 | 0.503
48 | 0.10 0 0.11 0 0.10 0 0.10 0 0.10 0 0.07 0
72 | 0.09 0 0.10 0 0.09 0 0.09 0 0.09 0 0.06 0
96 | 0.07 0 0.08 0 0.08 0 0.08 0 0.08 ] 0.06 0

RS = reducing sugar; %

EtOH = ethanol; %wiv

¢ a A’ :’r o & A - a P
AMTLNIANAZNAULENTOVY 3 Aeiug Iadeu 48 Falus Tua il

wonTuilundams viog Sy aowdidiusine dhuumsdhiasauii wud RL-6 Birnazneun

Und Tunizil AM12 uss M 30 anmenauldidniesTuemnoiin e luawnsfduostadoy

. ¥ i 4 X - .
FaWm 0.2% dennmnzneulsisnnduilndsluawimiuenuiluudamn wie

#Fa Anudindiudu uas M30 anaznewligandn AM12 ifintias (Table 2.10)

Table 2.10 Flacculation of cells o_f RL-6, AM12 and M30 expressed as sedimentation

efficiency cultivated in molasses medium containing 2% giucose equivalent sugar

concentration and various concentrations of ammonium sulfate or urea, pH 4.5,

and incubated in rotary shaker, 160 rpm, at 37°C.

Sedimentation efficiency

Strain Ammaoniumn sulfate Urea
0.05% 0.1% 0.2% 0.03% 0.05% 0.1%
RL-6 0.08 0.06 0.07 0.08 0.07 0.07
AM12 0.21 0.21 0.17 0.23 0.22 0.20
M30 0.26 0.22 0.16 0.27 0.27 0.30
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1
o

W [ 1 [l

21.2.2  maduadaeiufAdaients Tususninmiaafunmainatag
Viidfusing 4

vimsiaendadluswmanians Ay 0.1% dhiumaslulneaw Uiinkunu

14 ! 14
nmenaiva e usliinmaTang 2, 3 uas 4 % (glucose equivalent) uaz1l3 pH 1849U1S
& 1 A Ss % rna‘ v o [ [] J [ dl =

Wi 4.5 ardndiuvassadGusiuiaiu 0D, wini 0.5 thiuaacneivigomn i
37°C

1 1
HANITNAAEILARIT RL-6 1930y Tuomsiiinmasantia 3 aanauidiudie Lisng

unntin aaluansifinmnadfot 4% Gewsny¥aadgeqn SauidnTutieg 48 daluausn

a
'

RL-6 #nawaieyddnTupnwnsiidinenaTiag 2 uas 3% uwsiudssmiugamnisasoyua i

WeaTRag 4% anadldannwiniulue i siitinmaInng 2 uaz 3% wazideRasnnlusiiu

i o 1 i L7 :

vianuanudt luamsiima3siad 4% DilsFuimmaginddmay souislllufulueades
' o g 0 oo g v oy . :’» o 1/ z o g

nin waldunmiatdataouidindudu (Figure 2.6c) wenamiudnainsiimialuewngiil

1 I 1 L 7] 3 v

UmaTRaT 4% lugas 24 Faliauan gandnluansiilamaiiodaudidiudiu uar Geaing

; o v & = v w YLod4 o P - P-4 aa
e ueN luta9 48 G2lus udaAeinsdudsaimi Farandaaiy luamnsiduenaand
indisinndn Faadiesealudas 24 Faluausn waziesmasglundsanii (Table 2.11

ez Figure 2.6)

Table 2.11 Growth, total protein, sugar utilization and ethanaol production of RL-6 in molasses

medium containing 2, 3 and 4% glucose equivalent sugar concentration and 0.1%

urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°C.

Time 2 % reducing sugar 3 % reducing sugar 4 % reducing sugar

th) DW TP RS | EICH| Dw LI RS | EIOH| Dw TP RS | EIOH

0 0.23 1009 | 211 | £.16 023 1009 | 332 | 016 | 023 | 0.09 | 424 | 016
24 4.11 1.73 | 022 | 0.84 522 | 209 | 0.45 | 259 | 3.02 1.57 | 0.61 | 2.88

48 1 11.07 | 399 | 009 | O 1268 | 470 [ 019 | O 1022 | 429 | 0.24 | O
72 11220 1390 | 009 | O 1220 | 488 | 047 | © 13.95 | 65 | 016 | O
96 | 1310 | 2621 009 | O 13.82 | 4.01 | 0.14 | O 1476 | 590 | 013 | O
DW = dry weighi; g/ TP = total protein; g/l
RS = reducing sugar; % EtOH = ethancl; Y%wlv

a a - i g - La ] g i’/ )=l
Amuniseingred AM12 uswnsfithinmatastacudiudusnaiunilifinw

] as e i t’ -, T 1 = 1 o I =l :r
wansinaiusnntn IneluensAfliimnainnd 4% desinleenduandas wililusmemianus
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] =4

gandnliaasty ludnassannudiududneu uﬂﬂmn&uﬁqmeqdﬂﬁfﬂ?ﬁﬂumﬂﬁqmdnLﬁ'ﬂ‘bﬁﬁf}
pasRadAnnaddudugan (Figure 2.7¢) unssudianiuiimily RL-6 Ao dasnisldtimna

dladoadelurhmaiing 4% gnindledeuewnafihmediod 2 uaz 3 uenanndanud
e wsiidihmsiaadane ddugaudenianoealin nu taemusn luanaAdmng

TRt 4% AM12 wBmesealAte 1.11 %wa 7l 24 $alud (Table 2.12 kg Figure 2.7)

Table 2.12 Growth, total protein, sugar utilization and ethanol production of AM12 in molasses
medium containing 2, 3 and 4% glucose equivalent sugar concentration and 0.1%
urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°¢.

Time 2 % reducing sugar 3 % reducing sugar 4 % reducing sugar
1)) Dw TP RS | EtOH ap TR RS | EtOH oD TP RS | EIOH
0 0.23 | 0.08 | 2.11 0.02 0.23 |} 0.08 ; 3.32 | 0.02 023 | 0.08 | 424 | 0.02
24 352 | 1.41 1 013 { 0.35 482 | 275 1 012 | 0.70 369 | 2.47 012 1 1.1

48 7.92 | 2691008 | © 9.8 | 355 | 005 | © 10.67 | 5.12 | 012 | 0.60
72 11004 1 271 1 0.04 | © 981 | 363 [ 008 | O 1112 ) 534 | 011 | O
96 | 10.04 | 2.80 | 0.04 | O 1053 | 248 | 005 | O 10.71 ) 588 [ 010 | O
DW = dry weight; g/l TP = tolal protein; g/l
RS = reducing sugar; % EtOH = ethanol; %w/iv

99



16

—_
e
T

Dry weight (g/l}
co

Total protein {g/)

Protein (g/100gdw,

Sugar (g/100 ml)

=]
]

a 24 48 72 96
Time (h)

[..,.__2% —a— 3% —e— 4%

Figure 2.6 Growth (a), total protein (b) protein content (c) and sugar utilization (d) of RL-6 in

malasses medium containing 2, 3 and 4% glucose equivalent sugar concentration

and 0.1% urea, pH 4.5, and incubated in rotary shaker, 160 rpm, atSTOC.

100



v
o o

nstadnead M3o luamsmmimafiivihensidad 2% sndninedy Tuems

~ 1

163719 3 uas 4% Hdnmasalndidseiu tssudlunsdfidssluamefiiihenes
G 3% L%Bﬂq@]lﬁﬁn‘mﬁdﬂ’m 48 Hlas usluamsiinhanaiand 4% Badonsdimaainsio
foudinddaneaiyanas uazdmsulusdunmuanuintuamnsiiiinanadaad 4% M3o
lﬂﬁﬂsﬁuﬁanuﬂqe 2-3 Whandefiiglufiflomsiiiimaiaadinnimasesnnududu
Wiy RL-6 uaz AM12 M30 Hlusdulwssdgonindelfihaaifdanaduduiu
WRHTWREAY RL6 uaz AM12 fifaduasgluwihanaiand 4% Ssammslfihamsand
uamﬂnfus]’owumsa%’mamuaammL‘J'J'u"ﬁ'uga rwAgiy AM12 Sadiubadmewutid
ﬂszﬁ'ﬂ‘ﬁ“mwga'lumwﬁmamuaavﬁuﬁ'u (Table 2.13 usz Figure 2.8)

Table 2.13 Growth, total protein, sugar utilization and ethanaol production of M30 in molasses

medium containing 2, 3 and 4% glucose equivalent sugar concentration and 0.1%

urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°C.

Time 2 % reducing sugar 3 % reducing sugar 4 % reducing sugar
(h) ) DW | TP | RS |EtOH| DW | TP | RS | FtOH; DW | TP | RS | EtOH
0 0.24 | 0.07 | 211 | 0.16 024 | CO7 | 3.32 | 0.1 0.24 | 0.07 | 424 | 0.02

24 | 381 | 179 | 006 | 046 5.2 1215 | 609 | 0.70 569 | 330 | 025 | 1.06

48 | 545 [ 115 006 | O 1193 | 263 | 0.07 ; 0 11.08 ¢ 5.10 02 051

72 733 | 189 | 005 | 0 1128 | 271 1 007 [ 0 1297 | 532 1 018 | ©
96 | 790 | 1581 005 | 0 11.61 | 290 | 0.07 | D 1354 1 528 | 0.16 | 0
DW = dry weight; g/l TP = total protein; g/l
RS = reducing sugar; % EtOH = ethanol; %w/v
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Figure 2.7  Growth {a), total protein (b} protein content {c) and sugar utilization (d) of AM12 in molasses
medium containing 2, 3 and 4% glucose equivalent sugar concentration and 0.1% urea, pH

4.5, and incubated in rotary shaker, 160 rpm, at 37°c.
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Figure 2.8 Growth (a), total protein {b) protein content (c) and sugar utilization {d) of M30 in

maolasses medium containing 2, 3 and 4% glucose equivalent sugar concentration

and 0.1% urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at a7°c.
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" Y . - ¥ fa ¥ -
AMTUNMIANATNEUIBNEARTY 3 @reiug luammenantiimafiimadaafidudu
AW WU RL-6 Tdanmzneu Tuanish AM12 use M30 anaznauld Tae M30 rnrznaulds
| i :’ = ! ' i ’0’ -
N91 AM12 Waznisenasnaueed M30 Tuatsiiiiaasanad 3 % Andrlua wisng Uiniasnag
= H 4 i g = e :
8n 2 ndindwdniien dousadaas AM12 SuRasluawnstiiunanasnod 4% Ty anszneuld
a0 oo X e b - Y v @ v
Andulanesluasniiimaradan 2 mndndwdntias (Table 2.14)
Table 2.14 Flocculation of cells of RL-6, AM12 and M30 expressed as sedimentation

efficiency cultivated in molasses medium containing 2, 3 and 4% glucose

equivalent sugar concentration and 0.1% urea, pH 4.5, and incubated in rotary
shaker, 160 rpm, at a7°c.

Strain Sedimentation efficiency
2 % reducing sugar | 3 % reducing sugar | 4 % reducing sugar
RL-6 0.07 0.07 0.07
AM12 0.14 0.16 0.23
M30 0.21 0.30 0.24
2122 msdesdadaeiugidadeniluammsnining MR pH Bui
FIn4°]

v 1
&

NAAD Lﬁﬂqﬁamﬁqﬂ'}umﬂﬁuﬁﬁ Kai@enldluennsnininang fuBinanntia
aaRldRa et saEaT 4 % Winge 0.1% Taehitl3u pH 989999 (pH = 5.23) ¥3e
U1 pH WH¥inAL 4 uaz 4.5 wnzdelitandidurastadonidudmiy ODgq, 1L 0.5 1
UuFRBNetTgUMgR 37°

HANNTNAABINAAIIE AR 3 aneig Whryanae Wlisiuionun uaclusiiulu

13 ¥

IRAEIRA (eawmnsH pH 4.5 sausiafinsaiiaesiuasTuunuinndifi pH 4 wax 5.23 (Table
2.15, 2.16, 2.17 uat Figure 2.9, 2.10, 2.11) dwiunisnnmznawihingumediuynnmaaad

tuin Aa RL-6 limnmznay 491 M30 RARLnaudngn AM12 lanties (Table 2.18)

Table 2.15 Growth, total protein, sugar utilization and ethanol production of RL-6 in molasses
medium containing 4% glucose equivalent sugar concentration, 0.1% urea and pH
was not adjusted (pH 5.23) or adjusted to pH 4 and 4.5, and incubated in rotary
shaker, 160 rpm, at 37°C.

Time pH 4 pH4.5 pH 5.23
(h) | Dw TP RS | EtOH| DwW TP RS { EtOH| Dw TP RS | EtOH
0O {023 [009] 211|016 | 023 | 009|211 {002 | 023 | 009} 211 ] 002
24 237 | 121|012 | 016 | 441 | 234 | 0.07 { 039 | 1.86 | 089 | 0.05 | 0.05
48 | 495 [ 183 0.1 0 11.07 | 3.76 | 0.05 0 396 | 1.31 | 0.04 0
72 | 567 | 1.93 | 0.06 0 1269 | 5.08 | 0.05 0 437 | 1.22 | 0.04 0
96 [ 447 | 116 | 0.05 0 13.18 | 4.65 | 0.04 0 531 | 158 | 0.04 0

DW = dry weight; g/l
RS = reducing sugar; %

TP = total protein; g/l
EtOH = ethanal; Y%w/iv
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Table 2.16 Growth, total protein, sugar utilization and ethanol production of AM12 in molasses
medium containing 4% glucose equivalent sugar concentration, 0.1% urea and pH

was not adjusted {pH 5.23) or adjusted to pH 4 and 4.5, and incubated in rotary
shaker, 160 rpm, at 37°c.

Time pH 4 pH 4.5 pH 5.23
(h) Dw TP RS | EtOH | DW TP RS | EtCH | DW TP RS | EtOH
0 023 ) 0.09 | 211 | 046 | 023 | 009 | 211 | 002 | 023 | 0.09 | 211 | 0.02
24 1 237 | 118 | 012 | 056 | 392 | 235 | 009 | 073 | 186 | 0.88 | 0.13 | 0.54
48 | 495 | 223 | 0.1 0 9.90 | 4.26 | 0.05 0 396 | 1.07 | 0.1 0
72 | 567 | 1684 | O.M 0 11.70 | 5.38 | 0.05 ¢ 437 1 1.40 | 0.11 0
96 | 7.74 | 2.86 | 0.07 0 10.35 | 4.87 | 0.04 0 531 | 154 | 0.11 0
OW = dry weight; g/l TP = total protein; g/l
RS = reducing sugar; % EtOH = ethanol; %wv

Table 2.17 Growth, total protein, sugar utilization and ethanof production of M30 in molasses
medium confaining 4% glucose egquivalent sugar concentration, 0.1% urea and pH
was not adjusted (pH 5.23) and adjusted to pH 4 and 4.5, and incubated in rotary
shaker, 160 rpm, at 37°c.

[ ime pH 4 pH 4.5 pH 5.23

{h) Dw TP RS EtOH Dw TP RS EtQH ow TP RS EtOH
0 0.24 0.07 { 211 0.16 0.24 .07 | 2.1 0.02 0.24 0.07 2.1 0.02
24 2.63 1.16 | 0.21 0.63 3.60 165 | 0.16 | 0.65 2.82 1.24 0.20 0.62

48 | 456 | 150 | 015 | O 759 1384 010 |0 366 | 128 | 016 | O
72 | 376 | 158 | 014 | O 875 | 376 | 0.09 | O 414 | 149 | 014 |1 O
96 | 353 | 159 [ 014 | D 10.00 | 421 1 007 | O 362 | 145 [ 014 1 O
PW = dry weight; ¢/l TP = total protein; g/l
RS = reducing sugar; % EtOH = ethanol; Y%wiv

Table 2.18 Flocculation expressed as sedimentation efficiency (S.E.} of cells of RL-6, AM12
and M20 cultivated in molasses medium containing 4% glucose equivalent sugar

concentration, 0.1% urea, pH was 4, 4.5 and 5.23, and incubated in rotary

shaker, 160 rpm, at 37°C.

Strain Sedimentation efficiency
pH 4 pH 4.5 pH 5.23
RL-6 0.07 0.07 0.07
AM12 0.20 0.22 0.20
M30 0.30 0.36 0.30
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Figure 2.9 Growth (a), total protein (b), protein content (¢) and sugar utilization (d} of RL-6 in
molasses medium containing 4% glucose equivalent sugar concentration,
0.1% urea and pH was not adjusted (pH 5.23) or adjusted to pH 4 and 4.5,
5.23, and incubated in rotary shaker, 160 rpm, at 37°C.
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o 4 48 72 %5

Figure 2.10 Growth (a), total protein (b}, protein content (¢) and sugar utilization {(d) of AM12
in molasses medium containing 4% glucose equivalent sugar concentration,
0.1% urea and pH was not adjusted (pH 5.23) or adjusted to pH 4 and 4.5, and
incubated in rotary shaker, 160 rpm, at 37°C.
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Figure 2.11 Growth (a), total protein (b), protein content (c) and sugar utilization (d)
of M30 in molasses medium containing 4% glucose equivalent sugar
concentration, 0.1% urea and pH was not adjusted (pH 5.23} and adjusted
to pH 4 and 4.5, and incubated in rotary shaker, 160 rpm, at 37°C.
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nfuresasdBusiudafiu 0Dy, Wil 0.5, 1, 1.5 uar 2 linnuATeatinuall 37°
b (] T
HANTNARBANAAITIAMIL RL-6 W atfumaaFusiuliiaemndnduisdu oD,
2 v
Wil 1.5 desunsawdnyligean uaslilsiuianuagegasoniduiy aenalsfinnanfunaad

wasllsAuianum e biiauuanswiusanidn (Table 2.19 WA Figure 2.12)

Table 2.19 Growth, total protein, sugar utilization and ethano! production of RL-6 in molasses.
medium containing 4% glucose equivalent sugar concentration, 0.1% urea and pH
4.5, with initial cell concentration as 0D, at0.5, 1, 1.5 and 2, and incubated in
rotary shaker, 160 rpm, at 37°C.

Time| Initial OD,y,_ 0.5 Initial OD,.., . 1 Initial OD,, . 1.5 Initial OD,y, . 2
(h)y | DW| TP | RS {etoH | DW| TP | RS |EloH | DW| TP | RS |EtoH | DW | TP | RS |EtOH
O |023 010|419 | 002 ]| 045|020 | 419 | 0.02 { 0.68 | 0.30 | 419 1 0.02 | 0.90] 0.40 | 4.15 | 0.02

24 056|032 |072{020] 041}020 | 068|035 050|024 ]052]039 | 078|034/ 051|040
48 |347 | 187 | 021 [0 446 226 (013 | 0 4681291 | 013 ] 0 4.46) 265 | 015 | O

72 h1s6 409|011 |0 10151619 {012 | O 1279 678 [ 011 | D 12.14| 585 | 0.10 ] O

96 [12.87 | 495 (010 | 0 1112 483|012 | O 15.79| 616 | 0.10 | O 13.80) 557 | 010 | O
DW = dry weight; g/l TP = total protein; g/l
RS = reducing sugar; % FtOH = ethanol; %wiv

2 [ ::" 1 g =l A - i QI 1]
A5y AM12 1T wudideiininadyfigadgean dlald 0D, Bumaihu0.5 us
v 1 H 1 1 - !
ndubiTsfunamunsniign douanududuresssdGuimlfiaadiinseadnn fia OD,2 T
Tildsfuniannagagadan (Table 2.20 uat Figure 2.12)

dow M30 tHu 1sey Wiaad ua:‘[ﬂsﬁuﬁ’wumgqqmﬁal‘?f oD, Gl 2 Jurusd
Field op,,, Guduiniy 1.5 Aesinyiiand uatUsfuiommsnndndndan wililusiuly
\IRAGINGD leld OD,, Gusuwinfu 2 Faau (Table 2.21 ua Figure 1.13)

FeRansnnnenaznewteadena 3 Anefug WA TNNIANAZNEUTULALY
funnameaesiun Ae RL-6 luAnazneu M3o anaznavldfingn AM12 Tnefleidnadafionnini
OD,,, 33l 0.5 (e 2 mﬂﬁ'uﬁﬂnm:ﬂauﬁﬂdmﬁ@ﬁf ODqgy G;uﬁuqq'-fu \&@ntiat (Table

2.22)
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Table 2.20 Growth, total protein, sugar utilization and ethanol production of AM12 in
molasses medium containing 4% glucose equivalent sugar concentration, 0.1%

urea and pH 4.5, with initial cell concentration as ODggat0.5, 1, 1.5 and 2, and

incubated in rotary shaker, 160 rpm, at 37°C.

Time| Initial ODg, 0.5 Initial ODg, _ 1 Initial OD,.,_1.5 Initial OD;.,_2

(hy | DW| TP | RS fewoH { OW| TP | RS |EtoH I DW| TP | RS |EtoH | DW | TP | RS {EtOH

O 0.23| 011|419 | 002 | 045 | 0.21 | 419 { gp2 | 068] 032 | 419 [ gp2 | 0.90[ 042 | 418 [ pp2

24 545( 348 | 014 | 069 | 520 | 310 | 0.14 | ps3 | 5521 3.65 | 0.13 | p.51 5.38] 333 [ D.12 } pB1

48 [13.68( 4.09 [ 0.13 | 036 [1238] 691 | 012 | o 13.86{ 7.09 | 0.11 | p 1296/ 7201 01 (¢

72 | 1769 543 | 011 | O 15171796 | 012 (o 13.59) 665 | 04 | o 14.13] 8051 03 (g

Q6 |[16.69( 535 (011 | O 1337681 | 011 | g 14311 665 0.1 | p 16.07| 6.52 | 0.09 | ¢

DW = dry weight; g/l TP =total protein; g/l
RS = reducing sugar; % EtOH = ethanol; %wiv

Table 2.21 Growth, total protein, sugar utilization and ethano! production of M3Q in molasses
medium containing 4% glucose equivalent sugar concentration, 0.1% urea and pH
4.5, with initial cell concentration as ODg,at0.5, 1, 1.5 and 2, and incubated in
rotary shaker, 160 rpm, at 37°cC.

Time| _Initial ODggy_ 0.5 Initial OD,, _ 1 Initial ODggy . 1.5 Initial ODgy . 2

hy low| P! RS |eton | OW | TP | RS |EtoH | DW| TP | RS |EtOH | DW | TP | RS |EIOH

0 024 611 {419 | 002 {047 | 020 | 419 | .02 | 071/ 030 [ 419 | 0.02 | 0.94| 040 | 4.19 | 0.02

24 5.97| 3.32 | 027 | 069 | 6.87 | 3.47 | 0.21 | 0.53 | 558} 3.26 | 0.23 | 0561 | 6.86| 3.26 ] 0.22 | G.61

48 914/ 5811014 | 0.36 | 7.97 [ 487 1 016 | O 10.79] 6.47 | 0.16 | O 11.92| 6.30 |1 018 | O

72 | 1033 565|011 |0 1044 | 668 1012 [ O 13.47(9.13 1013 1 0 1479 817 | 016 | O

96 | 1285 599 | 0.1 [0 1114 [ 691 [ 011 | O 1080|678 | 012 | O 14.02( 761 (008 ;0

DW = dry weight; g/l TP  =total protein; g/
RS = reducing sugar; % EtOH = ethanol; %wiv
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Figure 2.12 Growth (a), total protein (b), protein content (¢) and sugar utilization (d)
of RL-6 in molasses medium containing 4% glucose equivalent sugar

concentration, 0.1% urea and pH 4.5, with initial cell concentration as ODgg,

at0.5, 1, 1.5 and 2, and incubated in rotary shaker, 160 rpm, at a7°C.
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Figure 2.13 Growth (a), total protein (b), protein content {c} and sugar utiiization (d)
of AM12 in molasses medium containing 4% glucose equivalent sugar

concentration, 0.1% urea and pH 4.5, with initial cell concentration as ODg,,

at0.5, 1, 1.5 and 2, and incubated in rotary shaker, 160 rpom, at a7°c.
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Figure 2,14 Growth (a), total protein (b), protein content (¢) and sugar utilization {(d)
of M30 in molasses medium containing 4% giucose equivalent sugar

concentration, 0.1% urea and pH 4.5, with initial cell concentration as ODgg,

at0.5, 1, 1.5 and 2, and incubated in rotary shaker, 160 rpm, at 37°C.
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Table 2.21 Flocculation expressed as sedimentation efficiency (S.E.) of cells of RL-6, AM12
and M30 cultivated in molasses medium containing 4% glucose equivalent sugar

concentration, 0.1% urea and pH 4.5, with initial cell concentration as OD,, at

0.5, 1, 1.5 and 2,and incubated in rotary shaker, 160 rpm, at 37°C for 48 h.

Strain Sedimentation efficiency
Initial OD, ;0.5 | Initial OD,, 1 | Initial ODy, 1.5 | Initial OD,,, 2
RL-6 0.08 0.07 0.07 0.06
AM12 0.30 0.28 0.21 0.21
M30 0.48 0.39 0.36 0.37

2.1.25 ﬂ’mém%'aﬁmﬂﬁuﬁﬁﬁmﬁfaﬂiﬁlummimﬂﬁﬁmaﬁqmvnﬁﬁﬁm‘1

fnsiatsdafluemsnininma AELuRamninmai el demnsiii
AeeRad 4 % WBngFy 0.1% Whumadulnsey U5 pH Wviatu 4.5 uwasanagaugiline
fauas nsiTelifaududussssadBuduingh 0D, windu 0.5 tnlatnisiaeawn 7l
gradient temperature incubator U H 33-45%% \fluiagn 48 Falu

HANTINARBNUARITI RL-6 Lf-t?nglﬁmﬂﬁua:m?ﬁuﬁ'mmegqegm Sievid 33%a
uazlaiiaBeyii 40% dou AM12 A3y ligeqn Wetnd 33-35% uazltianansowioylAT 43%
snuzA st s iuansnefusnntinidleded 30-37% uazdusu M30 1 lER uas I
Tﬂ?ﬁuﬁ’wmqqﬁ 30-33%1 ualiwiau 43% e fu AMI2 mansVARBIFINENILAAIT
AM12 ﬁ‘ﬁ’ad‘QMﬂqﬁﬁ‘Lﬂu optimal temperature @Qnd%%@%‘u (Table 2.22 Was Figure 2.15)
Table 2.22 Growth, total protein, sugar utilization and ethanol production of RL-6, AM12 and

M30 in molasses medium containing 4% glucose equivalent sugar concentration,

0.1% urea and pH was not adjusted to pH 4, on gradient temperature incubator

at various temperatures.

Temp RL-6 AM12 M30

°c) DW TP DW TP OW TP
30 6.35 1.97 5.72 1.89 2.68 1.31
33 8.55 214 6.75 1.82 263 1.32
35 7.79 1.79 6.75 1.76 1.93 1.23
37 7.07 1.63 5.22 1.51 1.83 1.08
40 0.05 0 1.04 0.66 113 0.73
43 0.04 0 0.04 0 0.09 0
45 0.04 0 0.04 0 0.03 0

DW= dry weight; g/l

TP = total protein; g/
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Figure 2.15 Growth (a) and total protein (b) of RL-6, AM12 and M30 in molasses medium
containing 4% glucose equivalent sugar concentration, 0.1% urea and pH 4.5,

and incubated in temperature gradient incubator for 48 h.

2.1.3 Anwmsanaznawyas M30 Tusewinnmswinsuulvainia lu

nmnuIeIR Iaan1sle airift fermentor

2.1.3.1 ANFIRTUaTNIVNNIEEUeR

vinmsnaaaalae@es M30 luamrsnintneaiimnaaineinld Giasmsilae
HPLC Tugdreanglms Wonlma uazalasa) 4.88% gylie 0.1% uacluunaidon
Ialalnniauaamn 0.05% pH 4.5 Yiums 3.5 ams Ly airlift fermentor adEuATat 0D
Wiy 0.5 uarltierniAseninanasudin 0.75 wm (@nasiiansufluaniosfivmnsan aanlase
NSERET 2) AINNNINARBILARIGY M3O Wiy liwad 17.03 nfu/@ns 7 36

Tlne Tnewadillsfuluitadgs (36-47 nf/ang) aaan 48 $alueviReae (Table 2.23 uay

Figure 2.16)



2.1.3.2 aanmznawlugiaes Sedimentation efficiency
dmiudl S.E. 10996de0y 24, 36 uax 48 dalin winiu 0.32, 0.32 way 0.74
(Table 2.24)

Table 2.23 Growth, protein content, total protein, ethancl concentration, fermentable sugar
utilization and pH of M30 cultivated in molasses medium containing 4%
fermentable sugar, 0.1% urea, potassium dihydrogen phosphate and pH 4.5, in

3.5 [ airlift fermentor with initial cell concentration as OD, at 0.5 and aeration at

0.75 wm.
Time (h) pw | p P FS EtOH, pH

0 0.25 43 0.14 4.88 0.15 4.5
12 1.88 47 0.96 0.32 0.65 4.73
24 8.08 36 2.21 0.28 1.40 476
36 17.03 45 3.96 0.26 0.57 473
48 17.06 44 3.77 0.12 0.24 4,55
DW = dry weight (g/f) Protein cantent (g/ 100gDW) TP = total protein {g/)

FS = Fermentable sugar (%) EtOH = ethanol {Y%ew/v)

Table 2.24 Flocculation expressed as S.E. during cultivation.

Culture age (h) Sedimentation efficiency
24 0.32
36 0.32
48 C.74
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Cells (g/1), Protein {g/ 100 gDW)
Total protein (g/l}

Time (h)

pH

0 1 v x ,— L P N 4

0 6 12 18 24 30 36 42 48
Time (h)

_e—Fsugar o EtOH _g_pH|

EtOH (%v/v), Fermentable sugar (%)

Figure 2.16 Growth, protein content, total protein (a), ethanol concentration, fermentable
sugar utilization and pH (b) of M30 cultivated in molasses medium containing 4%
fermentable sugar, 0.1% urea, potassium dihydrogen phosphate and pH 4.5, in
3.5 | airift fermentor wih initial cell concentration as ODg, at 0.5 and aeration at

0.75 vwm.

2.1.3.3 AMUIT8Y sediment
dmiunisdaacugesansnawiy 16 culture broth 81g 36 war 48 dalue 4
fadandinduin q fu 18l cylinder 311 25 wa. dunen wardmpAsangaudsannsialy

AN 4 WudRaNITIBIMTREITASAINGENS 1Iadeae M30 finasAnmznauANIn

U
o oy

ANNNT0ANNATIUNITNNGHIBRTR AR ENAUNAY Taewudnaadly culture broth @1g 36

117



Falue AnnsanAzneurndtieadiu culture broth a1y 48 Falue Tnssadant 36 ol died
1915 3u#t daanugeansmznenld 9.5 10, wazi 30 full danaugeesenznewls 6.5 .
Teuanadnlusrar 15 3wf 1 angesenznaumieliifie 3 1. wadany 48 Falia dlesald
15 3u1H Fraaugerssnznould 8.5 1. ez 30 3wk darnugeresnsnanld 7.3 o
) = 1 J °I ) d‘ L
wansdnluszaz 15 Ui d anugezesnsnewinallifes 1.2 au. Sadndiinwulweadeny 36
dalus anily Wnsdlsesaadany 36 4ale mnugeranznauimigluanndunfin 15 auie
ot ) v s -l = ¥ =i (¥ =l
WIH 1 0w wiAu 6.5 lurausfirengeresrznauivnall Tudasnanmeaiu lunsdias
\adany 48 Falus Wit 3.5 a0 wien 1wl Mranstresgeasmznaunmanylfiies
PR - v v P4 ' -
Wnen uax wadeny 36 Falie AnuguramnananaItieendt TadiazuansdinaRaany 36

dqlue mnmznaudonninisadent 48 49l (Table 2.25 wax Figure 2.17)

2.1.34 [RMUIBIATIUIATRIAZNOY
t ) 5

ANNFANEAUI LazIuATeIRENowEad wudllaGuinisiaauia 24
dalus Amznauwmadden addoulvafagdhusadineonssaieiall dedeaewu 36
o = 8 X e 1 L3 o 4 o
d9lna Remmanumenausdunty uaridmnubiseaniradens 48 4ol Wakansn
TUIATBIRENAULAAITT Tprasnvnawasailughin Tangedeny 36 dolue mumes
penavaasiiafunnaduingudnasi 1/ saresnznauadidniuruaduriigud
naned 2 Hanlutdng 18.52-44.44 lulpsiums 7 25.92-51.84 lulaswms dawaadeny 48 49
Tue 2urmansnznewsadnimiunnaduigudnasii 1/ suaresnsnauaadndniiveng
Wusingudnanedi 2 Havlugas 18.25-118.51 Tulaswas 718.52-125.92 Iulasiums Tanads

! ' r-:d. M = [ o ; < « o

nANILARIIINLURZNEEAdR 48 dalie Tmwalugismauisauaininuluaadeny 36 99

Tua (Table 2.27)

2135 Ammuasinnuas it

AN ILTedRiaan warlifiiin taunisin direct count 1BALIRE
fi¥in wet mount Tu methylene blue Wud W19 36 Hrlusresmminuunitennts Tnald
airlift fermentor W LradTavnaduediiTin Taed 48 dalua winfuAanudnfigadane
1 2.5% Tnouadifinduouain 550x10° adms. 7 0 dalia Tahilu 4.50x10° 11adina.
(neravunresadiiuaadniizin 7 36 410 uar anaThugastidin 4.00x10" EAK/HA

48 Falug (Table 2.26)
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Table 2.25 Flocculation of cells of M30 cultivated in molasses medium containing 4%
fermentable sugar, 0.1% urea, potassium dihydrogen phosphate and pH 4.5, in
3.5 1 airlift fermentor with initial cell concentration as ODg, at 0.5 and aeration
at 0.75 vwm. The flocculation was measured as height of cells sediment after

standing culture broth in 25 ml cylinder.

Time Culture broth at 36 h Culture broth at 48 h

Height of Height Height of Height

sediment(cm) reduction sediment{cm) reduction
(cm)* (cm)*
1% second 9.5 - 8.5 -

30 second 6.5 3.0 7.3 1.2
45 second 3.8 2.7 6 1.3
1 min 3 0.8 5 1.0
1 min 15 second 2.2 0.8 4.8 0.2
T min 30 second 2 0.2 4.3 0.5
1 min 45 second 1.8 0.2 4 0.3
2 min 1.7 0.1 3.8 0.2
3 min 1.5 0.2 3 0.8
4 min 1.4 0.1 2.8 0.2
5 min 1.4 0 2.5 0.3
10 min 1.4 0 2 0.5
15 min 1.4 0 2 0.5

Height reduction = sedimentation height at the previous time minus sedimentation
height at the time that height reduction was indicated; e.g. height reduction at 30
second = height at 15 sec. - height at 30 sec. =9.5-6.5 = 3.0cm
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Figure 2.17 Flocculation of cells of M30 cultivated for 36 h and 48 h in molasses medium

Table 2.26

containing 4% fermentable sugar, 0.1% urea, potassium dihydrogen phosphate

and pH 4.5, in 3.5 | airlift fermentor with initial cell concentration as OD,,at 0.5

and aeration at 0.75 wm.

Direct count of total and viable cells of M30 during aerobic fermentation in

molasses medium containing 4% fermentable sugar, 0.1% urea, potassium

dihydrogen phosphate and pH 4.5, in 3.5 | airlift fermentor with initial cell

concentration as ODg, at 0.5 and aeration at 0.75 vwm,

Time Number of celis/mi Viable cell
{hr} Viable Dead Total %
0 5.50x10° ) 5.50x10° 100
12 1.16x10° 1.15x10° 100
24 3.00x10° 3.00x10° 100
36 4.50x10° 4.50x10° 100
48 4.00x10’ 1.0x10° 4.10x10 97.6
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2.1.4 MIUARITASYRY S. cerevisiae M0 uA C. utilis tfaiaassaxnu Ingnisusin
wrlarmaluniniisng 1y airift fermentor
898 S. cerevisige  hifiammlaisnansaldinmafinansieu 5§ s
WEHULATUMAITIEY FatunnsdnnIANe G MIINIHAR BnaRRtNANARTAYTLIEY 5
fi Nussmninana Waned ¢. uiis (dafmannsnldtnmaiiamiuen s f 1k
arssznauprfuaudnuaneiinld Fehdeldmeanalies M30 faufu C. utiis KYS Helid
5'151’1@*11?4&\@1@5 wazarstszneupfunuieglunantmeldauysal Feenadasldinmdn
adliamaaunty faunsWimgRutEunaariniy
TunnImagesiNASaE M30 Sy C. utiis KY8 Iaeld airlift fermentor Aiaan
wuulanlasanastest 2 wazldanioriivnnsaudmiunenanuradae M30 RilAannnsAnm
lulasensdentl 2 Aeldawsnininenaiisl fermentable sugar (Buassilen HPLC Tuztlres

nglaa wynina uarylpa) 4.88% giEn 0.1% wsrllunadonlalalasiauneainn 0.05% pH

1
[y ¥ e

4.5 1funmse 3.5 Ans Teeldaadisusiuiadhe 0D winiu 0.5 wazlenisszudnannsugin 0.75
vvim

2.1.4.1 nwm?mugmﬁmm‘iﬂﬁﬁuﬁ’wum

NANINARBAAISIRIALY M30 $2MAL C. utilis IFRPDE014  Sinnsuimaadiss
ndffeidee M30 L?{mg witile 36 Falue adTrdRlATduNawintY dov C. utilis
IFRPDE014 LfJI'EILgEI\‘lL?‘;E!"JE fnsaiyndsmaediia uasligaduinivin g uiladnesaiy
M30 (Table 2.28 wae Figure 2.18a) Tnedledea M30 souiy C. utifs Iiaadgean 18.1 niw/
ans Tl 36 4alne dou M30 ey C. utils IFRPDE014 idaBuAn 7 THaad 17.03 usy
16.73 n¥w/@ms mudndy 7 36 folue Tneft 48 4alua C. wtilis IFRPDE014 1 wadgage

q
2

19.41 nfu/ams Fawanvisdede 260n fuiuniy Iiansdutuisadndaoin
drviuldsiiunglugadiu wuddledns M30 sauffu C. utilis IFRPDE014 il
£l protein content uaxlulsiunemasangn Waidts M30 #7 g uazwin g AU C. utils
IFRPDB014 19 5 (Figure 2.18b, 2.18¢c) @ miun13ld fermentable sugar Thi M30 uanadn
ivinAnsetremadatussey 12 doluausn Wedluniunisdns C. utiis IFRPDGO14 Lfﬁimg
mesﬁm M30 fauAU C. utifis (Table 2.28 W& Fugure 2.18d)
syt uadushiluad e M30 e g Hu g
niiSieiRes C. utilis IFRPDB01A (AE g Ve i@t M30 uag C. utils IFRPDE014 $23u
ez lusiuluadaes M30 Weidnade g fingenaen 48 dalue Wwanued e C.
utiis IFRPD6014 L?wlmg waziflerdes M30 uax C. utis IFRPDB014 $aaf 1s1ngn1saaas

gaelUsAuluTadAuFiAtamaunY 36 4ol
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Table 2.28 Growth, protein content, total protein, sugar utilization, ethanol production and

pH of M30, Candida utilis IFRPD6014 and mix culture of M30 and Candida utilis

in molasses medium containing 4% fermentable sugar, 0.1% urea, 0.05%

potassium dihydrogen phosphate and pH 4.5, in 3.5 | airlift fermentor with initial

ceil concentration as ODg;at 0.5 and aeration at 0.75 vwm.

S. cerevisiae M30 +
Time S. cerevisiae M30 C. ulilis 3
) C. utilis
DW | P | TP | FS EIOH| pH |OW | P | TP | FS EtOH| pH f DW| P { TP | FS EtOH| pH
O |o25| 43 { 014|488 [015| 4.5 |0.26 | 42 | 0.11|488 |0.15| 45 J0.24 | 42 | 010|488 [0.15] 45
12 [188 | 47 | 0956|032 |065] 4.7 646 | 32 | 2.00[1.93 [ 143 | 46 |586 | 34 | 2.01{1.50 | 1.29] 46
24 (898} 36 | 221|028 (140! 48 1278 18 | 2.33|0.11 |0.93 | 5.6 [13.01} 16 | 2.08{0.27 [1.10| 58
36 [17.03] 45 | 396|026 [057} 47 [16.73| 13 | 1.88| 03 |0.30 | 6.0 {1810} 10 | 1.36}0.28 | 0.49 | 58
48 [17.061 44 | 3771012 (024} 46 [19.41| 12 | 195(054 [0.04 | 6.2 [16.75] 12 | 1.43[0.53 | 0.05 | 6.1

DW = dry weight {(g/)
FS = Fermentable sugar (%}

Protein content (gf 100gDW}
EtOH = ethanol {%wiv)
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TP = total protein (g/l)




Figure 2.18
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Growth (a), protein content (b), total protein {c}, sugar utilization (d), ethano!
production (e) and pH (f) of M30, Candida utilis and mixed culture of M30
and C. utilis in molasses medium containing 4% fermentable sugar, 0.1%
urea, 0.05% potassium dihydrogen phosphate and pH 4.5, in 3.5 1 airlift

fermentor with initial cell concentration as ODggat 0.5 and aeration at 0.75 vvm.,
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Figure 2.18 {continued)

2.1.42 NITANAZNEY
drwsuneanmznauidnlugtluns sedimentation efficiency Wud1 M30 LRg? 7 AN
1 v
menauldfuan (S.E.20.74) wsfletanssoniuiu C. utiis IFRPDE014 nAvuliifiavnanungm

Tunmsrzneudwdaaiudleades C. utiis IFRPDE014 1R8q 7| (Table 2.29)
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Table 2.29 Flocculation expressed as S.E. of cells of M30, C. utilis and M30 + C. utilis
cultivated in molasses medium containing 4% fermentable sugar, 0.1% urea,
0.05% potassium dihydrogen phosphate and pH 4.5, in 3.5 | airlift fermentor

with initial cell concentration as ODgg,at 0.5 and aeration at 0.75 vvm.

Strain Sedimentation efficiency
M30 C. utilis M30 + C. utilis
24 0.317 0.142 0.097
36 0.324 0.031 0.095
48 0.737 0.027 C.097

2.1.4.3 RIUWIULAZIUIATDIAZNAW

o o ﬂlll d‘ (| i &£ a & dl L

&mFunTsRen M30 theg 7 wudhinisaiusenaugadinuaunan Aaide
B luGaIN AN TANAZNANTEY M30 willatiunaeasauiy C. utifis IFRPDB014 Wil
T A o LA 2 4 o o P
dieFumanmeiingneu 2-3 rznawdull 1 wa” daeny 12 dalus Anwuszneuliiinmy

] n 1 1
MAZALNAURNLRTUIAENGY  uash 24 99lus menawtadnduvnely nanmneaaasfidastiudgu
39 NITIRE M30 fanriu C. utilis IFRPDE014 A ANaIusalunnsAnfsnaulas M30 g
T C. utilis IFRPDB014  uiadalimnsznew Faannimaaedfilinunisimnguaasaas
(Table 2.30)

Table 2.30 Size of floc of mix culture of M30 and C. utifis cultivated in molasses medium in

airlift fermentor with 3.5 | working volume.

Time Floc size = 1% diameter / 2 diameter (W)
(h) Floc no.1 Floc no.2 | Flocno.3 |Floc no.4|Floc no.S | Floc no.6
0 22.22/29.63|29.63/40.74]37.04/51.85 - - -
12 18.52/33.33(18.52/37.04 - - - -
24 - - . - - -
36 - - - - - -
48 - - - - - -

* Number of floc in 1 mm2
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2144 dnausediidinuerlifitan

AN UNIRETETIR WalaE M30 $90fL C utilis IFRPDB014 1164
WNduauan 6.5 X 10° iadius. 1ishs 7.5 X 10° ieadiun. 7 36 4alua uaeh 48 Falua w1ad
RARTINRY IVADLTAETTITAIR 3.5 X 1098708, Tif 94% Teaadranus (Table 2.31)
FFU M30 iradiRudauan 5.5 X 10° 1wad/an. 7 0 $olue 4.5 X 10° iad/aa. 7 36
Falua usif 48 Falie SruuERFATTIRAARAUES 4.0 X 107 adale. FanfL 97.6% 189
wadanualuaniziu (Table 2.32) TusosAidledes C. utils e 1 wadavaelu culture
broth fiimnaenssey 48 falie Taumadifind uouann 4.50x10° lwad/ua. ifhy 5.65x10°
wad/e. 7 12 Falue uanidlu 6.00x10° iadan. 7 36 ol uaraaacd 48 4l dwiReniy
{Table 2.33)

Table 2.31 Direct count of total and viable cells of mix culture of M30 and C. utilis during
aerobic fermentation in molasses medium containing 4% fermentable sugar,
0.1% urea, 0.05% potassium dihydrogen phosphate and pH 4.5, in 3.5 { airlift

fermentor with initial cell concentration as ODg at 0.5 and aeration at 0.75 vwm.

Time Number of cells {celts/ml) Viable cell
(hr}) Viable Dead Total %

0 6.50x10° ‘ 6.50x10° 100

12 5.50x10° 5.50x10° 100

24 6.50x10° 6.50x10° 100

36 7.50x10° 7.50x10° 100

48 3.50x10° 6.00x10° 3.56x10° 94.0

Table 2.32 Direct count of total and viable cells of M30 during aerobic fermentation in
molasses medium containing 4% fermentable sugar, 0.1% urea, 0.05%
potassium dihydrogen phosphate and pH 4.5, in 3.5 | airlift fermentor
with initial cell concentration as ODgg,at 0.5 and aeration at 0.75 vwm.

Time Number of cells/ml Viable cell
(hr) Viable Dead Total %
0 5.50x10° ] 5.50%10° 100
12 1.15x10° 1.15x10° 100
24 3.00x10° 3.00x10° 100
36 4.50¢10° 4.50x10° 100
48 4.00x10° 1.00x10" 4.10x10° 97.6

127




Tabie 2.33Direct count of total and viable cells of C. ufilis during aerobic fermentation in
molasses medium containing 4% fermentable sugar, 0.1% urea, 0.05% potassium
dihydrogen phosphate and pH 4.5, in 3.5 | airlift fermentor with initial cell

concentration as ODg at 0.5 and aeration at 0.75 vwm.

Time Nurber of cells/ml Viable cell
(hr) Viable Dead Total %

0 4.50x10° ‘ 4.50x10° 100

12 5.65x10° ‘ 5.65x10° 100

24 5.50x10° 5.50x10° 100

36 6.00x10° ] 6.00x10° 100

48 5.00x10’ - 5.00x10" 100

s = aw ] o' o ar o
2.1.51’715‘?)@&@@05751’5&779 Uﬁ?”?ﬂﬁ?ﬂﬂnﬂgnﬂul‘ﬂﬁﬂﬂﬂﬂ@’lﬂ')ﬁ"ﬂﬁ?
Wwedndandarsleamnsodaslinisanaznoutetag lunsaiRad M30 lian
prnay vrannmznauliten luanwildudmead Teasdaliinisusnisadeananne i1y
L3 P
Beadnedn Aaldninimeaeslfaisatiuyiid 4 sia Ae aluminum sulfate, ferric chloride,
ferrous sulfate Was potassium sulfate 1Fixaalu culture broth AlagAdnduge Teldann
1 - %J 1 %
nniRetiamiuarmisnaninea wuvlviaantd W airift fermentor lunsvagasldiaaaniae
b 24 L] L4
lusmsninuataRimasaag 4% gi5u 0.1% waz unaldaulelalasiaunasiin 0.1%
Taeil¥ airlift fermentor M3l working volume 3.5 &#9 warlWenid 0.75 vwm a1 ldiRe 48
1 ] 15 =d
daTue Belurnieiu culture broth Huad 15.5 nf/@ne 3 S.E. Wiy 0.71 uas & pH 4.91
k] | =l Y = 5 1 o= 2o 9 9w 1 -
AWMTFLATNTMAREY e naNanratunsduAas1tinaslu culture broth THNAM AN WML 2%
Gaelifinnstfuasiududureaaadlu culture broth Wasannldfesnslifinasnsenunssifian
favad Teanalnaliniranasneutegadiddauluainidn) antumaslu cylinder 1utm 25
2 ' v
na, AUIR1 WardaANgIDIRENauNn 7 uR auRTU 5Tl uariaBnATuliafaliuiu 10
=
u#
1 [] : 3 -
HANINARBIT I TaRT Wannnae luanwlianiadanaadaesiu dineman
nenaufmunetuda (S.E. = 0.71) usnfiasdlfunidied 1w Winaadiinisdusaiuetiig
] ¥ -
doau uazanaznouatdiu cylinder Faasngeaesnznauls 11 . wazitenaldan 1w

AYNGITRIRLNAURARIDLNIPIAEY AD IMEBAINAITBIRZNDU LAiEN 7.55 Wil Tawiaiudy
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=l

sEwheunfif 1 AU 2 aoaigerasmznen anlii 3.45 1. luanisfimsanastesaaiigs
YRRNBUtRLIRMINATRNEY 1 soudnauniif 2 uasniii 3 AVINQIAARG 1.15 T3,
i 3 UATUNTR 4 AITNEITRIMENEUAGRY 0.65 T, UAE SEWINNTIR 5 AU 10
AINGITBIAINEUARRY 1.2 9. (1.2 9. /5 uWT) Taradildannismmsasdhueasdutiuin
AR HAMNANATRIUNIANAZNAURNAN (Table 2.34 WY Figure 2.19)

91nN19dia aluminum sulfate udlineANAneuTeNTaRRTW R i nen
ooy culture broth AiliAnmsdannnazneuadhl Tagszwinaun @ 1 fuundid 2
AYINGUIBIAZNALAAN 5.15 T, TanAnugeresaznauantiataniianaiunidy way
sEwdin T 5 AU 10 AvgeTasnzneuaAe 1.25 . (1.25 911, /5 1) (Table 2.34
Wax Figure 2.19)

&1MFUN"TBN ferrous sulfate uae potassium sulfate Whyliluvinuaa@eaiu fAa
inbinsanaznewdisduioadnlien Tnussuinanifl 1 fuundia 2 PNNNGRATDIAZNEURAR
4.9 3. Haifin ferrous sulfate WAY ANAGITAIAZNEUARRY 4.23 1. ladRal potassium
sulfate uaziTwAEMs AugeseaRzneusatieeaudlana iy uar szudraundii 5 My
W7 10 A NGeTRIRYNEUARRY 1.3 T, (1.3 L /5 W1F) URY 1.14 (1.14 T80, /5 W)
ATNATAY (Table 2.33 wag Figure 2.19)

usiduFunadit ferric chioride Winawwmssdny asaniiedinaslalu cutture
broth wudw' culture broth fuuntnintasy ignunsaianisanaznawld

nANIMARRIEIN WaRTes M30 AnsznauBnludnasTldnEAT a4l
nREuazFngssng o Wil imeanazneuddunnin FohAchidufesdivas

a9 doenisrnazney iWedotueniadeantnld
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Table 2.33 Sedimentation of cells in 48 h culture broth of M30 (cultivated in molasses mash
containing 4% reducing sugar, 0.1% urea and 0.1% potassium dihydrogen
phosphate in 3.5 1 working volume with 0.75 vwm) after mixing with some
inorganic compounds.

Standing Control Aluminum sulfate | Potassium sulfate | Ferrous sulfate
Time Height of | Height | Height of | Height |Heightof| Height |{Height of| Height
(min) sediment |reduction| sediment | reduction |sediment |reduction [ sediment [reduction

{cm) {cm) (cm) (cm) (cm) (cm) {cm) {cm)

1 1.3 NR 13.5 NR 12.0 NR 13.5 NR
2 7.8 3.5 8.4 52 7.8 4.3 8.6 49
3 6.6 1.2 6.9 15 6.6 1.2 71 1.5
4 6.0 0.6 6.4 0.5 6.0 0.6 6.6 06
5 55 0.5 58 0.7 5.2 0.5 6.1 0.5
10 4.3 1.2 45 1.3 4.3 1.1 4.8 1.3

Height reduction = sedimentation height at the previous time minus sedimentation
height at the time that height reduction was indicated; e.g. height reduction at 30
second = height at 15 sec. - height at 30 sec. = 9.5-6.5 = 3.0cm

15

10|

Height of sediment (c1

0 1 2 3 4 5 6 7 8 2 10
Time (h)
—a— Control —g— Aluminum sulfate

—e— Potassium sulfate —g— Ferrous sulfate

Figure2.19 Sedimentation of cells in 48 h culture broth of M30 (cultivated in molasses mash
containing 4% reducing sugar, 0.1% urea and 0.1% potassium dihydrogen
phosphate in 3.5 | working volume with 0.75 vwm) after mixing with some

inorganic compounds.
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2.2 BaRmnmznaudwmiunisnaniasamsdnd iilaldhnndniludusiam
2.2.1 AmAan S. cerevisiae AraWugaMnasyuazTsiuge (Faiaesly
astiningl faungiige
Yansiaasfiad S. cerevisiae 10 anevig uasinmngn Adtmed
Pad 2% (glucose equivalent) uazuanluflendamn 0.05% tunanars U5y pH Guduaas
a MWL 4.5 wartlfuarududuseaaasGus Tnefoilumnugui 660 wiluims
(ODygq) WL 0.5 (uﬁqmnﬁnam_l?‘mmmﬂa’ﬁﬁ@gﬂuﬁﬂmndqﬁl%l.m?ﬂummmﬂﬂuﬁq)
Uaaiesiatharise 150 sevseun? ﬁgmwgﬁ 37 %4 msaadannniatoy Uiunm
Tusfi WBananinmedanfuazen sedimentation efficiency (S.E.) nn 24 daluadaan 4
U
Table 2.34 Growth and total protein of Sc80, AM12, M30, TJ1 and TJ3 in slop waste
medium containing 2% glucose equivalent sugar concentration and 0.05%

ammonium sulfate, pH 4.5 and incubated in rotary shaker, 150 rpm at a7°c.

Time S5c90 AM12 M30 T4 TJ3
{h) DW TP DW TP DW TP DW P DW TP
0 025]| 0 022 | O 023 10 022 |0 032 | O
24 2641002 | 049 | © 535 | 008 | 031 | O 2.13 | 0.02

48 [ 1027 ] 042 | 1.60 | 013 | 460 | 1,12 | 1.13 | 017 | 2.44 | 0.18

72 8191 058 | 493 | 0.83 | 475 | 032 | 1.45 | 0.31 | 218 | 0.38

96 8231059 | 728 | 089 | 973 | 002 | 213 | 0.58 | 0.69 | 0.46
DW : dry weight (g/l) TP : total protein {g/)

Table 2.35 Growth and total protein of MR195, RLE, MR-F44, MR-F65 and FG65-UV83 in
slop waste medium containing 2% glucose equivalent sugar concentration
and 0.05% ammonium sulfate, pH 4.5 and incubated in rotary shaker, 150

rpm at 37°C
Time MR195 RL6 F44 FG65 F65-UVBS
(h) ow TP DwW TP DW TR DwW TP DW TP
0 024 | O 0.20 0 0.23 0 0.41 0 0.24 0
24 036 | 0 0.44 0] 0.54 0 0.80 0 0.60 0
48 045 | 0 058 O 0.72 0 0.84 0 0.37 0
72 0.68 | 0.16 0.97 0 0.64 i) 0.29 0 1.1 a
96 0.63 | 0.36 | 0.42 0 0.89 0 0.34 0 0.63 0
DW : dry weight {g/l) TP : total protein (g/l)
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LS
5

Lﬂﬂﬁq'1sm'ima‘m?muﬂmﬁmmiﬂiﬁuﬁmﬁa Y910 mﬂﬁ’uéﬁﬁﬂm?ﬁnm
(Table 2.34, 2.35) WUABAK SO0, AM12 ua M30 inasdyqanindiadaneivuga
(Figure 1a, 2a) uazwdaniae@aidan 48 4ala ok M30 fiffunadusiumugagn
L:‘?‘ifmﬁuuﬁ’uﬁaﬁmuﬁ’uﬁu AefiAwindL 1.12 o/l (Figure 2.20b, 2.21b) uazilAlilshiu
nehuadivindu 24.32 100 gDW Seasildnanndndntusiunaluadiad TI1 faan
96 Faluaifinandie (Figure 2.200) dwiuArlusiunglusadfigannaadiiad T3 7
987 96 Faliageamsmnsinniy enaidlesnanmnasiyiinuiasnn (Figure 2.20a)

NINARBUAINAINITRINNTANALNAY (Table 2.36, 2.37, Figure 2.22b,
2.23b) uamnsindasianewiug AM12, M30, TJ1 uae TJ3 anunsoanmznaulsn Taauanalug

483 sedimentation efiiciency (S.E.) RflAegszwine 0.13-0.25 nsnefiasianavugiude

Sc90, MR195, RL6, MR-F44, MR-F65 uay F65-UVES hinnaznat wazilafasninan S.E.

1
o=

gegnaasBainguinnaznould wudnfiad M30 aunsannaznenlaffgalanilan S.E. geil

q

qnéa 0.25

Table 2.36 Sugar utilization and sedimentation efficiency of $c90, AM12, M30, TJ1 and
TJ3 in slop waste medium containing 2% glucose equivalent sugar
concentration and 0.05% ammonium sulfate, pH 4.5 and incubated in rotary
shaker, 150 rpm at 37°C.

Time Sc80 AM12 M30 TN TJ3

(h) RS S.E. RS S.E. RS S.E. RS S.E. RS S.E.

0 1.36 [ ND 1.17 | ND 1.24 | ND 1.19 [0.06 |1.28 |0.11

24 | 066 [001 076 |0.14 |060 |0.10 |[t16 |006 |0.92 |0.15

48 | 055 (006 062 (016 {057 (014 |[103 |[0.09 059 |0.13

72 1047 |006 |043 (021 |053 {016 |060 |004 |059 |0.07

96 | 044 |[008 |054 {010 [050 |025 |052 {013 | 052 003

RS : reducing sugar (%) S.E. : sedimentation efficiency

ND : not determined
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Table 2.37 Sugar utilization and sedimentation efficiency of MR195, RLE, MR-F44, MR-
F65 and F65-UVEI in slop waste medium containing 2% glucose equivalent
sugar concentration and 0.05% ammonium sulfate, pH 4.5 and incubated in

rotary shaker, 150 rpm at 37°C.

Time MR195 RLE F44 F65 FE65-Uvad

(h} RS S.E. RS S.E. RS S.E. RS S.E. RS S.E.

0 1.01 |0.06 |[1.87 |003 |1.85 |0.03 |183 [0.02 |[1.85 [0.04

24 125 | 003 {139 |0.02 |137 |0.03 {1.63 |0.03 162 {003

48 120 |0.08 {122 [004 |[133 1002 |143 [0.07 |1.46 |0.05

72 119 [ 0.04 |1.30 1003 |[1.09 |003 [130 [0.06 |134 [0.05

96 102 |0 108 002 |09 |[003 [128 [0.04 139 [0.04

RS : reducing sugar (%) S.E. : sedimentation efficiency

v
o o o4 P a s

Futhiddldndaniadaneiug M30 Wawsunmanazfimuzandmsy
nardnmadsety aenlsimudlefinsantBnautmasaadiuanuwadinaennns
wmm@:wud'\ﬁmmﬁ'\mqﬂluﬂ'\mﬂgmﬁﬂﬁmﬂﬁuﬁ: Sc90, AM12, M30 AL TJ3 aaad
a9 luE9AY 24 F2lieTBaNI AN ZLAEN (Table 2.37, Figure 2.22a) LAXWAIAN
Hudlafarliimasellaunssisidmamiesgsznn 0.5 % Hemnzdnadadhuan
& Fu Beaziudnnneaszazinadaus 48 - 96 Falueennsmnzdnsuunnsimal
Wanuuilassnniin snisfianunsonunisisdoyaes L%alugﬂ dry weight sl
MufRu N uatniulE9R (Table 2.34-2.37 wax Figure 2.20-2.21) k@nadndaiane
ﬁ’uimdwﬁl%ﬁﬁmaLﬁ@mm?ryt,ﬁm 0.7-0.8% 4 whﬁuﬂ?‘mmﬁﬁma"?‘;ﬁﬂgluﬁﬁnfmdﬂﬁ
Wwtuansdoade feulunmeasssiellRliinBunuhmaaedituduluems
Samndrreuimamnaies fufearanfinashmeiaadandidey lmianandi il

WGIFUNEIWITAE UTsHNnd 0.7%

Le

&

! + -
nsfifafaunsainy sl iuaulugdosninaiisniunolen §
araiiasnannnsiisisedtaddnaglninnndfiudnaunnn dedwnwiane it

2 ]

o =l a o 1 =2 A = 5 =l i 1 o=
nmndraeansiiaadiafivailed TaligdmssiAflsiumuretaadtasdivettl wudf
el o

' =5 [ :J/ sl o« 1 4’1’& ] gl
ANRINY 1.52 ¢l FOTLLTAATAAMAILAIANALTUUVAIAIENTDMNTIDUIRRBARNUINN

naaasladluacgnam
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Dry weight (g/)

Total protein (g/1)

]

& 8 8 8
T

Protein (g/100 gDW)
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o

24 48 72 96
Time (h)

| 0590 _4 M30 _ AM12 _o TUl _g TJ3

Figure 2.20 Growth (a}, total protein (b) and protein content of the yeast Sc80, AM12,
M30, TJ1 and TJ3 cultivated in slop waste medium containing 2% glucose

equivalent sugar concentration and 0.05% ammonium sulfate, pH 4.5, and

incubated on a rotary shaker (150 rpm) at 37°c.
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Figure 2.21 Growth (a), total protein (b) and protein content of the MR195, RL6, MR-F44,
MR-F65 and F65-UVBY cultivated in slop waste medium containing 2%
glucose equivalent sugar concentration and 0.05% ammonium sulfate, pH

4.5, and incubated on a rotary shaker (150 rpm} at a7°c.
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Reducing sugar {g/100 ml)

Sedimentation efficiency

0 24 48 72 96
Time {h)

_0_Sc90 _, M30 _o_AMi2 _g TV _g T3]

Figure 2,22 Sugar utilization (a) and sedimentation efficiency, S.E. (b) of the yeast Sc90,
AM12, M30, TJ1 and TJ3 cultivated in slop waste medium containing 2%

glucose equivalent sugar concentration and 0.05% ammonium sulfate, pH

4.5, and incubated on a rotary shaker (150 rpm) at a7°C.
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Reducing sugar (g/100 ml}
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Figure 2.23 Sugar utilization {a) and sedimentation efficiency, S.E. (b) of the yeast
MR185, RL6, MR-F44, MR-FB65 and F65-UVES cultivated in slop waste
medium containing 2% glucose equivalent sugar concentration and 0.05%

ammonium sulfate, pH 4.5, and incubated on a rotary shaker (150 rpm} at

37°¢.
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af ar a ql ar
2.2.2 MSANIRN 1IN IANFMFUNISRAMTARERS M30 Tasimsusin
» H s o Y s
suliamia luansiming igungigs lusanlfjitins
[ | T =
2.2.2.1 mnbendas M30 luamsiamndriiduen ludandama wiegse
L ! U
AN Tus e lulasiay
L e ar 1
nINReEasaRug M30 lusmnninnindn Riluenlnde-
Fams 153704 0.05, 0.10 uat 0.20% visaily Gy 151104 0.03, 0.05 uay 0.10% hiunas
tuirsiau Tael$u pH Guduresamnsiiivindy 4.5 YiuanudndusengadGusu laadn

Wluauguit 660 u1Tuwng (ODg,) Wiy 0.5 LnuweTatiatnaud 150 seusaund

Panuugi 37 %1 meaadaniaady drunnilusii Bunaminmnasaed nslazuulas pH

al

LwazA1 sedimentation efficiency (S.E.) 9 24 Falualuas 4 Ju

Table 2.38 Growth and total protein of the yeast M30 cultivated in slop waste medium
containing various concentration of ammonium sulfate or urea, pH 4.5, and
incubated on a rotary shaker (150 rpm) at 37°C.

Ammonium sulfate Urea

Time 0.05% 0.10% 0.20% 0.03% 0.05% 0.10%

(h) {DW !TP |DW |TP |DW {TP |DW |TP |Dw |TP {Dw |TP

0 030 |0 01910 0.24 |0 0250 0.20 0 026 |0

24 1365151253128 |311(1.43|445|1.62|3.52|1.67|3.86]|1.41

48 | 3750 369 (0 364 (026}38110 38310 3.7510

72 | 465115500 117 | 458 | 1.014.63|0.94 | 4034103 |4.60]1.11

96 | 565[0.84|597(0.85|589]|089|519(041|49910.46|551|048

DW : dry weight (g/1} TP : total protein (g/1)
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Table 2.39 Sugar utitization and pH change of the yeast M30 cultivated in siop waste
medium containing various concentration of ammonium sulfate or urea, pH
4.5, and incubated on a rotary shaker (150 rpm) at 37°C.

Ammonium sulfate Urea

Time 0.05% 0.10% 0.20% 0.03% 0.05% 0.10%

(h) |RS |pH |RS |[pH [RS |[pH |RS |pH |RS |pH !RS |pH

0 076 | 45 |077| 45 |077| 45 [079| 45 {076 | 45 1077 | 45

24 057 | 3.0 {057 | 30 {059 30 |059| 40 |054| 40 056 | 40

48 054 | 21 {05571 24 {054 25 |050| 33 |051] 3.4 [049]| 34

72 053 20 0531 20 |052| 3.0 {049 3.0 048] 3.0 | 048] 3.0

96 046 2.0 050 20 {051 | 20 {052 3.0 |044 | 30 | 037 ] 3.0

RS : reducing sugar (%)

nanIsaasdaaias M30 Tuamnsinnind niiuenluliandaiavies Gy

Audindusine s lulasau (Table 2.38, 2.39) wudatutes 24 daluausnenans
a‘l‘ :'; = rql' e’i’ a}d = [ 1 = a4 dl 1 b3 2 !
izl iy Basiidsaluaasidly Go duunaslulnsiawasylussfunganduantes usi
= ar ::- =1 1 ] ar o . dll = = =.il
N3 EUMAIINILA luaneefuNantin (Figure 2.24a) WaRansauniSunnlilsiuiinga
wuluusaranarinesans wudrdias M30 iilfunadlsiusnuasldsiunnalusdgean
1 k3 1
Wamnzidgautuwaan 24 lualugnnismaass TaofiFunoddsfusngagamiaf 1.67 g/
WadnsluamaifiyFy 0.05% iumddulngau etrddsfinmuAinutiliuansneangd
Burnulilsfiusmugeganineanuainnsiestiad M30 TluenmsfitgFe 0.03% huumas
< A e = = o .

TulnsiaudelAnyingy 1.62 g/l wasminfirrsanBunnllsfunielumastaswudiuan
Franiwganun (Figure 2.24b, 2.24c)

nTARRALAR s RN maT AT luawsias e vdsanidaadaliifly
1281 4 Fu wunadasuulsaFunainanaiaadluenwisicaslduanseivluynnis
naaas (Table 2.39, Figure 2.25a) WaRansannisilasuuas pH 1aea1unsdeiienann

= & . sHa g | o
sz MIWATIALN (Figure 2.25b) wudn asfiagGedluunasiuingiau Jdn pH aaas
aifnngn 3 AeensruznaAnaaed i pH 1esemasuadefluen e udamn
i 4 y ﬂ" gv
dhauaslulasquiuansesinngn 2.5 meluaan 48 falusreanismizizuauanainueamy
= a

Iilad M30 Adaathuaan 48 alue uemsiidlyFu 0.03% Juunadlulanauaimnsann

nznauldmfige Tnufldn S.E. Wi 0.50 (Table 2.40)
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Figure 2.24 Growth (a), total protein (b) and protein content (c) of the yeast M30
cultivated in slop waste medium containing various concentration of
ammonium sulfate or urea, pH 4.5, and incubated on a rotary shaker (150
rpm) at 37°c.
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Figure 2.25 Sugar utilization {a) and pH change (b) of the yeast M30 cultivated in slop

waste medium containing various concentration of ammonium sulfate or
urea, pH 4.5, and incubated on a rotary shaker (150 rpm) at 37°cC.
Table 2.40 Sedimentation efficiency (S.E.} of the yeast M30 cultivated in siop waste

medium containing various concentration of ammonium suffate or urea, pH

4.5, and incubated on a rotary shaker (150 rpm) at 37°C.

Nitrogen source Sedimentation efficiency
0.05% Ammonium sulfate 0.47
0.10% Ammonium suliate 0.20
0.20% Ammonium suifate 0.24
0.03% Urea 0.50
0.05% Urea 0.12
0.10% Urea 0.28
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2222 madeniias M30 usmminindidiuan pH Fususng 7
} A ¥ 1
Wmsidesdad M30 lugtwisiiningy iy se panudindu 0.03%
Whaunaalulnsau lned$u pH Guiugeeims vty 4, 4.5 usy 5 YFuaududuans

Laa Ay Inadaiunamguil 660 W TWlAT (ODg,) WAL 0.5 UNUUIATEUTEIATIHIG

o

150 sausoud Nomwndl 37 %1 pevadanisaiy Wunallshiu WSnnenasaod nas

3 al

Wagulas pH uay sedimentation efficiency (S.E.) yn 24 daluaifiuinan 4 4y

Table 2.41 Growth, tota! protein, sugar utilization and pH change of the yeast M30

cultivated in slop waste medium cantaining 0.03% urea, pH was adjusted to

4, 4.5 and 5; and incubated on a rotary shaker (150 rpm) at 37°C.

Time pH 4 pH 4.5 pH5
(h) DW |[TP |RS {pH |DW |TP |RS |pH |Dw |TP | RS | pH
0 024 0 | 091 4{032|009|089| 45]026| 0O |0.90 5

24 505|147 | 067 | 3.84| 260! 099 | 065|452 266|072 0.66| 5.64

48 637|254 | 057 399|418 192|057 | 554 | 3421110057 | 7.41

72 6.06 | 264 | 052 | 432 | 382|077 | 050 ] 555|337 | 1.01|053] 7.2%

96 6.25| 241|046 | 418 | 436 | 1.21 | 049} 539 | 449 | 0.94 | 048} 6.92

DW : dry weight (g/l) TP : total protein (¢/l)

RS : reducing sugar (%)

M30 1'71'Lgmiﬁm?rylummﬂ‘ﬁqmnmﬁﬂi?"u pH Guguwini 4 fnsasuay
Li?‘mml‘ﬂsﬁumuqanrjﬁmﬁiﬁmnmwmaﬂa‘ﬁ'ﬂﬁ’u PH BHFLI09DIMTHATL 4.5 UAY 5
(Table 2.41, Figure 2.26a, 2.26b) Lasitafansnninadsinne s sty
ARy pH Budusinamy WUE AT A lue T ITIN NS pH Gudnvini 4.5
fuBunailisunahuradgandnfarisesluanasiifldn pH 4 uas 5 g 48 Folusan:
SR LdaaRRIRMAEINT (Figure 2.26c) Lﬁ@'ﬁma‘m*&muﬂﬁlﬂmﬂmﬁmmﬁ’x
ET BT lNa s AT TN pH Gudusnaiy wudlifrauuandnaiv Taeasld
Yivmnalszanns 50% ﬂmﬂ?mm\iﬁmﬂﬁuﬁuﬁﬁ@%’tummsﬁ'\mnmmﬂlumm 724
TL4909NSNIZE L {Figure 2.27a) @Sty pH Gudhuwingu 4 fnnaeu

wilae pH daandneaunsfuFu pH Eusuiaiu 4.5 wae 5 (Figure 2.27b)
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dessnidledeilas M30 luenmmnsiiiu pH Gudhuiniy 4 wumsadoy
waztFrnaulisiuslussi Aganddladodd pH Bu Anfulunemasesseludeusy pH
SRR MNIINNNENHTL 4 feuvrmanzEe

atelsfiammuingan M30 AdsslusunnnIng At pH Bufuinfy 4
anursaanaznenldtenndniiadesluaningifion oH 4 uat 5 Wtas 48 $alusaaanag

wnziaen Tnaamadnn S.E. T8winfu 0.25 {Table 2.42)

Table 2.42 Sedimentation efficiency (5.E.) of the yeast M30 cultivated in slop waste

medium containing 0.03% urea, pH was adjusted to 4, 4.5 and 5; and

incubated on a rotary shaker (150 rpm) at 37°C for 48 hour.

Initial pH of the media Sedimentation efficiency
A 0.25
4.5 0.28
5 0.38
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Figure 2,26 Growth (a), total protein (b) and protein content (c) of the yeast M30

cultivated in slop waste medium containing 0.03% urea, pH was adjusted

to 4, 4.5 and 5; and incubated on a rotary shaker (150 rpm) at 37°C
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Figure 2.27 Sugar utilization {(a) and pH change (b} of the yeast M30 cultivated in

slop waste medium containing 0.03% urea, pH was adjusted to 4, 4.5

and 5; and incubated on a rotary shaker (150 rpm} at 37°c.

2223 madeedas M30 uamninnd ignmpisae]
Finnsdeedad M30 Tuammstinnnnga ityde Aodudi 0.03%
Eluunasiulnnay Tneuiu pH Guduresarmnslfivindy 4 Yiuacnduduaes AR UG
Tned mLﬂum'm'Jjuﬁ 660 uTIURAT (ODg,) iU 0.5 tuwAtesattlueies gradient
temperature incubator o 30-45 “1  1ihuioan 48 Falua asaadmnaiasty Liuno

v
Tsftu WBunoninanaiaod uaz pH
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Table 2.43 Growth, total protein, sugar utilization and pH change of the yeast M30
cuitivated in slop waste medium containing 0.03% urea, pH 4, incubated on

a gradient temperature incubator at various temperatures for 48 hours.

Temp Dry weight Total protein | Reducing sugar pH

o) (g/) G (%)
30 416 3.24 0.50 54
33 3.95 3.44 0.49 54
35 3.40 3.37 0.50 5.4
37 3.86 3.79 0.47 4.7
40 1.12 2.75 0.48 3.9
43 1.20 2.65 0.50 3.9
45 0.93 3.03 0.52 4.0

fam M30 Hnssrygegagnmpiinisnifeawindy 30°e  wsinwudndl

1} 8 i 1
Banullsiusuusclisfunmalugadinitdlododianmnll 33-37 %1 2enigumgdl

37%1 wudniBunllsiusaneslisiunaluitadgegn (Table 2.43, Figure 2.28a) 18
Aias s Buinnimassodimaeaglainsiinindinends 48 dalussaennanisines
v
wudn ldumnseiuluusssgompfizasnanisieussiiddsznm 0.5% (Figure 9b) pH
i | ¥ ] 1 ]
Ta3e st NN TiaeBasmanmai 30-35 %1 Tnsuweuwasann 4 1 5.4 doufl

aaunndl 37 %1 fnnsuwRsuudandndendeRaidudu 4.7 snusfilinunisldsuutas pH

o

gas0 MmN Indfignmnfl 40-45 % (Table 2.43, Figure 2.28b)

q)

1 [ g
diaRansnnisasuasiianllsiusaaadas M30 Minasluermstinnin

i = ! ar = o ar = rs‘z ] aal
dhanumndl 35-45%1 Fadadugrangigedmiuninaseyesdamioll wudndaniinas

-

i i = ' ] = i a [ = Li
Wiy AngaTigumndl 37%1 anangalddgaumpiinmnzandmiunsnansasiasing

!
B el

ar C] = [s]
nswinlusrmsiinnduunianniafigumniigeda 3771

u
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Figure 2.28 Growth, total protein and protein content (a); sugar utilization and pH
change (b) of the yeast M30 cultivated in slop waste medium containing
0.03% urea, pH 4, incubated on a gradient temperature incubator at various

temperatures for 48 hours.
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2.2.3 meAnwanwuzaznaurasdas luszninmewinuuyliaima lu
amstinng1 Raungiigs lusiaa/fians
Fms@etafaneiug M30 luamnsinnind Aduie paadingy 0.03%
Fuuvathulnsian U0 pH Guduresenmnslfiaiu 4 Puaudnireaadiud tny

-1

Fouluangui 660 WrlUAS (OD,,,) WML 0.5 UNLWATaAILNAMMIES 150 saURe

! ] r
Wil figoumnd 37 %1 Anwnagiatey Wanousasnildam RnamnaiaTand A1 SE. uas

TUWIALBIRTNAU

Table 2.44 Growth and viable cell number, sugar utilization, sedimentation efficiency

and floc size of the yeast M30 cultivated in slop waste medium containing

0.03% urea, pH 4, incubated on a rotary shaker (150 rpm) at 37°cC.

Time Dry weight | Viable cell number Reducing S.E Floc size*

(h} (a/l) (celifml) sugar (%) (L)

0 0.30 1.06 x 107 0.64 0.07 -

6 1.09 1.26 x 10" 0.56 0.12 -

12 1.73 1.86 x 107 0.48 0.11 | 30.7x30.4
24 2.97 3.10x 10’ 0.43 011 | 41.0x286
30 3.27 156 x 10" 0.43 0.11 30.2 x 25.1
36 1.76 1.83x 107 0.43 014 | 26.9x21.0
48 1.54 176 x 10° 0.40 0.11 31.1x19.2
54 1.89 1.55x 10" 0.38 0.12 | 31.6x24.8

* size of viable cell floc

=i

flas M30 ﬁﬂ’l’a‘ﬁ?‘fy‘lﬂﬁ\‘lLWﬁZLgﬂQLﬂuL’)ﬂ’I 24 2t Wenndluen dry weight
Winfu 2.97 g/l uasnunnnuaadEad M30 AfiFintiAngeaane 3.10 x 10" celliml 0uz
BN s AU AL Tea AA9aTN 0.64% WiNe 0.43% F e Bunnninansisiadaz
ﬂﬁﬁ@giui:ﬁuﬂma@mmmmﬁtgmrﬁifﬂiﬂ AIUANNOANAYNOUTBIEAE M30 AsTiAREN
sstznaninasadlanaziiuldainds S.E AlifiniauAomuasldntn LaNAANTIENY
AnMsAnEIwATeIALn e IARTETRdle1an 24 Falusrasmamnzde iy Had

nrazanmznauiiinnalugigaan (Table 2.4, Figure 2.29)
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Figure 2.29 Growth and viable cell number (a}; sugar utilization and sedimentation
efficiency (b) of the yeast M30 cultivated in slop waste medium containing

0.03% urea, pH 4, incubated on a rotary shaker (150 rpm) at 37°C.

2.2.4 msAnwmssAnmasaas M30 Inanswsinuulsiana Tuvnangs 7
@mﬂgﬁgdtﬂatgﬂd Saccharomyces cerevisiae §9311 Candida utilis
MNTRETAR S. cerevisiae AneWug M30 ot C. utilis nevug

IFRPDB041 (§R31d9u 1:1) Wwaminindnfidigduanadsdu 0.03% Whumes

Tulnsian U3 pH Gusuaasaimnsliivindu 4 YiumnudndussanadiGusiu Inadaiiiu
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Table 2.45 Growth, total protein, sugar utilization and sedimentation efficiency (b) of the

yeast M30 co-cultivated with C. utilis IFRPD6041 (1:1) in slop waste medium

containing 0.03% urea, pH 4,incubated on a rotary shaker (150 rpm) at 37°

C.
Time (h) ODegso Reducing sugar {%) | Total protein (g/l} S.E.
0 0.625 0.81 0.25 0.09
6 1.425 0.77 0.46 0.09
12 3.250 0.73 0.26 0.07
24 4.237 0.73 0.39 0.06
30 3.787 0.72 0.82 0.07
36 2.800 0.69 0.9 0.05
48 4.925 0.66 1.06 0.07
60 4.237 0.64 1.09 0.12

Atudamswnsiasatiunen 24 Fali Fenauserinediad M30 uaz KyS
RETC PTG RETb] mﬂumﬂ'ﬂmjuﬁ 660 unTuims (0D, WAL 4.327 winwindlLFunon
Tsfusamiviniu 0.39 g/ sauzfiasnunfnaillsfusongaganiniy 1.09 o flean 60 42
TaaaRanIsHNZIAEN wunﬁ?LﬂﬁﬂuLLﬂaqﬁuﬂruu?ﬁmﬁ??ﬁq-ﬁ‘himninmﬂmzﬂmmﬁ
NAGEs ATLATsalunIsAnATnevInsdian Tnnswanuuladihdntes Tneazuiulann
F1 S.E. finsulamuiadinninnsesssozinainanes (Table 2.45, Figure 2.40) Wk
ilefansaunn S.E. ﬁ’wuﬂﬁ'mmf-\wulummmamﬁwud'\ﬁmﬁﬂnfhﬁi’lﬁ’lﬁ’mnmmmamﬁ
rsndalunsiesfan M30 Lﬁmmﬂﬁuﬁtﬁmtﬁqﬁﬁ grananaldidnisvingias C. utilis
IFRPD6041 %qLflu'ﬁaﬁﬁiﬁmnﬁ:nauuﬁiﬁmmﬁmiﬂ?ﬁunw'luwaffgﬁuﬁﬁlﬁ’mmmmm

ANRZNAWABIEAR M30 ARAY
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Figure 2.40 Growth, total protein and protein content (aj; sugar utilization and
sedimentation efficiency {b) of the yeast M30 co-cultivated with
C. utilis IFRPDB041(1:1) in slop waste medium containing 0.03%

urea, pH 4, incubated on a rotary shaker (150 rpm) at 37°¢c
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