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Abstract

Study on thermotolerant properties of Saccharomyces cerevisiae M30 for ethanol
fermentation in 5-liter fermentor revealed that this strain could produce highest ethanol
concentration at 8.91 %v/v at 35 °C after 36 hours and still showed good sedimentation
efficiency at 0.33. Reduction of fermentation time to 24-36 hours could be obtained with
fed-batch fermentation (1 to 3 times feeding) that vielded sirnilar ethanol contents and SE
values.

In pilot scale ethanol fermentation with 100-liter fermentar of both batch and fed-
patch techniques at 35 °C the ethanoi yields were comparable to those achieved in
labaratory scale. Fed-batch fermentation reduced fermentation time from 42 hours to 32
hours with similar final ethanal content.

Repeated fed-batch fermentation in laboratory scale showed that the first batch was
relatively slow in ethanol formation whereby 36 hours was needed to vield only 6.49% v/iv.
However, from second batch (repeat batch 1) onwards the fermentation times were reduced
to 24 hours with final ethanol concentration from 9.36% v/v and gradually reduced to 7.13
%v/v in the tast batch. The main cause of rapid fermentation was attributed to high initial
cell content as can be seen from initial OD at 0.63 in the first batch and abruptly increased
to 8.06, 11.51, 6.81, 9.61 uar 11.41 in the following batch. However, it should be noticed
that the final ethanol concentration was lower in the succeeding batch which might be due
to combine effect of high temperature and high ethanaol content and accumulation of toxic
substances from molasses. Therefore, double stage repeated ted-batch fermentation was
introduced. In this system repeated batch was performed after 12 hours fermentation
{where sthanol concentration was still low} where agitation was stopped for 10 minutes to
allow sedimentation of yeast cells. The upper portion of fermentation broth (2,400 ml) was
drawn out by suction leaving 600 ml concentrated broth in the fermentor. Fresh steriled
molasses medium was added and the fermentation resumed. The previous fermented broth
was collected in a glass jar and allowed to continue fermentation on a magnetic stirrer for 36
hours. With the technigue, final ethanol yields in the repeated batch was considerably
constant at 8 Yv/v after 24 hours fermentation, however at only 12 hours fermentation time

the ethanol concentration was nearly maximum and fermentation could be terminated.



In conclusion, Saccharomyces cerevisiae M30 is a potent strain for praduction of
fuel alcohol under repeated fed-batch condition where fermentation time couid be attained
at 12 hours. Hence, the ethanol production efficiency could be achieved at 70.78 g/l/week
as compared to 7.9 g/l/week normally obtained at the Chittarada Palace Alcohol Plant.

For fodder yeast production with air-lift fermentor, model vessel was fabricated from
a cylindrical glass jar measured 33x15 cm with 5 liters total capacity. Draught tube was
made from PVC pipe scale 9 cm in diameter by 12 cm long. The tube was position at 2.5
cm abaove the bottom of glass jar. Corner of the glass jar was filled with ciay in the concave
manner to prevent cell accumulation. Aeration rate of the fermentor was optimal at 0.75
vvm for molasses medium containing 4% sugars, 0.1% urea and 0.05% KH,PO, with
adjusted initial pH of 4.5. After 36 hours of fermentation, 17.52 g/l of yeast dry weight was
obtained, however total protein was extremely low at 3.28 g/l which was equivalent to 18.7%
protein content. increasing of initial urea content in the medium higher than 0.1%seemed
inappropriate due io toxicity of ammonium ion liberated from urea. Therefore, different urea
supplement feeding regimes was carried out after fermentation for 12, 24 and 36 hours at
the total urea addition of 0.3%. However, negative effects of urea remained where control
(without additional urea) gave h'ighest cell mass at 17.99 g/l and other treatments yielded
only 12.93, 11.80 and 13.39 g/l. Modified feeding strategy was then developed (including
ammonium sulfate as alternative nitrogen source). Results showed that addition of urea at
0.1% in 12 and 24 hours improved protein content of M30 to 45%. To improve final biomass
initial sugar concentration was raised to 5.5%, but cell mass remained the same. In contrast
higher the initial sugar contents higher the ethanot formations and residual sugar
concentrations. Hence, addition of sugar was fed to the medium at 12 and 24 hours at the
rate of 4% each together with 0.1% urea which could boost the final cell dry weight to 25.86
g/l. However, the ethanol concentration remained high at 20.6 g/l which clearly indicated
that feeding time was not related to growth. Finally 3 feeding strategies, namely linear
feeding, exponential feeding and sigmoidal feeding were developed where sugar was
added at 2 hours interval {(after 12 hours of fermentation) at predetermined amounts.
Resuits showed that all feeding types gave similar biomass at 32.26, 32.66 and 33.91 g/l,
respectively. In addition, total protein yields were also relatively high at 16.22, 16.05 and

16.98 g/l which were equivalent to 50.3, 48.1 and 50.1 %, respectively.



In pilot scale study of fodder yeast production by air-lift system, the fermentor was
made of 100 liter recycled blue plastic container and draught tube was made from fiber
glass. When fermentation conditions according to laboratory experiments were applied,
biomass and protein yields were similar to those obtained at laboratory scale, i.e, 30.58 g/l
and 15.29 ¢g/|, respectively. Moreover, with repeated batch technique, the fermentation

time could be reduced to 12 hours with cell yield at 26.59 g/l and tolal protein obtained at

13.83 g/l.
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dsrnaufumalulafinnsusinuaansgedlddinnsvmnniatsnedaune Wldssdndninnns

v
o =

uﬁnqngmmelﬁ*lﬁﬁunun%‘NﬁmﬁiﬁﬁQm flaqiuiilafii A vaneuia iy Open Models Inc.
(Canada), Technical Consultants, Inc. (Oregon, USA), Asian and Pacific Centre for Transfer
of Technology (India) Wik WsnsEnmludnenuznisdravnennalulatl uaz turn-key
project 'l,un'n‘u'ﬁmvaﬂn'ﬂmﬁ%w:ﬁuqmmun?m'ﬂmml‘mﬁ Lm:@mmun?su'ﬂmmtﬁnﬁﬁﬁﬂﬁe
nsuARLaanagaalsyinm 1,000 - 30,000 ARsFai
nadadszAvamniavsinueanasedianisldmaiiaiie lnssuauntewiin wu

AsvsTnuuLseies (Tyagi and Ghose, 1980) (continuous fermentation) naswasinuuLsteitie



santunstwgsandunn 1dna (continuous fermentation with cell recycle) (Kuriyama et a,
1980; Kuriyama et al, 1985; Limtong et af, 1984) N1557 AR (yeast cell immobilization)
(Tyagi and Ghose 1982) n1swiinuuy fed-batch (Koshimizu et af, 1984: 62, del Rosario et af,
1979) uaz NewsinUY repeated-batch (Nishihara et al, 1976) {ntfmaiia fed-batch AfinNs
Fa(nanyin mafuszeeldnstoni iR lugramnssunisminuasnasedinniiga
LﬂmmnmmmamummmwL'i'u'it’uﬁﬂmﬂ'lunﬂi‘fj’ué'qn'lm?rummﬁﬂﬁ wazlnenlnAugn
mwﬂ’nLLfaﬁnﬂaﬂﬁqz’lﬁﬁﬂmmﬁau'ﬁ’wqqﬁﬂmLiuﬁuéuﬁuﬂfzuﬂm 20% fiaaiiantedou
auAlanIfaTeyIaaEan uanmnﬁ'lumﬂ'ﬁmnﬁ'\mmﬂuﬁ’mqﬁu prainTenanisdudalaged
uriFdans iundesiieg sae

atinglsfimu matlanismn fed-batch iWevatnuiesfdessinswiaunddalunng

winusiavaidaintfidunauaren e idufumunsudadiuii Savitee wazani 14
AnmniaminueaneaagaInnINtAmaRIEmATA repeated fed-batch Fattan
Saccharomyces cerevisaie 18U AM12 ﬁ‘lﬁ@ﬂnn’lﬁ‘uﬂuﬁuﬁ'ﬁwmﬂﬁﬂ protoplast fusion

<938 TJ1 AU N1 (Seki et &), 1983) Tnansinuaddasmdfnenznsmnazneileting il
Uinnnuuaansgadge (lwdavinezeanisudn) ndumriunddelunieminafssiely The
anansnsndiunainlduanngt 10 sau Taelusend 1 Wezeznarluniswiimlezano 24 1u.
wiluzeudt 2-5 Wiaafies 12 1. Ingluurszsauacldunansaadgegauinndi 80 g/ Fauama

i

Fsruunsudndeamaiiatiianiafusdeudnege uasiiazatsnsarin g lumad om 1

= J

P A o - ~ o a
Lu'ﬂqﬁiqﬂiﬂﬂﬂ?:L“ﬂLﬂE‘mTﬂ??qunqmﬂﬂu (LURIAITLIANU) Vlﬂ'm’li‘ﬂu’]m'l’ﬂuﬂ’imﬂm

C1

a dl' ] L 1 o o
uwpaNasEaNINNIY Metautieanliilu 2 nguwdnie

o

1. AngRutlsziavuile vy udrdends Falwe daradan

or = o Ly kg

L I g 1S s ) v
2. dngRulssinviasna 11y det uazkandnumangay T19Rauu ius

q
o e = =l ' =| 1

14
dAmFudngavdssimusnasiiypdaunsaisasiinisdesuti iiduimadaneay udm

v
= o

(Y Ll =: Bt - L ] | 2] - A’ vl 80 el
Avinsminueanaaed sulunsintureunisdnuasdeadad liduin uildenne
o' Ll 1 -y A I a = dl
fapauiisnmgnnin anninlssiiiuaes Shieser (1994) NAnEIRINANAMTRIARALTIRNRA
L] = J = s =l kg = LS
i lunisudnde wdeanazadluiganny laewFaufeusiuunisidnatn mudes

11 |‘z‘ -
nninena fudes luuszaendes uefuuda dradrannu wodh nmimaiisuyunsagn
r = Lo o ' -] i
LaANaaeRLTgEANgR Ao $1.01 Aaunsasy wislszaunn 12.85 umdedns (Tnefifunuan
naniamafniiu 22.5 vssueanased 1 unaasw) Waneid i) deuaslifununis

HAR $1.48 AauLnaaeu WialTeains 19.03 U sedn?
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WUTANTBUTINE (Research Concept/Design/invention)
lusfansruaunewinueansaadlulssmalnaimunnifenisudneiediy

WBANEHDA LTU 431219 UATRINR ﬁ'mﬂuwﬁmﬁ’msﬁﬁﬁaﬂﬂm@a Lﬁ'mﬁﬁuﬁuﬁz’unumwﬁm

ﬂs:n@ur?unﬁu-?amﬂaqs‘ﬂmwﬁqmmnﬁaﬁﬁlﬂumwﬁn Irasugsmnwialulszng 3914

= &

L
Basaneug Saccharomyces cerevisiae Sc. 90 Tunnawinuaanesadivau wazlnaningas

wd

o \f" = o o A ) i °
udndadaeiugiidssdninmlunsudnuesnssedlflussduiianela nisfiastivdasans

1K o [ 2

suflwalitaddneiils@nnmgandrlunewin Al LAFuntseeniuaIngnangs
uurAngrdeinensaanfldfinafisunismiinueanesedinettsiailes fomadunisdaien
wazaiaaneiugEsdhn Wilamawnsolunminueanesedlégeiu annsoanasnenlss
lutaedireamanismidn (Limtong et al., 1987) uazadrumsinlgunaiianiswinuuy fed-
baten Tustaulsaan (asarsnsuiudinuesnased) wiflallfiuntsin 4 lumealfRiles
anurandndreduy atdlsfmusnilguaeimantiudamddidenimanmadias
szwinatlrene uasiufuliuisenazgiu AdlAlannusuielumsfiasmmdsanmaunlugy
ARTE S Y oo (bio-fuel) Tnalannzaeiansn AN mwad Wi S
ueaneaadludadautlszunny 10% sunsanseinlilaglianausousaamesufanas g
fowtdsmantueanssedinanlfannnszuauninninlaBadheiifuuilnd A famania
Mlutlaqiiy uaififluwuamanitalunssaamaindnisiuananatssna LLﬂzLﬂuﬂ’l?LﬁINH@
Arvasndnsnaanaineasfiaziinansenlannsssainynng

mananueanezedine fiiudemasieinldauunendndud Ay lug it
sildnduiunn aelidesalatundu-searnannlssnetses uasiladaudnituanseny
TnumsssiayszAninmnisudnie Saffannsoninuannesedlfige wenaninanaeeldues
nsannnisuinueanesadiertadafifiamuAmennsguglanslusfuuasindy &
annsminh inaunilanusaznindamiedidssiumil winmnfufaamadiemitdiunig
minueanasadilaqiiy Saccharomyces cerevisiae nizsinldnuazilAldanefige iasaan
fafanewugiwsiunadianr g nsuanieadiamsdedldintasiionatuns vy
continuous centrifuge WiaAMAARluMEafaeRuRATMASNdinan @R
Lman'aaﬂa"l&’iejq'lunﬂnﬁﬂmm wazanursamnaznanludaaiiusesniamin niasmancaniy
mawiinueanaseddamas mszisadtamianaznaiiannsoutnsanamingrldineiy Tan
ﬂﬂ@l‘fﬂﬂﬂ?ﬂﬁﬁﬂﬂ"i’] cyclone separator Agunsvinliaadidniuldsydunils uasérdoans

eal & < ° . |
unamagnaNTudasaafiarnnsatirlunsessaassu fiter press 1olmenae
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wast asnuenlintentindietmasingeunauludifund g Sunisudnsayluy

o o oy 1

¥ Tapazsinsfansantsanisnsaisseaatsdidalianssusinegeer wianaaswanis

& o o - 2 ai‘ -3 o ar b
nsuinmadludaeiWilanndudugean fefacinslnansainlsrazinaniaminduss

uazilsuyunInAnmNea

o

noussasn

1. Lﬁﬂﬂﬁ“'uﬂ@qnﬁ*::mumwﬂmvaanaa%”tﬁﬁﬂ?:aw‘ﬁmwgﬁu AatnAtlAnNITwN
WU fed-batch WAL repeated fed-baich TaaldBadanuwugannznau Taufith
mnsgaaiunneanasedluting 10 wefifumagBanns

2. WaWRnssuunaRAmTasEaTR NSRS damaTiAnewinuL fed-batch

WAL repeated fed-batch ae)\d air-lift fermentor

L4 ool
fUnsniuazIanig

1. masdaunanda

- L“ﬁ'ﬂﬁlﬁﬁ'ﬂ Saccharomyces cerevisiae M30

- wheulan dhadefidacluemsudenininaail fermentable sugar 2% Way
wonTudlandamn 0.05% 7 30°C 1w 1 Fu aelusmamaan ntnaaial fermentable sugar
5% uas wanTaiisdamia 0.1% Bunms 100 ua. Tuanar 250 ua.) UnuwrtaaswuLy
rotary 150-200 rpm YU 24 1.

- BT eEnm 5 %

2. mavinluadinunas
v 1]
- gmsduiuudn Ae anwsnmimailsenay fermentable sugar 18% WAL

wanlnifiundamn 0.05% U initial pH 1 4.5 3namg 3 Gme uwafanimes 5 ans
(Microferm®, New Brunswick, New Jersey, USA)
1 = d' o sJ ] 1o =
- tinlagmauangomgRauinvun naud 200 rom Liruay pH uazliiinoiFu
anNTIAY
- wmsiusnegen 4 Falug waddirsizininiaiylnenirinangu (optical
i ar 1 ﬁj 1 [~ i -] ar - g
density) 71 660 wilwums Fredreidrunitufiulnanisududan —18°C A mFunisimsziin

ANATATA NUUFHIUEANERE
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) a - ¥ o ' as
3. msdfudgsmsudnuasnazassinmaiimalnewmaila fed-batch $aniu

cell recycle

3.1 mswinueanagzadnnnindeianamnnile fed-batch luszauwoslfrians

[ 3

fnnswinuasnesedlasaeiugiadnaznendilitininsdaienuds Tnewmaiia

fed-batch A1NATNTY94 Limtong (1987) Fal

- mm?'T{I-i’ﬁmnﬁﬂmmﬂui’mq?m TneBannaimai i amnRnuiy 20% i
Asuanluiiandamaludng 0.05%

- Udawinminm 5 8ms (New Brunswick, USA) Tneldiiunmsidusiu 2 Ans (ke
Wumsdumuglununsiiuemnsing wazLFunmsgafine 3.0 ms

- awsmniamadaufvienitldmussussatuan Bt

- annnznswintAu nsnaufiAsaidasen 200 seuund ATLIANG UM ALY
NMAREY pH Guduas (lilinsAaumn)

- \fudethemaaaniswiin 36-48 alug Taenfugn 4-6 9l uazitasa el
mass a8 OD 7 660 unTuNmAT SNULTAATETAR (viable cell count) Bu1nanma (sugar

content) loeiinaila HPLC Y38 Nelson Somogyi uazifunniieanasad 1avaAta GC

3.2 msmanuesnasasminmnimasamneaiin repeated fed-batch uTEALag
Uguanis

ansminueanasedlaameiugiadmnaznauiidiunedndenuda lamaila
repeated fed-batch MMATN584 Limlong (1987) Faid

- ammsuardntznmdniduseafude 1.1

- paewinsaunendinalia fed-batch iduimeaiude 1.1

- uﬁamngufmn'lwﬂﬂ (Aonudndusnsnasnagadiszui 10% InelFunms) nen
nsnauuazsalfieadnnazney gaindndaulanauuuaanlszinn 80% 1aeBrnmssiovn

- el fed-batch luseui 2 TraAnBunasannagesenunsnsindy
druiareanlusauusn uaslinantnmiadiies 80% reasauusniduiy Tuseuiiutldnansin
A8 3 g WA $2uft 1 Bunns 35% ldmauduasmemtn dowd 2 P 35% tdludalug
7 4 uardoud 3 Bunns 10% 1 ludalued 8 diduntsmin auldpadudusesieanazad
dszanns 10% nelFuams wganisnauiacreliloadannznay qmﬁﬂmmummuuuﬂﬂn

L
Useainnu 80% 1a3FUATVIaOuNA
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a o . = a w o - -
- vansminluseusdalumis@insluseud 2 aunseiei uL AR a AT m Syas

a9 vizamudindusssuesnesedGuanasatreinan feduganisdn

3.3 mmanueanagadyInmniimIafILinAiA double stage 32uRL repeated fod-
batch luszainiasfianis
o (% o g g A 84 1 s ] 2 -
nnsuinueanagadlneaeugtasimnpznaud rinun1sdmidanuds Taenatia
] o A o = B'A 1
double stage 79NN repeated fed-batch Lwaﬂm@ﬂﬁwmmuﬂﬂnfaﬂaawmwmﬁwﬁugqmams
- ) - r‘J lJ ° -
wiryresdan neiansanessauanudniureweansaedmviaai liinnisanaznould
i ] 1 o | = ﬂ:‘ 1 L) L L1
wst Lifinasieduaueadinansugs (radiinasuanuia) adanis Kl
- aMITUazanITNIRTNEURAUTa 1.1
- msvdnseuusn Inailn fed-batch tiudnaiude 1.1
3 o t nJ = Fa - :
- At mNTERTnamNIzaN weEdinssiBuinueanasesd unmtang
o o sl et o ool a .
ANBIUEATNAUTAR ITVIUTAENNTIN LATAUIUTAANUNITLFNUUE
[] A N i -1
- weldantrsimunzan UdenlhrasBasimnnznau (Mgan1snaw) disemsiaes
j » L 4
\adaulanauunlidedaming 2
- dewini 1 dimznaumsaBuiFnemstaamaiia fed-batch

Lo s J L ] L3 L | L3
- fndnh 2 Anfiumswindada X iduesnesedgegn

3.4 misninuaansgesInmniimadieinaiina repeated fed-batch (uszay

.J
Aalssan

[ T d‘ -
3.4.1 madfulpgunaniuaziasesiienisudnieanased lulsseusuuuy

- o el
3.4.2 NMIMAKBLUWALUALAZNTSLIUNIFNHNLDANDALANIVHILAN

4. NISHAMIARBAADIMISTAILALSTUY air-lift fermentor AN UNATIA fed-batch

4.1 nrswiawasdademsanlayszuy airlift fermentor FaumiunaAfia fed-batch
U8 repsated fed-batch lusEAuBIUfURNT
nsudnsdtaransdndaclfinatinduiaefuntswinieanszedinenis
paugupaddutesihmaliing 1% eatwaulinduensiueanasediilioniign
wazFnmmninmafiuasilussiasdaduiudin Buossadndeglurasdy il
winalszi airlift M lumanaursduazensiiuitiedofuslurnzio ity
Al¥annaiuiasifon parameter fiflutlademdnie dadausasdauinit draught tube

. 4 .
FHAFANIANMNITZAN TUIATE air bubble
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4.1.1 MIREUNOSUHNTZUY air-lift

o B . H . aj ] ot ar -y
SLAULNIWINULY air-lift 1 AeWaseInA (air bubbie) Anualdludenintzin
. s A’ o 1 ﬂi} - d
meluaed draught tube (Figure 1) asufauuainl¥emnadeauTe (1aamar) \innsrdau
a 4 a o w4 oa 5 Ve o e ™ 3
Toluiunde Teliman lfiianisnauuacnay seuvimuizasgaduiunisudneuyld
A1N"A (aerobic fermentation) iinsanfeantaylunaseniaivuasliazazanednlaly
amsluadeafu flindsui i lunnsvsing aasagnannn (2-8 winludmenirazaneuey
oo o ‘ . o
ARNBAUTINIW) \HaWleuny continuous stirred tank reactor taenawizatnadaluszuunag

ar 44 = =l « o eigs
niniNanas lUshumadiAg (Sittig, 1983)

TR e

l

—>

&—]
l%

A

—>

Inlet air

;

Figure 1 ugastamaierasdamingzuy air-lift

4.1.2 M sAN®NAA wzﬁ WiHNzaN N EuangEUY air-lift

- #menngldennie

- tBaaniana

- Hunnuasuvaslulngiau

- Sunnuredinm

- PBNEANALIL increment feeding

=l
Sy
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4.2 NISHAMTARPERaEITAR T laUTEUL air-lift fermentor TINNLINATA fad-batch

T

[
UaE ropeated fed-batch (UseAUAI T3

a I oF L L CJ 1 Ql 1
trdayanlaaindes 4.1 wesnuuudwin Inalianiurdeluinbiu iy daanduusd

4

v ¥
(ViRszUIEN) wTadaamuas (Sufuur) wn tduhauin

= o 9 L

5. NMTIIATIWHTBHANITUANN
o 5 )

5.1 MITUATIEHNTTESY

Thumfnagaiuamg 10 Ha8anT a9 MMARATUATHIRTWIA 16x100 HARINAT

1

. v A
- WvaeAdATENAAEa
y A A 13 Y
- tuwineafingnuiia 3,000 saUAaUNH Wi 5 unh
- AR lARAUUNIN
17 o 4 k%3 4 o e
- ANTAAMLNTANGEANNTNGY 0.1 N 10 HaRans
- \endat vortex mixer Wadnsranethudainudu
R SR L
- tTuResfiAganide 3,000 sausewnR Wik 5 wd
- wdnulaneuuuna
- AW normal saline solution aslunanm 10 HARAMST
- e vortex mixer Igadanseatefudainudu
o [ o AJ 4 o o
- YEIATEUNILNNANITITE LAY
1
- fingmnde 9 uaz 10
o [l [ dl ar 1 ‘ﬂ'
- u’lLmﬂﬂ‘mqu'liuvﬂmq_hmﬂ')’m'quﬁ'mtﬂa‘ﬂ\ﬂ spectrophotometer (Model 258,
o 4
Ciba Corning, Essex, England) ¥i1an&w 660 wilulung
a ] A 1 a ‘J [ % _ 1 l” - LY
- 1A ob AglF U uiunsRuanepndnRusreudnsnuinudeie 0D

5.2 nmamedlusay

ANAT Lowry et al. (1951)

s

5.3 N15aTIHEINa

¥ ¥
5.3.1 nenamalagisees Lane and Eynon Ttingdn

=l

AnFLAN
- Felhing solution A (copper sulfate solution)

va1tl CuSO, 34.634 niulunin 500 fiaddns UiLnFunsineld

volumetric flask
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- Felhing solution B (Alkaline tartrate solution)
AAIY sodium potassium tartrate 173 NN WAz NaOH 50 niu lu‘ﬁﬂ
500 Hadang Uulsuasianld Volumetric flask
- HCIiudu visa HCI: H,0 4w 101
- NaQH 20%
- Methylene blue 1% (uri)
- Invert sugar standard solution
4 sucrose fleuuried 100 asreadaaiflunan 2 4olue Ui 0.5
nfu daeestian@on Furnndy 10 Dadans iy HCl (1:1) 1 finddns Wi hydrolyze 7 70
asATATEA WL 10 WhT Bisindis 50 Radans udarndunannidensa inteudae
NaOH 20% UFu1Bumsgavinaliiilu 100 Nad@ns Aoy volumetric flask
Standardization
- @M invert sugar standard solution %1 9 NafaRT 1AN Felhing solution
A uaz Felhing solution B 8tlneay 5 iaaass 119Uk hot plate WiRemiluiaan 2 i lawmse
gt invert sugar standard solution auldifhddmna

- AN methylene blue 1% 3-4 A IAASAGIL invert sugar standard

- 3
solution AaudR muall uaziingnauunsses Cu,0 finlu

ATUITWUNAY factor AINANNIT

360.312XY

Factor = —S20312XY
actor = 322.296(100)

+

Wa Y = titrant (ml)

X = 1vin sucrose WWNFN (MATLNARILNUL)

- ¥ v
A199ATEieNa lEEn
_ tindn 2 Nedans Bunsandedindu 1 iedans
- Fulurinden 10-15 undt udavin iy
- UFu pH lunanizensad@nilatfnt NaOH 20%
- Bunasgavine ity 100 Had@ns fog Volumetric flask

- wla flask 2U"A 250 NARAKT
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g 1

- gARIRYNNN 10 faRans s Felhing solution A uaz Felhing
solution B atieaz 5 §adans 119uU plate Widaalluian 15 3wl lawmsmdae invert sugar
standard solution auwldTu@inma

- AN methylene blue 3-4 waa laWRsARnE invert sugar standard
solution audfiueliluasinzneuuastas Cu,0 Aetu aaBuamsildliilesunmnues

&
WUAINAIAYINANNS

Factor x100 % 100

Y%Totalinvert sugar =
° g Vol sample (ml) x Titre

5.3.2 nemdnalneAs High performance liquid chromatography (HPLC)

m?:m HPLC (Agilent Technologies, Waldbronn, Germany) Urznausag
Quaternary pump (Series 1100) wWianseUL vacuum degasser (Series 1100), auto-injector
{Series 1100}, column oven {Series 1100) ﬂQU@NQmuqﬁﬁ 80°C, refractive index detector
(Series 1100} wazAMansBlng software "HPChemStation® dn19sAldluntsiiasst
1sznausan ARANY Shodex sugar column (SC1011, Showa Denko K.K., Tokyo, Japan) Tag

Fvnflu mobile phase Hamansluansdi 1.0 wa.ani
5.4 NMTIATIERUEANDZaS

Tmmﬂ‘s""ﬂd gas chromatograph (GC- 9B, Shimadzu, Osaka, Japan) wi"ﬂmﬂ?l‘m
Yuiin (Chromatopac C-R3A, Shirnadzu, Osaka, Japan) HaEl glass column 218 4 mm 1D x
1m Uss9stl PEG 20 M on Shimalite 1 column temperature 70°C, injection temperature
120°C wa¥ detector temperature 120°C § FID Hhueteansedy nsAnuniuin

uaanaaed \1inaAliA internal standard AN propanol 4% Luatsnmsguniely
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NANITNAADY

1, NIFVANUARNAFDRLUY batch TUDIUNNTIUIA 5 ANT
1.1 Enfwwmqmnqﬁ

bl [ = ar -~ [ 8 "“J e )
amiulszdninmnisminueanasedees M30 Tumefinumaiiguuglsele
11 1y a o o = el o] j as k4 o
diineaauanadantsminawuenaingamnd wudni 30 °C (e M30 winlAuesnaged
d , dd d ¢
7.86 %laertfFuams 9 42 §2Tuq (Table 1 uaz Figure 2) Turusfillamsind 35 °C v da M30
ar . ] a t i o o I's :
winlduaanagadgendiuanianduilendnd 30 °c As Iueanased 8.91 %inuFums 7 36
nll . 1 [-3 ﬂl‘ or 1
4q1N4 (Table 2 uaz Figure 3) ativlsimutTunaesiueai M30 afelddalane 10 % ag
L X4 Y v . . g X
nms MetlillasmnanniisnaGusiurasniswinegi 16.3 % windu Jvaadadnianagada
I’A ) 1 SJ L i
18 % Uiunnuusanegednasanassiaans 10 % laeBues aneuiueu Tuanisiinaemdndt 37
-y L) 9 III A ﬂ'l -«
°C anuamrsnlunsn@nuaanszadanaatindmiau TuRen 30 4alue M30 afraueaneesd
igeqn 5.85 %lnulfunms winsidyresmsddenaiuldandnioeliauis 42 daTusdald
aj . i - = A i B
1186geqafi ODB60 = 13.75 (Table 4 Uax Figure 4) deaudacinnfidasaniledsyuiy
lJ EJ L.y o o ft 1 |
#130°C uax 35 °C MArNdNT NI AgIqA IR 8.63 WAL 11.55 AMNAAL aTianaliinwn
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Table 1 Growth and ethanol fermentation of M30 in melasses medium (18% reducing

sugars and 0.05% ammanium sulfate) in 5 i fermentor with 3 | working volume, at

30°C and agitation speed at 250 rpm.

Time (h) oD (660nm) Reducing sugar (%) Ethanol {%,viv}
0 2.13 16.35 i 0.06
6 0.10 15.50 7 0.1
12 2.63 i5.10 0.41
18 4.38 14.03 1.68
24 5.58 13.39 3.71
30 6.43 2.18 6.07
36 8.38 1.10 7.61
42 8.63 0.52 7.88
48 §.50 0.65 7.72

| =
o)
<
=
o
Q
[
0
&
0 6 12 18 24 30 36 42 48
Time (hrs)

—e¢— OD —g— Ethanol, %viv .4 Reducing sugars, %

Figure 2 Growth (a) and ethanoal fermentation (b} of M30 in molasses medium (18%

reducing sugars and 0.05% ammonium sulfate} in 5 | fermentor with 3 | working

volume at 30°C and agitation speed at 250 rpm.
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Table 2  Growth and ethanol fermentation of M30 in molasses medium (18% reducing

sugars and 0.05% ammaonium sulfate} in 51 fermentor with 3 | working volume at

35 °C and agitation speed at 250 rpm.

Time (h) OD (660nm) Reducing sugar (%) Ethanal (%, v/v)
0 0.80 16.37 0.10
6 1.10 15.18 0.24
12 5.15 1513 1.40
18 12.55 ©13.03 5.14
24 11.35 12.79 7.25
30 10.40 348 8.09
36 11.50 1.40 8.91
42 11.55 1.11 8.62
48 9.00 1.08 7.99

20
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Figure 3 Growth and ethano! fermentation of M30 in molasses medium {18% reducing

sugars and 0.05% ammonium sulfate) in & | fermentor with 3 | working volume at

35°C and agitation speed at 250 rpm.
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Tabie 3

Fiocculaticn of M30 cells cuitivated in molasses medium in 5 | fermentor with 3 |
warking volume at 35 °C determined by pour 25 ml of fermented broth into 25 ml
cylingler, standing at varicus durations and then measured the height of cell
sediment.
Height of cell sedimenl (mm)
Time (h)
3 min 6 min 9min |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 2 2 2 2 2
24 10 13 11 9 8 6 4
30 11 8 8 5 6 4 4
36 6 6 5 5 5 5 3
42 7 7 6 6 5 5 3
43 6 5 5 5 4 4 2

NS = no sediment

Sedimentation efficiency of M30 at 48 h of cultivation = 0.33
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Table 4  Growth and ethanol fermentation of M3 in molasses medium (18% reducing

sugars and 0.05% ammonium sulfate} in 5 i fermentor with 3 | working volume, at

37 °c {(with out temperature control) and 250 rpm agitation speed.

Time {h) CD (660nm) Reducing sugar (%) Ethanol (%,v/v)

0 0.45 18.75 0.05

6 3.50 18.02 0.12
12 1.00 17.08 0.60
18 10.90 15.99 1.60
24 8.95 6.41 452
30 7.25 417 5.85
36 8.95 3.34 5.34
42 13.75 2.45 4.06
48 8.20 1.64 4.64

Concentration

1 1 1 | | |

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

' e— OD _g— Ethanol, %v/v ——4— Reducing sugars, % |

\ }

Figure 4 Growth and ethanol fermentation of M30 in molasses medium {18% reducing

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

37°C and agitation speed at 150 rpm.
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Table 5

Flocculation of M30 cells cultivated in molasses medium in 5 1 fermentor with 3 |
working volume at 37 °C determined by pour 25 ml of fermented broth into 25 ml
cylinder, standing at various durations and then measured the height of cell
sediment.
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 5
18 NS NS NS NS NS NS 5
24 NS NS 3 3 3 3 2
30 10 10 7 7 & 5 4
36 6 5 5 5 5 4 4
42 2 2 2 2 2 25 2.5
48 NS NS NS NS NS 2 2

NS = no sediment

Sedimentation efficiency of M30 at 48 h of cultivation = 0.39
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Table 6 Growth and ethanol fermentation of M30 in molasses medium (18% reducing

sugares and 0.05% ammonium sulfaie) in 5 | fermentor with 3 | working volume at

40 °C and agitation speed at 250 rpm.

Time (h) oD (660nm) | Reducing sugar (%)} Ethanol (%,vfv}
0 2.50 ND 0.03
6 4.00 ND 0.08

12 3.10 ND 0.09

18 1.90 ND 0.03

24 1.25 ND 0.07

30 1.15 ND 0.20

36 1.70 ND 0.20

42 1.55 ND 0.29

48 2.15 ND 0.36

ND = Not determined
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Figure 5 Growth and ethanol fermentation of M30 in molasses medium (18% reducing

sugars and 0.05% ammonium sulfate} in 5 | fermentor with 3 | working volume at

40°C and agitation speed at 250 rpm.



2. MIRANUBANBEAALUL Fed-batch Tuvasl fiiRinsaradswanuuin 5 Ans
2.1 Fed-batch WuLIfNATIUALT (Single feed fed-batch)

sndayaannmeminluseuy batch wdminawa 5 aas ahanldlunnmeass
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Table 7  Time course of single feed fed-batch fermentation far ethano! production by M30

in molasses medium {18% reducing sugars and 0.05% ammonium sulfate} in 51

fermentor with 3 | werking volume at 35°C and agitation speed at 250 rpm.

Time (h} OD(660nm) % Sugar Ethanol {%v/v) S.E.
0 1.65 11.69 0.29 0.045

3 0.05 9.70 0.32 0.124

6 3.85 8.54 0.70 0.138

9 3.90 4.78 1.68 0.214

12 {before) 7.20 3.50 3.37 0.354
12 (after) 3.70 13.68 2.7 0.215
15 5.80 15.88 415 0.427

18 8.25 3.06 573 0.364

21 £6.20 1.98 6.90 0.236
24 5.30 3.82 7.08 0.526
27 4.20 3.02 7.04 0.548
30 5.90 2.07 6.96 0.278
33 6.30 2.08 7.37 0.276
36 7.05 ND 7.35 0.26
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Figure 6 Time course of single feed fed-batch fermentation for ethanol production by M30

in molasses medium {18% reducing sugars and 0.05% ammonium sulfate) in & |

fermentor with 3 | working volume at 35°C and agitation speed at 250 rpm.
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2.2 Fed-batch UUUIANREIAT (Double feed fed-batch)

anminasasiude 2.1 FudniEnsdimiduwuuls 2 af nareie witare s
nntAaRinANaEEE 9 % udaifinamsdeuiivde (ihniefivdesnsestomn 9%) ui
a2 ﬂ%@ﬂﬂ:tﬁﬂﬂﬁu Ludaliedl 6 uaz12 wanismeaas (Table 9 Wax Figure 7) #Ld13annsis
asEananusaindwauldetemads (Table 10) Tmﬂﬁqmmlﬁ’@'wn@'&’nmul.ﬂnaa’ﬁwma;aﬁq
1.43x10° iad/ua. wazitauionua (97.4%) HhunadfigeliTin usidn oD qegaf 16.22 otlu
Folanail 33 adnslsfimuen 0D Bwlndangeqadausdalusil 24 ua sanvednBananinanad
wie SindAnsiuaniign (2.83 %) uazuaanasediléfiieugeqn (7.83 % tnuibums)
LAPATINMSRNEMNSILL 2 ARsianansaam st resEadidetnamnd dedfeuiuns
wUUL batch 7dataed 24 8198t OD 11.35 uaztBananimarsieluindfay
gauandan Wufirdunadnludalud 12 f%'ammmaﬁ%wmqaﬁa 1.46x10° \9AR/HA. UBY
Heuvevnn (98.9%) ihatadiigeiiiin usnsindastisnmnanfindunufigann Sedn
fansounsreziaanfivanzaneas s szavioanisindies 24 falus sidelifiu 30 daluafiax
ueanezedgegauda Ssannsnanstazinainteminadld 12-6 $1lug
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Table 9 Time course of double feed fed-batch fermentation for ethanol production by M30

in molasses medium (18% reducing sugars and 0.05% ammonium sulfate) in 5 |

fermentor with 3 | working volume at 35°C and agitation speed at 250 rpm.

Time (h) QD(660nm) % Sugar Ethanol {%v/v) S.E.
0 0.25 10.98 0.11 0.011

3 0.74 10.70 0.18 (.024

6 (before) 3.87 9.56 0.74 Q.177
6 (after) 3.88 15.20 0.76 0.109
9 8.18 12.57 2.03 0.288

12 (before) 10.83 7.22 4.53 0.482
12 {(after) 7.52 10.94 3.93 0.314
15 10.67 11.48 5.24 0.351

18 10.27 7.51 7.02 0.426

21 7.92 3.23 7.25 0.435

24 13.42 2.83 7.83 C.568

27 15.02 1.94 7.81 0.491

30 14.12 1.95 8.42 0.55

33 16.22 2.29 8.45 0.472

36 857 2.23 8.32 (0.408
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Figure 7 Time course of double feed fed-batch fermentation for ethanol production by M3C

in moiasses medium (18% reducing sugars and 0.05% ammonium suifate) in 5 |

fermentor with 3 | working volume at 35°C and agitation speed at 250 rpm.



Table 8 Number of viable cell counts of M30 in single feed fed-batch fermentation for
ethanol production in molasses medium {18% reducing sugars and 0.05%
ammaonium sulfate) in 5 | fermentor with 3 | working velume at 35°C and agitation

speed at 250 rpm.

Time No. of cells/ml Percentage of

(hr) Viable Non-viable Totat Viable Non-viable

0 6.12x10° 0 6.12x10° 100.0 0.0

3 1.17x10 0 1.17x10" 100.0 0.0

6 2.84x10" 2.78x10° 3.12x10° 91.1 8.9

9 5.84x10" 6.66x10° 6.5*x0" 89.8 10.2
12 (before) | 9.94x10 4.44x10° 1.04x10° 95.7 43
12 (after) 5.5x10 8.34x10° 6.34x10’ 86.8 13.2

15 5.38x10° 4.44x10° 5.84x10" 92.4 7.6

18 1.08x10° 1.67x10° 1.1x10° 98.5 1.5

21 8.62x10 3.88x10° 9.0x10" 95.7 43

24 1.61x10° 6.12x10° 1.67x10° 96.3 3.7

27 1.82x10° 7.78x10° 1.9x10° 95.9 4.1

30 1.09x10° 6.12x10° 1.16x10° 94.7 5.3

33 9.28x10’ 1.39x10 1.07x10° 87.0 13.0

36 7.78x10° 3.22x10" 1.1x10° 70.7 29.3
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Table 10 Number of viable cell counts of M30 in double feed fed-batch fermentation for
ethanol production in molasses medium (18% reducing sugars and 0,05%
ammonium sulfate) in 5 | fermenter with 3 | working volume at 35°C and agitation

speed at 250 rpm,

Time No. of cells/ml Percentage of

(hr) Viable Non-viable Total Viable Non-viable

0 1.00x10 5.56x10" 1.08x10" 64.3 35.7

3 2.06x10 1.11x10° 2.16x10" 94.9 5.1

6 (before) 4.94x10" 1.67x10° 5.12x10 96.7 3.3

6 (after) 3.22x10° 2.78x10° 3.50x10 92.1 7.9

9 7.50x10 5.0%10° 8.0x10’ 93.8 6.3

12 (before) | 1.43x10" 3.88x10° 1.47x10° 97.4 2.6

12 (after) 2.12x10 1.67x10° 2.28x10 92.7 7.3

15 1.09x107 2.22x10° 1.12x10° 83.1 16.9

18 8.00x10’ 5.56x10° 8.56x10’ 93.5 6.5

21 8.88x10’ 2.78x10° 9.16x10° 97.0 3.0

24 7.78x10" 3.34x10° 8.12x10 95.9 4.1

27 1.07x10° 8.34x10° 1.16x10° 92.8 7.2

30 1.01x10° 6.66x10° 1.08x10° 93.8 6.2

33 8.84x10" 7.22x10° 9.56x10" 92.4 7.6

36 9.94x10 4.72x10° 1.47x10° 67.8 32.2
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2.3 Fed-batch uumﬁymsjﬂ% (triple feed fed-balch)

Tunsmaaashgsanisiasfindnusadiadiiiaiuin JdldiinnmaaalauwRo
AWMNIANINAARINNaBUEY 6.8 % LA RN M sduTiuRe (ﬁqmﬂﬁmﬁ@%nﬂﬂm%wm
11.2%) wila 3 ﬂ%ﬂﬂ:mﬁqﬁu Tudaluedl 6 12 Wa218 wan1svARes (Table 11 Uas Figure 8)
wudnsANE LA RS L L fed-batch wuLFingasniaan JEEEIPAIE LR
Lm::ﬂ?‘mmLquﬂnﬂﬂfaﬁqmmﬁiﬁLﬁﬂﬁu 15.95 uaz 7.96 % lngfiunms pudniu fidaluedl 27
musadnuTadRanun udaTyed 12 18 1 46x10° [adig, uazFautamn (98.9%) ({lu
ERATIERTITAR (Table 12) Lm:m’mmmmlumsmnm:nfaummwaﬁﬁfagﬂmnm%ﬁgqmna’ifm
(SE = 0.454) Fafunnadinemnsun 3 afddlifunlsrdnBarnlunsuiinannnismi fed-

batch WULLEN 2 AFaLAaEN e
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Table 11 Time course of triple feed fed-batch fermentation for ethano! praduction by M30

in molasses medium (18% reducing sugars and 0.05% ammonium sulfate) in 51

fermentor with 3 | working volume at 35°C and agitation speed at 250 rpm.

Time (h) OD(660nm) % Sugar Ethanol (%viv) S.E.
0 0.52 6.92 0.30 0.003
3 2.62 6.83 0.40 -0.082

6 (before) 5.02 3.92 1.22 0.163
6 (after) 4.68 15.40 1.40 0.064
9 10.93 7.32 3.09 0.201

12 (before) 12.28 1.82 4.60 0.323
12 (after) 11.24 9.48 3.85 0.248
15 11.00 6.13 5.05 0.267

18 (before) 12.49 3.34 £6.58 0.436
18 (after) 15.60 10.2 5.77 0.24
21 14.00 8.41 6.58 0.247

24 13.50 4.48 7.19 0.252

27 15.95 3.01 7.96 0.454

30 14.05 3.56 7.58 0.471

33 12.95 3.21 7.18 0.433

36 14.40 2.75 7.50 0.464
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Figure 8 Time course of triple feed fed-batch fermentation for ethanol production by M30

in molasses medium (18% reducing sugars and 0.05% ammonium sulfate} in 5 |

fermentar with 3 | working volume at 35°C and agitation speed at 250 rpm.

36



Table 12 Number of viable cell counts of M30 in triple feed fed-hatch fermentation for
ethanol production in molasses medium (18% reducing sugars and 0.05%
ammonium sulfate) in 51 fermenter with 3 | working volume at 35°C and agitation

speed at 250 rpm.

Time No. of cells/fml Percentage of
(hr) Viable Non-viable Total Viable Non-viable
0 9.17x10° 3.89x10° 9.56x10° 70.2 29.8
3 2.09x10" 8.89x10° 2.18x10 70.2 29.8
6 noufeed | 6.21x10° 1.77x10° 6.39x10" 97.2 2.8
6 wddfeed 7.82x10 8.89x10° 7.91x107 89.8 10.2
9 3.24x10 4.44x10° 3.29x107 87.9 12.1
12 riawfeed | 1.46x10° 1.56x10° 1.47x10° 98.9 1.1
12 udafeed | 9.38x10° 2.67x10° 9.64x10 97.2 2.8
15 9.91x10 2.00x10° 1.0.1x10° 98.0 2.0
18 rinufeed | 1.17x10° 4.44x10° 1.17x10° 96.3 3.7
18 wddfeed | 1.41x10° 2.67x10° 1.44x10° 98.1 1.9
21 1.16x10° 2.00x10° 1.18x10° 98.3 1.7
24 1.10%x10° 2.22x10° 1.12x10° 98.0 2.0
27 8.17x10’ 3.06x10° 8.47x10 56.4 3.6
30 1.04x10° 1.94x10° 1.06x10° 98.2 1.8
33 1.08x10° 4.72x10° 1.14x10° 95.8 4.2
36 8.42x107 4.17x10° 8.83x10 953 4.7
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2.4 mswinuasnagadeinmmitaasumaiin repeated batch luseAy
navguenay
s v 1 L "
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Table 13 Time course of repeated batch fermentation for ethanol production by M3Q in

molasses medium (22% reducing sugars and 0.05% ammonium suifate) in 5 |

fermentor with 3 | working vclume at 35°C and agitation speed at 250 rpm.

Time (h}) OD{660nm) % Sugar Ethanol {%eviv) S.E.
a 1.88 25.36 0.36 -0.191
12 11.20 11.05 2.85 0.533
24 14.90 6.68 6.59 0.685
30 12.55 372 6.40 0.792
33 12.78 0.30 6.22 0.710
35 13.23 575 6.20 0.634

Repsat batch 1

0 14.4 13.9 1.53 0.456
12 15.2 2.44 6.84 0.505
24 13.3 3.45 8.16 0.577
36 12 4.55 9.18 0.494

Repeat batch 2

0 11.85 12.74 2.03 0.477
12 16 4.4 7.86 0.578
24 15.3 5.06 7.93 0.566
36 18.3 2.64 8.21 0.32
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Figure 9 Time course of repeated batch fermentation for ethanol production by M30 in

molasses medium (22% recucing sugars and 0.05% ammonium sulfate) in 5|

fermentor with 3 | working volume at 35°C and agitation speed at 250 rpm.
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2.5 nrswainuaanagadenmniisanluinaiin double stage TIuNL repeated
fed-batch luszauviavlfueinns

2.5.1 Repeated baich fermentation at 24 hours

 d
ar
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u 8.06, 11.51, 6.81, 9.61 uaz 11.41 WsausauIsNaIRY athalsfmudiuiiindanmin
ledwauseniinty pudidugegareeanesedifazanaaiiudndu fnianiudning
28I 0UUL) LAaNETRS UASNNSATANTaIANTRETNNRINNINTIA SnEznnsTnAR ety
nsmsinAXaRud Lanwinnng repeat batch 7l 24 FaluadiednAnly wazn1sdanielian 12 42
Tug (2Tusf 24 - 36) LilgiitiRauesnasednniy lunennfuinuanududuueanesed

nauiuuaTuanaeatasiulids
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Table 14 Time course of repeated fed-batch fermentation for ethanol production by M30 in

molasses medium (18% reducing sugars and 0.05% ammonium sulfate) in 5 |

fermentor with 3 | working volume at 35°C and agitation speed at 250 rpm.

Time (h) OD(660nm) % Sugar Ethanol (%viv) S.E.
0 0.63 21.54 0.25 0
12 6.76 15.20 2.37 -0.01
24 10.11 5.29 6.32 0.54
36 1.78 4,70 6.49 0.26

Repeat batch 1

0 8.06 21.34 1.86 042
12 9.61 7.28 7.15 _ 0.53
24 10.26 3.07 9.36 0.33
36 1.84 0.92 9.36 0.16

Repeat batch 2

0 11.51 20.72 2.24 0.47
12 9.06 10.78 6.46 0.41
24 7.21 6.93 9.23 0.38
36 1.82 5.96 8.72 0.12

Repeat batch 3

0 6.61 21.10 2.34 0.24
12 10.61 11.83 5.97 0.35
24 8.01 7.41 7.85 0.30
36 2.36 6.91 8.15 0.22

Repeat batch 4

0 9.61 18.15 2.28 0.16
12 9.86 5.86 6.15 0.49
24 10.61 470 7.45 0.25
36 1.96 2.59 7.48 0.14

Repeat batch 5

0 1141 21.86 1.95 0.27
12 13.00 12.84 4.92 0.44
24 10.86 9.47 7.13 0.45
36 208 9.47 6.96 0.01
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Figure 10 Time course of repeated fed-batch fermentation for ethanal production by M30 in

molasses medium {18% reducing sugars and 0.05% ammonium sulfate) in 5|

fermentor with 3 ! working valume at 35°C and agitation speed at 250 rpm.
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2.5.2 Double stage repeated fed-batch fermentation (repeat batch at 12 hours)

1r
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an ;'z =4 ar ::' 1 2/ = o = :: = d‘
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II/ i 1 Il Q [} AA’ =4 [ o ulz AI o
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R i E-] o aIJ i g i
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usnaanun lwindadn 24 49Tue @nidulusauusnivin fed-batch azinnswiinsedn 12 44
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o o oa ¥ . d. Lo
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fermentation saiTusttizanmsmiindedn 24 dalie. nrsmsindeanniuiiuanasausenanan

AotFuntuuaAnNeBRaN LT ARRe
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Table 16 Time course of double stage repeated fed-batch fermentation for ethanot
production by M30 in molasses medium (18% reducing sugars and 0.05%
ammonium sulfate) in 5 ! fermentor with 3 | working volume at 35°C and agitation

speed at 250 rpm.

Time (h) OD{660nm) % Sugar Ethanol (%viv) S.E.
0 0.80 5.96 0.20 ND
3 1.34 89.74 0.31 ND
B 3.83 7.72 0.86 ND
9 8.93 7.18 2.56 ND
12 (before) 13.74 4.15 4.56 ND
12 (after) 11.45 13.15 3.68 ND
15 14.55 6.32 4.61 ND
18 15.25 4.92 6.31 ND
21 14.75 4.61 7.37 ND
24 15.15 4,02 7.85 0.538
36 2.52 413 777 ND
Repeat batch 1
0 14.10 14.20 1.97 0.330
12 16.65 10.33 8.06 0.471
24 2.70 6.84 8.26 ND
36 391 6.22 7.44 ND

Repeat batch 2

0 14.70 18.72 2.19 0.408

12 15.06 9.96 7.45 0.378
24 3.31 11.46 7.84 ND
36 2.89 7.62 8.13 ND

Repeat batch 3

0 13.10 23.36 1.96 0.239
12 16.55 8.34 7.78 0.350
24 2.88 7.58 8.80 ND
36 2.68 9.52 7.29 ND
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Table 15 (Continued).

Time ({h) OD(660nm) % Sugar Ethanol (%v/v) S.E.
Repeat batch 4
0 15.15 15.20 2.56 0.302
12 15.30 5.66 7.66 C.160
24 3.40 8.12 8.46 ND
36 2,97 7.61 7.78 ND
Repeat batch 5
0 15.40 16,80 1.77 0.420
12 17.45 11.03 7.75 0.246
24 3.88 7.28 8.10 ND
36 2.01 10.98 8.29 ND
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Figure 11 Time course of double stage repeated fed-batch fermentation for ethano!
production by M30 in molasses medium (18% reducing sugars and 0,.05%
ammenium sulfate) in 5 | fermentor with 3 | werking volume at 350C and agitaticn

speed at 250 rpm.
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2.6 NITRUNUAANETASULY Balch Uas Fed-batch l4ienanseauay 1597t

YUINATINY 100 ans

2.6.1 NITUINLUL batch

et M30 linereswTnueanaged lutaaunngszinnalsan (A 100

ams) ¥eezul bateh #1 35 °C AldusIndiAesiunewinlussdiutesJiiFinas (Table 16 uax
Figure 12) haldalunswin 42 daludlfueansaedgegai 8.38 % nafums uaznas

2 b 5

IRNAUIUTBITRAL AT Aaudatnan IeelAsuulaadasasfialddn oD ige 6.10 1 30

LY 3

|
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Falas atnslsfimunruatsnsnlunisanaznautoradiniian SE = 0.33 (Tadle 17) Nty s
wameliiuiwaliieasnasin M30 Wl luniswinueaneaes lusesvlzanuinirazin lilay
lufiflymnlels uaznasldmaiia double stage repeated fed-batch fitazaniiuliuay1us
vumgeiunimvasedlursaueaifiifnas isausdissasnanlunisldag aadmnaznau

o & w
BIRATENHTUATNTUIATBAINN

Table 16 Time course of batch fermentation ¢f M30 in molasses medium {18% reducing

sugars and 0.05% ammonium sulfate) in 100 | fermentor with 80 | working volume

at 35 °C and agitalion speed at 200 rpm.

Time (h) 0D (660nm) Reducing sugar (%) Ethanol (%,viv)
0 0.25 21.07 0.26
6 1.77 22.25 0.67
12 4.85 15.52 2.67
18 5.75 12.58 4.44
24 5.45 8.98 570
30 6.10 5.15 6.85
36 4,00 3.28 7.71
42 5.30 1.49 8.38
48 5.15 2.636 8.10

48



a & ~N e D

o —
5
S <
. c
g S
; '3
e

@ 2

1

Q T T T R 0

-2 8 18 28 38 48
Time {h)

—o— OD(660nm) 4 % Sugar g Ethanol (%viv} ‘

Figure 12 Time course of batch fermentation of M30 in molasses medium (18% reducing

sugars and 0.05% ammonium sulfate) in 100 | fermentor with 80 | working volume

at 35°C and agitation speed at 200 rpm.

Table 17 Flocculation of M30 cells cultivated in molasses medium in 100 | fermentor with

80 | working volume at 35 °C.

Height of celi sediment (mm)
Time {h)
3 min 6 min 9min (12 min 15 min 30 min 6C 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 2 2 2 2 2
24 10 13 11 9 8 6 4
30 11 8 8 6 6 4 4
36 6 . 6 5 5 5 5 3
42 7 7 6 B 5 5 3
48 8 5 5 5 4 4 2

NS = no sediment

Sedimentation efficiency of M30 at 48 h of cultivation = 0.33
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2.6.2 NFUNNLLLY fed-batch

Wath M30 ldwinueanesesiuy fed-batch lutauialunseduialaean (rauq

o A o [
100 &m9) %1 35 °C uansudn (Table 18 was Figure 13) azliuaanaaed 8.24 % TaaTunms
..', nj [ < nj ] 3
naglu 32 dalue lagfanuanmnsalunsmnnznendiaufnian SE = 0.33 (lidlduansdoya)
nl' = LY 7 =, | o « = o dl s o 5
TNEUIUTDANNFFIUIT Bas M30 HAMNAINIT0ALANINE2UNHTUIATRIT TN TULALEINTD

L) ) - fj =y
Ul Al unsndRlaanaaef@aInAY

Table 18 Time course of fed-batch fermentation of M30 in molasses medium (18%

reducing sugars and 0.05% ammonium sulfate) in 100 | fermentor with 80 |

working volume at 35 °C and agitation speed at 200 rpm.

Time (h) 0D (660nm) Reducing sugar (%) Ethanal (%,viv)
0 0.37 13.78 0.40
4 5.34 13.46 1.56
g 19.08 £8.11 4.09
12 15.04 7.48 5.34
12 5.7 21.11% 1.14
16 0.39 18,77 2.10
20 10.39 6.34 4.04
24 10.24 7.50 5.68
28 13.54 7.30 7.13
32 14.84 5.51 8.24
36 11.69 4.097 8.33
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Figure 13 Time course of batch fermentation of M30 in molasses medium {(18% reducing

sugars and 0.05% ammonium sulfate) in 100 | fermentor with 80 | working volume

at 35°C and agitation speed at 200 rpm.
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3. NMSEARERFIARDIWITARILRETEUY air-lift fermentor SaNAUWATIA fed-batch
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Usine ﬁ’@&uﬁ’mﬁﬂﬁmmu’tm:ﬁuﬁmﬂﬁﬁﬁms@:'I.'ffmmTwﬂLLﬁwmm 33x15 3. (gaxtduein
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AN 2.5 7. u?‘mmﬁuﬁ‘amwumﬂﬁ'ﬁﬁ%mﬁﬂﬁutﬂul.twﬁﬁq (etaafunrazannznen
184) WoriuanaifAeviedeunueiniatadewiuitunansuadudugudnate 5 9. i
Widrasemamnadn suazdanlinisasanureseeniinuiiy e1naildlfanneieda
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8 nEINIRg 0.45 Tulasiums
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infsnnieeniauiiesanoadlliifinoneranssdyresdaiin i uinmedutagaga
s 413 nfusiadns Wudslued 24 Snothnndusfuseudhensiidousidalued 12 Hudadou
Uszanms 50% vaetnviinueadusis venaniinnanhaetadtusudauinegedl 4.22 % §
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Table 18 Time course of fodder yeast fennentation in 3-liter air-lift fermentor using

malasses medium containing 4% sugar, 0.1% urea, aeration at 0.1 vwm and initial

pH 4.5.

Time (hrs) | Dry weight (g/1) | Protein (g/i} Reducing sugar (%w/v) | Ethanol {%v/v)
0 1.00 0.53 4,22 0.30
6 2.31 1.50 212 1.09

12 2.81 1.89 1.27 1.20
18 3.64 2.13 1.20 1.05
24 4,13 2.01 1.07 1.17
30 3.59 1.96 1.33 1.12
36 3.59 2.03 1.08 1.08
42 3.58 1.98 1.22 1.09
48 3.46 1.60 1.35 1.05
12 - 1 5
=
2 3
o 2
% e
= 2
Faa) 2]
(]
0 - L ; - ' : 0
0 12 24 36 48
Time (hrs.)

—o— Drywsight g/} —gg— Protein ig/) —ap— Sugar (%w/} _g—ETOH (%v/v)i

Figure 14 Time course of fodder yeast fermentation in 3-liter air-lift fermentor using
molasses medium containing 4% sugar, 0.1% urea, aeration at 0.1 vvm and initial

pH 4.5.
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Table 20 Time course of fodder yeast fermentation in 3-liter air-iift fermentor using

molasses medium containing 4% sugar, 0.1% urea, aeration at 1.0 vwm and initial

pH 4.5,

Time (hrs) ; Dry weight (g/l} | Protein (g/l) Reducing sugar (%wifv) | Ethanol {%v/v)
0 0.81 1.36 3.95 0.39
4 1.88 2.09 1.38 0.57
8 3.49 3.19 1.16 0.96

12 6.23 3.60 0.96 1.33
16 8.27 3.62 C.90 1.14
20 8.65 3.34 0.84 0.92
24 9.09 3.46 0.84 0.86
28 10.43 3.19 0.78 0.75
32 10.44 3.57 0.71 Q.57
36 1112 3.89 0.69 0.45
40 11.13 3.82 0.67 0.37
44 9.69 3.76 0.61 0.28
48 9.70 4.28 0.54 0.27
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Figure 15 Time course of fodder yeast fermentation in 3-liter air-lift fermentor using

molasses medium containing 4% sugar, 0.1% urea, aeration at 1.0 vvm and initial

pH 4.5
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Table 21 Effect of aeration rate in air-lift fermentor on growth of M30 in molasses medium

containing 4% ferrmentable sugars, 0.1 % urea and initial pH 4.5.

Time Aeration rate {(vwm)
(hr) 0.3 0.4 0.5 0.75 10 | 125 1.5
0 0.23 0.21 0.23 0.27 0.34 0.33 0.34
12 1.34 1.31 1.67 2.22 2.01 1.14 1.88
24 7.25 6.46 7.29 7.75 6.07 5.15 6.06
36 7.28 7.03 812 7.89 873 7.1 8.18
48 8.05 8.65 7.6 8.23 8.92 9.19 10.32

Yield C.21 0.23 0.2 0.22 0.25 0.25 0.27

12 . _ e - —

Dry weight (g/l)

Time (hr)

e 03 _g—04 g 05_ 3 075 _y-1 125 15

Figure 16 Effect of aeration rate in air-lift fermentor on growth of M30 in molasses medium

containing 4% fermentable sugars, 0.1 % urea and initial pH 4.5.
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Table 22 Effect of aeration rate in alr-lift fermentor on protein yield of M30 in molasses

medium containing 4% fermentable sugars, 0.1 % urea and initial pH 4.5,

Time Aeration rate (vwwm)

(hr} 0.3 0.4 0.5 0.75 1.0 1.25 1.5
0 0.14 0.12 017 0.16 0.18 0.17 0.18
12 0.84 0.75 0.98 0.94 0.9 0.8 0.82
24 2.53 2.26 2.33 2.82 2.8 2.48 3.08
36 2.26 1.97 2.44 2.38 2.18 1.94 2.58
48 2.26 2.59 2.43 2.24 2.34 1.84 2.68
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Time (hr)

——03 g-04 5 05 075 el —g--1.25 e 1.5

Figure 17 Effect of aeration rate in air-lift fermentor on protein yield of M30 in molasses

medium containing 4% fermentable sugars, 0.1 % urea and initial pH 4.5.
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Table 23 Effect of aeration rate in airlift fermentor on sugar utilization (g/l) of M30 in

molasses medium containing 4% fermentable sugars, 0.1 % urea and initial pH

4.5,
Time Aeration rate (vwm)
(hr) 0.3 0.4 0.5 0.75 1.0 1.25 1.5
0 40.1 40.1 40.1 40.3 40.3 40.3 40.3
12 27.8 28.1 19.8 15.8 16.5 17.4 21.1
24 52 8.1 6.1 51 54 5.5 7.4
36 3.0 3.9 4.9 4.7 5.6 5.2 6.6
48 2.2 3.0 3.3 4.1 5.5 5.2 6.1
45 |
40
= 35
=
5 30 |
=
® 25
<
3 20
c
[=)
o 15|
1]
2 10
a ]
5 |
0 6 12 18 24 30 asg 42 48

Time (hr)
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Figure 18 Effect of aeration rate in air-iift fermentor on sugar utilization {g/l) of M30 in
molasses medium containing 4% fermentable sugars, 0.1 % urea and initial pH

4.5,



Table 24 Effect of aeration rate in air-iift fermentor an ethanol formaticen (g/1) of M30 in
molasses medium containing 4% fermentable sugars, 0.1 % urea and initial pH
4.5,
Time Aeration rate (vwm)
(hr) 0.3 0.4 0.5 0.75 1.0 1.25 1.5
a 0.77 Q.77 0.77 0.44 0.44 0.44 0.44
12 3.94 5.93 3.85 6.84 6.03 5.67 6.40
24 12.55 9.74 8.11 9.12 6.65 9.45 7.25
36 10.07 9.05 5.28 5.03 4.57 4.42 3.27
48 7.7 5.39 0.11 0.13 0.44 0.12 0.19

Ethanci concentration {g/l)

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

—o03 _g-04 4 05_ 5 075 % 1 _@-125 m+_..‘i‘"."5'1

Figure 19 Effect of aeration rate in air-lift fermentor on ethanol formation (/) of M30 in

molasses medium containing 4% fermentable sugars, 0.1 % urea and initial pH

4.5,
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3.3.2 uagesuns lulnsau (nirogen source)
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1417 nfu/das wartfunalusumu 3.83 niwdns EadluFannldsiubuaadiviam 27.0
% mmﬁmﬁnmaﬁuﬁq) ANUANANYIRTHIANHALES pH fdnauflaseinnisifuanTudouda
Wi B asTEnsninstyanes axdiuldinlulnnaudinafhugu-dallsiuils ¥atiana
szfisannaniulnsauiilfivazausiasnmniaddey Tnanasiaaznandadaueniueuse

J ’ = :: 1 - = ) T
hﬁm‘muﬂu w'aﬁl,m:n'ﬁ"l.ﬁ’hﬂmmuu'ln nulddsusreufusraniniiuatiuiviousad way

I pH aamfiuly

62



Table 25 Effect of nitrogen source in air-liit ferrnentor on growth of M30 in molasses

medium containing 4% sugar, aeration rate 0.75 vvm and initial pH 4.5.

Time Nitrogen source
(hr} 0.1% U 0.22% A 0.05%U+0.11% A |0.1%U +0.22% A
0 0.29 0.28 0.30 0.27
12 3.70 4.30 3.86 3.86
24 8.71 7.69 6.00 9.25
36 14.17 11.17 11.26 11.24
48 14.78 14.03 13.52 13.66
SE.(48) 0.302 0.102 0.135 C.173
pH 497 3.81 4.23 4.84

Dry weight (g/1)

T T T F

0 6 12 18 24 30 36 42 48

Time (hr)
—e—0.1%U 022 %A

—h—0.03%U+0.11%A —@—0.1%U~+0.22%A

Figure 20 Effect of nitrogen source in air-lift fermentor on growth of M30 in molasses

medium containing 4% sugars, aeraticn rate 0.75 vwm and initial pH 4.5.
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Table 26 Effect of nitrogen source in air-lifl fermentor on protein yield of M30 in meclasses

medium containing 4% sugars, aeralion rate 0.75 vwm and initial pH 4.5,

Time Nilrogen source
{hr) 0.1% U 0.22% A 0.05%U + 0.11% A | 0.1%U + 0.22% A
0 0.11 0.11 0.10 0.06
12 1.70 2.06 1.77 1.96
24 2.35 2.46 2.34 3.24
36 3.83 3.29 3.60 3.70
48 3.99 4.06 3.92 3.82

Protein yield (g/)

O T 1 T T T T
0 6 12 18 24 30 36 42 48

Time (hr)
T _e—01%U  _g-022%A
\ —4—0.05%U+0.11%A —@— 0.1%U+0.22%A i

Figure 21 Effect of nitrogen source in air-lift fermentor on protein yield of M30 in molasses

medium containing 4% sugars, aeration rate 0.75 vvm and initial pH 4.5.
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Table 27 Effect of nitrogen source in air-liit fermentor on sugar utilization (g/1) of M30 in

molasses medium containing 4% sugars, aeration rate 0.75 vwm and initial pH

4.5,
Time Nitrogen source

(hr) 0.1% U 0.22% A C.05%U+0.11% A | 0.1%U + 0.22% A
0 38.9 389 38.9 38.9
12 15.4 8.8 10.3 9.9
24 7.8 7.2 7.1 6.3
36 6.6 6.2 7.4 6.3
48 4.4 a8 5.2 h.4

E
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@
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[
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[@]

=

w

O T T 1

6 12 18 24 30 36 42

0 48
Time (hr)
—e—0.1%U — @022 %A ]

—A—0.05%U+0,11%A

—@—0.1%U+0.22%A

Figure 22 Effect of nitrogen source in air-lift fermentor on sugar utilization (g/) of M30 in

molasses medium containing 4% sugars, aeration rate 0.75 vvm and initial pH

4.5,
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Table 28 Effect of nitrogen source in air-lift fermentor on ethanot formation (g/l) of M30 in

molasses medium containing 4% sugars, aeration rate 0.75 vwm and initial pH

4.5,
Time Nitrogen source
{hr} 0.1% U 0.22% A 3.06%U + 0.11% A | 0.1%U +0.22% A
0 4.14 4.14 4.14 4.14
12 10.30 20.15 16.78 15.08
24 11.65 11.76 10.82 11.81
36 3.47 7.92 9.46 5.99
48 0.62 1.38 0.47 1.28
25 -

E

c

=

&

1=

@

18]

c

3

[=

o

m

£

L

Time (hr)

+0.1 Balt

—A—0.05%U+0.11%A

—g—0.22 %A
—g—0.1%U+0.22%A

Figure 23 Effect of nitrogen source in air-lift fermentor on ethanol formation (g/l) of M30 in

molasses medium containing 4% sugars, aeration rate 0.75 vwvm and initial pH

4.5,
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3.3.3 nareddasdruaruausialuingay (C/N ratio)

anuan1svsinluda 3.3.2 Aldvnaselfudnmdiutoianiuause
ulmsian TneldBannnimasi %) umﬁmmﬁwma@q (4%) vy Fufianan 0.05%,
0.1%, 0.3%, 0.5% uaz 1%
3.3.3.1. Low C/N ratio (2% sugars)
NANISNAaEN (Table 29, 30, 31 uas Figure 24, 25, 26) wuinlu
szanimaduiu 2% nsligiannndy 0.1% dufudetar Tandadludnaedoranfisziu
g3t 0.3% waz 1% usdnslsiyGe 0.1% Sua B nlsiiumadludalid 36 Wingeiudhy

v
43.6 % TBIUNMINLEARLI
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Table 29 Effect of urea concentration in air-lift fermentor on growth of M30 in molasses

medium containing 2% fermentable sugars, aeration rate 0.75 vvm and initial pH

4.5,
Time Urea concentration (%)
{hr) 0.05 0.1 0.3 0.5 1
0 0.05 (.03 0.03 0.04 0.04
12 2.41 2.11 0.04 0.04 0.04
24 3,26 3.3 (.09 0.06 0.1
36 5.45 573 01 0.08 -0
48 4.94 5.23 0.14 0.04 0.08
8
7
~ 5]
2 s
S 4
[1}]
s 3
&
o 2
1
0 b 1— T 4‘ T ‘ - —*
0 6 12 18 24 30 36 42 48
Time (hr)

——005 01 4 03_g 05 g1 |
— et e i e e s e I

Figure 24 Effect of urea concentration in air-iift fermentor on growth of M30 in molasses
medium containing 2% fermentable sugars, aeration rate 0.75 vvm and initial pH

4.5.
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Table 30 Effect of urea concentration in air-lift fermentor on sugar utilization {g/!) of M3C in

maolasses medium containing 2% fermentable sugars, aeration rate 0.75 vwm and

initial pH 4.5.

Time Urea concentration (%)

(hr) 0.05 0.1 0.3 0.5 1

0 19.8 19.8 15,8 19.8 19.8
12 6.3 3.8 14.8 13.3 14.6
24 3 26 12.8 12.7 13.9
36 2 2.5 12 12.7 12.9
48 1.6 1.6 11.1 11.8 12.5

25 ... I

Sugar concentration (g/l)

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

—e—005 g 01 403 @05 31

Figure 25 Effect of urea concentration in air-lift fermenter on sugar utilization (g/l) of M30 in
molasses medium containing 2% fermentable sugars, aeration rate 0.75 vvm and

initial pH 4.5.
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Table 31 Effect of urea concentration in air-lift fermentor on ethanol formation (g/1) of M30 in

molasses medium containing 2% ferrmentable sugars, aeration rate 0.75 vwwm and

initial pH 4.5,
Time Urea concentration {%)
{hr) 0.05 0.1 0.3 0.5 1
0 0.22 0.22 0.22 0.22 0.22
12 8.10 4.99 0.36 0.23 0.24
24 5.81 6.03 0.21 0.31 0.18
36 1.02 1.38 0.34 0.15 0.15
43 0.00 0.16 0.65 0.14 0.12

9

= 8|

2

- 7

S 6.

g

E‘ 5

c 4 -

8 3

2 2

®

£ 1

[
0 T

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

e—005_g 01 4 03 @05 1

Figure 26 Effect of urea concentration in air-lift fermentor on ethanol formation (/) of M30 in
molasses medium containing 2% fermentable sugars, aeration rate 0.75 vwm and

initial pH 4.5.
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2 I i N = ] a = 1 ¢« 1 ‘
RANEALT low C/N ratio AagFainanng 0.1 % feasuassanuiiufusietas udldadungin
S ¥ . o onsad Ao '
nafinsziuiipaalue i tdigadanuisayUfuia Rauiissdunisiede 0.3% Salunis

naaash dunng 0.2% dasliannsnein s wiluniemanast Sadfinaetoylfidiudaaule

3.3.3.2, High C/N ratio (4% sugars)
HAN1INAAEN (Table 32, 33, 34 WAz Figure 27, 28, 29) NANWLY

daluseti 36 Inwloffunoagadgade 5.41 nfu/ans

Table 32 Effect of urea concentration in air-lift fermenter on growth of M30 in molasses

medium containing 4% sugars, aeration rate 0.75 vwm and initial pH 4.5.

Time Urea concentration (%)
(hr) 0.05 0.1 0.3 0.5 1
0 0.03 0.04 0.05 0.03 0.03
12 2.82 2.56 0.18 o1 .14
24 3.54 4.73 0.94 0.19 0.18
36 5.97 7.05 5.41 0.18 0.17
48 5.41 6.58 475 0.24 0.15

Dry weight (g/l)
= N W A O N

<

12 18 24 30 36

Time (hr)

|_¢—005 g 01 __4 03 . .@05 1
i

Figure 27 Effect of urea concentration in air-lift fermentor on growth of M30 in molasses

medium containing 4% sugars, aeration rate 0.75 vvm and initiai pH 4.5.
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Table 33 Effect of urea concentration in air-lift fermentor on sugar utilization {g/l) of M30 in

molasses medium centaining 4% sugars, aeration rate 0.75 vwm and initial pH

4.5,
Time Urea concentration (%)
(hr) 0.05 0.1 03 0.5 1
0 40.2 40.2 40.2 40.2 40.2
12 3.5 19.6 24.7 26.8 24.1
24 3 16.2 55 27.7 23.4
36 26 5.5 5.4 26.9 22.5
48 1.5 51 4.6 25.1 21.3
)
-
o
®
=
3
c
8
&
o
=
o

Figure 28 Effect of urea concentration in air-lift fermentor on sugar utilization {g/l) of M30 in

Time (hr)

L_,_o.os ——01 — 403 @05 _y¢ 1

molasses medium containing 4% sugars, aeration rate 0.75 vvm and initial pH

4.5.
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Table 34 Effect of urea concentration in air-lift fermentor on ethanol formation (g/1) of M30 in

molasses medium containing 4% sugars, aeration rate 1 vwm and initial pH 4.5.

Time Urea concentration (%) ]

(hr) 0.05 0.1 0.3 0.5 1

0 0.414 0.414 0.414 0.414 0.414
12 8.198 7.756 0.775 0.632 0.29
24 8.283 8.347 13.586 0.312 0.243
36 4.313 5.643 11.247 0.255 0.19
48 2.194 4.163 8.392 0.233 0.158

16 - -

14
12 .
10

Ethanol concentration (g/1)

o N O~ O

o 6 12 18 2¢ 30 36 42 48
Time (hr)

i_,_-d.oé’_._" 01 4 03 g 05 3 1

Figure 29 Effect of urea concentration in air-lift fermentor on ethanol formation (g/1) of M30 in
molasses medium containing 4% sugars, aeration rate 0.75 vvm and initial pH

4.5,
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3.3.4 na1BINeAIWR (phosphate source)

snneneneshiianinasedTFdliguin famadnbesiiadeiu
fifiuadesin AdlinanesFarasivs (310 KH,PO,) tudns 0% (control), 0.03%, 0.05% WAz
0.01% HaN1TMAaaY (Table 35 way Figure 30) WudIN9IRN KH,PO, dnteeludmns 0.05%
azfiunauAnIausadi 36 2l 410 12.67 nfu/ans Tugamauau 1t 17.52 nfw/des An
Flunnsdisnlssunn 27% LLsiﬂ?mmTﬂ?ﬁumuﬁqmﬁmsj (W 3.28 nFu/ans) Antdudunny
TsAulumadifies 18.7% resviinuadudarindu sudufasinnisi KH,PO, axduily

e g a Py fm o &
guFumandnmastas Mymaesdlsfulugssiaiuniniu
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Table 35 Effect of KH,PO, in air-lift fermentor on growth of M30 in molasses medium

containing 4% sugar, urea 0.1%, aeration rate 0.75 vwm and initial pH 4.5.

Time KH,PO, concentration (%)
{hr) Control 0.03% 0.05% 0.1%
0 0.27 0.23 0.22 0.26
12 2.13 1.90 1.91 1.92
24 6.90 7.13 7.15 6.93
36 12.67 156.14 17.52 13.88
48 15,24 18.20 16.82 156.50
SE.{(48) 0.227 0.509 0.624 0.706
20
18 .
16 .
= 14 |
2 12
S 10
g 8.
£ 6
4
2 |
0B o e
0 8 12 18 24 30 36 42 48

Time (hr)

- Contiol —g—0.00% g—0.05% _g—0.10%

Figure 30 Effect of KH,PQ, in air-lift fermentor on growth of M30 in molasses medium

containing 4% sugar, urea 0.1%, aeration rate 0.75 vvm and initial pH 4.5.
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Table 36 Effect of KH,PO, in air-lift fermentor on protein yield of M30 in molasses medium

containing 4% sugar, urea 0.1%, aeration rate 0.75 vvm and initial pH 4.5.

Time KH,PO, concentration (%)
{hr} Control 0.03% 0.05% 0.1%
0 0.15 0.16 0.1 017
12 0.84 0.80 0.76 0.75
24 3.1 3.42 3.54 3.356
36 3.10 3.25 3.28 3.38
48 3.28 3.28 3.39 3.47

Protein yield (g/l

Time (hr)

—e—Control g 0.03% —40.05% _g.0.10%

Figure 31 Effect of KH,PO, in air-lift fermentor on protein yield of M30 in molasses medium

containing 4% sugar, a urea 0.1%, eration rate 0.75 vwm and initial pH 4.5.
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Table 37 Effect of KH,PC, in air-lift fermentor on sugar utilization (/1) of M30 in molasses

medium containing 4% sugar, urea 0.1%, aeration rate 0.75 vwm and initial pH

4.3,
Time KH,PQ, concentration (%)

(hr) Control 0.03% 0.05% 0.1%
0 39.1 391 39.1 39.1
12 19.4 13.1 14.7 13.4
24 8.2 7.2 55 7.3
36 6.3 6.7 4.8 4.9
48 4.2 4.7 4.1 4.0

E

c

8

B

I=

8

c

8

i

(9]

=

7]

0 T T T T T T T -
0 6 12 18 24 30 36 42 48
Time (hr)

| —e— Control —ygg0.03% g 0.05% —e—0.10%

Figure 32 Effect of KH,PO, in air-lift fermentor on sugar utilization (g/) of M30 in molasses
medium containing 4% sugar, urea 0.1%, aeration rate 0.75 vvm and initial pH

4.5.
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Table 38 Effect of KH,PO, in air-lift fermentor on ethanol formatian {g/) of M30 in molasses

medium containing 4% sugar, urea 0.1%, aeration rate 0.75 vwvm and initial pH

4.5,
Time KH,PO, concentration (%)
{hr) Control 0.03% 0.05% 0.1%
0 3.1 3.1 3.1 3.1
12 10.2 6.9 5.3 6.6
24 9.0 4.2 35 5.3
36 5.3 1.8 24 4.7
48 0.4 0.4 0.2 0.0

12 . S

Ethanol concentration {(g/i

T T T T T

0 6 12 18 24 30 36 42 48

Time (hr)

o Control g 0.03% 4 0.05% —g.0.10%

Figure 33 Effect of KH,PO, in air-lift fermentor on ethanol formation (g/l) of M30 in molasses
medium containing 4% sugar, urea 0.1%, aeration rate 0.75 vwm and initial pH

4.5,
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3.3.5 Nﬂ‘nmmigﬁ‘ﬂuuu incremental feeding (increment feeding of urea)

3.3.5.1 Fixed increment feeding
'Lums‘wmﬂmﬂq:ﬁﬂmﬂﬁugSﬁmmzﬂ:mqﬁiwq Wiedeanisiis
Li?mm’iﬂ&ﬁu’tumaa”[ﬁ’qﬁuﬁw:ﬁu 50% T8 uTinETaALs esnmmmaaesiikiunss
sulusfulugasaeudnegn (egszudn 18 fa 35 % gaauineredii) ‘Emﬂé‘?ﬁmﬂuuﬁjmdw
Unauvashilanau (gie) A lifsmesennuiainimeasediisnsnisadyAsudig
a9 uazdnliye vie wanludondamaluBinamnfuwiGuusnasiiualunisaadninis
Wity Teenmazilanannamiiufivraseyyauenbideildanmsaaisdaresy Sevieuan
fasauenluiiundauia fofudeldanausumsmanes feil
Control - gi3e1 0.1% mewuEusu udaludiu N #n
Feed 1- 1dnidu 0.1% naududu uladiugdedn 0.3% Faludl 12
Feed 2- Vet 0.1% mauFusu udourien 0.3%) aamily 2 gaumngiu dond 1
(0.15%) Tadaurlddaliedt 12 uazdoudt 2 (0.15%) Tddaluai 24
Feed 3- ldyite 0.1% nauiudu udawkge (0.3%) veniu 3 dau w1 doud 1
(O.‘l%)Im;TuLﬁi'Lﬁ'ﬁ’unﬁ 12 d9uR 2 (0.1%) ddaTuadt 24 uay d9uf 3 (0.1%)
1ddaluadl 36
Tren BunngGeidiudnludnnnamBuatediiaadiadiduas iTTusfuly
8 50% TaINUTINIEARLTY HAR1TVAAEN (Table 39, 40, 41, 42 uas Figure 34, 35, 36, 37}
nudndmsnns W Geimunnliinargaiviiuaszsznaninduddbifiustudasmnis
Wamaaad femziuldann control Wuansaiuiiafian wazBualusfusnfidnsingy
o

= dy 1 = 1 ar tﬂ =, el 7 L] 1 1
AN Uan'INU pH qu:NﬁQUTQN1uﬂW?ﬂUﬂQﬂ'\ﬁ‘l."‘i?ﬂ__‘l‘H'ﬂ\‘]ﬂﬂﬂ“ﬂﬂqqumuﬂlu‘}]‘ﬂﬂgﬁﬂﬁﬂﬂQEl

(Table 43 WAL Figure 38)
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Table 39 Effect of incremental feeding of urea in air-lift fermentor on growth of M30 in

molasses medium containing 4% sugars, aeration rate 0.75 vwvm and initial pH

4.5
Time Feed type
{hr) Control Feed 1 Feed 2 Feed 3
0 0.25 0.26 0.25 0.23
12 462 7.29 7.66 7.09
24 10.72 10.01 10.62 11.28
36 16.47 11.14 11.84 12.69
48 17.99 12.93 11.80 13.39
SE.(48) 0.681 0.672 0.378 0.503
20 e
18
16 |
~ 14
% 12 |
S 10
$ s
5 6.
4
2
0

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

| —e—control gy feed! —4 feed2 _gfeed3 |
L, ]

Figure 34 Effect of incremental feeding of urea in air-lift fermentor on growth of M30 in
molasses medium containing 4% fermentable sugars, aeration rate 0.75 vwm and

initial pH 4.5.

80



Table 40 Effect of incremental feeding of urea in air-lift fermentor on protein yield of M30 in

moilasses medium containing 4% fermentable sugars, aeration rate 0.75 vvm and

initial pH 4.5.
Time Feed type
(hr) Control Feed 1 Feed 2 Feed 3
0 0.11 0.13 0.12 0.12
12 1.59 2.27 2.33 2.22
24 3.28 2.49 2.55 2.53
36 3.30 2.68 3.10 2.87
48 3.30 3.13 2.77 2.85
4 S

Protein yield (g/1)
N

o7 - T

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

T/

—e—control g feed _4 _feed? ._gfeed3

Figure 35 Effect of incremental feeding of urea in air-lift fermentor on protein yield of M30 in
molasses medium containing 4% fermeniable sugars, aeration rate 0.75 vwm and

initial pH 4.5.
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Table 41 Effect of incremental feeding of urea in air-lift fermentor on sugar utilization (g/l) of

M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5.

Time Feed type
(hr) Control Feed 1 feed 2 Feed 3
0 55.1 551 55.1 55.1
12 3.8 75 2.5 1.5
24 5.1 4.7 1.5 1.6
36 2.2 2.4 1.7 3.0
48 4.0 1.6 3.5 4.4

Sugar concentration (g/1)

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

| —e—control _ggfeed! 4 feed? g feed3 |

Figure 36 Effect of incremental feeding of urea in air-lift fermentor on sugar utitization (g/1} of
M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5,
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Table 42 Effect of incremental feeding of urea in air-lift fermentor on ethanol formation (g)
of M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5.

Time Feed type
(hr) Control Feed 1 Feed 2 Feed 3
0 0.56 0.56 0.56 0.56
12 11.39 10.89 9.89 7.21
24 24.30 25.46 25.71 26.31
36 8.21 6.31 3.42 412
48 0.38 0.68 0.57 0.34

Ethanoi concentration (g/l

1

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

| —¢—control g feedl —4 feed? —gfeed3

Figure 37 Effect of incremental feeding of urea in air-iift fermentor on ethanol formation (g/1)
of M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5.
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Table 43 Effect of incremental feeding of urea in air-lift fermentor on pH of M30 in molasses

medium containing 4% fermentable sugars, aeration raie 0.75 vvm and initial pH

4.5,
Time Feed type
(hr) Control Feed 1 Feed 2 Feed 3
0 4.50 4.50 4.50 4.50
12 4.79 4.69 4.82 475
24 7.54 6.67 5.50 4.70
36 8.02 7.89 6.52 5.71
48 8.26 8.18 7.63 6.02

pH
O 2 NW B O~ W

r e T 1T T T - T - -

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

_....._control-+feed1" "_.‘_féédlZ-_._feedé i

Figure 38 Effect of incremental feeding of urea in air-lift fermentor on pH of M30 in molasses
medium containing 2% fermentable sugars, aeration rate 0.75 vwm and initial pH

4.5,
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3.3.5.2 Variable increment feeding

INN1IMAREIFNE FELLY fixed incremental feeding Raldnanag

nagsanaFeminuusumsliuasiulnnauangGouasusnlndondain InuaaFunug

LI R S

Fouazuanlndflondamnasasiansundnsniadu e uAius Tusnsnisnsiasy Taaiu 2

AT TudaTied 12 waz d9Tuad 24 muusunITNeand

&

&
AdUd

Time (hr) LF (U £F (U) LF (A) EF (A)
0 35¢g 35¢g 779 7.7g
12 3.47 g 1.389 7.63¢ 2.99¢g
24 347 g 556 g 764 g 12.28 g

LF = Linear feed EF = Exponential feed

U = Urea A = Ammonium sulfate

HANIVAADY (Table 44, 45, 46, 47, 48 WAL Figure 39, 40, 41, 42, 43) wuin

s S 4

Funlulnreuifud 1 ldgmnsoiunanangad i whssasinauarAsitnduild

= [y

Fuiusnisninasgaasdias Inaszifuldainnnnnemaassdasilonsnisiundaudna

4
1 =l

s i =3 ar -1 < ~ i 2r é’ L] = nl/
annane wanwulddadnraupatfunldsusoniildganiiu 5.49 nfw/ars 71 36 4alusres

¥ 1
&

1 1 o 1
nenaaasfildyde 2 A5 udaland 12 uay 24 ludasaiaay 0.1% T ldFunausaduiniy
v 9
12.27 nFu/ans uazAadluBunnlussiulueaad s 45 % saniwingaaudis Tunsmaaeaiill
dotianatafluaadunndtaasdnduiinaGusiuies 3.05% daniamuanld 4%) vl
vow ' 5 a w o o DL A
Al duinaaaansetiamadauiessAumgaUsztn 0.2% nnalu 12 FoTuawindu 33

naratiasliuAalununisazantadeanased wialuai 24
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Table 44 Effect of variable increment feeding of urea (2) in air-lift fermentor on growth of
M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5.

Time Feed type

(hr) LF (U) EF (U) LF (A) EF (A)
0 0.28 0.26 0.32 0.32
12 7.74 8.21 6.42 8.47
24 10.83 11.35 10.58 11.4
36 12.27 11.84 11.26 12.17
48 11.28 9.59 10.97 11.91

SE.(48) 0.193 0.187 0.201 0.211

14 : ——

Dry weight (g/l)

8
6
4
5 |
0

T T T T T

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

i —e—LF(U) g EF(U) —4 LF(A) —_@—EF(A)

Figure 39 Effect of variable increment feeding of urea (2) in air-lift fermentor on growth of
M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5.
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Table 45 Effect of variable increment feeding of urea in air-lift fermentor on protein yield of
M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5.

Time Feed type
(hr) LF {U) EF {U) LF (A) EF (A)
0 0.12 0.11 0.17 0.16
12 3.63 3.69 3.08 4.32
24 3.93 3.89 4,16 4.74
36 5.49 4.61 4.19 4.45
48 497 4,22 3.61 4.29

Protein yield (g/l

od . ]
0 6 12 18 24 30 36 42 48

Time (hr)

—e—LF(U) _g EF(U) —4 LF(A) —@— "*‘EF(A)']‘
Figure 40 Effect of variable increment feeding of urea in air-lift fermentor on protein yield of
M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5,



Table 46 Effect of variable increment feeding of urea in air-lift fermentor on protein content
(%)of M30 in molasses medium containing 4% fermentable sugars, aeration rate

- 0,75 vwm and initial pH 4.5,

Time Feed type
(hr} LF (L) EF (U) LF (A) EF (A)
0 43 42 53 50
12 47 45 48 51
24 36 34 39 42
36 45 39 37 37
48 44 44 33 36

9
€
I
c
@]
[
=
[sH]
=
“ 10
0 . B e T R & T T 1- ""“i
0 6 12 18 24 30 36 42 48
Time (hr)

—e—LF(U) _g—EF(U) —4 LF(A) _g—EF(A}

Figure 41 Effect of variable increment feeding of urea in air-lift fermentor on protein yield of
M30 in molasses medium containing 4% fermentable sugars, aeration rate 0.75

vvm and initial pH 4.5,
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Table 47 Eifect of variable increment feeding of urea in air-lift fermentar on sugar utilization

(g/) of M30 in molasses medium containing 4% fermentable sugars, aeration rate

0.75 vwm and initial pH 4.5.

Time Feed type
{hr) LF {U) EF (U} LF (A) EF (A)
0 30.5 305 30.% 305
12 2.2 2.8 2.5 2.2
24 24 3.2 25 3.0
36 2.6 24 2.1 25
48 2.2 2.4 2.1 2.0

Sugar concentration {g/l)

ST

24 30 36 42 48

Time (hr)

—e—LF(U) g EF(U) 4 LF(A) —g—EF(A)

Figure 42 Effect of variable increment feeding of urea in air-lift fermentor on sugar utilization
(g} of M30 in mofasses medium containing 4% fermentable sugars, aeration rate

0.75 vwm and initial pH 4.5%.
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Table 48 Effect of variable increment feeding of urea in air-lift fermentor on ethano!
formation (g/) of M30 in molasses medium containing 4% fermentable sugars,

aeration rate 0.75 vwm and initial pH 4.5.

Time Feed type
(hr) LF (W) EF (U) LF (A) EF (A)
0 1.3 1.3 1.3 1.3
12 1.7 2.5 4.0 2.6
24 0.0 0.0 0.0 0.0
36 0.0 0.0 0.0 0.0
48 0.0 0.0 0.0 J 0.0
5 —

Ethanol concentration (g/l

J
0 4] 12 18 24 30 36 42 48
Time (hr)

{

—e—LF{U) —m EF(U) —4 LF(A) —@—EF(A)

Figure 43 Effect of variable increment feeding of urea in air-lift fermentor on ethanol
formation (g/1) of M30 in molasses medium containing 4% fermentable sugars,

aeration rate 0.75 vwm and initial pH 4.5.
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Table 48 Effect of variable increment feeding of urea in air-iift fermentor on pH of M3G in

molasses medium containing 4% fermentable sugars, aeration rate 0.75 vwm and

initial pH 4.5.
Time Feed type
(hr) LF (U) EF (U) LF (A) EF (A)
0 4.50 4.50 4.50 4.50
12 4.78 4.89 5.03 4.97
24 5.21 505 473 4.91
36 7.07 7.08 5.68 5.79
48 7.60 7.90 7.00 £5.34
9 . }
7
d
5.
T
R
3
2
'
0 l”"”' I I T T T s Tyt ‘I*__E

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

—o—LF(U) g —EF(U) —4 -LF(A) —@—EF(A) '
Figure 44 Effect of variable increment feeding of urea in air-lift fermentor on pH of M30 in

motasses medium containing 4% fermentable sugars, aeration rate 0.75 vvm and

initiat pH 4.5.
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v 1
3.3.6 natasA N uiAnaBus (initial sugar concentration)

aannmaaadmrldumaGusy 4% iatiliEu aasddaldgadn

1

wsinInfingSuuny linear increment feeding anunsaifisnBunulusfiulumadidlusziuii
wala mﬁ‘wmafaﬁﬁuﬁmﬁmmﬁﬁmaL?'m’fu“l.ﬁqq‘%u Tnuenosnfefigeniazldiunnuaed
N ﬁqmﬁﬁuﬁuﬁl‘iﬁ@qm’é’mﬂ 3%, 4%, 5% UAY 5.5% NANNIVARDY (Table 50, 51, 52, 53
WAz Figure 45, 46, 47, 48) wudna e e Gudu T i S asredifinty

we windyUliinnIrasaNtaLeanessaNtnTUatNaiu AT
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Table 50 Effect of initial sugar concentration in air-lift fermentor en growth of M30 in
molasses medium containing 0.1% urea, 0.05% KH,PO,, aeration rate 0.75 vwm

and initial pH 4.5.

Time _ Initial sugar concentration (%}
(hr) 3% 4% 5% 5.5%
0 0.28 0.22 0.25 0.25
12 7.74 1.91 1.88 4.62
24 10.83 7.15 8.98 1_0.72
36 12.27 17.52 17.53 16.47
48 11.28 16.82 17.06 17.99
SE.(48) 0.193 0.724 0.737 0.681

=
5 10
2 8.
£ 6
4 |
2 |
0 ‘i Tt CTTTTTT——— 1 T T T N e R - N
0 6 12 18 24 30 36 42 48
Time (h)

3% —m— 4% A 5% —@—55%

Figure 45 Effect of initial sugar concentration in air-lift fermentor on growth of M30 in
molasses medium containing 0.1% urea, 0.05% KH,PQ,, aeration rate 0.75 vvm

and initial pH 4.5.

93




Table 51 Effect of initial sugar concentration in air-lift fermentor on protein yield of M30 in

molasses medium containing 20.1% urea, 0.05% KH,PO,, aeration rate 0.75 vvm

and initial pH 4.5.

Time Initial sugar concentration (%)
(hr) 3% 4% 5% 5.5%
0 0.12 0.11 0.14 0.11
12 3.63 0.76 0.96 1.59
24 3.93 3.54 2.21 3.28
36 5.49 3.28 3.96 3.30
48 4.97 3.39 3.77 3.30
6.00
5.00 .
S 4.00 |
L)
@
= 3.00.
E
]
B 2.00
o
1.00 |
0.00

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

Lo 3% g 4% 5% —e—55% |

Figure 46 Effect of initial sugar concentration in air-lift fermentor on protein yield of M30 in
molasses medium containing 0.1% urea, 0.05% KH,PO,, aeration rate 0.75 vvm

and initial pH 4.5.
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Table 52 Effect of initial sugar concentration in air-lift fermentor on sugar utilization (g/1) of

M30 in molasses medium containing 0.1% urea, 0.05% KH,PO,, aeration rate

0.75 vvm and initial gH 4.5,

Time Initial sugar concentration (%)
(nr} 3% 4% 5% 55%
0 30.8 41.1 48.8 55.1
12 1.1 2.8 3.2 3.8
24 22 2.8 28 5.1
36 1.1 2.6 2.6 2.2
48 0.8 1.8 1.2 4.0

Sugar concentariton (g/l

0 6 12 18 24 30 36 42 48

Time (h)

—o—3% —m—4% —u— 5% ——55% |

Figure 47 Effect of initial sugar concentration in air-lift fermentor on sugar utilization {gh) of
M30 in molasses medium containing 0.1% urea, 0.05% KH,PO,, aeration rate

0.75 vwm and initial pH 4.5.
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Table 63 Effect of initial sugar concentration in air-lift fermentor on ethanol formation {g/1) of

M30 in molasses medium containing 0.1% urea, 0.05% KH,PO,, aeration rate

0.75 vwm and initial pH 4.5.

Time Initial sugar concentration (%)
(hr) 3% 4% 5% 5.5%
0 1.3 3.1 1.5 0.6
12 1.7 5.3 6.5 7.2
24 0.0 3.5 14.0 26.3
36 0.0 24 5.7 4.1
48 0.0 0.2 24 0.3

Figure 48 Effect of initial sugar concentration in air-lift fermentor on ethanot formation {g/) of

Ethanol concentariton {(g/l

M30 in molasses medium containing 0.1% urea, 0.05% KH,PO,, aeration rate

30

25 |

20 .

16 |

10 .

¢

24
Time (h}

30

36 42

‘ _.__.3%. .._........4% +59’0 _.—5.5%
| e

0.75 vwm and initial pH 4.5.
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3.3.7 WHATBINNEIRNWIAIBULLY incremental feeding saniuuvaalulinsiay

(increment feeding of sugar with supplement urea)

Tun1mmaaesdlsuwnunisinuimaly 4 uuy fe
y > 2 Lo Sa o
Type 1 - MMuraavianus 8% ldnawudusu 4% daluah 12 148n 2% uazdqTued 24 1880 2%

o =]

soNAuyEY 0.1%

At
k2

Type 2 - Uinmnavianan 8% lanaududy 4% $aludl 12 1430 2% wazdaliedt 24 Wan 29
sauiu wanludflaudamn 0.22%

Type 3 - Winmaaunm 129% dmeuluiu 4% dalued 12 1d 4% uas 30 4% lddalued 24
Fonfiuge 0.1%

Type 4 - Viinmmastanmn 12% ldneuEuiugss Tolueit 12 18 4% uas Bn 4% ladatuedl 24

fauiy wanTullendam 0.22%

NAN1INAREN (Table 54, 55, 56, 57 Was Figure 49, 50, 51, 52) WUIIMFIHUIAA
\fingn 8% (uidldafans 4% 2 Af) fanfuniafingFusoarliliunnuaedggn Aalsds
L] nlz i ] :J %' [ :’/ o
25.86 nFw/ams ludaluad 36 usannasildunanagenan (gauduvieuun 12%) wllinag

a | AT ) A 1 °| =
ArvanLaanesedgada 20.6 nf/ans uiliuanllsiusanila (7.76%) Aewd1emt Amdly 30%

v
YT AR
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Table 54 Effect of incremental feeding of sugar with different nitrogen source in air-lift

fermentor on growth of M30 in molasses medium with aeration rate 0.75 vvm and

initial pH 4.5.
Time Type of feeding

(hr) 2+2%(U) 2+2%(A) 4+4%(U) 4+4%(A)

0 0.22 0.18 0.19 0.21

12 6.09 7.39 7.42 6.05

24 1413 11.68 17.17 12.54

36 20.71 16.42 25.86 15.79

48 20.96 16.52 21.57 14.83
SE.(48) 0.972 0.854 0.971 0.974

Dry weight (gfl)

T T T T

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

—e—242%(U) —_gg—2+2%(A) —g—4+4%(U) —g@— 4+4%(A)

Figure 49 Effect of incrementat feeding of sugar with different nitrogen source in air-lift
fermentor on growth of M30 in molasses medium with aeration rate 0.75 vwm and

initial pH 4.5.
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Table 55 Effect of incremental feeding cof sugar with different nitrogen source in air-lift

fermentor on pretein yield of M30 in molasses medium with aeration rate 0.75 vwm

and initial pH 4.5.

Time Type of feeding
(hr) 2+2%(U) 2+2%(A) 4+4%(U) 4+4%(A)
0 0.13 0.1 0.1 0.13
12 2.98 4.8 4.6 3.57
24 7.07 6.07 10.13 7.77
36 5.79 525 7.76 5.36
48 5.66 5.45 7.11 564
12

Protien yield {(g/|

0 T T T T T T T 1
0 6 12 18 24 30 36 42 48

Time (h)

Z—2+2%(U) g 2+2%(A) — g A+4%(U) g 4+4%(A) 1

Figure 50 Effect of incremental feeding of sugar with different nitrogen source in air-lift

fermentor on protein yield of M30 in molasses medium with aeration rate 0.75 vwm

and initial pH 4.5.
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Table 56 Effect of incrementat feeding of sugar with different nitrogen source in air-lift
fermentor an sugar utilization (g/1) of M30 in molasses medium with aeration rate

0.75 vwm and initial pH 4.5.

Time Type of feeding
{hr) 242%(U) 24+2%(A) 4+4%(U) 4+4%(A)
0 389 38.9 38.9 38.8
12 (befors) 18.4 i4 13.3 14.4
12 (after) 38.6 33.5 52.8 54
24 (before) 1.7 3.4 19 0.5
24 (after) 21.5 23.4 41.8 40.2
36 1.6 0.6 1.9 0.6
48 1.5 1.2 2.1 0.3
60 -
_ 50
=
o
'5 40
G
& 30|
:
. 20
4y
g !
2 10
0 , : , , -
0 6 12 18 24 30 36 42 48
Time (hr}

e 242%(U) g 2+2%(A) —a— 4+4%(U) —g— 4+4%(A)

Figure 51 Effect of incremental feeding of sugar with different nitrogen source in air-lift
fermentor on sugar utilization {(g/l) of M30 in molasses medium with aeration rate

0.75 vwm and initial H 4.5.
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Table 57 Effect of incremental feeding of sugar with different pitrogen source in air-lift
fermentor on ethanol formation {g/l) of M30 in molasses medium containing 2%

fermentable sugars, aeration rate 0.75 vwm and initial pH 4.5,

Time Type of feeding
(hr) 2+2%(U) 2+2%(A) 4+4%(U) 4+4%(A)
0 1.3 1.3 1.3 1.3
12 7.6 9.2 8.2 9.3
24 11.0 13.6 15.9 18.7
36 13.5 13.1 20.6 25.3
48 5.1 7.1 14,3 22.3
30 .

Etharniol concentration (gfl)

0 T T . T T T T T
0 6 12 18 24 30 36 42 48

Time (hr)

e 2+2%(U) g 2+2%(A) i 4+4%(U) —g— 4+4%(A)

Figure 52 Effect of incremental feeding of sugar with different nitrogen source in air-tift
fermentor on ethanol formation (g/l) of M30 in molasses medium with aeration rate

0.75 vwm and initial pH 4.5.
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3.3.8 Nmmgﬁuuu NTLANUIANG {patterns of increment feeding of sugar)

TunemaseeilfiagUuuuna@niimald 3 wuu (Lee and Kim, 2001) s
. . 1 = % nll al 1
1. Linear feeding {1 1sudaANa msnIndimIafmdemussasnauiardaaly
Funnuvnnu
2. Exponential feeding {un1sutiina1u1sn1nuinanaf mae RN a8 WA
doaludnruuutionia
. . . = & ¥ o =y f
3. Sigmoidal feeding iflun 1 sudaRNOIMITAINIIAIRIIUADA NI HZIIAA AT

FamINANWEN9AT0Y (growth curve) TR4RRWYITH

3500
—
3000 - ——8—— Linear —
———A-—— Exponential /'/ //
— — ~—% ~—  Sigmoidal /
g / _
<
£
=
[s]
>
£
i
2
a .
U
2
k!
2
lo L} 1 ] ] L] L ¥
0 2 4 6 8 10 12 14 16
Time (h)

Figure 53 guuuuainadnemsiunisuidnszul fed-batch (Lee and Kim, 2001)

v v 504'
RINNITAM LSRN I a1 TN NIRRT INLENARSTIMNA 3.5 Ams Manwarnantd
ARG 2.5 ART daulvasan 1 ans SuRuasludminiudalud 12 Tnawdaldyna 2 47

ﬂ: L4 v W @’ g
TuamuunasatusiAuans i soautin el
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1. Linear feed AMUanIaIN3uAsamsnIniamafivde 1 ans udaldyn 2 falne
794 8 ATS7Az 125 A,
, . o a .
2. Exponential feed Aruamanframsawisninmitanaiiivge 1 Ars uiilann 2 4

L t @
Tt 993 8 A9 Wrmsewei ldusazaisAnmain grs

Hrmaxti
yo By
Ee“maxu
i A =
el v = dfunmseiuwnsiasiiy
Row = 0.16H
t = srazIANGENRNeuIe
vV, = Bumsenwsviavuan e
AT 1 2 3 4 5 6 7 8
— 394
TH.9 VAN 0 2 4 3! 8 10 12 14
gHmext 1 138 | 1.89 | 261 | 359 | 495 | 682 | 9.39 |31.62
v (ml) 31 44 59 84 | 114 | 156 | 216 | 296 | 1,000

. r - -
3. Sigmoidal feedANuanAINBNIAFEMATMININAG WA 1 Ans wildyn 2 49

L dex %o
Tue 723 8 A4 tBumsawnsi fusazafAuanan gas

Ve ={%@L}(X-Va)-e”t

x/s 'SF
o d_a
Tne v, = diumsermshaziiv
Hope = 0.16H
Yx/s = vyield coeeficient (= 0.41 g cell/g sugar)
s, = 279
Y oe ewd .y d
X = dwthaaduidimadiagld o wasimne s
o a
v, = riasemnsarau m uathiane s
o= MSSTRINWIE e fiiRreIuns
t = szmunaREMBNewmng
v, = fuissevnsiasuain s

103




Feed time DW A L et Ve
(hr) (o) (m) (h") (mi2 hr)
0 4.57 2,500 0.260 1.00 16
2 7.80 2,516 0.265 1.70 44
4 12.46 2,560 0.235 2,56 114
6 15.46 2,674 0.125 212 123
8 19.98 2,797 0.110 2.41 183
10 23.62 2,986 0.090 2.45 242
12 25.89 3,228 0.04 161 188
14 25.66 3,416 0.00 1 84

HAN1TAMIMLENAMEMITNINdARaY 3 gluuy aguleds Table 58 uas Figure
54 WRSNANINNINAGEY (Table 59, 60, 61, 62 Uax Figure 55, 56, 57, 58) Usng)dn M30 X
gmsnaatoyLndiAeeiuia 3 wuy Tapdiinnnugadgaan 32.26 32.66 ua 33.91 niw/
Ans RuaAU WaLlANARARTUSFY 16.22 16.05 uaz 16.98 nFU/ARTAMNATAL Taullariuan
WutFuralysiulumadasls 50.3 49.1 uaz 50.1 % T89UIMENLTT RINAAL nazTawdd1a:
«l AT | &5 o I as AII ' =l iy o g =
fin1saranreiuasnagedtiusfieaglusriviiimela Raagdldidnisfniimnausyy e

1]
aarasdn B nnlesulfiasafazainnsnisanisiasoaasdants
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Table 58 Feeding scheme for fodder yeast producticn by M30 in air-lift fermentor using

molasses medium containing 0.1% urea and initial pH 4.5 with aeration rate at

0.75 wm,

Time Feeding volume

(hr) Linear feeding Exponential feeding | Sigmoidal feeding
0 2,500 2,500 2,500
12 - 125 31 16
14 125 44 44
16 125 59 114
18 125 84 123
20 125 114 189
22 125 156 242
24 125 216 188
26 125 296 84

Total 3,500 3,500 3,500
3500
3300

£

Q

E

3 3100

4

h ol

&

£ 2900

=
2700 |
2500 . :

10 14 18 22 26
Time (hr)

—e— Linear —g . Exponentail —g Sigmoidal

Figure 54 Feeding pattern of molasses medium for fodder yeast production by M30 in air-lift

fermentor with aeration rate at 0.75 vwm.
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Table 58 Effect of feeding type an grawth of M30 in air-lift fermentor using molasses

medium containing 0.1% urea and initial pH 4.5 with aeration rate at 0.75 vvm.

Time Feeding type

(hr) Linear Exponential Sigmoidal
0 0.22 0.21 0.22
12 4.86 5.1 4.57

14 11.14 10.81 7.8
16 15.32 14.89 12.46
18 15.65 14.71 15.42
20 19.65 18.89 19.98
22 23.59 24.06 24.49
24 24.68 24.68 25.89
26 25.66 25.52 26.60
30 29.51 30.71 31.57
34 32.26 32.66 33.91
SE.(48) 0.956 0.951 0.971

40 S — -

Dry weight (g/1)

Time (br}

—— Linear _ g Exponential g Sigmaidal

Figure 55 Effect of feeding type on growth of M30 in air-lift fermentor using molasses

medium containing 0.1% urea and initial pH 4.5 with aeration rate at 0.75 vvm.
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Table 60 Effect of feeding type on protein vield of M30 in air-lift fermentor using molasses

medium coentaining 0.1% urea and initial pH 4.5 with aeration rate at 0.75 vwwm.

Time Feeding type
(hr) Linear Exponential Sigmeidal
0 0.1 0.11 0.12
12 2.49 2.69 2.46
14 4.21 4.37 4.83
16 5.77 4.83 7.97
18 6.32 6.71 9.98
20 6.71 9.05 13.19
22 10.56 11.55 16.22
24 10.45 12.63 15.98
26 12.66 156.67 16.02
30 14.16 15.97 16.35
34 16.22 16.05 16.98

Protein yield (g/l}

0 . , : ‘ :
0 12 24 36

Time (hr)

—e—Linear g Exponential w.pg— Exponential

Figure 56 Effect of feeding type on protein yield of M30 in air-lift fermentor using molasses

medium containing 0.1% urea and initial pH 4.5 with aeration rate at 0.75 vwwm,
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Table 61 Effect of feeding type on sugar utilization (g/l) of M30 in air-lift fermentor using

molasses medium containing G.1% urea and initial pH 4.5 with aeration rate at

0.75 vwm,
Time Feeding type
(hr} Linear Exponential Sigmoidal

0 31.2 31.2 31.2

10 45 4.5 6.6

12 (before) 1.2 1.2 2.3
12 (after) 2.7 6.6 2.6
14(before) 14 1.2 0.7
14 (after) 2.9 36 1.4
16(before) 0.5 1.6 3.1
16 {after) 5.6 35 3.6
18(before) 2.2 28 3.7
18 (after) 8.3 3.3 36
20(before) 4.4 05 5.7
20 (after) 12.2 2.2 4.7
22(before) 5.8 1.5 2.3
22 (after) 7.5 2.8 10.9
24(before) 5.5 1.6 6.6
24 (after) 7.2 6.3 12.2
26(before) 6.2 8.3 4.1
26 (after) 6.6 9.3 53
30 3.8 4 35

34 22 2.3 1.9
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35

Sugar concentration (gl

Tirme (hr)

{_._LF —@g—EF . 3..5F |

Figure 57 Effect of feeding type on sugar utilization {g/) of M30 in air-lift fermentor using
molasses medium containing 0.1% urea and initial pH 4.5 with aeration rate at

0.75 vwwm,
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Table 62 Effect of feeding type on ethanol formation (g/l} of M30 in air-lift fermentor using

molasses medium containing 0.1% urea and initial pH 4.5 with aeration rate at

0.75 vwm.
Time Feeding type
{hr} Linear Exponential Sigmoidal

0 1.9 1.9 1.9
10 11.8 10.2 10.4
12 (before) 12.8 12.6 12.4
12 (aften) 118 14.1 14.1
14{before) 19.5 11.4 15.5
14 (after) 17.4 10.8 11.1
16(before) 17.0 12.5 15.9
16 (after) 24.1 12.9 13.2
18(before) 222 10.7 15.6
18 (after) 24.5 12.6 222
20(before}) 21.3 12.4 22.8
20 (after) 219 16.7 27.9
22(before) 22.0 14.2 23.8
22 (after) 220 18.2 29.0
24(before) 22.4 15.5 24.7
24 (after) 29.7 19.4 25.1
26(before) 25.6 242 27.4
26 (after) 20.0 222 276
30 16.3 23.5 21.2
34 11.3 19.0 10.3
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Ethanol concentration {g/l

Q 3 12 18 24 30 36

Time (hr)

e LF —g—EF _.,_S’Fﬁ*]

Figure 58 Effect of feeding type on ethanol formation (g/l} of M30 in air-lift fermentor using

molasses medium containing 0.1% urea and initial pt 4.5 with aeraticon rate at

0.75 vwm.
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3.4 n1InBaUasHRAEIMIIAAIIRUTEUY air-ift fermentor SINRULNATA repeated fed-
o A
batch luszaLfelTe9u

B o

dmiunmasesndaadiasifan faiinssuy airlit sunafielsan ANY 100 ARs
'L'ﬁ’ﬁwﬁnﬁ'ﬂsxnﬂumnﬁ'qwmﬂﬁnl"ﬁué’qmnm?mmmﬁﬁmﬁ WnRnulaldvia draught
tube %147 fiber glass WipdauAndFnsiuFautn airit luealfiifinig wudraungn
panadEasiazBunallsiulindifesiuiidluienl§iBinsnialussezinanmswin Ae
30.58 nfu/ans uazlugudl 2 Wnaniies 12 ol ldiunnusadyeie 26.59 nfwans uas

3nroululsfiu 13.83 n¥u/@ne (Table 63 Wax Figure 59)

Table 63 Time course of fodder yeast fermentation in 100 | air-lift fermentor in mofasses

medium containing 4% sugar, 0.1% urea, aeration rate 0.75 vvm and initial pH

4.5,
Time {h) | Dry weight (g/1) Protein (g/l) Sugar (%w/v) | Ethancl (%v/v) pH
0 0.32 0.16 0.08 3.25 4.50
6 2.45 1.20 0.49 2.67 4.59
12 7.71 4.01 0.98 0.64 4.53
14 8.37 4.94 0.83 0.64 4.54
16 10.15 6.06 1.07 0.72 4.56
18 12,65 7.78 1.42 0.38 4.57
20 16.83 10.94 1.42 0.33 4.63
22 18.25 11.86 2.60 1.34 458
24 20.63 12.93 2.40 1.45 4.48
26 24.51 15.19 3.03 1.78 4.52
30 27.47 15.11 212 1.58 4.67
34 30.58 15.29 1.26 1.18 4.86
Repeat batch
0 9.21 4.61 G.78 4.24 4,75
12 26.59 13.83 0.11 1.19 4.73
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Dry weight or Total protein (g/l)
Sugar conc. {g/l) or Ethanol (g} or pH

Time (h}

|\_.._”'"'D_\N’{QT) —a— Total protein (g/l) _gg~ Ethanol (%wiv) —y— Sugar (%wh) —g— pH

Figure 59 Time course of fodder yeast fermentation in 100 ! air-lift fermentor in molasses
medium containing 4% sugar, 0.1% urea, aeration rate 0.75 vwwm and initial pH
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