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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 Sc90, a non-flocculent industrial ethanol fermenting strain. In shaking flask

cultivation M30 produced 8.48 %v/v at 30 h of cultivation while Sc90 produced 8.42
%viv. M30 and Sc90 could ferment ethanol at higher temperature, 37°C. however, the
amount of ethanol obtained was about a half of ethanol obtained at 35°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 fasier than at pH
4.5 while at pH 4.0 both M30 and Sc90 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 inctuding number and size of floc cells. The result revealed that longer

fermentation time resulted in increasing of flocculation of celis, 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 ethancl fermentation at 35°Cin 31
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 slightly

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. In 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 n. Ethanol
fermentation by co-cultures of M30 and Sc90 did not showed any improvement of
ethanol production. In contrast, the co-cultures reduced fiocculation. Observation 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 haif 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
temperature (STOC) obtained RL-6 (non flocculent strain), AM12 and M30 (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 molasses 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 (without pH controlt) and
1.9-3.5 times higher in total protein. Celi 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 cell 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 OD, at 1.5, 2 and 1.5-2 were the
optimal cel! 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



fotal 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 bhiggest 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 molasses mash using air-lift
fermentor by co-cultivation of M30 and C. utifis IFRPD6014 showed that the co-cultures
and axenic cuiture of M30 and C. utffis produced almost the same amount of cell mass,
17.03, 18.10 and 16.73 g/, respectively. Besides, co-cultivation of M30 and C. ufilis
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 eguivalent sugar concentration which
was the same as the concentration in the slop waste. Therefore, no addition of sugar
was made in the other experiments. Optimization for cell 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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SIBNURRNUANINHILA]T (Literature Review)

N1TANASNAUUAZSAAANALNBY

AsANAENE (focculation) 1esBasmiy HEWR iR dwanalsznis iy
Stewart (1975) ez Suzzi et al. (1984) WiAndimANiAenismadEasidunsaniu
Lﬂuﬂﬁiu“ﬁﬁ‘ﬂﬂ'ﬂ’l clumps %38 flocs LWAIANALNANEL W m‘%qgﬁdwmwmmmsmmﬂ
whtyas] @9 Esser uax Kues (1983) Willuaaadndn floceulation A wsngnisafiia
Fuidlowadi Lﬁ'm'] wansiadTagluamsmaanmunguiwinliide flocs vie clumps s
AN ALnsANALNauIaNsaeails Taefinissenfenafaiiesainmssusamiy
WaauRaRasEuANNNEsn BauanaanAndn flocoutation wéa fafisaamums i Bun
% clumping, aggiutination, coagulation, adhesion, association, agglomeration,

aggregation UaY floc-formation €91 Johnson uazADLY (1987) 218941491 TUNNFTINNGN
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a0ILTAdtiARsNIasI8E BN RerTEEndn autoflocculation W38 self-flocculation
watnsunguiinansedAnaaiugudesinaldd Gundn co-floccutation wia mutual
flocculation FANNTANAENAUTNGINIREIUNERUANNEMIRNAE N B ARUNR TRVl
‘lzu'muﬁqmmnmznﬂutﬁﬂmfﬁuﬁuﬁ uaNaNi Kamada wa Murala (1984) wusms
anmznausenadatuuuufunduls Tnennmaznauuasnisnsyae1e ez iuuLls
ran1azuonden Suanvinsiufmensadifuumman y it
quisifaqiiunalnmennaznevsesdiasdshinsuamisnasuneliacing
auysal wAmananldinemnaznevredefifuinensfiaauaulneiugnes Tiuvany
wiiafinsluiaffannznavdfiaadeatuneanacnay Ismaniz FLO genes 1w FLOT,
FLO8 uas New FLO (Esser and Kues, 1983; Miki st al., 1982a; Mortimer and Schild,
1985; Hohgson et al., 1985; Kobayashi et al., 1996; Hautcourt and Smart, 1999) Ugn
mn‘l‘i'umsmnm:nﬂuﬁ’ﬁufagjﬁummmmmm:ﬂ?mmam_gmmﬁuﬂme Toenflufieensy
dranyaAaian (Ca°") Hunusenisanazneu laadoslfimssaasduiuiungy
(aggregation) waznsanmznaudanenih cell-cell interaction %38 wall-wall interaction
{Calleja, 1987} wMBNANT Soares and Seynaeve (2000b) WU Ndnd e Ca® T
AR ABUATA pH P84T BEdeALALT ST uat N wasfluiladedian
JluetisBiasienieanAvneweeaadiias S. cerevisiae

neANALNauIBstinfanalialanayyaniilszaaL (anionic group) TR4KTH

L1

adTagindiu deniulauileyyadaduudion ustiifinayyafifilszaanmatiuie
nguln Tagaraulu carboxyl groups 199 acidic protein fiutiaEad phosphate groups 194
phospho-mannan uananntugeenaiifusAatanailunnfiulamsauas lanrondaniis
L%@ﬁLﬁm"%uLﬁﬂﬁﬂuwﬂﬁﬁQﬂ (Layons and Hough, 1971; Jayatissa and Rose, 1976; Esser
and Kues, 1983; Kamada and Murata, 1984)
Taylon and Orton {1978) uax Miki ef af. (1982a) 1#u8 pretein-carbohydrate

model 38 lectin mechanism taaisadianAznauasifumia (site) fiRuadesiunismn

:ﬂﬂuﬁluﬁamﬂﬁ 2 106 P protein site 'ffilﬁ s-s bond A lectin-like protein %?‘ﬂﬁlf‘da"ﬂn'iﬁ
zymolectins Wia flocculins (carbohydrate fsugar binding protein) ﬂ%"’]ﬂﬂﬂmi‘mmﬂutmﬂ
FLO genes (ttp://www.crc.dk/flab/newpag4.htm,; Jin et af.,2001) LLﬂ:Lﬂuﬁ%mﬁdﬁLmz

8 as o i a4 . o
fusyyaAadizy wivinli conformation wWaeuutadldannsuneit mannan site Failu

Aruntanassuuniimsdninaadaituntsanmazneuld mannan site iy C-branched

mannan carbohydrates Fanulilunissaduestiaminhhiflunan@nass MNN genes s
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& o

uiuressasaneiuinnasnauazAniag bilateral connection 7213 lectin-like protein
i1l mannan (Calleja, 1987) atl Jin et a/.(2001) ﬂﬂmud'lmeﬁﬁaﬁmﬂﬁuﬁﬁhﬂ #inneAn
AEnausnaTuy 'mguat‘l:ﬁ’u zymolectins density sz affinity

Komada and Murata (1984) \duanalnanisAnNATNaULaY brewer's yeast i1
{FRa1nNs3 hydrophobic interaction 48 ionic bonds EIAANLAMIANAYNEWRNNST
NsTantTeNTARRALALEIaENTAdeNT IR 11y pH At uTennaa
wazdnsTnuINIAnNRENaY l‘mmﬂm‘ﬁ“qq fi5ianeann cell surface hydrophobicity (CHP)
dutlafagnAnyluntsrnaznauaed brewer's yeast (Straver ef al., 1993; Straver and
Kijine, 1996)

nsanaznauresdisfeniuiuiiadinsdeinelag sadisiengen Saow
ANHNIOANATNAUA LLﬂ:m‘mnﬂznﬂutﬁu%uﬁa:ﬁﬂﬂluimdNmm‘%‘mua:mwﬁn
(Eddy and Phil, 1995 a; Rainbow, 1966) uauﬁu‘%uﬂahmm%’*ﬂwﬁomé’mq log phase
(Mill, 1964) uazn1sAnsznawilibuLl growth associate (Brohen and Mcloughlin, 1985)
u’r]ﬂ'?ﬂﬂ‘&‘t&ﬁ’1@ﬂ’)ﬂ"l?ﬁa’]ﬂ‘ﬁﬁﬂluﬂ’]ﬂ’]i‘tgmL%ﬂ AREAUANIZI AR BTN T3]
HasanIsenAznauwsat W lsiANNaTaIEIERIMIT wieanzuadeniifidanisanazneu
‘%uaﬁﬁu‘nﬁmmﬁﬂﬁ s Tmawlusilasiunseirengueesadlufiafunaaneiug
(Stewart et al., 1975; Stratford, 1992) dausialaavinWaadBamsumuungunszaraiia
(Hough, 1957) LLﬂ:L‘ﬂﬂﬁ‘T’iLgtlﬂuﬂ’l‘lﬂ’]i‘ﬁﬁﬂgiﬂﬁﬁ?"ﬂﬂﬂ?ﬂ wasansAnAzna (Nishinara
et al., 1976; Limtong, 1987) A uiuunselulmsaunuduanlydisinldinnsacnauifindiag
zifaugz,?‘ﬂﬁ' Fuaslusadan e bifinnadgani iaasisusmdungunszanusaeeing
ﬂu‘il%lmi(Mill, 1964) 'Lu‘umx'ﬁ Nishihara et af. (1976) Wui1 S. cerevisiae IFO2018 An
szneuinniudiaeigluemiiuestiufindann gie uaz Casamino acid wanan
peneutenlugnmsiiiuenbuilivaan

las1uaaFuTU metabolite 189 anaerobic groth T4 ARNNARBNTANAZNAY
Tnafifaaudrdiduesiues 10 uaz 20% sdhutastadingliinineda inldsadan
ALNaU WAT NN 5% M liAansnssanufaaaTad 491 Limtong (1987) WLdLOE"
u@aﬁa%’ﬁﬁusmdﬁqnm@?mﬂm S.cerevisiae AM12 fnllaagnnaznauatWiaay lu
anuEdt Jin and Speers (2000) wudﬂn'}ﬂﬁuﬂmmi’uﬁ’wmmmuﬂﬂluﬁvhﬂﬂa‘ﬁﬁm?ﬂu
Famnuureadian Run1IAnALNauTes S. cerevisiae il NewFio phenotype uilifinasie

IAGNN FloT phenotype
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Soares and Seynaeve (2000a) #18971115 14 50 mM succinic acid WA 3.1
mM Ca®* lumsiiies edudnanmasannsidasemsteseadand S. cerevisiae
NCYC 1214 fidaluamsdsadesindanme (yeast nitrogen base medium) 1%inn3
L@?‘zyLLaszﬂnﬂ:nﬂurﬁuLﬁmﬁ’uﬁ@tgﬂﬂufaﬂmﬂﬁmﬂugsnﬁ (yeast extract peptone
dextrose medium)

dausnaziadendmiunsGeades Mil (1964) WUIMNNIANASZNEUTD
brewer's yeast a:mmﬁgmuqﬁ 20-50°%. LATaARIatiIeIALiaT 50-60 °1. uazdanudn
nsAnmznawRssuien’ pH 2.0 wAFn e pH Lﬁuﬁuimﬂﬂmsmnmzn@ugmmﬁ' pH
4.5-5.5 @11 Nishihara ef al., (1976) 71297191 brewer's yeast Tanaznawd pH Rndn 3
#91 Jin and Speers (2000) WAAIILTARTAY S, cerevisiae‘ﬁlﬁ NewFlo phenolype AN
pEnERLI RN pH
fasni lgdmsunIsuanesuea

qduiF i msunsudmenuessziugranesy Aa fad Saccharo-
myces cerevisiae, S. uvarum (carlsbergensis), Schizosaccharomyces pombe WaY
Kluyveromyces fragilis §wiw S. cerevisiae \Thufladiinuseaniosiandasie 1 il
- wmnzanlEEngn S. uverum uasBadtiiaty Fudulutaaiumsuinesuesdalunadd
fiail 5. cerevisize uananniluiigiiimeianmssdmesiuenlatlduunfiGuans
Zymomonas A% Z. mobilis uazana Clostridium Aa CI. Thermocelium %aLﬂuLmﬂﬁG‘ﬂ
likaentseentiau anansawingaglaa wasadolsfigrngfigendn 50 sernuradus

o o 1 =i L

atalsfimuuuaTiFaransditasingn Sanmusaesesldmnindas
dnenizrenduidAd wiunsaAnesues Inatenlsnns (Kosaric et al.,

1983) 1w
1. Winandngs

HdRsnsniniesues g

. HANYUABLEEIUEA (ethanol tolerance)

. NURTUNL NG (thermotolerance)

. PUABLINAURBAINTS (osmotolerance)

. Hanuatnrsalunisanmznay (flocculation)

.MU (pH) A1 WiTENUNTA (acid tolerance)

o o~ O B W N

at

fifugnssuidufeuuaalddny
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9. binRtunlasiratuanazine sesnismin
dmiunslinanAngs uasildnsnemiinesuenga (rate of ethanol
fermentation) ﬁuLﬂuéﬂqﬁﬁ’mlﬁmmﬁwﬁrytﬂuiuﬁuu?n efansanAmBangduriiin
Udmiunssfinesiuen uenaniudneosaud Wummauls nansdndendant
sl lugaamnssunsusesueaiie14iiudemae e sraedl lusvasfidnen
@uﬁwm:‘f‘: A8 ANAunsn lunsAnATNay {flocculation) ANNUFAALAETUAR (ethanol
tolerance) AITNNUGUNINAN (thermotolerance) Uz AMENULTIAUBEATNTA

(osmotolerance)

fasnnaznaudIusunIsNARBEIYAn (Flocculating Yeasts for Ethanol Production)
nrldBadanaznaulugaamnssumsndmesuen Tusclaniluudfianmnso

wengadeenanEaaf e iflaedng vnlfasnsousnaddiulnaieentdldnaunisndu
vilindsenidadlddmiunnduanas dunaliffumunimedmesuessass Hseeu
o ¥y o gda v .

neAcIREN BATAFWBaARNANANNToluNITANAE Ny YalulssnAuasaalsema
AMIUNIN

agty wasAndy (2524) liAnenareiugiiadm lddmiumliniesiues wudi S,
cerevisiae M30 iU flocculent yeast #unsoviiniasuas Ngamgiigs fie 40 *1 1éig
9 S. cerevisiae 5c90 Taldlulesugnmaysen uszlseanugemiall lusoed 37 °1
wilnlawing AU S. cerevisiae Sc90

o 3
Kumnuanta ef al., (1981) wantannwinesueauazannznewld a1nnINEn
L2 ‘o‘ o -l o =4 dv

Aalulzanuuasnegaduaz iraemuinaias 41w 200 lelsian uaziladadendalaiaian
4. ¥ N . . v o I
IniniesrueasnnInAs 1digs wudn no. 327 miniesuesligandilelananau % 35-
37 °1 wanatntudslfiauantsminesivealaeliguUnsolitg Tamnzdmiulnnunng
AN hTuum

Seki et al. (1983) ¥ S. cerevisiae TJ1 Aminiaanues Wigahguuniigs nu
1BE1URR warAnTIAnAnaw dauanlfainiseuueanasadlulszmalng ananwug
e MinatiallsTnnnasfRaduiy S, cerevisiae N1 fauanaanainivaasainismsing

A | 4 .2 i 1
Awamori brewing VszinAtditi Neda@en fusant Rafals wuda fusant AM12 nuiesn
Y L d .

wanlAgs uarlfiasuaatie 12.4% Tagumin 7140°0  dauntswdind 30° Wiesues

1 4 L 4
16.3 % el win e AM12 anpzneuldindt T uanamiuneudaldAnenisen

e H L3 i 13 '
AYNAUTAY fusant AM12 WLFUAARINANTMTEITNI8ULE UEAR L AR TN TUTENININIT

16



13ty (Limtong, 1987) mu%ﬂﬁ’a’ﬁqmﬁ‘ﬁnmmammmﬁaﬂﬁuﬁﬁmqﬂﬂnﬁm@mm‘?m uaY
NITANRZNAULDY AM12 ﬁ (Limtong et al., 1986)

Limtong ef al. (1984) $181914N15UN S. cerevisiae TJ1 AN INTHRRLEET
was Inamsuwdinuunsadisssuiunstimadndun gl (continuous culture with cell
recycle) Taald simple system WAz multiple system L'ﬁﬂt‘ﬁm productivity Wit Lﬁiﬂ"ﬁ
three-vessel system 14 productivity §4gafi4 30.1 nfw/aasdata lususiinsminuuusie
(ieass93an TJ1 3 ethanol productivity \e 3.9 nf/angtalug

mslEasfinmrnauminzandwiunsruanmmnestues 7idmadaanu
uduge Teeldszuumahisadndundan dwiunsudmesueatiy nsldaadaanm
dudugenaamszazinaimsmln saldimsminfstuatnemaanaite productivity g9
ndnswnuuuiiediduduing neiliifafanudidugeesanniswinenarinlé
wanedd Taunisuan uasiTsdininudanduidan (cell reusescell recycle) AR
msusnEadlasenfuanamnsalunsanazneuestiafies Whitinisuanaadnsm
snelunsaemui

st unsdEafanpsneudmiunsEaeaea 1w nrldEarn
anmznawlunsuiinesuesetsraiiasaiunsinsedndunnldlmi (continuous
culture with cell recycle} (Kuriyama et al., 1985; Limtong et af., 1984) n13usli mmuﬁw&@
dlassanfunistinaadndumnldin (Joson et al., 1985) ull A.A. 1993 Kuriyama ef al.
W flocculent yeast 14 two stage two stream continuous fermentation AMFLNITHARLDEN
UBAINNAMINANG UATHLITY stage winlt¥ cell yield Alaelian ethanol yield atinsdivi
dfey TamiasueagadneRly Ae 92.0-93.5 nfw/ams i dilution rate 0.10 Ansdalag
Suzzi et al. (1996) TeunslE S, cerevisiae mﬂﬁ’uﬁ:ﬁﬂnm:n@u‘lﬁﬁ?ﬁmanlﬁmn’lfaﬁ
Figalu calcium alginate bead 1d1uduntswinlailag cell-recycle batch fermentation
Paiva et al. (1996) naaesld S. cerevisiae aeuginnaznay lunswsiniesueaaInt
gasAuidndusng q Tre continuous fermentation $axfun1sdisaduq1glud T tower
reactor finmswiintanld dilution rate asH 7 0.2 Fala” grumgfi 30 asmnTaidun uas
pH 3.3 widnSie 4vinana200 nfw/ans (el ethanol productivity 4987 18 n¥w/ansda
19 #inel substrate conversion rate 99% AudnuTas@EUES 90 NF/ART #au
Vicente et al. (1999) Mddasanaznaulunminestueasinnglag Tnelddamdnuuy air
lift WAEZWLIT ethanol productivity IRAAINNITAARIIBITUIARZNEY nseanLLLYaRtn

fermented mash 980 WATNIRATAIININFANBINA (aeration rate) Tuatue# Olivira et .
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(1999) W S. cerevisiae anafuganazney wamesealasmeminuuusaissaniuns
Wiaadndunn14na W tower reactor

farnuasiues Hesmugnmpiig uas ammuuseuseslida dwiunas
HARLOSIUES {Ethanol Tolerant Yeast, Thermotolerant Yeast and Osmotolerant Yeast for
Ethanol Fermentation) Taealunsuadey Lm:mwﬁnmﬁmammﬁaﬁngnﬁué’qﬁw
wsuen Taanudnestueapcudndu 1-2% Taauin sinldnnniyresdiafasss uay
mawsyrestiadinaialacuyadieiiesen 4.7-7.8% laetiawin Anfueswesdy
ﬂqﬁ'ﬂ?{ﬁﬁﬁrgfaf;iw‘e‘iqﬁq"'lﬁ'mmwﬁmmmuﬂmﬂqﬁﬂﬁ

ANNTANHTAY Brown WaLANE (1981) %dﬂﬁﬂm?ﬁ’ué’qnmq?tuiu-i'ﬂu uay
LilFfulunsurunsdudaurbivieis Taefussansdafdnmnaddauazannani
AnvesdnsBiuiesmensthlusewinaiidentluga exponential phase vl
FRFINITLRIYIDITARAARIBENTIATY IR UERTITRINITFUATIZTOEIUBA WAKR
1931081MeARRERTINNATYATINNNdRasadAgInaTusn uanmnﬁfuﬁqﬁg’ﬁﬂmud'\
iesueadudannsdauamnt RNA uazlilsiiy ‘iﬁqwﬂﬁﬁﬂﬁﬁﬂﬂnqﬂ@?mamm Turnsiinsi
Lmaﬂ“ﬂaﬁmﬂLﬁmmnﬂﬁﬁ?‘m?’immuaﬂﬁﬁlﬂﬂ?ﬁuluwmﬁauamw (denature) @91n"g
_ é’u&mwuﬁ’nimamﬁquﬂaﬁuwudﬂLi‘]umsﬂ”us_”TqLmu‘hiu'ﬂﬁmﬁmﬁmﬁumu'L'm.Tﬁhq']
WALATIINENTDAULRE Tmﬂﬁma*;hauqﬁﬁmfiﬂLﬂﬁ'\uﬂaﬁﬂﬁlﬁaﬁumﬂﬁtﬁﬂmﬂ viveilan
autidsuladld dlussduenladnistudiensasiinasiaeulnd dehydrogenase
uaz hexokinase wenanntszFunstudessdiiuiiuaniasuandeniy Taaiawiziled
Yiena Adnduge Lm:qmuqﬁqqﬁﬁlﬁm?ﬂ’ué’\aqum’gu AYTNYUBEUER (ethanol
tolerance) ludnwuslszdnanaiug  luussandadailasing 4 wudifiieswnealiduns
Saccharomyces Uiy Schizosaccharomyces Fuamsdnunzt e S. cerevisiae Wuias
fmuesuesunnindadeliafu (Rose etal, 1993) uaz S. cerevisiae HilALNUABIESN
WBABNNTEAUM waAeNIsUFUFeNARas1aas191Y (Chi and Areborg, 2000) Taur
ﬂﬁﬂum'mL'ifﬂﬁNamﬁ‘ﬁuﬁwmLﬂﬁﬂu@alufxﬁu‘iutﬂqaﬁqﬁﬁﬂﬂmn wsdefuinany
nustaiasueaTesiafiu Tuediuesdlsznaudoufifunsalaiufifiius e (unsaturated
fatty acid) luneatwailn (phospholipid) Aidletntad Taeffwuinlaiugausdunendn
lBETUDA 1Y Saccharomyces spp. W8y Kluyveromyces lactis  #9% Watson (1981) §1¢
Il S, cerevisiae nsalauiiuszgluresMatln ideusaddndusensnin
wsweamadnduge TnnmadfiTieefneqinasea (ergosterol) i uTingalesTuid

o

v 1 &
Wuszege Hanes ues igeie 13-15.5% laetiwin dfmaewdrdadidesiuamms
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k7 [

-=’l} = ei'd . . . 1 £ < 1 k1 i
\@eiaiidl linoleic acid (Cqg.o) NusswsuaatuRNalUINNNdWTeRAE TR oleic

b3
ar &

LA 1 [}
acid (Cqg.1) YR lafudnsalaiuiiiiusedlureaalianEsduoas doadadiunig

[ |

TUn1e (excretion) W@EIUEAINMIRS W USutuesueatiazluR A T AR AR

o

Y , A4 o X ' o H e = a S geo
wazigwudnesuasiieainimuadusndnaniawin AuadufinisiasyesEasnnig
ar ] o - e é‘ ala v ! &
winunnduesuaaiiisach ussiasdiaedundiesies mussnealiuinndusad
d‘ = A 1
ﬂLﬂ?ryluﬂiuﬁLﬂﬁﬁuﬂﬂ (Loureiro and Uden, 1986; Lloyd et al., 1993)
AYNURRRMMNETecEan uazaRuratay udnenrsrdnaaiug iy

Saccharomyces antugRTavgmnUINaN (mesophilic strain) Miaad1Funngegn

oy

wazflEnIINNTaTygeqa Nenmgiidae 28-35 avrtadon uarlianmtiasgn (maximal

Cl L'

9 ar = ] o = -4 = Y
temperature) §wFUnsIadnLsran 40 asruaaidua winnuniigeantadeiadoy i

£ & wu o4 5 Ao - ot el &
@:@;Q‘ﬂm@ﬂuﬂﬂ LN@Lﬁﬂ‘ﬂlﬂ'ﬂqﬁ"!?'ﬂNﬁqﬁl’ﬂ'\ﬂq?ﬁuui‘m 'dquﬂﬁﬂﬂmﬂu@m“ﬂﬂ@\i

(thermophilic yeast) axdlsviugnmpiifivaunzan (optimal temperture) & miuNNT&Tey

40 eargaiTea uazgumlgagaduiunnedny 50 strngados wanannvudeiited

Y

= d4 P ' v A -
NUYIUNYTIGA (thermotolerant yeast) 4ia3ty lAAgMYTLIUNAY wevulaiiaiam vre

u

aglungnumpiigadmiuntsminiesiues wudigampiinvuzandiwiunisudnazgand

AMFLNTIRTY 5-10 asralds uazniswaUsddnsesdianluiileandiauasiuuly

]
A

nanasmsTnenuuATRNAn 25 11U 38 aeAaad Tiaeannifie inactivation 389

8 k]
ar < [

ulmffddydmiuniseantindu 4 1lia fnliRansazanlngonuaziesues

&

AumangaTuiuaa Iiiurnflagaumai iy 40 seigadas drsnisminesiuen

lutgeurnasiiiy Febenadiesanianssureqewled alcohol dehydrogenase Minlegea Adl

R InALAe 40 aeenmaiing (Vi Aunes, 2540)
AswiiniesmeaTiERNIMingsasiiensauisiulugasiigs nieuin

Fandlaiildvaly duinihufaifseugumnihunans Lﬁ@@munﬂﬁz‘gqﬁu ethanol

productivity §AANBENNNN (HeaaInnfudamuesueaiiunngy  wuInenIsul

1 1
= =2 ar

5 1 : £ = Ddd‘ = 6
toywniiatnaniia fe nslidamugomgiige TasTguazwinesuenslimngungiiann

18 = o i P 1 .
uiffamaadryuasusinesuealdtauilanngiigeau (Limtong, 1987; Sree et al., 1999)

o u

k- o

Usrlmfaeinisliasmugnmniigs dmiuntsndmesiuealugaamnssy e

aansMszuyvaaidiy (cooling system) TinliAldaneludauilanas unalvifuyunis

o

= Y & i £ ot o o © = 2
NanARRY uanantiunsuinluigmpiigadiaminddnanamings inldaunsuaals

a
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L3 ‘.’l - z A ' - -
159 uananniuddnaatiyuinislueadTe8u (contamination) (Seki et al., 1983;
Singh et al., 1998; Sree et al., 1999)
v ¥
msidduammmaradniugunisminesiues MBI
. o 3 YA d .
fuammiFasnauissiivionzasanm wazaannhutleusesiodug fufudusm
2/ o w ar ’J v [ [ TN LY kS 4 ‘3
 naiaunsaindanisduduevesiuan s Windaesues drndidugay
guazinliildanalunisnduasas winsldduammanmudidugealinadudannstoy
- s z A = [ =3 =) d - L3 -y
warnITuNniesTues niduddauniiufisanusiieastida  TugadrasBasdauian
] L » E 3
aaluladadieayluhmaeanududugands 14% Taedwin dwdusnndudusen
dlv::v vd‘vn: ar 4 vr:n‘{!’g = L. ' '
Aianduginsminfiuiaraduthidnsuslszdrataiug Mddnhaaiaudutugand,
-4 ® L L4 2
14% Taendamin dnsanisuinGusuansd uinansduduaninsanudndugetiten
> E v v
NIHATBUBEIUEA UBNAINUURANTELSIRNALATIEsURATudAATHAY Tasu
uresiueaaludaiivselonilugraunssunisminesiues INTIZANNSOIATQULATIINIOE"
g ! 1 1 j 1 ' i a8
waa ndmaadinduge ddhiiewdaanisuilevreadetuy uidilfiesesls
Lr g 4‘ 1 ' 9 tl"
AHITNTUGY TetaeanAtlEdnetunisndu
bl - - .J a8 )
dmfunisAnsiadaneiug NHSNEENUesILEN NULINATIE WALV
o - Py - = ar o) 1 =
- wsesueealuda eldlunisudaasuesfinnsAnmiunuiuoaiuie 1y ueiew
o ar o -~ ";' ’OJ = T
(2523) AndanatsRugEasiian IMINasUasIINAINUIAMALASINESY A NTRER 904
Fauanlénanmgiivias 558 Talnian gungll v 1 45°
talgian  Fauenldignmaiivias 558 lelmian aruungfl 40°1 141 lalman uazgomgi 45°
1 L 5 H
205 lalgian adnndm@aniaonimadniesiuea aannantnAangoavugi 40°s 14 S,
cerevisiae 313 Wax S. cerevisiae 281 10t S. cerevisiae 281 llasMAnATNEURA W
NTNEEINRALARNNGN S. cerevisiae 313 dquBlgrnAmAanlém 45 °1 A Kluyveromyces
marxianus Fawsinesuealianudidudeudiwn  Sree et al. (1999) NaaaINARIAE"
2 1 - H
waadwiulfifhutamfsaindroievauaziiudss Tna S. cerevisiae (V) aremugnin
f0MnigY uar Bacillus sp. (VB,) Aitautklsl lnuniaidee? 37 uas 42 samaaiion
oA ek ¥ A . 2z
wudndlelfEdevaaasiauii (co-culture) usrldduainmtsssatiananfulviasiueanin
ninnslddafethabien uanesueageaanudnls fia 5 ni/aRs 7 37 saraaieg uar
3.5 nfu/ans i 42 asrgaliea  uanainii Sree et al. (2000) $IEUNISUEN S.

[ 3

cerevisiae 4 aNEWUE IMURMNNGY nuussueealdd uatanaznay lnananeiug
wnylin 44 asAanaadas Tnsanoiug v, Wiesuesgegaannnaglaa 150 nfu/@ns v
o [ nl i oo i =]

ffu 60 nFN/ang 1 40 ssAanraides lusneTliieswes 75 nfvans # 30 swaaEua

@2 Sridhar et al. (2002) iulgamnunuusssusealida AnNMUgMUYNgY Uas AN
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nuesuen Taeld UV mutagenesis wudn mutant idadenldudnestuenldgedunia
anaiug wild type Samind 42 seraadus douamumuusaduaaaludatiy wudwqﬁu
wrzfiedes mutant 7 30 ssrugaides

fiasaiwsdng

fafduadunitrilaniens fnanmémiulddhuvasetusi dswnd]
TsmuFanouge Tmaﬁ?ﬂsﬁuv"i’mm (total protein) 40-50% JaMINWTITaNTad uan
mnﬁu@mmmqT.mmnwmmiﬂsﬁué’qqa%nﬁw wiziinsaeviludniuasudou §

Al lainsm 30-35% Tadszneudanlnalameu nquau uazuan iilulasau 7.5-0% nee
fionddn 6-12% 181 5:9.5% uarlaifu 2-6% Bendriuzadaesiiafalszneydanniews
saneminfiilu trace element dviupuuazdnd wu tandlen (chromium) 8o
(selenium) THANATN (molybdenum) uazdansa (zinc) AR TiuaeTialatanty
Anfiutison Asudaw (Reed and Nagodawithana, 1991) wana e AdaTinausangas
Fnanuinfulssniutetetmns ﬁqﬁuﬁaﬁ"ﬁqgnl%lﬂudwwﬁwmmmsﬁ'mi uarlfiily
AR fundurarasensauasdRfTunawy

Bhattacharjee (1970) aquliandasiinnnaumnzanfiantunsanqfuriei
yuafdfluunssiusiu Wesanaigldludngiumengn uarensiiflesdlsznavating
dne Haoruradnig growth factor sineiien Mundendsnuldadnaildsr@niam &
AEA UL urewAwEiEy wnueiumadine fireamdeReannnsziay
nsAntien AdnELEIugnssE binaneiuiiedledsueza e
dnladneniennaiugnssinaraisines inlaansodiulpaiugnesuldasaon ldtlufis
viraralifaa sy fiud Wilidsiiu lodu uazanflulamsmBunnige wesiufnmndne i
Tnenisvauk '

AL ATUANIOIZAN ] 1838 AT fadgniditeifudruvilvasemedng
da3unn feed vida fodder yeast uareAldiiluumasna i ndsa (nutritional
supplement) v3eRafinnAusa (lavour additive) luamnsdmiudn Sadgnldfiaiiugoy
wilireae msdnd FaBendn feed via fodder yeast waranaldifluuvassinernaiaiy
(nutritional supplement) veRaRunanse (flavour additive) luarwsdniuau unthuaan
w

Hafannsauuaratmsdautieliiiu 2 nqu auABnisudn Aa Primary Yeast
W&z secondary yeast &1W5U primary yeast maneREam e A uiein iU

21917 AUVTedRdlaams NEafuanssiiafiainisald aminnsuan primary yeast @y
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fiallughia Candida, Endomycopsis, Kiuyveromyces, Saccharomyces, Torulopsis WS
Lipomyces 1w 'Lu'nm:ﬁﬁqmﬁmmwmmuﬁq:mmaﬁuﬁﬁﬁu Intanic1Wanas
it LT Kim et al. (1998) Anwu@RTanna10s Kiuyveromyces fragilis Taenisaed
L%‘EtLLUU'lﬁﬂ’lmﬂﬂii'NFiﬂtﬁﬂi (aerobic continuous culture) U 2.5% fructose medium R
KA 8 A productivity gegawiniL 4,81 nfyamsdalie (dilution rate < 0.17 42l ™)
naNARTINIRgEATY Ae 0.42 nfvnfidnane waziitsiiulueed (protein content)
50-55% @2u secondary yeast iflunsu@anaaslfudanmsluannsainegisn
ud viu iadannan@nded (brewers' dried yeast) uasdadannisungengu
(distiller's dried yeast) -Tiadquhaq,j:J"n't'i’tﬂumms‘ﬁ’m'mnm‘qmm?ﬂu
91 mqﬁuﬁﬁém%’ummﬁm primary yeast luszAugaamnssuiinantsiin
i falifdwafaninanunszane nmnas wdanlssurdnne gistlinsiadl
(Petrochemical substance) i1 n-alkane kaziasiues uil uariaawdaldfiiutiaii
asflsznen wasiiaqiiléfinisAnmidagaudy 1 dAwiunendn Wy Curo usz
Tripodo (2001) naaasl virgin grape marc (VGM) "iiqﬁmn'luﬂi‘:mﬁﬁﬂqn'aq:uﬁw?u
HAMBSTUEN 11U BANG uax dFuAs dsundnllsiutadidnan S. cerevisiae Tnald
- fed batch fermentation 'ﬁ 30 BANTATHE WUN productivity ﬁ‘lﬁmﬁﬂuﬁuﬁ‘lﬁmﬂmnﬁ’\
AR @94 Choi et al. (2002) 14 Chinese cabbage T e aLAAey 41964 (1.89-
1.94%) wazdtBunomanlunnd dudusimsmdmiunisaantonoasetiafetineng o
A1 C. utilis, Pichia stipitis, Kluyveromyces marxianus W&z S. cerevisiae ﬁ 30 |9AN
wadea wodinauiugunidu C. utiis uamnasrAnlilsfusamn total protein) il
anman Chinese cabbage 'Lua‘::ﬁuLﬁmﬁ’uﬁtgmlummsmm YM

gwiBammd Thuvalsiuiy Tnidateaminedunsasmaniiini
msunuazAn@en Sailsumalusedgdniuldihdafemsdnduetioiedes
(andn, 2521; Uslumel, 2521; anoudl, 2525; wed, 2527, asstunn, 2532) ugnannilu
senzndsldvininfuslsaiugnasuaes S. cerevisiae (14 Qmmmahmmmfgﬁu e
il dhEafewnesdas Taainnsdauiien S. cerevisiae auWuihal lndudast (free
lysine %38 lysine pool) WITa&Ea AN S. cerevisiae TJ1, T3, M30, N1, B120, Sc90 191,
281 W1 S. cerevisiae B120 flaTuluigadgeqe aanduhaninnimnaneiug uszdn
/@an thialysine resistant mutant 14 mutant RL-6 fiffladiluadgandn 8120 fia 4.7 v ud
RL-6 Hlsaulugaddaudasin Aa 37.98 nfu100 niudwiinukiraaaad (Gams, 2536)

uananiti §501 (2539) AmAanlél S. cerevisiae N1 eflingntetludaszluisadge uasvin
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nsdfudlsaiugnssuleanisnateiuifoofiddans lhilawauszda@an ethionine
resistant mutant Rilws vl tiudass (free methionine W38 methionine pool) §44m U
¥iN13naneWug ethionine resistant mutant féadenlsnaianiie udadoian ethionine
resistant mutant AiinsinteTuBasrgedu wush mutant MR-195 Hwsintatugaszgendn
mutant &y Taenudn MR-195 Wededluenmsfifiesflszney uasaniazimansay s
Inlefludaszganin . cerevisiae N1 Lila Fusluemnauszansfionnzauaui 33.3 wih
uenanfudslineneadadaeiugimifuenanasiilsiunolusadgauda dol
ﬁ’ﬂa?ﬁu%a?:Lta:mﬁ"lmiﬂﬁu%m:qqﬁw o Fuanmsnauiulastdmedialislananai
Fduseming mutant RL-6 UAY mutant MR-195 wiwun fusant s kaldvanusiiosinte
fuBaszAinng MR-195 wsitlevin MR-195 snvlusTamanasFaduiuasfieiis dose 1849
fufirauannsfuaseinsinlofhuarlady annsaain fusant MR-F44 uaz MR-FE5 ifl
TsPuuazsinlefiufassluaadgeiundt MR-195 Ty MR-F44 uaz MR-F65 Hlulsiy
53.74 WAL 57.85 42 N31/100 niiinmiinuderanaad muds luanicd MR-1958 41.42
n5/100 ninrmiinufereaad adrdlsfinulafudasslutaddonsdinngt mutant RL-6
FetluaneugRilatudas luradgeiteduoiil (ghan, 2542 uaz aTIAS uaAL,
2543)

ar

AANAUAINTUNISHRALAEIUDA

T

TmgauiluladudrdiiinasesununisuinlneiiAnyszun 60-70% 1oy

]
=

N

[ - ol

NuNNTHART2aTTY e lunseAnesuesisanar A Aydadng A ngn

q

[

i
a

wnzd I EGResues A FIRINAA W A8t WAZENNAMINL (beet) SV
nntene Harauth iy $ole $10808 Frounfiad $1a dudfe wasiudlinda Jag
Atraglamilueadiszne wu I uazdauvierasiis uasnasGanaenlfannnszuou
NN36IN9 7 19 waste sulfite liquor W19 (whey) uszraamdeldanngaanssue g
duFugAanIsNNIsHameIuea lullaq iy zdaumnh”mnﬁqmmﬁwfmqau
NANTNAGTEA black strap molasses fudaumdandssnannanglasaean
sntndasfiiunenidiude Wureumaffdnusniiosdu Adu Heeflsznauiidhy
AnfTu-leumsnianae 50-60% Taotinin Taalssneudauglasa nglaa uazvisalaa iis1n
ansTiandusaninsiyrenauidreudnsansal (13198 1) mntmaiduen
wanzilanfulamsnrandadiugs AtAUIEE R dedeansthanldniniestuead
Aaanadantfldediiutesimanifeinns wiilannninmiznisenefitiinu

GJ a 2 = 1 s :”/ o = =
sapannsgaffesnisunetialinadion fhdunninnundnenues anaReaEngg
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81U1TUA9E 1y wantudinudams vis vanludmmeain auilywinisane

Tulnsian uasvleaneda dwiu pH Mdlunswiin MUK 4-5 aensadaviEe

Wnniipadiansiadusreaiiandas lasursa g miunisminld Jelu

black strap molasses mqﬁqfh‘n 17% 1998157 A%INauNm 1w caramel, mellanoidine,

acetoin, hydroxymethylfurfural W&y formic acid levulonic acid uanaNY lalag waz

& el - a e .. - H
walalutes WiansTaednluaiuisoninldidwiu S. cerevisiae uanaaminlunininma

o =Y Ay :’/ = - T 1 . .
fafiansunsriiafdudinseTuuasmewinesuanzasiias 11y sulfur dioxide way

hydroxymethyl-furfural ToN¥a inorganic ions 119131 (Sattler and Zerban, 1945;

Underkofler, 1954, Prescatt, 1959)

o ¥ . ; L
A9 1 9AUTEAALIRINTIANIAIRINEDY WARZENNIANGIU (R 75% UIMINLEY)

{Kosaric et al., 1983)

Cane Beet
Total sugars % 48-56 48-52
Non sugar organic matter % 9-12 12-17
Sulfated ash % 10-15 1012
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 0.5-1.5
phosphorus % 0.6-2.0 0.02-0.07
Biotin mg/kg 1.2-3.2 0.04-0.13
Folic acid mg/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 2-6.5 ca.54
Riboflavin mg/kg ca.2.5 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

nsldasIANT e AN N UITRASAE

f:’l L all = j
AINNATN1TD lNNTANALNaeEAS LA uananandudne s N ATy

o < - - o a & -
snareiufeaniuaafenifinanuiinds 1y gl uddseraiatulsidesan

ar ] ] ] r/ = | o = A
tladuauandaeidu nrsulfuuulas pH s s nisnautena Winanisdasu
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=l 1 I

wilaadszq 1w maﬂ?:nﬂuﬁ'wzgmmm%a (carboxyl group) uazwyeawns (phosphate
group) qﬁ'dﬁﬂﬁlﬁ Aneutralization 'ﬂmﬂ?:f-‘«.ﬂu (anionic charges) UMHAIRALA Nakamura
(1961) :sarun1sinaslssnaunanasiinunldfasnnaznewsadaesiuafiGe g uaz
auie a13trenisanmznau(fiocculent) mfa'agilugﬂﬂsmmsﬂ?:nﬂuﬁq-‘fiLﬂumﬁuw?‘z‘f
ugsansatiuvss ansusenavduvdd laun Tadu lalaanu uaz whllaw douannlszneusil
LRI mmiznauﬁﬁ@wmm calcium, alum, ferric, tannic acids, titanium
tetrachloride, quaternary ammonium compounds, alkyl amines, alky! pyridinium salts

Fernadez way Fox (1996) FmsAnmnsanazneulsiuRaratein A lune
wie udas pH 2.0-7.0 wsziauedranaldlatnauiiumna@danvinfiuenmilaliannnis
neaasemAllA ultrafiltration waz nsuendaulaslfiasuen dau Guerrero wasALY
(1098) NeRa AU TV coagulants vaaTinansiurididu 1 lngn uasansedl
uVFELN ferrous WA aluminium salt [FeCl, FeSO,, Fe,(SO,), AL(S0,),] lunszuaunsan
arnewltsruanninfradlssnundaemslan nudrialamusilsdnsnmluniemn
arnauduasildaanisienuiianantiu pH fflunanasswing As 7-8 finanisAnend
ua mﬁommﬁ’uﬁuﬁﬁaLﬁumq?:uﬁﬂqﬂoﬁujuéuﬁumaqaﬂ?Lwouaﬂﬂuazﬂ?mmiﬂimmu
Fomneaniinsihunanaznausnssousesld (Huang and Chen, 1996; Pinotti et al.,
1997) wananigafinisAneitenBuudeuauannsalunieanmneurastalaamd
FRanaunuiinuaznszeevienldanuan wuinlalaewildlunsdndethlsRndam
Andn wieadisilsrananmeatlalauannunumiin ilaanisaanszuaun s @y
acetyl Tunsrununisuanialntuanniafiuluunumiin (Shepherd et al., 1997)

dmsuauyalanemindifaminan Hiluansdannisn ARENEWNANTIAN A
aluminum, Al"> uaz iron, Fe™ (Tillman, 1996 w8z Droste, 1997) Tntanssenay aluminum
1 lugileed aluminum sulfate Y98 liquid alum ansilszneunguitanansonnaynausymels
vanesislaeinedldlugos pH 5.5-7.5 dauansdsznauresmdniy finisllugleesans
Usynaw ferric sulfate, ferrous sulfate s ferric chloride AsiisAngnndn anansanlWidia
nsZngNTsNTRE AR A e i Ltﬂzmnli‘:ﬂaunzjuﬁﬁm?ﬁ'mu‘lmuﬂw oH #
n419n91 anstlsznavlunguaed aluminum

LBy Gasner and Wang (1970) #U4IN1SANAENOUTDATAREIAE
Candida intermedia ﬁuafgﬁumﬁmmmﬁwmnmmu el wazannazmsifin

Arnan Tagwudnatnsafintszavisnmnisanaznaulduanta 99% dnulunszuaunis
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nantsfumadidion finsldnsevasiaingeannsndifuansamnsluanusieadold
gnt ugnsdaemznesy (Hamer, 1979)

Weir et al. (1993) wudlalauaudady cationic flocculant @mAsa 4 mn
nzneuTadtaflu complex medium luanisifinadlalausudngadeindudwiunsean
nznaufiamu complex medium hildiudndauivrnmdndureaad usituediianis
dalalaususd U udamudusanaadiias Weir et al., 1993) TanussBiawiion (strength)
mmm:n‘auﬁﬁé’qq%u‘imﬂ‘ln‘imu-nu'tz'u%uﬂfﬁmﬁu-mﬁﬂm suspending medium #9UN19L5N
Indasfifhlszaauasiylly suspending medium feunsanazneudaglalauauinliiing
ul%a"ﬂuuﬂawmmmnm:nﬂumn%u (Weir et af., 1994)

Cubells et af. (1996) s“um'mmﬂﬁmﬂﬂfmumluﬂ'm*mém \Gafias Candida
famata (Debaryomyces hansenii) Wui1adt anansinsonnaznaulfatinammianiely
WaRE 10 wiimendannsduula fansduasluensdaadeviediuniaudaann

< Ai £ Lo
ANTINUMNYLTRAULAINATN
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= @
FTIEINUANANSTINE

= 4 a4 o ¥
1. 4ARANASNBUFIUTUNITHRALDEIRBRIINNINUIAIA
aunsaluasisnis

1. S5 4 unmansq
Saccharomyces cerevisige @tNugANAZNY (flocculent strain) Aa M30,
AM12, TJ1, TJ3
Saccharomyces cerevisiae Sc80 maﬁ’uﬁlﬁmnﬂ:nﬂu (non-flocculent strain) ﬁ

lugaamnssunisulinueanagesiutlszmalng

Y ;

2. NISIATHNNAUTE

1 ‘;‘1 d' :‘i’ o %} nlld -’; = T
fegangesluanmsudaniniimaniunsaTacd (reducng sugar) 2% WAL
= o i at l°1 i :’ = -
wanlNtanm 0.05% 91 30°7 WAk 1 31 AlNaIMISIAIN NI A8 3595 5%
uay wanludandawn 0.1% pH 4.5 W3uamrs 100 18, Wunanard 250 1a.) LUNUwATaa
T v 1

WL rotary 21359 150-200 rpm 1K 24 Falue dufuiunandm@ed lddmiu

Qs 1 - o | = - 1] L1 , o % z
n1suTnee 250 1a. answiinsasiainiu 5 ua. A ldAundifeainlindde i udui

Taanisthuleniead uasiAsaLITadUaIUat (cell suspense) U 0.85% normal saline

3. mmwsiniesea luemmamimag
awsiamiuuiin Ae awsmminanafssneudeanininaatunmsag
war uanlutandains (0.05%) viea ey (0.0227%) Usums 250 wa. Uiy pH vty
4.5 yi3a pH B I safinnuun Ussqlu Erlenmeyer fiask 500 18, daunisiaing 37°
u?‘a@munuﬁ%:uq mssiivun TuAsestdathu rotary  Aa§a 120-150 rpm Wi

1 water bath reciprocal A9n:32 110 stroke/min

4. nsneeeyd

= = - 1

- msadny: Aeamsiedmaifalannisdnaciugu (optical density) #ae

Spectrophotometer TATINE1IARLULAY 660 WlINAT MdRINETaaAat 0.1N HCI 2
afe unzuEITARLIIReEY 0.85% normal saline WAz IMTMTNW

- wsea: nmeilagld Gas chromatography (Shimadzu GCOA with C-
R3A recorder) wazl4 propanol il internal standard

v v
- ueesaed: luniniamia Girseileal$i51e9 Lane and Eynon %38

HPLC (Hewlett Packard, Series 1100) #4311 hydrolysis
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- nsAnAzNau dalugilaas Sedimentation Efficiency (S.E.) : #1195 98
Limtong (1987) &4 1} culture broth 8 3@, AHANY 0.1M EDTA 1 18, Renszagad
wAzIANTNdY 1 18, Faraaguil 660 wilums FRildiuualfidluen A 1 culture
broth AN 8 1A, AEALAL 0.1M EDTA 1 1a. uaz 1M CaCl,, pH 5.0 iiawiiaasi s
sounguiuBneds fl3 10wl Weligadmnaznausgin ihzaumacdautandanen
7t 660 1 Tuums AviEiwuelidlue B Arusdnsanazneusugmsselil SE.
=1-B/A & WL S.E 1A 0-1 Tae d1 SE fAwiiu 1 wasadntadanaznauldigegs
WAZIIDANANAIAIN 1 UAAKIINMIANAZNEUARAS

- AANAzNeU AlugUAMNgITeIRzNew: 11 culture broth MK cylinder
TUIA 25 WA, TUIAT LATIAAINNGITRIAZABY (sediment) wdeaniald 3, 6,9, 12, 15,
30 Uax 60 W1

- dprumnTney T,mmaﬂmﬂ’mwmnﬁﬁma?&'wﬂ’nﬁmmﬁiw1 AL
hefnacytometer Umeion cover glass  datsintndasaanseailagld objective AMG3TENE
20 i1 warldiEleanunEuReT s wuaznewEsd uarirnnazesnznouianld
Tussiadnainae? udofinuluauiafiuviase Taei calibration szwdnlifussiniy
stage micrometer

L
o e

- fudruawsadnanualaanimin wet mount U methylene blue WILTAFT

1 1 1 1
A v &S & oo

H39m TolifrdSiadendne methylene blue WRZLTAAT NTIA TiRRAUIRLTEY

methylene blue

AAMITNAREN

1.1 n1sAAEan Saccharomyces cerevisiae MENUGANAZNBUAMIINIE1UAA LAY
Q1N"51Y S. cerevisiae artiugANAZAaY AR M30, AM12, TJ1, TJ3 11
yaasaminesuealuemsnaninmng WU S. cerevisiae Sc90 anemuflainn
penau Seldlugmamnssummminueanezed wudnaeiug M30 winieauesligelnd
iy Sc90 Tuanizfanawugauwinlgnanda (Figure 1.1) FuiuAdldfaden M30

A MFURNEINNTMITN B s ueaLAT NN TANATNEWRS 1]
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Ethanol {%v/v)

Time (h)

_o_SC90 —m—M30 4 AMIZ o TH g 183

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 cancentration
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 Sc80 in
molasses medium containing 18 % sucrose equivalent sugar concentration
and 0.05% ammaonium sulfate, and incubated on rotary shaker, 120 rpm, at
37°C.

Sco0 M30 AM12

Time {h) oD EtOH 0D EtOH oD EtOH

(660 nm}) {%%6viv) (660 nm) {%viv) (660 nm) {Yoviv)

a 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
121 6.23 277 10.60 4.70 8.10 3.46
i8] 9.68 5.08 14.00 551 12.50 4,94
24 985 6.18 16.70 6.93 17.10 6.33
30| 955 7.56 14.60 7.21 13.90 7.10
36 105 7.73 14.30 7.94 10.80 7.09
421 1110 7.20 13.40 7.62 11.80 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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Figure 1.2 Growth (a) and ethanol fermentation (b) of M30 and AM12 compared with
5¢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 Sc90 in
molasses medium contained 20 % sucrose eguivalent 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) (%viv) (660 nm) (%bviv) (660 nm) {%viv)

0 1.30 0.46 4.05 0.47 2.38 0.53
6 173 0.90 4.15 1.37 1.45 1.12
12 6.03 3.94 10.5 4.04 7.68 3.02
18 10.4 475 13.3 6.06 12.5 488
24 11.7 6.14 12.5 7.42 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 11.2 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
Sc90 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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BBIUBA 7.68%vAv ScO0 uar AM12 WS uaa 7.45 ua 7.42%viv AuAIAU (Table
1.3, 1.4 wax Figure 1.4, 1.5)

A nuansneeesieduuaasinsiniestuealuMAIMNTAIaT LTSS
Tulmsisu Wuwesludiandams wayds Wlaruusndnefidaey winssiyaes scoo
uae AM12 tugmnsmniimaiisiy@aihumasulanaugendt dadesiuawnnnt
afifiuentuilasdammiumachulanswdnien Turoed M30 wWywin 1 Auluewns

ndld:l 1 :‘1 .Y
PHuvaalulnsiaue 2 99in

Table 1.3 Growth and ethanol fermentation of M30 and AM12 compared with Sc90 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) (Yaviv) (660 nm) (%viv) (660 nm) {Yoviv)

0 2.2 0.56 3.0 0.52 47 0.50
6 2.2 1.19 6.6 2.01 a7 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 6.59 118 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 {b} of M30 and AM12 compared with
5c90 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 S¢90 in

molasses medium containing 20 % 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 onﬁ EtOH
(660 nm) | (%vAv) | (660nm) | (%viv) | (660 nm) | {(%viv)
o 21 0.60 1.7 0.52 1.7 0.52
6| 22 0.92 4.1 1.34 3.1 0.87
12| 76 2.60 7.9 4.09 9.2 3.11
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 18.5 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 14.3 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% urea, and incubated on rotary shaker, 120 rpm,

at 37°C.

dmudunisannenamiadaluglees SEU uandn M30 snaznaulsiy
na luweil AM12 AnRznaus waz SCY0 llanpznew uastianeanAzney lua1vis

9 1 L
NN ANHYNANETAMT AN LY 18 uay 20% TulAauuansnafiu (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.
5c80 0.018
M30 0.45
AM12 not determine {error)

Remark: $.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 37°c,

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

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

ar : d -
1.3 nswanasaalusimsniniiaian PUUJHHN G
NAABUNTSUIINIBETMORTDY S. cerevisiae M30 Uz AM12 \auiu Sco0 u

ansARTANaTENAaIRed 18% uasiiventindlundaims 0.05% figoumadl 33, 35, 37
waz 40 °a

S wuntswiing 33%g wm"mnmaﬁuﬁuﬁ'ﬂmﬁm@aiﬁgmm‘?{nfm 36 49
Ts Tt Sc90 IWiesuangeqn Ae 10.96 % viv Wunnuzil M30 uaz AM12 Iiiaatuaaiin
Ay A 9.66 WAT 9.69 % viv BNNRNAL muﬂ'\?tf-ﬁmﬁwud’l AM12 seulaRndnaneug
Bu (Table 1.7 uay Figure 1.6) daunaanaznevdadmulludn S.E. Lﬁ'aéumm?wmam An

HaiRsaieuyu 48 42lua wuda M30 anmzneuldgandt AM12 (Table 1.8)
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Table 1.7 Growth and ethanol fermentation of M30 and AM12 compared with Sc90 in
moiasses 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.

Sc80 M30 AMI12

CD | EtOH| RS oD | EtOH RS oD EtOH RS

(B60 | (%viv) |(%wiv)| (660 |(%viv) |(%wiv)| (660 | (%viv) | {(Yow/v)
nm) nm) nm)
0| 263 | 0.06 |1841| 198 004  1899| 3.50 006 | 19.42
6| 295 | 054 [17.85| 330 | 061 | 18.44 435 031 | 18.04
12| 855 | 266 | 1676 | 7.78| 2.30 | 16.94 978 1.76 | 17.81
18 |13.85 | 570 [ 1406 | 11.50| 4.84 | 1436 | 13.35| 4.53 | 14.06
24 (1528 | 7.76 | 656 | 13.00| 665 | 7.85 | 17.00| 664 | 7.98
30|16.38 | 912 | 270 | 1290 | 826 | 3.43 | 2005| 7.89 | 3.87
36 |18.08 |1096 | 1.78 | 19.05| 966 | 290 | 20.68| 969 | 2.39
4211598 | 961 | 2.38 | 16.53| 897 | 278 | 2405| 899 | 1.87
48 |16.85 | 8.27 | 252 | 1433 | 844 | 3.35 | 24.75| 8.66 | 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 concentration and 0.05% ammonium sulfate in water bath

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

Strain of S. cerevisiae Sedimentation efficiency
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 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.
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H 2 1 1
INMMARBINLIMEMYRE 35° the Wewin M30 wiu 30 4aTue Thas-

UBA 8.48 % viv Faiin q AT Sc90 miinléigaga 8.42 % viv nan 30 Falue lugnusd

AM12 wiin1é4nan Ae Wiesuns 8.41% viv 71 48 dalus dmsunisiadoyiiunutdn AM12
wwiryléigandadn 2 anewug ann (Table 1.9 uax Figure 1.7) Amfunisanaznaudiuan
Tazen S.E. \eRuganisnanss Ae 60 Faluady wudt M30 mnmzneuléidngn AM12 u

20uz¥i Sc90 liimnmznawguanaiuluantazdu 4 (Table 1.10)

Table 1.8 Growth and ethanol fermentation of M30 and AM12 compared with Sc90
after cultivation in molasses medium containing 18% sucrose equivalent
sugar coneentration and 6.05% ammonium sulfate in reciprocal shaker, 110

stroke/min, at 3500.

Sc90 M30 AM12

Time (h)| OD | EtOH | RS OD | FtOH | RS Ob | EtOH | RS
(B60nm) | (%viv) | (%ewlv) ((660nm}| (%eviv) | (Swlv) ((660nm)| (Seviv) | (Yewiv)
0] 1.40 | 016 |17.45| 1.36| 0.12 [1818 | 2.03| 0.18 | 17.54
6| 1.90 | 061 [1698 | 1.80| 1.13 {1764 | 2.28| 0.05 | 17.22
12| 6.30 | 261 | 11.06 | 1000 | 3.45 |10.28 | 6.45| 1.84 | 11.97
1811210 | 471 | 6.93 (16,10 | 569 | 7.02 | 12.00| 5.00 | 9.32
24 16,10 | 791 | 678 | 1800 | 751 | 7.14 | 16.30| 6.67 | 5.55
30 |18.90 | 842 | 6.28 | 1840 | 848 | 7.17 | 19.80| 7.92 | 3.36
36 |16.60 | 818 | 6.71 | 14.60| 817 | 1.62 | 23.40| 810 | 254
42 11710 | 827 | 6.84 (1550 832 | 210 | 27.00| 8.26 | 2.82
48 |14.70 | 841 | 685 | 1550 | 857 | 150 | 21.50| 841 | 2.84
54 (1820 | 671 | 6.78 | 2490 | 661 | 1.33 | 21.50| 6.60 | 1.85
60 | 1520 | 6.88 | 667 | 1480 | 682 | 166 | 1940 6.73 | 2.34

Table 1.10 Flocculation expressed as S.E. of cell of M30 and AM12 compared with
5¢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.
Sc90 0.072
M30 0.462
AM12 0.210
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Figure 1.7 Growth (a), ethanol fermentation (b) and sugar utilization (¢) of M30 and
AM12 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 35°C.
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2 1 i
duFuntswiniestuealuenmsniniimaianimagil 37 e dudaldldtn

AM12 HvaanIfae Lﬁmmmmmmsmnm:n@wﬁwnfjﬂ M30 417 RINNTTNAABINUIINAG

ﬂl” rl H - = r: [V L J
\RENYIY M30 Uaz Sc0 ignamniigs 37°1 HualidasvivasiateiuginisaTydiag

dszunauadmiistaaninadod 35°

-

1 iefiasnnnmminesuestedaseaasmneaiug
anaalazanourt iy Tag M30 Wasuangaqn 5.00 %viv 7 36 92lne uazliiesn
U8R 4.75 %viv 7 30 Falie ?ﬁqmﬂﬁ’u Sco0 ﬁlﬁ’mmuaa@dqm 4.73 %viv # 30 Fala
(Table 111 uag Figure 1.8) AwfunisanAznauiu M30 fansuaanisanmzneuldem

1nsl (Table 1.12)

Table 1.11 Growth and ethancl fermentation of M30 compared with Sc80 in molasses
medium containing 18% sucrose equivalent sugar concentration and 0.05%

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

37°C.
Time (h) Sc90 M30
OD (660 nm) | EtOH (%vA) | OD (660 nm) | EtOH (%viv)
0 213 0.09 215 0.10
6 0.10 0.16 0.15 0.30
12 263 0.47 3.75 1.16
18 4.38 0.91 9.55 1.99
24 5.58 224 9.75 3.28
30 6.43 4.73 5.80 4.75
36 8.38 4.51 9.10 5.00
42 8.63 4.20 888 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 Sc80 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.
Sc80 0.06
M30 0.50
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Figure 1.8 Growth (a) and ethanol fermentation {b) of M30 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 37°C.

A wsuH 40% 1 wudwie M30 uay Sca0 Tlanusnadey L (Figure 1.9)
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Figure 1.9 Growth {(a) and ethanol fermentation (b) of M30 compared with $¢390 in
molasses medium containing 18% sucrose equivalent sugar concentration

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

stroke/min, at 40°C.
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1.4 msudniesiuasyes M30 luatmsnaniisns # pH 4.0, 4.5 uas 5.0 % 33%C
Lﬁﬂ'lﬁi’ﬁqumm pH Fan1siniasmanTes S. cerevisiae M30 3MAASINN
snmiiniastuealusmemninmaninasiaed 18% ussuesluilaudaume 0.05%
Tnerl5u pH aesemnsIvinty 4.0, 4.5 uaz 5.0 Tneld hydrochloric acid use sulfuric
acid finanuidudusing 7 dmSunstiupH  samsminluranard uaz 1iilu water bath

shaker #i 110 A5yuUY

1.4.1 naswainiesneares M30 Tuammenaniae AU pH #agl 50% HCI uas
Vs 33 %
annmaasaEniagues luamsnaninAaRy pH Gudiudan 50% HCl
1AL 4.0, 4.5 uar 5.0 waziialy water bath shaker A 33 9 wudaluanunsail pH
Sudueintu 4.0 Be M30 Wryldunn gauenmaminanai pH Guduriniu 4.5
¥ M30 \w30yldganda pH 5.0 famFunmasiesiueatis wudnd pH Budus50 M30
wiiniesuenlddning pH 4.5 dnder Tneliesiueagendnluseas 24 Salueusnyesnns

+ 1
#N wANAIRINTUNAI NN FuTedes uaan LA LiLANEAY (Table 1.13 and Figure
1.10)

Table 1.13 Growih 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 HCL.

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

at 33°C.

pH 4.0 pH 4.5 pH 5.0
Time ()| Growth | EtOH | Growth | EtOH | Growth | EtOM
QD660 | %viv | OD660 | %viv | OD660 %viv

0 | 220 0.07 2.10 0.08 2.33 0.07
5] 3.60 0.10 548 0.63 4.45 1.19
12 415 0.04 12.98 3.55 9.08 5.54
18 4.30 0.01 22.98 6.14 16.78 6.688
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
42 518 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 t0 4.0, 4.5 and 5.0

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

stroke/min at 33°C.

1.4.2 msuiniesearas M30 Tuawsninug AU pH sag H,S0, kasunil
33 %
Tanpananisminiasiues lwamnsninaaRUSu e pH Buswvindy 4.0,

45ua 5.0 Hot 10% H,50, Tuarars uaziiulu water bath shaker 7 33 “¢  \Watiudu

dnsUfu pH dot HOL Aansdudugatia 50% ldlsvinld M30 finisetey waznismein

wanuaaiall Taenawnzi pH 4.0 Fawudn M30 Hinnsadeuaunn
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HAYINNNIMARBIAAINT pH 4.0 T M30 Revbifinnsty Tuaneiinns
m‘%cy'l.ummsﬁﬂﬁ*u pH Gududly 50 Andan pH 45 famnsaanemnsnantanaiLiy
pH &2t 50% HCl - dwmsuntswiiniesueatis Tuamnsng pH 5.0 M30 wilnasueals
Fand1 7 pH 4.5 lusgae 24 Falaausn uﬁiuﬁ’qmnﬁ’umqm"mi’u@qﬁ‘nmmﬁﬂuﬂﬂﬁ M30
nanld deviinluawgidl pH 4.5 uaz 5.0 Wiy WudafuAny luemsnintnaan

1511 pH #ive1 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,S0,. Incubation 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
ODB60 | %vi | OD660 | %wviv | ODBBO | %viv

0] 246 0.15 1.23 0.16 1.8 0.18

6| 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| 315 1.95 7.80 6.62 14.90 7.08

301 3.08 3.17 6.90 7.07 16.30 6.95

36| 3.60 425 12.75 6.99 10.48 7.34

421 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 ethanal fermentation (b) of M30 in molasses mash {18%
RS and 0.05% ammoenium 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 nsuimes ueares M30 uas Sco0 tuamisnantiasne AU pH i 4.0
Aagl H,50, 9 33 %
T .:’l’ = d: an -
asradAIeINIINAREN A9 1NawT Sce0 ansaTminiasuealy
21M1TNINUIANGHLFY pH Fuduiniu 4.0 Taa 10% H,50, Teviell vdalaniz M30

-

winduildessitaieydonunnlu pH AiNa1n  HARINNIMARSILAAITT NadeIanENLg

]

= °I 1 - A L]
wieyldRamn 4wty M30 Wnimmeassiitingn (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
ODE60 | % | ODBBO | Y%
0 175 0.22 133 0.23
6 163 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
36 143 0.33 1.70 0.37
42 155 0.33 1.80 0.34
48 1.33 0.37 178 0.41
54 1.90 0.39 150 0.49

1.4.4 MsuiniesueaYad M30 Tuamsniminnta U pH Aag 10% HOI unz
Vi 35 %
lAvaaaatin M30 s ues i snINTnATe L pH Gugulfvin
4.0, 45 uar 5.0 Bnaseviie Taeld 10% Hol (Jusnlfu pH waswindigoumgi 35°9

wusnantmmaasuiuliluiueadeuaiufuild 50% HCL uax 10% H,S0, Ui pH
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Reausdnluamns RSN Gady pH Winfy 4.0 T M30 3y uazmiinesiuaalALEn
Yer lwrnizfimaadyluemsiiiu pH Guduiy 50 Gandn weslfiaaduanndnd pH
45 wRsatunseioluemsReudurinty pH 5.0 fu M30 winestuesldiiandn
7 pH Guduwindy 4.5 1u 30 Faliusnaesmendn wsidlewdinun 36 falne wsuead
M30 wARl8 lua sl pH 4.5 nTunwinduluewsflfu pH Gufu winfy 5.0 Ae
7.37 uay 7.30 %viv Taeluewstinliu pH Budurinfy 4.5 the M30 Ssmansinidie
sruaaifisntu 7.6 %vv 7 42 $ale Tuznusilluenmnsidl pH Guduwindy 5.0 1 |

winuasimududusevesiueaanas (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 pH 4.5 pH 5.0
Time (h)| Growth | EtOH | Growth | EtOH | Growth | EtOH
QD660 Yoviv 0D6B60 oviv ODbee0 SYoviv

0| 1.04 0.38 0.98 0.35 1.89 0.35

6; 1.09 0.37 1.89 1.40 5.25 2.37

12| 2.04 0.53 4.97 2.76 8.05 415

18 272 0.94 6.19 4.30 6.10 6.38

24| 3.52 0.99 6.60 6.10 9.90 6.60

30| 4.39 1.62 824 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| 6.72 5.60 6.14 5.51 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 suifate) 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 msusiniasuaazas M30 Tuawsmnihma Masllussidasla-
lalnswaaine 71 35 %

vaaneianilu ionic factor AflAmudAtysiantsutn Unfitdasluemsiugiizes
Weawln WasanluewsnminmaeraiiBunomearasabifinmwadunansdeanis
fmfumsniinies uenTes S, cerevisiae M30 fuhirmassuduilunadunlalalas
vadinln 0.01 Uaz 0.05 % aslupmisnintnenaTitamesaod 18% uwasuastudlen
Fam 0.05% Tl pH Windu 4.5 insuinluratard wasinlu water bath shaker 110
a¥annd § 35%%

nanmaaeaRugasinFlluns o lalalasvadmn 0.01 uas 0.05% ailu
AININMNANG flNﬂlﬁéﬂt'ﬁﬂgLﬁuﬁu@ﬂﬂﬂﬂﬁﬂ?ﬁiﬂiﬁlﬁlutﬂuﬂﬁL‘%ﬂulﬂiﬁtm?ﬂﬂmﬂﬂ
wAiaRansnmmnnudansdinluna@elalalnmasoin 0.01% M30 winiast
uaaldivin 4 fuluensihiliuhueedulslalameann laulfiosues 7.35 was
7.52% viv 128 24 wax 36 Falie pndndy davlueunsi b liunadenlalalas

Waawla Wes1uDa 7.03 Uay 7.46% viv AIlaan 24 UaT 36 99l ANATAL daunisiiy
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TWusnadeulalalasaas 0.05% n Banduminesiuaslédias laaldiesuas
7.28% viv \Wauwinuiutia 48 99l (Table 1.4 wag Figure 1.13) @9%N1IANAZNAUTLEY
2 [ 7 v 1
WARUN wudmagniaealuensniniaa i iwea-dunlalalasean 0.01 uax
0.05 % a1t 48 Falus finsmnmenendalugleas S.E Wit 0.56, 0.44 uay 0.57 dall
HAuuAn AT
o o cdal ¥ - o '
Lan1Tnasesddeanafaniagluemsnininaiadeanaiuadnsiens

WIYAIMIL uwaznsvinganesiuea uasnineareialuglasmaamaninifivlinas

Hnadudannsuiniasiueasas 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 35°C.

0% KH,PO, 0.01% KH,PO, | 0.05% KH,PO,
Time (h}| Growth | EtOH | Growth | EtOH | Growth | EtOH
0Dee0 %viv 0D660 %viv oDeo0 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

24| 2161 7.03 18.73 7.35 19.48 £6.68

36| 28.00 7.40 16.00 7.53 20.80 6.81

48 29.35 7.14 13.13 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

bath reciprocal shaker, 110 stroke/min at 35°C.
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1.6 n1sanaAznauYad M30 sendnnsuinesiuea lunininamaiauunigs

-

éi o g :qui !u/ bl
ﬁﬂﬁ’]ﬂ'ﬁ‘ﬂﬂﬂ:ﬁﬂﬂwﬂﬂ\i‘ﬂﬂ\i M30 mﬂ‘nunluﬂ’mﬂimnmmawummmm'ﬂ

18% wanluilandan 0.05% uaz pH 4.5 Tudomin figrmadl 37, 35, 33 wax 30

o - I's - i o <
1 Tnunsieszianaznaulaenisinanugerasnzney fiiaaannnsin culture broth
, ey o o o .
111ldlu cytinder 1whn 25 1. wazRaldaudinnesanazneuinpugeuesnzney Aasw g
WALN1 sedimentation efficiency lunsmaaelilFusulfaaatu culture broth faanads
" ¢ - | 4 R [ 4 al p ,
Tuinin  Wasnnlddsanisinlfmad lifuaunssyunssifien fienafinasdaninsinny
NANTMINBDINITANATNBUTDILTAR L
Tunsdlaeentewind 33 war 351 wanandamugerasnznauuda G905
LN [] 1
Winsinrwianzney taeveasimisniniaIaTamsinfiaasi1e 9 83U hemacytometer
tnnng cover glass  dasmaendasqanssailaald objective AMdane 20 i wasl43A
Taatenwmiuashl tuduunsnewessd wardnruinrenzneulsaldldiusmininainas
ey v el a soa s . . ) & o .
77 wandsudusunatuiase Taann calibration szuanaliussianiy stage micrometer
¥ 171 1
uanAINUULLR UIRLTaaNanNAlALNINA wet mount T methylene blue  YLIRANITIR
T lifndilndansaon methylene blue wazEadRWiTan TaFiagui(urade methylene blue
weldfilefirusuearasndndiinluseivnniemin eldss@udnimadifianado
Iffapamnsiacdinduludug (recycle) ialdifludoyadwiunisWamnilssninan
niswinestuaaredlaNnistani 2

1.6.2 ARMINITANAENBUYENTEY M30 (laminluatwisninuinia luwefnumes

Agoungil 37 %
'3 i
dmsunsudniesiues lwamsniminanaaasiiguamgll 3771 wudiliasn

UBR 5.85 WAT 5.34 % viv Nnan 36 WAy 30 Falue mudsu (Table 1.17 uaszFigure 1.14)

k7 ]
& =4 =

WAL S.E. 989l maaia@e il 37°9 wiu 48 dalus wiadu 0.39
4 1
mnn'm"mm'ngwmmznfawﬁ’amnmmma‘mnmmaﬁuunLﬂummmqq

LY ] L4
unald cylinder uazaald wudnfadeiiong 12 4alne annsadarsnugenes menaw 16

Wasalduiulie 60 wh Twasvingadoastainisanazneutes warmTalinududu
1] ] o .L o dd? o
gaaanues lurnsiidlandnuiu 24 $lue wadRNITANASNALIATL Tmmﬂm’mgq
ar Y vy ow o o - o & ol
209ATNBUNAIRINAILT 9 ¥ 1l 3 1.4, TeauganznautRIadant 24 Falell Al

1 z’z L3 .I/ t g =
uwiudnasmaliunuiia 30 wi dowmadeny 30 999 wudadinnsanazneuuntu lnalie

:J' 2 el 1 ::‘ ﬂi LTI rniv
i 3 wi¥ AngrasRznauwiniy 10 1. W3 ievudndurensadninlug
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0D raseueminlaiunnsineuiud 18 uas 24 Falue anniin uﬁiti’jﬂﬁ'u%ﬂmq 36 9
wdansanaznay TnadnANgIIRIRsney NALWLIINAIINGIIBIALNAUTIANARR Fadu
fignuinunnsaanznawedluansiitdmiinu 30 faluaiu Sflnnareudnadn T
nainlimznaudslisafofumiy widantguniunnatemsneusadingauinlide
NIANAENAWT LLa:é'mﬁoﬁuuﬂu’iﬁuﬁq'lﬁquwmﬁ:nﬂuﬂmm (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 (%v/iv) Fermentable
sugar (%)

0 0.45 0.05 18.75

6 350 0.12 18.02
12 1.00 0.60 17.08
18 10.90 1.60 15.99
24 8.95 4.53 6.41
30 7.25 5.85 417
36 8.95 5.34 3.34
42 13.75 4.06 2.45
48 820 4.64 1.64

{ 10

Ethanol (% v/v)

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

0 6 12 18 24 30 36 42 48 54
Time (h)
—@— EtOH —g Cell (OD) —@— 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 1 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 | 15min | 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 NS 5
18 NS NS NS NS NS NS 5
24 NS NS 3 3 3 3 2
30 10 10 7 7 6 5 4
36 4] 5 5 5 5 4 4

42 2 2 2 2 2 2.5 2.5
48 NS NS NS NS NS 2 2

NS = not sediment

1.6.2 Anwinrzanmznauredsed M30 Wewdnlusimsninding  luwesiwumas

igauu)d 35 %

davFumswiiniestuenaes M30 Tudomstn 7 35% T wudh M30 wiinld
18811486 8.27 Y%viv Tl 36 42l (Table 1.20 usy Figure 1.15) dwifuntsanpzney (e
lugtlres S.E fu nudmadiienguantull S.E geiu ussisadeny 30 dalue { SE

(-

QIAWNTIL 0.59 windaa i S.E. ana (Table 1.20)
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Table 1.19 Growth and ethanol fermentation of M30 in molasses medium {18% FS and

0.05% ammonium sulfate} in 5 [ 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 8.27 275 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

1.6.21 meiaanngaradnznew A miugadnisannisuaing 35°1 vy
‘h. o - - .Ix ar j i & .I.a : 5
Fuidiu wazdrpzney dudaainmewin 18 $alue uasdamumuiiediony 24 4ol fisil

1 i 1 v H
ANGITRIATNaUTRNTadety 24 Talie unndairaddaliegn ¥ia q Bunougad Ty
L A o c'r :’i [] | i Ly ‘I’
71l199 OD nfiAneiy Waviln 18-42 4alue 1ty shasilasnanfiasany 24 4ataa
1 « n.l ﬂé [ ar
insanmrnauAndwaadeny 18 4ale Tasesrdauiunamsianisanaznawlugees
, o o ; y &Y
sedimentation efficiency usnMsHAINEIIBIRLNEUAARATEENLTIBUTONININIY 819
el v = el - &£

Wumazgadinisanaznaulfanay IR NAUMARNTMNALTAS M02R Aufianismn

nrnau lFFy wardaiuuuiuin  AINNgIIBInZNaUaanse (Table 1.21)

1622 NTANMIRINIUNIATIUNATBIALNEWEAS: AMNNITULAUIUAZNAY
E 4 )
\sadintldndasqanssad objective 20 M1 dadn uasiLdmIUAzNEMIAE AL 1 A7
H L3 1 1]

sdaANRg  wudnanlduamuunlinddenilenedon 0-6 4olue nnsa¥rnznausd
& ] 3 Aﬂlﬂl ::‘ ] :/ dl ) & ] fﬂ:d
veendt dehilengysiaws 12 4ol uasllaRaITnIuIAIRIRENaUIIRG WUdWTAANY
21gWen 6 uaz 12 falie frwnsssmznauadraudradnindifeaiu wasilairadi

o X &
BELRNTU INATIAENBUITAR IMETUAY (Table 1.22)

58



20 &

-

5 g
9 3
= 73]
— [1b)
H O
po: g
o [
— [}
2 ] E
= 102
R ] -
= E
g c
[ (@]
xr [fe]
preer} <
w O
1

@

0

o

0 6 12 18 24 30 36 42 48 54
Time {h)

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

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

5 | fermentor with 3 1 working volume, at 35°C and 300 rpem 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

NS NS NS NS NS NS NS

12 NS NS NS NS NS NS NS
18 NS NS 2 2 2 2 2
24 10 i3 Il 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 5 3
48 6 5 5 5 4 4 2

NS = no sediment: Result of the first experiment that M30 was cultivated at 35°C.
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1.6.2.3 AMUIUIARTUTINILUININIMTIN: HRANANIAN NSRRI TR

wariaaainng luswitansminesues? 35°1  uasedlugaanimmin 0-36 ol
WARNTIR AS91gTa 96.0-99.4% way Tauufioen 42 dalus lu culture broth A

= 1

L aaNTTangand1 90% (Table 1.23)

Table 1.23 Direct count of tatal 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 35°C and 300 rpm agitation speed.

Time Nﬁmber of cells (cells/ml} Viable celi
(hr) Viable Dead Total %
0 7.06x10° 5.6x10° 7.10x10° 99.4
6 1.45%10 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 7.50x10" 1.94x10° 7.69x10" 97.5
36 8.28x10’ 2.22x10° 8.50x10° 97.4
42 6.89x10° 5.28x10° 7.42x10 92.9

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

1.6.24 Nap@ILIBtgesaInnIsdniesiues anindullldviin

Wauea N iasetdiaageas M30 Aldszudnanisuinesiues luaiwisnan

1 3
=& ©

GrmnaRitinaaiaed 18% uauanludinyudama 0.05% ey oH By 4.5
Tufiomsin Figoaund 35%1 aensld culture broth 1Rsnms 50 wa. wazadluamsnan
Smariiadin Yinmsman 250 1. Wumangfnunm 500 1a. uastinly incubator shaker
ANEY 110 ASsundt 7 35%a ATIANIFIATAY LATAITNEN iatsfindunnasingad
nduun iy msldedienglutale fuensdidssivinmwlumswinesiusain
B aannnsmaeedldsadiiieny 24, 30 uaz 36 Falue TsldannimuTniesueslud
wiln tdnanisenyuaznisminesiuen fdwanslu Table 1.24 Tnugadant 24 g
Fevindunnldluaiy wrrylwemnslmildiFanduazIfiradunnndaadens 30 uar 36
Falan Ty ldiin 7 fu usigagent 30
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datia Wheadinnndnaadeny 36 Salus (Table 1.25 uaz Figure 1.15) uaziiieRansan
nswiniesuea wud adeny 30 Satie winiesuesluesimilédandneadany
24 uaz 36 Talin Tnalfiesues 7.42%vi st 24 Falus ATRADIY 24 UAT
36 $alue mianlddunddadwiinimiiniesuealmi Wiestuen 6.08 uas
5.17%vv Tlaadenfufe 24 4ol udigadeny 24 4ol Wesuesganda Ae
8.21%viv fleminunn 42 Fali 1u‘nm:ﬁ1}waﬁmq 36 dalue dievindunminiestues
ni Wiesueagegauiies 6.56 %viv Miaan 36 4alinaasniamiin (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) OoD(660nm) Ethanol (%viv)
0 0.64 0.34
12 6.65 2.29
24 8.55 5.33
36 10.50 6.66
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

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

inoculum. Incubation was performed in water-bath reciprocat 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 2.77 2.23 2.25

12 2.82 3.89 4.00 3.80 3.90 3.03

18 4.78 4.64 2.64 5.16 2.75 4.64

24 5.45 6.08 3.24 7.42 2.80 5147

30 4.15 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 perfcrmed in water-bath reciprocal

shaker, 110 stroke/min at 35°C.

1.6.3 ﬁﬂﬂ?ﬂ')ﬁ‘ﬁﬂﬂ;’ﬂﬂu‘ﬂﬂd‘ﬂﬂd M30 Waminluswsninuimna  huwefnumnas

’

el 33 %
AuFunimmein® 33°%% 1l wudn M30 wiintFlasaues 6.72% viv Alaan 36

43139 (Table 1.26 and Figure 1.17) uaigaseny 48 4alue § S.E. windu 0.23

€3



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 0.28 16.84

12 0.75 077 15.24

18 3.30 297 10.19

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

nN
o

Ethano! (% viv)

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

o

12 18

24 30
Time (h)

36

42

s |
£

e EtOH o Cells g F sugar (%) |

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

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

with 3 I working volume, at 33°C and 300 rpm agitation speed.
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o ]
=

y = nI,- =l ] 1 n‘/ at
dalue Tnentefinady 36 49l finsanaznaudningasny 30 49l TeadnAugaees
renauld AsudRaliu 3 i werArugaemsnauiiinty  doudeiient 42 92
ﬁ’ g ] 1 | LB l‘g (-3
Tue mznewlimngaiisaugn Jonhanduwesnznawradiauatugfan  vnlidinag
o & x
AENBUTITL WATNINGY (Table 1.27)
= = ' 1 e a
WamtuAINIANAENeulugL189ANgaIRzneY wudiadnsn iy
amInInEng luanusnsminiesiies faoinil 33°%g i HA0NgTBIRENEY
Hagndnaadioning 35 °9 ntdes Iwaneunandugsdtoning 37°9 \nley usille
= el o o H R P e=d
Jiey S.E. aevsasiminissweauu 48 faluady wudibifiaonuansaii Taeaadn

WReENTNE5WeaT 30, 33 uaz 3774 # S.E. Wi 0.35, 0.33 WAL 0.39 AMNANM

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 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 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 4] 6 5 5 4
42 5 5 4 4 4 4 3
48 5 5 5 4 4 4 4

NS = no sediment

1.6.32  AMUIUUATTWIATRTNOWTAS: A mFuniTiudtuan uazdnaiie
ﬂzmqm:n'aul,ﬂmﬁmmmaa‘ﬁﬁmqé’mﬁ 24 alue s wudngadeny 24 Falue Bmzneu
qunmdnnInaadangdaud 30 4l Tnsiaadent 30-54 §alua flaunelaiumndnaialn
anifuiagany 30 42T wuihlmznevlugindmzneuiin g 1ndiuou 2 anau (3N 11
Arnew) deusiuausznewTAGE RN 4 avile 11 ATneity 1 AINTAAAT d9u
awraresmznawiy duun e aueiidaay ludaiAnmaunaguiy
A0 2454 $alua Femmadlullldnatemsneusedlngiqarausizadany 24 data

(Table 1.28)
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16.3.3 amauaaaniasnluszndnanimin: aaufunisAnednuonaad
Sarniginlusendnanisuin TnaGusaus 24 4olue wudnfi 24 fa42 Falae d1uau
ERAVAUNA (total count) (ANATR 4.78x10" waa/ua. e 2.50 x10° eadrus. Taely

Lz o 4 . T
TEUT19U culture broth HMadnNTIn 92.3-96.7% Tmanlfsanpdasiunatianini 35
o) = I3 e‘/ 5 olola ] ] di %

T ARARDNE 0-42 1oty WuEadTTINgInd 90% wAldewinunu 48
1 I 1
ol RMUIUEAATIRUABARINES 6.72 x10” aa/AUa uasilefidudascaadnitisnan

AINNATEEURY AAWMARARNT AN 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°C and 300 rpm agitation speed.

Time Nurﬁber of cells (cells/ml) Viable cell

(hr) Viable Dead Total %

24 4.61x10’ 1.67x10° 4.78x10 96.4
30 5.61x10’ 1.67x10° 5.78x10" 97.1
36 7.33x10’ 5.56x10° 7.89x10° 92.3
42 2.35x10° 1.50x107 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 AnwIN1sANALNALLBITeY M30 Weuinluawnsnnuaie Lawefinumas

ngaunnl 30 %

drmunisminiasiuan luansninimedl 30 °1 wudalilesuangage
7.86%v/v 1981 42 Falne waslfigadgendinistinvigounniiau (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% ammoenium 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 (%)
O 9.1 0.06 16.35
6 9.1 0.1 15.50
12 94 0.41 15.10
18 13.3 1.68 14.03
24 13.8 3.71 13.39
30 19.9 6.07 2.18
36 184 7.61 1.10
42 223 7.86 0.52
48 20.7 7.72 0.65
54 11.5 591 1.76
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Figure 1.18  Growth, ethano! fermentation and fermentable sugar utilization of M30

in motasses medium (18% FS and 0.05% ammonium suifate) in 51

fermentor with 3 | working volume, at 30°C and 300 rpm agitation speed.
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@ o [ r:‘a 1 Al L v d: =l

A1MUN9TARAINNAIIRIRZNAUINITRANY NudENialAlaITadliany 24
1 v 14 1
falua Tnesiaaieldung 12 wiil alieandangaeedlu culture broth fiRonduduga

i o o o 4 ar é‘n ol v L% = (e
A luntsvinnguuniaw 9 Fnhesthsoividusash idannisyiniesiueai 30 g
= 4/ 1 cal o o ad P o = g
fianuanunsoanpznautisandeadiminfiguugiiau q uwanidasny 48 dolie R
e o & o ol sl =

N1TANRAENauIaEaantauay Lansiduanguadninieanazneud (Table 1.31)

lneieadeny 48 daluadl S.E 1iafu 0,35

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

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

after standing culture broth in 25 mi cylinder.

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

0 N N N N N N N

6 N N N N N N N
12 N N N N N N N
18 N N N N N N N
24 N N N 2 2 2 2
30 N N N N 4 5 6
36 N N N 2 4 4 4
42 N N N 3 5 6 6
48 10 10 8 7 7 5 5
54 8 8 8 8 8 5 5

NS = no sediment

17 NeUN MBS IUAAUATNISANASNEUYRI M30 IAmAgFaNAl Scoo Tuams
mniaa
iiaRnmdilalaes M30 $aufu Scgo asirlannsananesueaintuie
11 uae M30 azgaevinli Sco0 mnmznauviteld Rwmasaan M30 uay Sco0 mawin
wsuaaii Witusunamiinlay M30 uas Sc90 e 1 atlFemenininanad

TinenaTaad 18% uaswenluilandams 0.05% U5u pH Fusiuminiy 4.5 uanivuu

water bath shaker # 331 wan"IMAcBIAnI1 M0 IiaadTigegn (OD 16.68) iaan
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18 e dou Sc90 winylhandgegn (OD 15.85) 24 falise Tuvauiiflerns M3o
ua Sc90 saufy WWaadgege (OD 15.73) flnmn 30 dalus dwfunnswiinies ueates
M30 Uaz SO0 RitaAEA 1t wudnineauealavia e uazvi q dunislinie
s1ueaifeld M30 wax Sc0 $aniu Tutas 30 dalausn wafl 36 dala mswiiniesn
u@a‘uméﬂuﬂwqﬂ Turnuz M30 s Sco0 depamiingie uazt@nesueaRNaY
(Table 1.32 waz Figure 1.19)

drumsmnmenenTanTadiminesueauy 48 ol wudnTadeas M30 7
eiien 1 Snmmnezneusiign aofl S.E i 0.50 wanguRzaRUNAResau 1 7
UMY Sc90 lumnmznay (S.E. = 0.05) LLazLﬁmém M30 f9u50 Sc90 SmAn S.E. Tawiniy
0.36 Fafndnen S.E. 189 MSEJ lednain °] (Table 1.33)

HanITAReYEEdn naminieasuealatiidasesiia Ae M30 uar Sc90 fau
ity lildnelimmminies ueadin Wasueamniy vananniu mao lailédedal

Sc90 ANAENaY NNSANTI M30 1Az ScI0 atjfatii HlimsanAznauras

Table 1.31 Growth and ethanol fermentation of M30, Sc80 and mixture M30 and Sc90
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 (N Growth | EtOH | Growth | EtOH | Growth | EtOH

OD660 | %viv | ODBB0D | %wiv | ODBBO | %wiv

0 0.09 | 063 1.83 | 061 2.44 0.60

6 039 | 1.1 413 | 097 3.85 1.04
12 1223 | 321 6.33 | 2.24 11.20 2.96J

18 16.68 | 5.92 12.80 | 5.01 13.48 5.28

24 1270 | 652 1585 | 623 13.88 6.07

30 1250 = 6.55 13.75 | 6.60 15.73 6.72

36 1465 | 7.13 1463 | 7.1 14.43 6.65

48 24.88 | 7.76 17.33 | 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

Sc90 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.

Flocculation expressed as S.E. of cells of M30, 5¢90 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 NITMSMIAsINARKYY repeated batch 929 M30 Tusmsnininea
lunarard
IAnpaaaniniasiues fnedansusinuuy repeated batch 984 M30 1o
fnnemaaeluranar Wedhnisdszfinuaeaudhild i@ lunnmin repeated batch u

] t b
faudn Fearantiunisiaularanistes® 2 lumsneaasldanuisninuanig Usunas

L4

PR -+ -

250 Ha@ar? luranafauim 500 @me NUIRNSTAE 18% uazuwan Nt ndawng.05%

pH 4.5 1i'l4 water bath shaker 110 ﬂ%ﬂ/u’]ﬁ ﬁ 35 %o I.Lﬂzhﬁ"wﬁﬂmu 36 ‘ﬁL’JTm
Aassimaaiey wazrnudidusesesiues amiudeliiis 1 e laadanAznauuy
30w Tulm culture broth deuunaan Wiwde culture broth ‘ﬁlﬁh‘nﬁﬁﬁmm:ﬂ’au’aﬂ 100
ua, Bnenmsnaninanalsl WEBuamemu 250 1a. sazsinasminauasy 36 9alua
VuuLRNgan 2 ass

HANIINARBILAAIIININNIINI repeated batch W 3 aFay 15an0s
taseafinIulunsin repeated batch luuansnaiudn Taelunnsvia repeated batch
afaf 1 Bunouesuesindald A 3.74%vA (@ uaaluemei 0 Falue - s ueatl
amslnid 36 "fﬂm) @91N15%1 repeated batch A%aT 2 wax ASeR 3 1BHNnues uead
nanld A9 3.13 waz 3.31 %viv AMNAIAL  (Table 1.34 uay Figure 1.20) atnalsfiany
dadaufunisminiesiuealu batch usn Fdnddan active i WudHAMEs ARl
findn Feeradlumsnsaderlusztziili active viviusadfanglen@ldifund, e Tu
N131N batch wen

faduRaiigeadnilate uazansaulalun sudinuuy repeated batch A 97
IRUTASTIMUNLANFMIUNIT repested batch safaaflunairesniswiniiannsalie
srueaANNENTugesoe
Table 1.34 Growth and ethanol fermentation of M30 in motasses 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
Q
at 35°C.

Batch Repeat batch 1 | Repeat batch 2 | Repeat batch 3
Time (h) | Growth | EtOH | Growth | EtOH | Growth | EtOH | Growth | EtOH
D660 %viv | ODBB0 Yoviv | ODBBD | Yoviv 0OD660 Yeviv
0 282 | 019 872 | 265 478 | 249 9.75 | 2.11
36 14.88 | 7.09 | 1497 | 639 1476 | 562 | 15.87 5.42

—
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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 reciprocal shaker,

110 stroke/min at 35°C.

1.9  msanpznauszuinmsuiniasiuea luarmsninuisa luiwasivuiaas

= =
21418 100 Ans 71 35C
1.9.7 NITRTYUASNITUNMNBE RS

v 1 k1
VAnenisanmaznewlussudnaniminesuealuenmisniniiana Hdun
pasend 18% wanluiiandanm 0.05% uariuuradaulalalasiaunaaws 0.01% pH
4.5 Uiunos 80 ams lwasuuuseed auim 100 &ne  Tealuseudnanisminaauny
LR o] . . " ' o 4 o o=
auniiiininfiu 35°C uay agitation 11y 200 rausiawil Semlunasiaelasanis
OOV 2 ANNIImAaee wudEeiinnnasAeudann uasliesiuen 8.38%viv Miean
42 g7Tua (Table 1.35 uaz Figue 1.21) (@ wfusmuanduananiniasy n1emwsin was

nsdesednantsvanes Wganiasnistend 2)
1.9.1 nasanazneulugilees S.E.

1.9.21  nsanaznenlugiaes S.E ; Wadmssdnisanaznewlugiiees SE.
WUANTAR b culture broth 81¢ 42 Falie HnasanmAzneugeas W S.E. winiu 0.72

(Table 1.35 w2 Figure 1.22) Tegandamausinludaminaun 5 8ms uazldawsaile
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Peain 3 8 wazAruangnrniinaeansudnlding 35 °C 4l S.E.0.59 ¥ 30 1
Tu4 (Table 1.20)

Tabte 1. 35 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 | fermentor with 80 |
working volume, at 35°C and 200 rpm agitation speed,

Time {(h) CD EtQH Fermentable SE.
{660nm) (%viv) sugar (%)
0 0.25 0.26 21.07 0.15
6 1.77 0.67 22.25 0.19
12 4.85 2.67 15.52 015
18 575 4.44 12.58 0.14
24 5.45 5.70 8.98 0.24
30 6.10 6.85 5.15 0.49
36 4.00 7.71 3.28 0.53
42 5.30 8.38 1.49 0.72
48 5.15 810 2.64 0.47
10

Ethanol (% v/v)
(=]
(]

-
o

o

Cells (OD 660 nm}, Fermentable sugar (%

£

4] 6 12 18 24 30 35 42 48
Time (h)

_@— EtOH o Cells _gF sugar (%) ;

Figure 1.21 Growth, ethanol fermentation, fermentable sugar utilization and S.E. of
M30 in molasses medium {(21% fermentable sugar, 0.05% ammaonium
sulfate and 0.01% potassium dihydrogen phosphate) in 100 | farmentor
with 80 I working volume, at 35°C and 200 rpm agitation speed.
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03

SedImentation Effeciency (5.E)

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

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

1.9.22 ANEIIBATNAU: 4NN culture broth NRa g q (. w1ld

1
ay o

cylinder 111 25 1A, UATAAIINGITBIRLNBURALIAIFNN 7 NudiBuiuntsdudaTey
] 1 w
a8 UAZANALNEN LlE culture both ang 12 Folie  Teedaanugalindsainasli 30
' s X - -
w¥l - du culture broth 81 18 alae dnsanasneuday Inelrzdiusinnisiidaaey
R/:; i i o :‘ ool a d” -~
gerasmznauliiaud 12 Uil ussndaainiussdinismnasnawinay INeIa AN
v v
Tamnngarasnsnau Timussaliunmg 3w (Table 1.35) annisinAIINgIT8s culture
1 1 1 2 1
broth 8¢ 48 Fali wudriANgeresnsne unndfuatauna 4 filu culture broth
=i LTS VI T v oA o P v
aafANdRduWY q fuR 42 Fale daldahaviamesgsdiineannsnauio

nd1 Jesenndesiuai S.E. 7 48 Falne GaflAnteunds S.E. veatadany 42 Foluq

1.9.2.3 ATUIUUATIWIATBIALNU: HANITULAINIY LATIRIUIALEIRLNEY
a8 wanvirdiaynowaasauauiaslusres 0-6 dalua whliewinuau 12 d2lus wull
o - £ o Y oA & X el =l '
MuuRznalIafInIuiaEy wansmiiuiladelangunty azneuashRawIalug
P . X . . & d
T4 ey He1uaunnay Tae culture broth @1y 0 4lin wuRzneultad 3 Aznewhiuh
1uu? Advwaduiguinavasaduidnsainiumiiiy 14.81-18.57 7 25.98-37.04

d‘ 4;' |g Ly

lulaswas  uwamidla culture broth @nguNaW TWIATeIATNBULMI AL WazITadaNY 30
. - .ol c s A e 3
dalue mrnewrslTadiTwIaivghan uartwinsasufnten Wagadany 36 Falu

E N
uazvAIantu ARz nau i AeLANANAAY

%



uae 42 dolue WUATNEUAR 8 AYnawWNLR 1 un® ATNAUWARLIIUNA 14.81/14.81 -

44.44/66.66 lulAs\mAs (Table 1.37)

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

fermentor with 80 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 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 6 6 6 8
24 NS NS NS Errcor 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 5
NS = no sediment |

v
 ar

1924 AuTadRETARlsTIIanIImTn: AvnnisAnIa T
analALnTin wet mount 11 methyene blue TTAAHETAR uarlifiddn SepaafnTes
methylene blue wudnfleduduniamin SeueadiaMNaaAL 6.72 X 10° [Iad/ua.
Tnevasohunediaddn Wevsinuiu6 41l wadifndiuniudiu 2.5 X 107 wads
Taelusmuiduasdindin 2.91 X 10" wad/ua (Wi 98.64% mawmﬁﬁ’wum) 1N
ﬁul,ﬁlfafmq 12,18 uaz 24 4ol SrunwaedrETanliuAnsretu Aa 4.60 X 107, 4.92 X
107, 4.38 X 107 |ad/ue. Muddy Sadlefeuius unssdiomaude wosndwrad
7ATi73m 99.35. 96.66 UAY 92.4 1% PNAIAL waRsdn W culture broth TLaadTidasnludn
doufidnas waziilaviinum 30 Halue madaasunusTuRB f U f T s aRETE
FrhwTedianuaanad Weifufuefifuienadiiian studranisuainaes M30 Tu
Favinaunedn Fgomgiideniu wusludminingilioadi@an fuefdusinn

(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/mil) 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

1.9.24  nadusIwIusesuNaIINNIsWANIG (bud scare): INBANEENE T84

=l 1

wasias MuannIrIsdnNaI NN nsLANMaNateAf R liisetLaaANNNITUANLS

]

w1 Adlfnasenivsadainnimminiesuesluemsnaninaa tudontnaua 100 &ng 7
35°C lymsaasasuuaannnisunnuia Ineld electron microscope uamsmmmﬂu‘lﬂmuﬁ

ramAzuuly As Lﬂ]iﬁﬁﬁﬁmqﬁf@ﬂﬂnmmnuﬂ@ﬁﬂﬂﬂ%:’a MIUTBLLNRRTINNITURAYUA ¥NNTN
MaRENgHN Adinsusnmiesdmawvaneak udlummesasisansiudusanuns s

Wasannuasianmurnnlasiniznguuliu (Figure 1.22 uay Figure 2.23)
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Figure 1.22 Electron micrographs of cells and some bud scars of M30 cultivated for 30 h in

molasses medium (21% fermentable sugar, 0.05% ammaonium 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 hin

molasses medium (21% fermentable sugar, 0.05% ammonium sulfate and 0.01%
potassium dinhydrogen phosphate) in 100 | fermentor with 80 | working volume, at

35°C and 200 rpm agitation speed. (arrow = bud scar)
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1.10 NISANEINRUDNBETURARDNITIRIYVEI M30
s niasneaaudindugeiinaseninedy wesnisminiestuesaiiar s
ii = a e rﬂil s G a rd' o o
Wulladananugnmuesiueanndindugs anduseiugivunsdwinldlugramnssunis
1 ] v i
nimesuea (Wasanwiuesanduduganianeiudiu q wdals Tududsniaeiyuasnis
ar o f.- <4 o3 & :’z = 8 a a ' o E
wiln vizeduduiendnden fuiudsdddnmnareaasueaiiiuaalildenisiasyees M30 v
- b oL = = o o 4 ar
nAslETyUNe It Selleantiawsind uavluanwildminmsues
arvfunarasesiueafiinadllseninaioret M30 Anwd Tatminnag streak 1da
Y ) ¥
uugmswisnniaaiRueaTAd 2% wantullandaiim 0.05% usziinesiuas 0-8%viv
dazuuasudia YPD Ainiasuea 0-8%viv Uufi 28-30°1 meranasiasoufl 2,4, 6 Uz 8
9 1
T WANINARBINAAIY LuEMMSWEINNNATANRNE NS 0-3 %viv NFIATLYIRI M3D
Lifieuuansndaiay winnsdyanaafiafuesuealusiuminionng 4% laanisasy
qrd1asBndialFNeE14ea 5 %viv (Table 1.39) douamsuda YPD MANBs14ea 0-5 %viv
N191830 199 M30 llumnsinefiu uAaAaUaFNes uER 6%V/v  HALAAIIINNIEULITBLas
1 v 1 H Hd d’d
waaFANas U WMITNININABNINNGY Tuhasiisumganansiluninimaedialsiilte
fugensaieyaesBanaguda Aulunasantasasdudenifieglunniimaduiesiues avding

NITUUENNTULINTU

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

at room temperature.

Ethanol Incubation (days)
added (%v/iv) < 2 © 8
M YPD M YPD M YPD M YPD

0 ++ +++ ++ 4+ | A | ++ | FEt
1 ++ +++ ++ b | A+ | b +++ |
2 ++ +++ ++ B S I s s
3 ++ +++ ++ ++++ +++ +4+++ +++ ++++
4 ++ +++ ++ ++++ ++ ++++ ++ ++++
o) + +++ ++ +++ ++ ++++ ++ +++4+
6 + ++ ++ +++ ++ +++ ++ +++
7 + ++ + +++ ++ +++ ++ +++
8 + ++ + +++ ++ +++ ++ +4++

M = molasses agar YPD = yeast extract peptone dexirose agar

++++ = very good growth +++ = good growth

++ = growth + = low growth
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féaunwm?nylummwmwﬁnLﬂﬁ'\uﬂm’fu naselatldanmnsmaanintnmaniion
AaTed 5% wenliudflondaa 0.05% uatiFNBEMER 0, 5 UAY 8%V LAYEWMNIMAT YPD
fifisies1uan 0-8%viv 1l water bath shaker 110 Ak 3 35 °% AFIAMNTIRTEYNN ]
12 909 HANTINARBILAAIIIIMNIMAININTNANATIBEEUER 5%y M30 ﬁmﬂ'-ﬁ‘mﬁiq
ndrluamsnansinmnai liinesuaaninndnss (@naulszanni 67%) Tand 36 datue T
MMM ANATBHIRSMER 5%V L%’ﬂt’ﬁﬂ,ﬂﬁﬂ’)'mﬁu 6.41 Tuzauriluammsmnin
pafilifiniesuea M30 Wieylenugu e 1979 usrluamsfidin wsuen 8%viv da
gy dfunisdngluemnamen YPD fifinesues nunsnistiudennaiscusie M30
Dululwinussieaiu Taefladuesiues 5% naissyanasta 75% mqmﬂq‘s‘mlumm?ﬁ
Lifnesues Lﬂmﬁﬂumssﬂ?m luevamaInINImMaiuamns YPD wudm%am?rylu
amsnImhanalddnndierunsmas YPD 1nn uawnsiliBiuieses usiiledueniuen
NNTRTYARRINIYN 7 11U laidnluamsfifinesuen 5 ¥sa 8%viv (Table 1.39 LT 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%viv ethanol 5%viv ethanol 8%v/v ethanol
Time (h)

M YPD M YPD M YPD
§] 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 49 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%v/v ethanol in water bath shaker, 110 strokes/min at 35 °c.
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2. SARANALNAUAIMSLNISEARTAARIWSEAT

« oo
9UnTniuAasIENIS

1. fasi g Thunsnanes e

- Saccharomyces cerevisiae #UNUTANATNBUIINGUN 4 S18WUE A AM12, TJT,
TJ3 uaz M30

- S. cerevisiae satWugTS finsAnnnsmznay a18WLE AR RL-6, MR-195,
MRF-44, MRF-65 uat MRF-65-UV89

- S. cerevisize 5c90 Tufhumneiuflinnmznenililugaamnssuntsmin
waanagad usuinalne

- Candida utitis IFRPDE014  (I&Fupuaypasiziananiiddouasimmnnan

AUFaIUg)

2. MNATINNANTE
tiumaann stock aelu Yeast extract peptone dextrose (YPD) agar slant 1

gomgiivesszunm 24 $9lus aantiudiess YPD broth fiflnglaa 1 % Bunss 25 ua. T

Erlenmeyer flask 250 N&. LUNUMATAATEULL rotary Ag133 160 rpm 01 37°4 Usyanns 24 49
£ L

1 v E L LY °
Tua fhuuenirasson centrifuge 5,000 rpm 5-10 Ui drafatinndusAannidie 2 A¥a uazyin

damudulniindudssainide faanugun 660 wiluwmes 1ilundide

3. nsideadaluemannimIg
FinnsiResdeutnitanaely Erlenmeyer flask 1415 250 H4&. 139387119 50 N9,
e eunsnintamafiliinBuradliiiinmaiaed uasdinriouas furneaunaslulnsa
Rt s ARz ITAReT 22 aTnAsLf oH Gy msdidivusluusaenismaaas s
LsFenuniAieatnuL rotary AAII5Y 160 rom wazprugMnRmaTiiua luusiazne

NEAB

4oy ¥
4. nniRenae luaandaninga
vansiae@auutldeainialu Erdenmeyer flask 91478 250 N8, UFFBINIT 50 4.
g i - !o’ d o :‘ O =4 o
TotldprmsiinindiBuinananglag Welfufunlifianasnotvingu 2% visaludbu

¥ 1 °
e Seazssyluusasnimmaaes uazinstauastuisescunaslulnnauainidmusly
2

] :': ar ﬂ: i a t ] = °
WAAZNITNARAY $INRIINTUSL pH Gusu msdinvusluusasnismaass nsLnmeniuw

LATRAIE ALY rotary ATTHIE 160 rpm UATAILUMAIATHANIMLAUUARENITNAGEN
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5. nsaumsis

- a9iasey Tnedennnguasaaassin Spectrophatometer FANEN ARUUE
660 unTuwAg UAT MsutATnL

- Fnuaalusiivlugsd Tneld38eas Lowery-Folin (Norris and Ribbon, 1971)

- ﬂQﬁNL‘ﬁ’Nﬁ”jHﬁﬂﬂ’lﬂ?‘ﬁ'J‘ﬁﬂﬂﬁ% Nelson Somogyi (Norris and Ribbon, 1971)
uazinansld HPLC (Hewlett Packard, Series 1100) wA4a1nM1 hydrolysis

- anudinduesuealasld Gas Chromatography (Shimadzu GC9A with
C-R3A recorder) hazld propanol ({1 internal standard

- NFANAZNAU f’i’ﬁlugﬂmm Sedimentation Efficiency (S.E.} ; FRINATT8Y Limtong
(1987) #ali ¥ culture broth 8 NA. NAHENAL 0.1M EDTA 1 A, {iBNszanelsad uasifint
N 1 A, SaAnagud 660 uituwns A idimualiifhuAn A 1 culture broth #n 8 1A, 1
AN 0.1M EDTA 1 18, Waz 1M CaCl,, pH 5.0 Lﬁamﬂmﬁﬂﬁvﬁﬂﬁmuﬂzjuﬁu%'nﬂ;{a el
10w Weldadannzneussgfiu shrssmardauuuniaaugul 660 wiluamns Al
fuusliiflud B Arusustnisanaznaunngassiellil S.E. = 1-B/A &3 S.E. S 0-1
e 81 S.E Sdwitu 1 uansigadanazneuligegn uanileddiiasman 1 uaasianiemn
AENOUAARY

- meanazney dalugtannugasedmzna: 1 culture broth 1114 cylinder TWAn
25 18, AUAY WATIAAINGITBIAZNEY (sediment) uﬁqmnr}%ﬂf’i 3,6,9, 12,15, 30 uaz 60
i

L Ammunanzney IAEVERBIMIINININAATIMSARNAT6Ng AU
hemacytometer Tafae cover glass  dasdaandasqansseilanld objective Avdzeny 20
Wi e dalaenun miuaeid s uauanowad wasdamnaussaznawlanlddusaie
Saannaedin udafeudlurunsfiniiale Taash calioration sswinalfiussyimiu stage
micrometer

v o r: o o b'dlddﬁ
- HURIUNEAATIRNATA NI wel mount T methylene biue WLLARANUTIR

1 1
9 2 1= sl = o

deliRadflndianfay methylene blue WA WNTEIR TIRAANIRUTDI methylene blue
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HANITNAKXRY

21 Fasnanaznaudwmdunseingadamsdad dlaldnmnimaduduainm
2.1.1 AMAAN S. cerevisiae AENUg HANITIS ALa T sAugaTiaiRedTua s

nnvag fignpiigs

eAndentesdwmiultinantiadennsdnd Iindan s, cerevisize TaanaRugh
anazneuwaclinnaznen nAndEenlaeniniadafluanmsnningns uazAs Aenaneush
Wirglea Silusfuanniaadvianan (total protein) 14 culture broth wéaaanfmaliadiavua
1u culture broth Huuan FearGundalsiuionungs uas flusulusad (protein content) g9

VnnsReEafluemsnmninaaRTTnAaIRaT 2% (glucose equivalent) ez
wanTuHautamn 0.05% pH 4.5 luraad Taedfu pH 1aeammns vty 4.5 Aaududy
109198 GHEY 5 mﬂumﬂmjuﬁ 660 U TuLAT (OD,,) ¥irfu 0.5 ﬂuumﬂ?"mmhﬁqmmﬁ
37°%1  AANIINARBIUAAIINTAATEY MR-1 95, RL-6, MRF-44, MRF-65 Lla¥ MRF-65-UV89 31
S.E. inann i 4 fMutaduas Sco0 Selimnpznau (0.07) ﬁ'\aﬁ’uﬁﬁmﬂﬁMTmﬂﬁ’u'EmziﬂﬁLﬂu
Salinnmzney Tusousd M30 Snsanaznen W S.E. v 0.36 dladnau 48 Falus

gandraniuganaznauBuynaIeiug (Table 2.1)

Table 2.1 Focculation 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
Sc90 0.07
AM12 0.12
M30 0.36
TJ1 0.14
TJ3 0.28

\Hefiasnnniaaiyrestiafarawugiilinnaznas wud1 RL-6 finnsiatey iines
ar e 2 1 [ ] ] . o nﬂl
gega A 11.36 nfu/Ans GegendraneiugauLlszann 2 wi (Table 2.2, Figure 2.1a) uazilal

= =y

s ‘c’/ r : [ Jdl L3
aanfinnaige duiurdnaldalinotdsfiuainiaadvionnn i culture broth ¥6&¥AINMINA
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2 £ ] k
Tiaadvisnsalu culture broth tuusn FeaxFundnTustuiomun gamnahlfon Sausfudasn
=l 1 ¥ 1 ar o :lr (Y
TsAnlurad bifauuansnesnetmau (Table 2.2, Figure 2.1b uas 2.1c)  AIUAIARIEEN

RL-6 @1miuAnsalyl

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-FB5 F65-UVBI MR-F44
{h) oW TP DW TP DW TP DW TP Dw TP

0 0.24 007 | 023 | 009 0.27 | 0.11 030 | 01 023 | 0.10

24 3.53 1.27 563 | 242 376 | 1.69 3.78 | 155 3.09 1.42

43 3.80 1.33 | 1044 | 3.03 578 | 2.14 448 | 2.06 4.03 | 197

72 4.51 1.76 | 1136 | 261 4.81 2.16 454 | 2.00 3.00 | 167

96 1.72 ND 9.47 ND 1.43 ND 2.18 ND 1.42 ND

OW = dry weight; g/l TP = total protein; g/l
AmFunisiaguassfuansdafmanaynausauiia Sco0 dafluaeugilFey
=} i’, ' Y 9 '3 1 rgl/ - P | 1 - o o

Wi wud AM12 Ty lilasdgeaagendniToan] iNeuaevin Inaliiead 11.16 nfu/ans
Wi U RL-6 uazdawidnanTusAuneluigadaas AM12 ivasa 40 $9na Aeudasn widn

1Y ' 1 ° -
TlsPuvianuntiagandranawugou (Table 2.3 wax Figure 2.2) fatiuAIAmIAaN AM12 §11FUnng

' e ) o { = o P
Anwsialy wanainiudiasain M30 finasanazneusindnaeiugau RaasianisAnyiienis

= = s 3
HAFLIRRLRADINITARNIAE

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

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

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

0 0.26 0.09 | 0.23 0.08| 0.24 | 0.07 025 | 009 | 0.32 | 0.12

24 452 1.95| 4.75 1.90| 416 | 1.60 | 470 | 202 | 3.97 | 1.83

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

72 4.51 203 | 8.82 2.29| 534 | 1.81 769 | 215 | 592 | 20/

96 1.72 ND 5.85 ND 4.47 ND 6.42 ND 3.50 ND

DW = dry weight; g/l TP = total protein; gff
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