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

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

pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°C,
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Figure 2.2 Growth (a), total protein (b) and protein content (¢} of S¢90, AM12, M30, F65- TJ1
and TJ3 cultivated in molasses medium containing 2% glucose equivalent sugar

concentration and 0.05% ammonium sulfate, pH 4.5, and incubated in rotary

shaker, 160 rpm, at 37°C.

82



d s =y L P -
2.1.2 Anwramasiivazandivsunisuasnieas wwanmsunanuuulvetnia lu
21N INYIAIA Hgunglge lusiasdianis

o  gal o

Wamanasiiminzandmiunsuansadrasaneiuinanaanld RL-6, AM12
waz M30 Trsniswilnuuuldennia Tuemsnaniimna Henmgige elludeyadmiuns

nanlulasnstaey 2 saty

& 1 1 r

2.1.2.0  madgadasasiugidadanldluenmeniminanandwentuiley
famn vizagFoanududusing q Wuivsdulnne

o é’ d’l’ E a: [ vdg a5 .

nnnRasIaluannnuiaa iusuldidnaataat 2% (glucose equivalent)
wariuanindiosdawn iudu 0.05, 0.1 uar 0.2 % vite RaFuidindu 0.03, 0.05 waz 0.1 % 1
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dolusuen @ewTytindt lneawigluenmsiifiaie 0.1% Ju RL-6 Wiaad 11.93 nfu/ans
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usiilafiansnuntlsfuiamenuindeidsluemneiiuenlinilondan 0.2 % RL-6 Wil
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Fovamdnday RL-6 Lﬁfm?;mlug Gu fnslihmesnds ez Seseasiretunndniosly
929 24 Falueusn uasmeliundanniu etnelsfmudaudinluennsiitiyd 0.1% RL-6 U
Wsfurnamniuiielduesudiondamin uifdniniisadntes Wszneufuiiefansanlu

o ar :'/ ' =<
wdrassan giuilsafialrzunns 10% sewenludlondams Auinlunimasaseliias

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

equivalent sugar concentration and various concentrations of ammonium sulfate

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

Time Ammonium sulfate Urea
) 0.06% 0.1% 0.2% 0.03% 0.05% 0.1%
DwW | TP | DW | TP DW | TP Dw | TP | BW | TP DW | TP
0 | 023 | 0.09 | 023 | 0.09 | 026 | 009 | 023 | 0.09 | 023 | 009 | 0.23 | 0.09
24 | 441 | 188 | 527 | 253 | 491 | 216 | 321 | 154 | 252 | 1.33 | 311 | 1.46
48 | 657 | 223 | 7.20 | 252 | 7.34 | 315 | 689 | 234 | 585 | 217 | 9.00 | 2.61
72 | 604 | 202 | 752 | 278 | 693 | 298 | 945 | 274 | 891 | 2.58 | 11.07 | 2.77
Of | 6.98 | 244 | 644 | 264 | 770 | 339 | 1026 | 246 [ 1098 | 275 | 1193 | 2.86
DW = dry weight; g/l TP = total protein; g/l
Table 2.5 Sugar utilization and ethanal production of RL-6 in maolasses medium containing
2% glucose equivalent sugar concentration and various concentrations of
ammonium sulfate or urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at
37°C.
Time Ammonium sulfate Urea
) 0.05% 0.1% 0.2% 0.03% 0.05% 0.1%
RS |EtOH | RS | EtOH| RS |FEOH | RS |EtOH | RS | E{OCH | RS | EtCH
0 241 [ 0016 | 211 | 0.016 | 211 | 0.016 | 211 | 0016 | 211 | 0.016 | 211 | 0.018
24 | 0.07 0 .11 0 0.25 0 0.17 | 0.142 | 0.2¢ | 0.198 | 0.15 0
48 | 0.05 0 0.05 0 0.04 0 0.15 0 0.21 0 0.12 0
72 | 0.05 0 0.05 0 0.04 0 0.12 0 0.18 0 0.1 0
96 0.04 0 0.05 0 0.04 0 0.08 0 0.10 0 0.11 0

RS = reducing sugar; %

EtOH = ethanol; %wiv

dwiu AM12 wuiuevnsnaniiane Ay FeduuvadulnsiawdastnWiosd

gandnuaziiangt uanvnai WusuTuifieudamn uanamiullsfwimuadadaiganiidntes

uazttuAeiufnL T RL-6 AadletyFathuwvaslulanesu AM12 Snasldhinamesinds uazdl

nrgiraesueaiuga 24 Faluausn uasmneluvdsantiu (Table 2.6 waz Figure 2.4) 1ng

malssuazSulsiuiaunas RL-6 Aidasluamnsiibiug 5 0.1% gandifiandudu

i 1Pl 1
u Anudwiunmesessiellay 18y 0.1% dhumdduinnsg olsfoy dudiaaiud

] 1 v
wu'lu RL-6 Asgifadudiumsaissny Tadlalfmsdunninillsfiuwiumngs widlafarsans
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Wsdulunad wirndanduiisldunudeudamnaududuiliulngsumi 4 fu

(Figure 2.4¢) Tahazuassdniuinsauluamsiliunndsin ifsmeRasinliinisasan

Tsmululoas

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

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

Ammonium sulfate Urea

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

h
() DW | TP DW | TP Dw | TP | DW | TP ow | TP DW | TP

0 023 | 0.08 | 0,23 | 008 | 026 | 0.8 | 0.23 | 0.08 | 0.23 | 0.08 0.23 | 0.08

24 | 3.82 196 | 468 | 215 | 369 | 200 | 558 | 240 | 4863 | 1.80 504 | 1.87

48 5.40 1.78 5.78 1.62 | 4.37 162 | 7.74 225 | 689 | 213 7.61 | 2.1

72 | 7.25 | 232 | 581 1.88 | 473 | 227 | 7.34 | 1.61 842 | 1.85 §.82 | 2.38

96 | 599 162 | 630 | 227 | 437 | 214 | 779 | 234 | 7.88 | 260 | 10.26 | 2.67

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

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

rotary shaker, 160 rpm, at 37°C.
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Figure 2.4 Growth (a), total protein {b) and protein content (c) of AM12 in molasses
medium containing 2% glucose equivalent sugar concentration and various
concentrations of ammonium sulfate or urea, pH 4.5, and incubated in rotary

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

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

Ammonium sulfate Urea

Time

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

RS EtOH RS EtCH RS | EIOH RS EtOH RS E1OH RS E:OH
0 211 |08 | 211 | 0016 | 211 | 0018 | 211 | CO1E | 211 | 0.6 | 211 | 0.016

24 0.09 0 0.13 0 0.10 0 0.12 | 0473 | 015 | 0.463 | 0.44 | 0.158
48 0.05 0 0.10 0.08 0 0.11 0 0.12 0 0.18 0

0

72 0.05 0 £.08 0 0.08 0 0.10 0 0.1 0 0.14 0

96 0.04 0 0.07 0 0.07 0 0.08 0 0.10 0 0.92 0
RS = reducing sugar; % EtOH = ethanol; %wiv

<l

AwFumasstyaes M30 TuawnaminimanilyFodhumd s ianaiugandlu

W I uen st awe Ay RL-6 kaz AM12 Tuuuziihsfuviainauaznigldiin
v ' L 1
AR UANFNALEN Banamiuinirafnsuealugog 24 daluausn wazuneludaaniiu

&

AU EaEn 2 ANEWUG (Table 2.8, 2.9 Ut Figire 2.5) ﬁmﬁdmﬁa‘l‘ﬂg (38 0.05%
i M30 gy lemnanluy(3e 0.1% @milee wilstsianmmsnnddntienitui - fardu
fimmeaessie e Wyde 0.1% Chumsianueudmilnnie: M30 wuduaii sz
msfmsanTlsiilued wumwdoiiiaesamiuginedu Ae luanwiyBududiums
g ladunn Wsiulumagnduiaainasiudotusuinfhanmdumsdulnnauinis Aq
yrilnearaslussiuluadsin Faduldumenssding Sewenbudlondamagnidémsunis

Wiyt awinldwasilUdunmnaild sfiuwasazanluesd (Figure 2.5¢)

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

Ammonium sulfate Urea

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

") DW | TP DW TP DW | TP DwW P DW TP DW TP

0 0.24 | 007 | 024 | 007 | 024 | 007 | 024 | 007 | 024 | 007 | Q.24 | 0.07

24 | 380 | 185 @ 37N 1.82 | 400 | 148 | 3.77 1.43 | 3.71 1.41 3.67 1.59

48 | 328 1.59 | 4.70 202 | 377 1.81 4.84 1.65 | 8.04 | 209 | 6.06 1.76

72 | 310 1.49 | 4.37 1.92 | 3.57 | 1.61 5.31 1.81 7.43 149 | 7.52 | 2,26

96 | 3.29 1.71 4.65 209 | 3.48 1.57 | 4.65 158 | 823 | 206 | 7.52 1,88

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

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

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

2% glucose equivalent sugar concentration and various concentrations of

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

37°C.

Time Ammonium sulfate Urea

) 0.06% 0.1% 0.2% 0.03% 0.05% 0.1%

RS EiQH RS EtOH RS EtOH RS EtOH RS EtOH RS EtCOH

0 211 10016 | 211 | 0016 | 211 | 0018 | 211 | 0016 | 211 | 0016 | 2.11 | 0.01B
24 | 0.18 0 0.11 0 0.11 0 0.13 | 0.534 | 0.13 | 0.495 | 0.09 | 0.503
48 | 0.10 0 0.11 0 0.10 0 0.10 0 0.10 0 0.07 0
72 0.09 0 0.10 0 0.09 0 0.09 0 0.09 0] 0.6 0
96 0.07 0 (.08 0 0.08 0 0.08 0 0.08 0 0.06 0

RS = reducing sugar; %

EtOH = ethanol; %whv

o ar A’ :’r ar X i - o Al
AMiLNIwNAZNaNLEATON 3 Aeriug aldenu 48 Falua luamnefidl

wenluiflundawis wiegdy Arudinduwsine duumsslianmniu wod RL-6 linnnznaumns

Unf ezl AM12 uaz M 30 snmznawldidndetluawnmnaie e Tuawnanduen iy

o ¥ 3 ] Ed 4 i s
Faim 0.2% Wennmenaulsmindndlseluavmduey utloudaivs vide

gFe A wudindudu uas M30 mnezneuligandn AM12 idinfian (Table 2.10)

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

efficiency cultivated in molasses medium containing 2% glucese equivalent sugar

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

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

Sedimentation efficiency
Strain Ammaonium sulfate Urea
0.05% 0.1% 0.2% 0.03% 0.05% 0.1%
RL-6 0.08 0.06 0.07 0.08 0.07 0.07
AM12 0.21 0.21 0.17 0.23 0.22 0.20
M30 0.26 0.22 0.186 0.27 0.27 0.30
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2.1.2.2 mﬂgﬂq%ﬁmuﬁ’uﬁ:ﬁﬁmLﬁanﬂfi’ TugWNIMNMARThNANEIRa TR
Wlisdsing o

Fmnagsfaflugmrsmnims fifly3n 0.1% Chauvaclulaniau Ui Fun
mﬂfiﬁmﬂLﬁﬂ‘lﬁmmsﬁﬁqmﬂﬂ?ﬁqﬁ 2, 3 Uax 4 % (glucose equivalent) uazUi pH 1030 M19
Wiy 4.5 ardidusesisaddusiuiadu 0D, wivil 0.5 Unnaalanuenfigmgd
37°C

1 b4
HANTINARILAAIIN RL-6 1930y TunwnsAiTiunmasan i 3 Arudindiu Tiisina

funnntin g luemnsfidinenasnag 4% dewso Iadgagn Dawddnlugeg 48 Faluausn

a
1 1

P PR a0 e ¢ | e . e o ~
RL-6 uﬂ’l‘;‘mﬁ‘ﬂa!’mflﬂwmw}‘muw]mﬂ?m'n 2482 3% L!.mﬂm’-)“muuﬂM?’lnﬂi‘l@?ﬂ;'luﬂﬁﬂﬁiﬂu

ar

dnmaing 4% anaslinnwniluensfitinanadied 2 uas 3% uasileRansonllsiu
Fomanudnluamnefifhimnadang 4% dlshivumgnidman suieiillsiulumady
i1 dlelvinmnadfatnonudidiui (Figure 2.6¢) yenamiEnnsliimaluewneia
Snma3fiad 4% hudns 24 Fatuausn gandnluewnsiiinmaidaudidiuiu uaz deak
leameaTutag 48 Fatua udadainsMindssanihy %lqvi'lqmmfiﬂlﬂ?mluﬂﬂuﬁiﬁﬂﬁWMﬁﬂ?ﬁaﬁ
diudhsiands Seabaesesligog 24 Falnanan uasesmesmeludsanii (Table 2.11

LR Figure 2.6)

Table 2.11 Growth, total protein, sugar utilization and ethanol praduction of RL-6 in molasses

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

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

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

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

0 023 | 002 | 211 | 0.16 23 | 009 | 332 | 016 | 023 | 009 | 424 | 0.16
24 4.191 1.73 | 0.22 | 0.84 522 | 209 | 045 | 259 | 3.02 | 1.57 | 0O.61 | 2.88

48 | 11.07 | 3.8¢ | 0,08 | O 1268 | 470 | 019 | O 1022 | 429 [ 024 | O
{2 | 1220 | 390 [ 009 | O 1220 1 488 | 0.97 | O 1395 | 656 | 016 | O
96 | 1310 [ 262 | 009 | Q 13.82 | 4.01 | 014 | 0 1476 | 590 | 013 | O
DW = dry weighi; g/ TP = {otal protein; g/l
RS = reducing sugar; % EtOH = ethanol, %w/v

AMFUNAS3UT09 AM12 TuewnaiitimaTandaonudiudusinaiuiulidan

' a~ ar i T:’ .o 1 = 1 -3 I ) ::
wAnsinariunntn Tnaluainafiiinmnassng 4% @ewdnydendwanden wilildsiuiome
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1
) Ll - U

gandndaaiy ludnassannudiududmau uﬂﬂmnuummeo'zﬁ?ﬂ?ﬁu‘lumﬂﬁ@\mdﬂLﬁ@’lﬁfﬁ’]
padtanuciduduian (Figure 2.7¢) usstwizaiiimilu RL-6 Ao sasmsldtimna

dladoadelurhmaiing 4% gnindleded e aiiimaiind 2 uss 3 wenandawri
Townithimaifatany Lﬁﬂﬁu@ﬁut‘%ﬂﬂ%’wLﬂmuaﬂ‘lﬁmﬂ"ﬁu Temuin e sfishinmne

AT 4% AM12 wasmeoaaa 1At 1.1 %wi 1 24 99T (Table 2.12 Uz Figure 2.7)

Table 2,12 Growth, total protein, sugar utilization and ethanol production of AM12 in molasses
medium containing 2, 3 and 4% glucose equivalent sugar concentration and 0.1%
urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at BTOC.

Time 2 % reducing sugar 3 % reducing sugar 4 % reducing sugar
(h) DW TP RS | EtOH oD P RS | EtOH| 0D TP RS | EtOH
0 0.23 | 0.08 | 211 | 0.02 0.23 | 008 | 332 | 0.02 023 | 0.08 | 424 | 0.02
24 362 | 141 ]| 013 | 0.35 482 | 275 | 012 | 0.70 3.69 | 247 | 012 | 1.1

48 7.92 | 263 | 0.08 | © 9.86 | 355 | 009 | O 10.67 | 5.12 | 0.12 | 0.80
72 | 1004 | 271 | 0.04 | © 981 | 363 | 008 | O 1112 | 534 | 011 | ©
96 | 10.04 | 2.89 | 0.04 | O 1053 | 348 | 005 | O 1071 | 589 | 010 | ©
DW = dry weight; g/l TP = total protein; g/l
RS = reducing sugar; % EtOH = ethanol; %w/v

99



16

Dry weight (g/l}
o ~

o
T

Total protein (g/)

Protein (g/100gdw,

Sugar (g/100 ml)

4} 24 48 72 86
Time (h)

‘..*_2% —a— 3% —_e— 4%

Figure 2.6 Growth (a), total protein (b) protein content (c) and sugar utifization (d) of RL-6 in
molasses medium containing 2, 3 and 4% glucose equivalent sugar concentration

and 0.1% urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at37°C.
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A o = e =

nsiasgrad M30 luamwimniheafihimaiag 2% sandmsiady lwaims

w

P
= da o =

183A 3 uaz 4% TelnmasalndiAseiu Wgsualunsdiidsluamnsifiiens
G 3% L%aﬁqﬂw‘%n;né’amn 48 3l uluamnsfifihenaiand 4% Fodsaimaadnsio
fawrhfidarniaetoanas wazdmiuTusdunmuanuinluamfiines3ans 4% mao
‘LﬁTﬂsﬁuﬁgmmga 2.3 whuaadefisglufiflemsiiiihmalfafinimosasanududu
VTWwiaiy RL-6 uar AM12 M30 filusdulmaadgoniudelfihmatiadanudududu
UAETWALARY RL-6 war AM12 fBaduatqluwhansiaad 4% fdanmsldbmasini
uaﬂmnfus)’owumsas’wammuaamwL'ﬁu"ﬁuga EwReniy AMI2 Sadiubadameiugid
UsrfmEmwgslummminiesuaaisuiu (Table 2.13 uas Figure 2.8)

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

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

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

Time 2 % reducing sugar 3 % reducing sugar 4 % reducing sugar
(h) | DW | 7P | RS |EtOH| DW | TP | RS | EtOH| DW | TP RS | EtOH
0 0.24 | 007 | 211 | 0.16 024 | CO7 | 3.32 | 0.1 0.24 | 0.07 | 424 | 0.02

24 | 381 | 179 | 006 | 046 5.2 | 245 | 0409 | 0.70 569 | 330 | 026 | 106

48 | 545 | 1,15 | 0.06 | O 11.93 | 263 | 0.07 | © 11.09 | 5.10 0.2 | 051

72 | 733 | 169 | 005 | 0 11.28 | 271 | 007 | Q 1287 | 532 | 018 | ©
QGJ 790 | 158 | 005 | O 1161 | 280 | 007 | O 13.54 | 528 | 0.16 | O
DW = dry weight; g/l TP = total protein; g/l

RS = reducing sugar; % EtOH = ethanol; Y%w/iv
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Figure 2.7  Growth {a), total protein {b) protein content (¢} and sugar utilization (d} of AM12 in molasses
medium containing 2, 3 and 4% glucose equivalent sugar concentration and 0.1% urea, pH

4.5, and incubated in rotary shaker, 160 rpm, at a7°c.
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Figure 2.8 Growth (a), total protein (b} protein content (¢} and sugar utilization {d) of M30 in

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

and 0.1% urea, pH 4.5, and incubated in rotary shaker, 160 rpm, at 37°¢C.
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2 b .—£ - H H " =
AUTURTANATNaUTBIEARNA 3 @reiug wanmsnanunaaRiiaanas Adidndu
b7 1
AN Wudn RL-6 ldanmzneu Tuaoish AM12 usz M30 anaznauld Tae M30 snmznevlds
1 H =’ - ! ] i ‘o’ =
N91 AM12 Uaznasensienaueed M30 Tuaimsiiiimas aad 3 % Andalue il wimiasaad
=i H1 i %’ = 0 :,a
8n 2 Anudududntien dowgadaad AM12 MRas AW TRINNANET AT 4% T Ansenawls
PO R pupy 1 e ewl [V T 2
AINTUHBLAEN WaMsNRNURNaT AN EN 2 Avnddndwdntias (Table 2.14)
Table 2.14 Flocculation of cells of RL-6, AM12 and M30 expressed as sedimentation

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

equivalent sugar concentration and 0.1% urea, pH 4.5, and incubated in rotary
shaker, 160 rpm, at 37°C.

Strain Sedimentation efficiency
2 % reducing sugar | 3 % reducing sugar | 4 % reducing sugar
RL-6 0.07 0.07 0.07
AM12 0.14 0.16 0.23
M30 0.21 0.30 0.24

L ] v [ 1
2.1.22 nsdedasanaiuiidadentaluamsnaniinig AUFUIE pH Susiu
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aav e lfamnsfivnmeifiad 4 % hugde 0.1% Tanlitfu pH v89em7s (pH = 5.23) vise
1 1

U5 pH Twindy 4 uar 4.5 wnz@alkllacndudueesmasGusiuiaiu 0D, wiadu 0.5 1in

uueTatigumai 3779

L4

= -

HANYINARBIUNAAIINEIAST 3 aneud 193 eyATge WiisBuiovun uazldeiivlu
2 13 ¥

WAREIgA a0 WsH pH 4.5 sauRalinsain s uasTuNNnnng h pH 4 uaz 5.23 (Table
2.15, 2.16, 2.17 uay Figure 2.9, 2.10, 2.11) éiw%’ummnm:nfamﬂudmﬁmﬁunnmfrwmamﬁ
tuNn Ao RL-6 Timnaznen d2u M30 Anmznauandn AM12 ientet (Table 2.18)

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

Time pH 4 pH 4.5 pH 5.23
{h} Dw TP RS | EtOH DW TP RS | EtOH | DW TP RS EtOH
0 023 [ 009 | 211 | 0.16 0.23 009 | 211 | 002 | 023 | 009 | 211 | 0.02
24 237 | 1.21 ) 012 | 0.18 4.41 234 | 007 | 039 | 186 | 089 | 0.05 | 0.05
48 495 | 1.83 | 01 0 1107 | 376 | 0.05 0 3.96 1.31 0.04 0
72 567 | 1.93 | 0.06 0 1269 | 508 | 0.05 0 437 | 1.22 | 0.04 0
96 4.47 1.16 | 0.05 0 1318 | 465 | 0.04 0 53 1.59 | 0.04 0

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

TP = total protein; g/l
EtOH = gthanot, %w/v

104



Table 2.16 Growth, total protein, sugar utilization and ethanol production of AM12 in molasses
medium containing 4% glucose equivalent sugar concentration, 0.1% urea and pH

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

Time pH 4 pH4.5 pH 5.23
(hy | Dw TP RS | EtCH | Dw TP RS | EtOH | DwW TP RS | EtOH
0 023 | 009 | 211 | 016 | 023 | 009 | 211 | 002 | 023 | 0.09 | 211 | 0.02
24 | 237 | 118 | 012 | 056 | 3.92 | 235 | 009 | 073 | 1.86 | 0.88 | 0.13 | 0.54
48 | 495 | 223 | 0.1 0 9.90 | 4.26 | 0.05 0 386 | 1.07 | 0.1 0
72 | 567 | 1.64 | O.NM 0 11.70 | 538 | 0.05 0 437 | 1.40 | 0.11 0
96 | 7.74 | 2.86 | 0.07 0 10.35 | 4.87 | 0.04 0 531 | 154 | 0N 0
DW = dry weight; g/l TP =total protein; g/l
RS = reducing sugar; % EtOH = ethanol; %wiv

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

| Time pH 4 pH45 oH 5.23

(hy | Dw TP RS | EtOH| DW | TP RS | EtOH | DwW TP RS | EtOH
O | 024 | 007 | 211 | 016 | 024 007 | 211 | 002 | 0.24 | 007 | 211 | 0.02
24 | 263 | 116 | 021 | 063 | 360 | 165 | 0.16 | 065 | 2.82 | 124 | 0.20 | 0.62

48 | 456 | 150 | 0.15 | O 799 | 384 ) 010 | O 366 | 128 | 016 | O
72 | 376 | 158 | 014 | O 875 | 376 | 0.09 | O 414 | 149 | 014 | O
96 | 353 | 159 | 014 | O 10.01 | 421 | 007 | O 362 | 145 | 014 | O
DW = dry weight; g/l TP = total protein; g/l
RS =reducing sugar; % EtOH = ethanol; Y%w/v

Table 2.18 Flocculation expressed as sedimentation efficiency (S.E.) of cells of RL-6, AM12
and M30 cultivated in molasses medium containing 4% glucose equivalent sugar

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

shaker, 160 rpm, at 37°C.

Strain Sedimentation efficiency
pH 4 pH 4.5 pH 5.23
RL-6 0.07 0.07 0.07
AM12 0.20 0.22 0.20
M30 0.30 0.36 0.30
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Figure 2.9 Growth (a}, total protein (b), protein content (¢) and sugar utilization (d) of RL-6 in
molasses medium containing 4% glucose equivalent sugar concentration,
0.1% urea and pH was not adjusted (pH 5.23) or adjusted to pH 4 and 4.5,
5.23, and incubated in rotary shaker, 160 rpm, at 37°C.
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Figure 2.10 Growth (a), total protein (b}, protein content (¢} and sugar utilization (d) of AM12
in molasses medium containing 4% glucose equivalent sugar concentration,
0.1% urea and pH was not adjusted {pH 5.23) or adjusted to pH 4 and 4.5, and
incubated in rotary shaker, 160 rpm, at 37°c.
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Figure 2.11 Growth {a), total protein (b), protein content (¢) and sugar utilization (d)
of M30 in molasses medium containing 4% glucose equivalent sugar
concentration, 0.1% urea and pH was not adjusted (pH 5.23) and adjusted
to pH 4 and 4.5, and incubated in rotary shaker, 160 rpm, at 37°c.
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1.1.24  ms@missaneiugisnienldluemsninuims flfuliliuedGusu

RN AT R

1
{ -]

L i I L v
Wwesiarnasaanialuanmnininans AUFnBununanuiaig 1WEiaa

o

=, o= ] 9 [ 1
399 4 % (FugFy 0.1% dhundslulanay U pH sasemns Wwinfu 4.5 mnsde il

1
& o kI

niuresaadBusudatiuy 0Dy, Wiy 0.5, 1, 1.5 usy 2 linuwATaEvignMgR 37°
v (] T
HANITNARDWAMITIAMIL RL-6 1 (HaLFuisad Fusulilinonudiududadlu oD,
2 v
Wiy 1.5 @eanunsaadylagige uaslilysiuiom ngaqasoeiduiy adralsinunfunared

waslsRuanneaflFluf anuusnanefunaniin (Table 2.19 uas Figure 2.12)

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

—

Time | Initial OD,, 0.5 Initial OD, . Initial ODqy . 1.5 Initial ODgyy . 2
(hy | DW| TP | RS |EtoH | OW | TP | RS [EloH | DW| TP | RS |EioH | DW | TP | RS |EOH
O |023 010|419 | 002 | 045 0.20 | 419 | 0.02 | 0.68 | 0.30 | 4.18 | 0.02 | 0.90 0.40 | 4.15 | 0.02

24 1056 | 032|072 |020| 041|020 | 068 0.35| 050|024 ] 052|039 | 0.78]| 0.34 | 051 | 0.40
48 |347 | 187 | 021 | D 446( 226 | 013 [ O 468|291 | 013 |0 446|265 | 015 | 0

72 1156 | 409 | 011 |0 10,15 619 (012 | 0 1279 678 | 011 | D 12.14| 595 | 010 | O
96 287 495|010 |0 1112 483 | 012 | 0 15.79| 616 | 0.10 | O 13.80| 557 | 010 | O

DW = dry weight; g/l TP = totat protein; g/l
RS = reducing sugar; % EtOH = ethanol; %w/v

gy AM12 wud'\f‘%ﬂﬁnwm‘a’*tylﬁ’mﬁ%qqﬁ el 0D, Gasuilio.5 usi |
nﬁulﬁiﬂsﬁuﬁwumﬁﬂﬁ'@m dovarudidurensadGuiuiliiaadinnreaan Ao 0Dy, 2 T
lﬁﬂsﬁu%mmqaqmﬁw (Table 2.20 wa¥ Figure 2.12)

d7w M30 Ty 13y Wiaad ua:‘iﬂsﬁu%wumgqqmﬂm‘ﬁ’ 0Dy, Gl 2 turnusd
leld ob,,, Guduwinfy 1.5 Ao liand uarlUsfuiomasnndndndan wililulsily
wadgandn Jleld oD, Gudurindu 2 Faau (Table 2.21 ust Figure 1.13)

deRansannssnazneusesder 3 anaiug wudAnETNNIANATNEUTUIALY
ﬁ’ums‘mam%'u'] 28 RL-6 laimnpznew Mao annznewléfngs AM12 landle@aedadauninli
OD,,, Buduilu 0.5 e 2 mﬂﬁuﬁmnm:ﬂauﬁndmﬁaﬁf ODqgy G;uﬁuqﬁu \&@ntiat (Table

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

urea and pH 4.5, with initial cell concentration as ODg,at0.5, 1, 1.5 and 2, and

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

Time| _Initial OD,,, . 0.5 Initial ODgyy _ 1 Initial OD,, _ 1.5 Initial OD,, _ 2
(h) | DW | TP | RS |moH | OW | TP | RS |Eton | DW| TP | RS |eon | DW| TP | RS |EwoH

0 | 023|011 | 419 | 002 | 045 | 021 | 419 | g2 | 068| 0.32 | 4.19 | g2 | 0.90| 042 | 419 | poo

24 | 545|348 | 014 | 069 | 520 [ 3.10 | 0.14 | gs3 | 552|365 | 0.13 | g5q | 538 3.39 | 0.12 | g4

48 [ 13.68) 400 | 0.13 | 0.36 |12.38 | 6.1 | Q.12 | ¢ 13.86) 7.09 [ D1 | 1296 720 | D1 |

72 | 1768|543 | 011 (0 1597 (786 | 012 | o 13.58( 665 | 01 | p 14431 805 | 01 | g

Q6 | 16.69( 535 | 0.1 | 0 1337 | 601 | 011 | ¢ 1431 665 | 0.1 | p 16.07| 8.52 | 0.09 | o

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

Table 2.21 Growth, total protein, sugar utilization and ethanol production of M30 in molasses
medium containing 4% glucose eguivalent sugar concentration, 0.1% urea and pH
4.5, with initial cell concentration as ODg,at0.5, 1, 1.5 and 2, and incubated in
rotary shaker, 160 rpm, at a7°c.

Time| _Initial ODyy_0.5 Initial 0Dy, 1 Initial ODg, . 1.5 Initial ODgyy . 2

(h)  DW| TP | RS |ptOoH | DW | TP | RS |EtOH | DW| TP | RS |EtOH | DW | TP | RS |EtOH

0 0.24| 011 | 419 | 0.02 | 047 | 0.20 | 419 | 0.02 | 0.71) 0.30 | 419 | 0.02 | 0.94| 0.40 | 415 | 0.02

24 597/ 3.32 | 0.27 | 0.69 | 687 | 347 [ 021 | 053 | 558) 3.26 | 0.23 | 0.51 | 6.96| 3.26 | D.22 | 0.67

48 9.14| 591 | 014 | 0.38 | 7.97 | 4.87 | D16 | D 10.79( 647 | 0.16 | O 11.92| 630 | 0.18 | O

72 | 1033 665 (011 |0 1044 | 668 | 012 | O 1347|913 (013 | @ 14,79 8.17 | 0.16 | O

05 (1285 599 ( 01 |0 11.14 [ 691 [ 0.11 ) © 10.80| 6.78 | 0.12 | O 14.02) 761 1009 | O

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

110



Dry weight (g/l)

Total protein (g/)
O = N W N~ e w0

70

Protein (g/100 gDW)

Reducing sugar {g/}

. |
0 24 48 72 96
Time (h)

—e—0D05 g 0OD1.0 4 OD15 .5 0OD20]

Figure 2.12 Growth (a), total protein (b}, protein content (¢} and sugar utilization (d)
of RL-6 in molasses medium containing 4% glucose equivalent sugar
concentration, 0.1% urea and pH 4.5, with initial cell concentration as ODy,

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

concentration, 0.1% urea and pH 4.5, with initial cell concentration as 0D,

at0.5, 1, 1.5 and 2, and incubated in rotary shaker, 160 rpm, at 37°C.
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Figure 2.14 Growth (a), total protein (b), protein content {¢) and sugar utitization (d)
of M30 in molasses medium containing 4% giucose equivalent sugar

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

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

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

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

Strain Sedimentation efficiency
tnitial OD,, 0.5 | _Initial OD,,_1 | Initial OD,,_1.5 | Initial OD,, 2
RL-6 0.08 0.07 0.07 0.06
AM12 0.30 0.28 0.21 0.21
M30 0.48 0.39 0.36 | 0.37

2.1.25 ms‘LémEﬂﬁmﬂﬁuﬁfﬁﬁmLﬁﬁn'lﬁ'lumwwmnﬁ’:mﬂﬁqmuqﬁﬁm']

snsiaesdafluamanininma AU Ramninmai el iemnsiii
aaenad 4 % gy 0.1% Wuumaelulaneay Y50 pH Wwindu 4.5 tunaeanageugiline
Faues inzdeldfiawduiuseaadGusuiamiu ODjgge N1 0.5 tinlmennsieiniun o T
gradient temperature incubator 84U H 33-45%% \Sluiagn 48 Falu

HANINARBIUARII RL-6 Lf-t?nglﬁmﬂﬁua:m?ﬁuﬁ'mmegqegm levindi 33°e

warliiasoydi 40%0 don AM12 Boyliigeqn Wietind 33-35%1 uazrlsianssawioy i 43°% T

L5 1
o o s

1 L3
wnusilysiuianneldunnsnafuunninile deed 30-37°% uazdniu M30 Wi lAR way 19

9 1 1
TsRuvianumged 30-33% uagliwiah 43%0 WuiReaiu AM12 HaNTMAREIAINAIZLAAIT

AM12 fidaagaumgfifiily optimal temperature gandniia@iu (Table 2.22 uas Figure 2.15)

Table 2.22 Growth, total protein, sugar utilization and ethanol production of RL-6, AM12 and
M30 in molasses medium containing 4% glucose equivalent sugar concentration,
0.1% urea and pH was not adjusted to pH 4, on gradient temperature incubator

at various temperatures.

Temp RL-6 AM12 M30

(°C) DW TP DW TP DW TP
30 6.35 1.97 5.72 1.89 268 1.31
33 8.55 2.14 6.75 1.82 2.63 1.32
35 7.79 1.79 6.75 1.76 1.83 1.23
37 7.07 1.63 5.22 1.51 1.83 1.08
40 0.05 0 1.04 0.66 1.13 0.73
43 0.04 0 0.04 0 .09 0
45 0.04 0 0.04 0 0.03 0

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

and incubated in temperature gradient incubator for 48 h.

2.1.3 Anwimsanaznavuyas M30 Tusendrmsusinuuulvainta Tu

nnana Taanasle it fermentor

2.1.3.1  ANFRTuaTnIsMnIasIues

vnsnaaaslns@ee M30 luawsnntnsmaiimnmaiiinld Giasmsilae
HPLC Tugdasanglea vsnlna uazalasa) 4.88% give 0.1% wazluunaidan
lolalnsiauneadm 0.05% pH 4.5 Fums 3.5 amg 1w airlift fermentor adEuaii oD
winfin 0.5 walennimszmdtanisuiin 0.75 wm (ﬁmf::ﬁﬁnmLﬂuaquﬁ"mmzau ANTAT
nstlaad 2) AINNITNAREALAAIIT M30 1aSyR Wnas 17.03 nfu/ans 7i 36

dolie Toegadiilusiulusadgs (36-47 nfwans) aaan 48 Salusii@eaie (Table 2.23 uax

Figure 2,16}



2132 msanmrnaulugilaas Sedimentation efficiency
AuA S.E 1eTeRany 24, 36 uaz 48 daliy i 0.32, 0.32 uar 0.74
(Table 2.24)

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

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

0.75 vwm.
Time {h} Dw P TP FS EtOH, pH

0 (.25 43 0.14 4.88 0.15 4.5
12 1.88 47 0.96 0.32 0.65 473
24 8.98 36 2.21 0.28 1.40 476
36 17.03 45 3.96 0.26 Q.57 473
48 17.06 44 3.77 0.12 0.24 4.55
DW = dry weight (g/h) Protein cantent (g/ 100gDW) TP = total protein {g/)
FS = Fermentable sugar (%) FtOH = ethanol (%wiv)

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

Culture age (h) Sedimentation efficiency
24 0.32
36 0.32
48 C.74
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Figure 2.16 Growth, protein content, total protein (a), ethanol concentration, fermentable
sugar utilization and pH {b) of M30 cultivated in molasses medium containing 4%
fermentable sugar, 0.1% urea, potassium dihydrogen phosphate and pH 4.5, in
3.5 | airlift fermentor wih initial cell concentration as ODg, at 0.5 and aeration at

0.75 vvm.

2133 ANEITe4 sediment
dmiunsiamnngeasnznewiy i culture broth 818 36 wax 48 Falus T

Tiradaauidindumin 9 M 18l cylinder sunm 25 ua. dusn wazdnanugandsandald

1 1 kg

1 ¥ =
AN 4 WUIaNITIEIN SREATASAINaIT9E 19adaae M30 intsAnAznauANIN

i
ar oy

aunsadunaiunrTNnguIsRTsauAnENAUnaY Taewudiimadly culture broth 818 36

117



falue fineanazneuiindiizadlu culture broth a1y 48 H1lue Tasgadany 36 99l laks
11 1591 Famnngerasnznould 9.5 1. wasf 30 Tl Sargetesnznevli 6.5 5,
Fowansinluszee 1537 3 pgereamzneuneilie 3 1. iadany 48 Salue edsld
15311 dmpaugeresnznould 8.5 9. unsi 30 Junfl dARarugereamznenld 7.3 . e
uaneinluszez 15 3undt i mugersenznawmylihfing 1.2 9u. Fednndnimulueadany 36
Falug anmiu nsdlaearadany 36 9ol prmgesesnzneufivatlanniuniii 15 aufla
w1 du windu 6.5 huanusfipnugeensnznaudviell ludasnen@isatu lunsdaes
\iadeny 48 42169 Wil 3.5 93, wdean 1w asaaceTegeIaInznauamany Ao
dntion ey iadany 36 dalus ATNgIIeIAznauaARIYiaENdT Tninazuasvingadany 36

d2lue mnmznewdonndtisadent 48 4alas (Table 2.25 wax Figure 2.17)

2.1.3.4  AMUUBTIUIRTEIANZNOY

RINANSANHIRNIY UASTUIAIBIRENBNEART WUdLllaFuwIzTasuia 24
! 1 J ] L3 2
dalie fmenauadien waddanlugfegihusadinaonszaeicll Wiaduadeun 36
o < ¥ X alo 1 - o 4 o
F2lue Remgranunznawgaduinay wasilannubishsannasdeny 48 dalue  Hakansn
MAIBIATNAULAMTY TwinreRznawadtllngiin Tameadeny 36 dalie 1uAzes
rznawirasniaidunumduingudnai 1/ suaressznausadsnimiununadudingud
na19n 2 Hanludee 18.52-44.44 lulasiums / 25.92-51.84 lulrsums doutadent 48 41
Tue aumasinzneugadidmiunnaduirgudnaad 1/ auinresnzneuadiiniduiun
Wuringuenaan 2 Hanlutoq 18.25-118.51 lulasms /18.52-125.92 lulasiums Tnanasa

! ' rd' o = [ - g = - o

nanauamdImuRznautadn 48 dalue frwalugiswauisauainanuluigadens 36 49

{44 (Table 2.27)

2135 Sunmaadnimanuashildsn
annsAnEAuTedRiEan werliil®in Tnanmin direct count T8RS
fiin wet mount 11 methylene blue wudnlwdag 36 drlnarasneminuuuleania aeld
airlift fermentor Y [adianuaiiweadiiTin taofl 48 dalue winth@Rmudndaadme
1 2.5% Tasradifindamauann 5.50x10° wad/us, 7 0 4alue il 4.50x10° wadas.
(nevvuarastadiiuTadiiizin 7 36 salue usy anauthitadiiinn 4.00x10 ad/as

48 414 (Table 2.26)
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Table 2.25 Flocculation of cells of M30 cultivated in molasses medium containing 4%
fermentable sugar, 0.1% urea, potassium dihydrogen phosphate and pH 4.5, in
3.5 1 airlift fermentor with initial cell concentration as 0D, at 0.5 and aeration
at 0.75 vwm. The flocculation was measured as height of cells sediment after

standing culture broth in 25 ml cylinder.

Time Culture broth at 36 h Culture broth at 48 h

Height of Height Height of Height

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

30 second 6.5 3.0 7.3 1.2
45 second 3.8 2.7 6 1.3
1 min 3 0.8 5 1.0
1 min 15 second 2.2 0.8 4.8 0.2
1 min 30 second 2 0.2 4.3 0.5
1 min 45 second 1.8 0.2 4 0.3
2 min 1.7 0.1 3.8 0.2
3 min 1.5 0.2 3 (.8
4 min 1.4 0.1 2.8 0.2
5 min 1.4 0 2.5 0.3
10 min 1.4 0 2 0.5
15 min 1.4 0 2 0.5

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

Table 2.26

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

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

and aeration at 0.75 vwm.

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

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

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

concentration as OB, at 0.5 and aeration at 0.75 vwm.

Time Number of cells/m! Viable cell
{hr} Viable Dead Total %
0 5.50x10° - 5.50x10° 100
12 1.15x10° 1.15x10° 100
24 3.00x10° 3.00x10° 100
36 4.50x10° 4.50x10° 100
48 4.00x10 1.0x10° 4.10x10" 97.6
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2.1.4 MSHARTRNLDY S. corevisiae M30 UAz C. utilis (Raiagesanriy Tngnisusin
wuvliarnaluninshsig lu airift fermentor
$asann S. cerevisige  \hfiafmbignansoldimnafitianiuen 5 s s
WEHULATUNEIINFLIEY Faun s MRS MRININAR enaEe RATEAFLIEY 5
i Nuasmimingna Tutned ¢, utis (Dufasaans\fimaitiendueu 5 f st
ansUsznaumfuauinueelinld  Aaiudcldmanaaies M30 sanf C. utiis KY8 RelHld
5wmmﬁmﬁma uazastlsznaumiueuiiiieglunaninmaldauysel Ssaradanlinisudn
wadliamaaunty faunsidngRutFunoariniy
Lun1enaaeamnIsiae M30 i C. utiis KY8 St airift fermentor finen
wulnelasanistien®t 2 waldannsfimnzandmiunmmanaadess M30 RlFannising
lulasenistenfl 2 Aeldemsnininana®iil fementable sugar (wmzailat HPLC lugtaaq

nglaa vignina uargleg) 4.88% wiFe 0.1% uarluunadeninlalnsiaunean 0.05% pH

]
o & L

45 1Funms 3.5 dms TaeldaadBusudadu 0D wifu 0.5 waslainiAseudnantsmedn 0.75
vvVim

2.1.4.1 mm‘%‘n‘mg:ﬁmm‘m?ﬁuﬁ’wum

HANINAREIAAIISIRIRLY M30 $9uU C. utills IFRPDB014  Sin1suaniadiio
ninideides M30 Bn g usiidle 36 4ol wadTAAlA s uR U Y g9y C. utilis
FRPDB014 fleiRuaidins g fnmeasoranendd uaclieadunui g fuilaasiauiy
M30 (Table 2.28 wat Figure 2.182) laendleiden M30 saufi C. utils Iigadgean 18.1 niw/
dR7 fiaan 36 49l @9 M30 uaz C. utilis IFRPDGO14 ﬁtﬁﬂﬂlﬁﬂ")g IHwad 17.03 uae
16.73 nfu/Ans mudndy 7 36 92lus Tnafi 48 $2lua ¢ wiils IFRPDE014 Wilnadgagn

q
2

19.41 nf/Ams Sauamadanisidede 208in saniuiy (iaunediduisadndansiniy
Favulisunneluesadiin wudndledios M30 $auiu C. utilis IFRPDE014 il
£ protein content uazlulsAuemmadndn Weides M30 I.Fﬂ"mg uaTiin g Ui C. utilis
IFRPDB014 LE‘*’]I‘F;I’J 8 (Figure 2.18b, 2.18c} dmFunnsld fermentable sugar &u M30 hamadn
Miviannsagresndatuszey 12 doluausn dafioniuninies C. utiis IFRPDE014 1Rien g
t,t.aznmgm M30 $aufiu C. utilis (Table 2.28 way Fugure 2.18d)
aﬁ;ﬂlﬁfiwﬁmm‘[ﬂﬁ\ﬁuﬁ’mm uactusihiluerad Weides M30 g N AR
niilados C. utis IFRPDB014 (Rien g sife Wlaidns M30 wat C. utilis IFRPDE014 Sariu
Traanazsiuluradues M30 Weidnaien g Hengenaan 48 ol wmousAisledes ©.
utitis IFRPD6014 Lﬁ'ma waziilai@ns M30 wag C. utilis IFRPDBO014 9 131n)n158aas

1 3 ] L 1 1
gaalUsAulumadfusidnamauny 36 4alug
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Table 2.28 Growth, protein content, total protein, sugar utilization, ethanol production and

pH of M30, Candida utilis \FRPD6014 and mix culture of M30 and Candida utilis

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

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

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

S. cerevisiae M30 +
Time S. cerevisfae M30 C. utilis 3
) C. utilis
DW | P | TP | FS FEtOH| pH |DW | P | TP | FS EtOH| pH | DW| P | TP | FS EtOH| pH
O |o25| 43 | 014 488 |015| 45 (026 | 42 | 0.11]4.88 |0.15| 45 |0.24 | 42 | 010|488 (015 45
12 |1.88 | 47 | 096|032 |0.65| 47 |6.46 | 32 | 2.00{1.93 | 143 | 48 |586 | 34 | 2.01(1.59 [1.29| 46
24 1898 | 36 | 221|028 | 140 | 48 |1278| 18 | 2.33[0.11 |0.93 | 56 [13.01| 16 | 2.08|0.27 [ 110 58
36 [17.03| 45 | 3.96(026 |057| 47 [16.73| 13 | 1.83[03 |0.30| 6.0 [18.10| 10 | 1.36|0.28 | 049 | 5.8
48 |17.06| 44 | 277|012 | 024 | 45 [19.41| 12 | 195(054 | 0.04 | 6.2 |16.75| 12 | 1.43[0.53 [0.05| 6.1

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

Protein content (gf 100gDW)

EtOH = ethanol {%w/iv)
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TP = total protein (g/l)
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Figure 2.18 Growth (a}, protein content (b}, total protein {c), sugar utilization (d), ethano!
production (e) and pH {f} of M30, Candida utilis and mixed cutture of M30
and C. utilis in molasses medium containing 4% fermentable sugar, 0.1%
urea, 0.05% potassium dihydrogen phosphate and pH 4.5, in 3.5 | airlift

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

2.1.42 NITRNATNAY
dufuneanaznauiidalugiees sedimentation efficiency wudn M30 URg < An
] v
penauiftunn (S.E.=0.74) widladaaduiuiu C. utiis IFRPDB014  navuluiiaoinanunen

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

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

Strain Sedimeht"ation efficiency
M30 C. utilis M30 + C. utifis
24 0.317 (.142 0.087
36 0.324 (.031 0.096
48 0.737 c.027 0.097

2.1.43 [NMIULATIUIATDIRZNEY
L) o d” .=4' [ 9 & o ar ni Y
AWFunIaRee M30 hiae v wudidinisaiensnauaiauILman AR
uliluFaainsAnenisannznauges M30 wiiatiiunaesaniu C. utiis IFRPDE014 WU
4 y Y ' Lo 2 &
il Gnmandeiingney 2-3 Aznauaiuil 1 un? Heets 12 dalie Swswasneulilifinay
A=i‘ = = :J nI/ & ar 4=’l1| = o
WATAZNAURWLITLIAANAY  UAYH 24 90lue menawgasnausielyd nanisnaassiidotiugu
97 NIRALA M30 $auU C. utilis IFRPDE014 M1 ltiAuaunsalunisinaznadas M30 usl
Tl c. utiis IFRPD6014  \ufigsnlaimnazney G99nn1svaaefilinunissunguaadineg
(Table 2.30)

Table 2.30 Size of floc of mix cuiture of M30 and C. utilis cultivated in molasses medium in

airlift fermentor with 3.5 | working volume.

Time Floc size = 1% diameter / 2™ diameter (U)
(h) Floc no.1 Floc no.2 | Flocno.3 |Floc no.d | Floc no.5 | Floc no.6
0 22.22/29.63|29.63/40.74|37.04/51.85 - - -
12 18.52/33.33(18.52/37.04 - - - -
24 - - - - - -
36 - - - - - -
48 - - - - - -

* Number of floc in 1 mm2

126




2144 Smowsadanainuarhiniiin

AMNNIANSNONIAARETAA WialaE M30 $anfiu C .utilis IFRPDB0T4  11ad
Wndruauann 6.5 X 10° adas. 1ifhs 7.5 X 10° ieadiun. 7 36 4ol uash 48 Falu wiad
AARMIUAY MRDLTRRTIITIN 3.5 X 10° RS, Favinil 94% TnaTadvavae (Table 2.31)
AW M30 iradifnduonan 5.5 X 10° imad/an. @ 0 9ol 1y 4.5 X 10° iad/aa. 7 36
dalua wAf 48 Falie SuuEadRETananaving 40X 107 @adas. Famniy 97.6% 109
iadramalunziy (Table 2.32) lwanidlidedes . utiis B 1 wadavaelu culture
broth fii3nnaanszey 48 4alue TamadiRadiuouann 4.50x10° wad/a. 1l 5.65x10°
wad/ua. 7 12 dalue uanflu 6.00x10° iadiun. 7 36 Falue uazanaed 48 dalus Wwiiuaiy
(Table 2.33)

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

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

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

0 6.50x10° ) 6.50x10° 100

12 5.50x10° 5.50x10° 100

24 6.50x10° 6.50x10° 100

36 7.50x10° 7.50x10° 100

48 3.50x10° 6.00x10° 3.56x10° 94.0

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

Time Number of cells/ml Viable cell
(hr) Viable Dead Total %
0 5.50x10° ] 5.50x10° 100
12 1.15%10° 1.15x10° 100
24 3.00x10° 3.00x10° 100
36 4.50x10° 4.50x10° 100
48 4.00x10° 1.00x10" 4.10x10° 97.6
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Table 2.33Direct count of total and viable cells of C. utflis during aerobic fermentation in
molasses medium containing 4% fermentable sugar, 0.1% urea, 0.05% potassium
dihydrogen phosphate and pH 4.5, in 3.5 | airlift fermentor with initial cell

concentration as ODg,, at 0.5 and aeration at 0.75 vvm.

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

0 4.50x10° ‘ 4.50x10° 100

12 5.65x10° 5.65x10° 100

24 5.50x10° 5.50x10° 100

36 6.00x10° ] 6.00x10° 100

48 5.00x10’ - 5.00x10" 100

[ &y a ) o' o e’ o
2.1.5 ﬂ?‘iﬂﬂlﬂﬂﬂﬁ??l’?ﬁﬂﬂUﬁ?”?ﬂﬁ?ﬂﬂnﬂgnﬂul‘fﬁﬂﬂﬂﬂ@']ﬂ'lﬁ‘ﬂﬁ’;'
HoAndandnanslaaiuisodoalin smnAENauIadas lnsiineas M30 luean
menay viraanmznaulivan luanwildudnmad Feazdqslinisugnisadeaanannavisn iy
9 2
Reednedu aeldmanimeaasldaisatiuvie 4 ¥im A. aluminum sulfate, ferric chloride,
. o pr o v W oy
ferrous sulfate WRE potassium sulfate  1ANAIM culture broth NUEARAIULYNTUGY Tatsiann
1 - %/ 1
ngdestiamuasnndima wuvuliainaa 1 airitt fermentor Wwnnsvagedldieadnias

1
e g

1 4 1
luatmsninumaniuienasaad 4% gise 0.1% uar Wuradeulsalalasunean 0.1%
Taells airfift fermentor Ml working volume 3.5 &#19 warl¥enid 0.75 vwm afldiees 48
) ] v o=
dqlue Teluanieiiu cutture broth Simad 15.5 nf/ane 3 S.E. iy 0.71 uas & pH 4.91
AWFLATNNMAREY Ae naNaratiuyiTSuRasTiRaslY culture broth T RAadnduingu 2%
(loelaifinnsdfumonududureawadlu culture broth Wasannldsesnislitinasnsenunssifiay
Fevas Fiarainalinisanrznauradsadiaeullatnitiy) aaminmaslu cylinder 2una 25
v o4y
HE, AUIAT WATIAAINGIIBIRLNaUNN 7 WIR AuRsL 5Tl uariaBnATuliemaliug 10
=
Wi
12 [} 3
HANTINAABITINIART WA NN nRE luan wannAsengatadnegiy nsen
1 ] v - |
AznauRmuInagud (S.E. = 0.71) wandiasdaliunudies 1 wfl diuaadiinisdusiaiueti
ar 2 . o 2 = :’, Ll =l
daau warannznauaigiu cylinder Sarangeaaaznauld 11 9. uazdlestldan 1 i

ANZNTRIRLNDUARRIBLNTIAEY AD MEBAINAITBIRENDU LAiEN 7.55 Wil Tawiaiud
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s 1 Ao 2 AINGITIBIATNEY ARlDa 3.45 T, TuaniedinnranatTaeanng
YRALNAUTLATNIATIRNAY 1 ST 2 uazu AT 3 ATINQIARARY 1.15 T3,
TR 3 uazuniii 4 AYMGITBIAZNEUARRY 0.65 T, WA STWINUTIT 5 FULATT 10
ANNGIIBIAZNAUAAAY 1.2 9. (1.2 . /5 W) Fewadldannimeasaihuiasdutuin
WwAagNANANITalUNTANAENAaWANAN (Table 2.34 uas Figure 2.19)

Anmsdin aluminum sulfate udnsldinsanmeneuteatadituiedinten
Sleifiauiy culture broth AlallFnansdomnazneuach! Tatszuinaundiil 1 fnia 2
AINGIIBINTNAURARY 5.15 T, tﬂﬂﬂﬁqumﬂtﬂ’ﬂuﬂﬁﬁﬂﬂmLﬁm“.}ﬁﬂu'lu%u GF
s 5 Ui 10 ArmgeIaIRzneuaReY 1.25 Tt (1.25 931, /5 un¥) (Table 2.34
Was Figure 2.19)

AMFLN9FY ferrous sulfate war potassium sulfate uldluvinuaafeniu Aa
inlinsanazneufduivadnien Tnassuinauniii 1 Aufifl 2 mageresnznauanag
49 7. dieifin ferrous sulfate ey AMHNEITENAZNBUARRY 4.23 TU. e potassium
sulfate wazifuiRgiy mmqwmm:nfauﬂmﬁfﬂﬂauﬁﬂLqmmﬂﬁu uaz szwdnun?idl 5 fu
wATidi 10 ATHGIIBIRZNAURARY 1.3 90, (1.3 3. /5 WIH) uax 1.14 (1.14 9./ 5 UW)
AINANRY (Table 2.33 uag Figure 2.19)

WRAMFUNSEN ferric chioride Wnamnemssdan dasamilediuadlulu culture
broth Wudainli culture broth ﬂjuLLuuﬁﬁTﬂau Tlaunsadanisanaznawls

HANNSNAREITEIN [IAFIRY M30 AnAnauRnn s HERT e R
nsBsuazENasang 1 Wil insanasneuddwnnin fuhAdiduiufesiivans

a9 daenisenazney edaauanigadeantnld
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Table 2.33 Sedimentation of celis in 48 h culture broth of M30 {cultivated in molasses mash
containing 4% reducing sugar, 0.1% urea and 0.1% potassium dihydrogen
phosphate in 3.5 1 working volume with .75 vwm) after mixing with some
inorganic compounds.

Standing Control Aluminum suifate | Potassium sulfate | Ferrous suifate
Time Height of | Height | Height of | Height |Height of| Height |Height of| Height
(min) sediment |reduction| sediment | reduction |sediment |reduction |sediment |reduction

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

1 1.3 NR 13.5 NR 12.0 NR 13.5 NR
2 7.8 35 8.4 52 7.8 4.3 8.6 49
3 6.6 1.2 6.9 1.5 6.6 1.2 7.1 1.5
4 6.0 0.6 6.4 0.5 6.0 0.6 6.6 06
5 55 0.5 58 0.7 5.2 0.5 6.1 0.5
i0 4.3 1.2 45 1.3 4.3 1.1 4.8 1.3

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

15

10 |

Height of sediment (ct

0 1 2 3 4 5 6 7 B 2] 10
Time ()

—a— Cantrol —g— Aluminum sulfate

—e— Potassium sulfate —g— Ferrous sulfate

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

inorganic compounds.
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<t ar a o o = ¥ )
22 garnnpznaudiuiumsnaniizdainsans ialtuinnduiuduaiasy
ar ol .. W soler = = «f =
2.2.1 APLABN S. cerevisiae AIEWUGNAMTIAsRYuaslUsAuge tlatdeely
2MMITUININGT Naunnlga
- . . < 3 de?
VANSIRENEIAR S. cerevisiae 10 @1uWLg TuaMIUININAT NIUNART
A 2% (glucose equivalent) wazuanlsiluudam 0.05% Tudaad Uiy pH Guduaas
MWL 4.5 wardFuanudnturangas Fusiy Inadaduacntui 660 wiluwwms
1 4 1
(ODggy) WML 0.5 (MAANSiNauFnuasandag lutnnind i ldszanaimseanuds)
LnuuAzesiaenaiga 150 sausewnd fignminll 37 %9 meadaniaadty Uinnn

& 1
Tusfu sannainanassaduazen sedimentation efficiency (S.E.) Wn 24 daluaiiluean 4

ar

U

Table 2.34 Growth and total protein of Sc90, AM12, M30, TJ1 and TJ3 in slop waste
medium containing 2% glucose equivalent sugar concentration and 0.05%

ammonium sulfate, pH 4.5 and incubated in rotary shaker, 150 rpm at 37°C.

Time Sca0 AM12 M30 T TJ3
{h) DW TP DwW TP DW TP DW TP DwW TP
0 025 0 022 10 023 | 0 022 | 0 032 | 0

24 254 002 | 049 | O 535 | 008 | 031 | O 2.13 | 0.02

48 1027 | 042 | 180 | 013 | 460 | 112 | 113 | 017 | 2.44 | 0.18

72 819 | 058 | 493 | 0.83 | 475 | 0.32 | 1.45 | 0.31 2.18 | 0.38

96 823059 | 728 | 089 | 973 002 | 213 | 058 | 0.69 | 0.46
DW : dry weight (g/i} TP : total protein {g/)

Table 2.35 Growth and total protein of MR195, RLE, MR-F44, MR-F65 and F65-UVEQ in
slop waste medium containing 2% glucose equivalent sugar concentration

and 0.05% ammonium sulfate, pH 4.5 and incubated in rotary shaker, 150

rpm at 37°C
Time MR195 RLG Fa4 FB5 FG5-UVES
{h) Dw P DwW TP Dow TR DwW TP ow TP
0 024 | O 0.20 0 0.23 0 0.41 0 0.24 0
24 0.36 | 0 0.44 0 0.54 0 0.80 0 0.60 0
48 045 | O 0.58 0 0.72 0 0.84 0 0.37 0
72 0.68 | 0.16 0.97 0 0.64 4] 0.29 0 1.1 a
96 063 | 036 | 042 0 0.89 0 0.34 0 0.63 0
DW : dry weight {g/l) TP : total protein (g/l)

131



v
o o

ilaRansannassyuan Bl sturestisiie 10 aeRugivanisine
(Table 2.34, 2.35) WUINERS ScO0, AM12 use M30 ﬁnmﬁm‘,@mdﬁaﬁmﬂﬁ’uﬁuq
(Figure 1a, 2a) uszwdvaniliasadaiduian 48 Tolus Saf M30 i nlusiiusangegn
lefuiufadanwugiu Aailinviaiy 1.12 o/ (Figure 2.20b, 2.21b) uazilAnlsiu
Melulgasiyinu 24.32 g/100 gDW Feariidnmnianlsfiumalusadtas T1 faan
96 TaluaRaadntat (Figure 2.20c) ﬁ'ms'”um'l]ﬂfﬁun'mlumaﬁﬁgqmnmmﬁaﬁ TJ3 7
e 96 Faluareanisnsigaiy enadiaanannsnanadeiinutieesnn (Figure 2.202)

nAAILANAINITa lUNTANAENAY (Table 2.36, 2.37, Figure 2.22b,
2.23b) uamInBaRAENUE AM12, M30, TJ1 Uz TJ3 annsaanmznaulia Tnauanalugy
9849 sedimentation efficiency (S.E.) ﬁﬂﬁhﬂg"sijw 0.13-0.25 ’Lummxﬁaﬁmaﬁ’uﬁ%‘uﬁﬂ
Sc90, MR195, RL6, MR-F44, MR-F65 waz F65-UVE9 lipnmznau wazifiefiansundn SE.

gegnaasdainguiinnmazneauld wudniias M30 anunsomnaznewliangalaaiian S.E. ge¥

qaRn 0.25

Table 2.36 Sugar utilization and sedimentation efficiency of 5c90, AM12, M30, TJ1 and
TJ3 in slop waste medium containing 2% glucose equivalent sugar
concentration and 0.05% ammonium sulfate, pH 4.5 and incubated in rotary
shaker, 150 rpm at 37°C.

Time Schl AM12 M30 T TJ3

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

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

24 1066 (001 [076 |0.14 [060 (010 [116 (006 |[0982 | 015

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

72 1047 |006 |043 | 021 053 |0.16 |060 |0.04 |059 | 007

96 044 (008 054 (010 [050 |0.25 | 052 013 |052 | 0.05

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

ND : not determined
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Table 2.37 Sugar utilization and sedimentation efficiency of MR195, RL6, MR-F44, MR-
F65 and F65-UV89 in slop waste medium containing 2% glucose equivalent
sugar concentration and 0.05% ammonium sulfate, pH 4.5 and incubated in

rotary shaker, 150 rpm at 37°C.

Time MR195 RLE Fa4 F65 FE65-UVvEa

(h) RS | S.E. RS | SE. | RS | SE. RS | S.E. RS | S.E.

0 1.01 1006 [1.87 |003 (185 [0.03 |183 |002 |1.85 |0.04

24 1.25 | 003 [1.39 [0.02 |137 |0.03 [163 |0.03 |162 |0.03

48 120 |0.08 |1.22 |0.04 |133 |0.02 | 143 |0.07 | 146 |0.05

72 119 1004 130 | 003 |1.02 003 |1.30 |0.06 |1.34 |0.05

96 1.02 |0 1.08 1002 096 |003 |1.28 004 |1.39 |004

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

Foudslidmidentafanefug M30 WdwitAnmaniosfimnzaadmiy
nendmeadsell adndlsfmuiiefarsanBinasimesidiuanuadlunaeans
wmaquwudﬁlﬁmmﬁqmﬂlummﬂgmﬁmﬁmﬂﬁuf{ Sc90, AM12, M30 uaz TJ3 Aanad
at9s9nGrlutnanan 24 Falusrasmamnzies (Table 2.37, Figure 2.22a) LRTWAIAN
fHufasazldhmasteluaunsz et AR MREDE LTI 0.5 % demnzdadedhiam
4 Fu BeavdiuinasenszznanAaus 48 - 96 4aluetesn1snzdnuBunanimal
Wiasuuasnin ‘nmzﬁmmmwumﬂfﬁnﬂmﬁ’falugﬂ dry weight s9uv Bannulusiu
suTfininauatnaiulddn (Table 2,34-2.37 u&x Figure 2.20-2.21) u@m3nadsans
ﬁ’uimﬁﬁl“ﬁﬁﬁmaLﬁfamm‘%mﬁm 0.7-0.8% ?E'awhﬁuﬂ??mmﬁ'\mﬂﬁﬁﬂgluu?ﬁmndqﬁ
WisBenemsinade duflummeasessellisliviuBunanhmasradiusuluaims
smndnewinswnzaos fufesranBinameiaofanudifiegluining ald

WFITENEIMI TR st 0.7%

be

nasndasaunsnasy lnalduvasaniuaulugtassiaadiesFunnnias 4

= = e ey P4 a A o = H
anailaasnannnishiigastadineg lwinnndidudiounnn dadusraueimnin
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Figure 2.20 Growth (a}, total protein (b) and protein content of the yeast Sc80, AM12,
M30, TJ1 and TJ3 cultivated in slop waste medium containing 2% glucose

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

incubated on a rotary shaker (150 rpm) at 37°c.
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Figure 2.21 Growth (a), total protein (b) and protein content of the MR125, RLE, MR-F44,
MR-F85 and FE5-UV89 cultivated in slop waste medium containing 2%
glucose equivalent sugar concentration and 0.05% ammonium sulfate, pH

4.5, and incubated on a rotary shaker (150 rpm) at a7°c.
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Figure 2,22 Sugar utilization {a) and sedimentation efficiency, S.E. (b) of the yeast $c90,
AM12, M30, TJ1 and TJ3 cultivated in slop waste medium containing 2%

glucose equivalent sugar concentration and 0.05% ammonium sulfate, pH

4.5, and incubated on a rotary shaker (150 rpm) at 37°c.
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Figure 2.23 Sugar utilization (a) and sedimentation efficiency, S.E. (b) of the yeast
MR1395, RLE, MR-F44, MR-FB5 and F65-UVE3 cultivated in slop waste
medium containing 2% glucose eqguivalent sugar concentration and 0.05%

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

a7°c.
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Table 2.38 Growth and total protein of the yeast M30 cultivated in slop waste medium
containing various concentration of ammonium sulfate or urea, pH 4.5, and
incubated on a rotary shaker (150 rpm) at 37°C.

Ammonium sulfate Urea

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

(hy |pw |TP |DW |TP |DW |TP |DW |TP |DwW |TP | DW |TP

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

24 1365|151 253128 |3.11|1.43|4.45|1.62|3.52|167 |3.86|1.41

48 | 3750 369 |0 3.64 1026|381 0O 3830 37510

72 | 465|115 500|117 | 458 | 1.01 | 463 | 0.94 | 403 | 1.03 | 460 | 1.11

96 | 565|084 597|085 583/089|519|041|499]0.46|551]048

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

Ammonium sulfate Urea

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

() |RS |pH |RS |pH |RS |pH |RS |[pH |RS |pH |RS |pH

0 0.76 | 45 | 077 | 45 | 077 | 45 |079| 45 | 076 | 45 | 077 | 45

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

48 054] 21 |055| 24 |054| 25 |050| 3.3 |051| 34 049) 34

72 053 | 20 053 20 |052| 3.0 049 3.0 |048| 3.0 | 048 | 30

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

RS : reducing sugar (%)

3 W 1

HANNTNASEUALEA M30 Tuamannind nduenlinfiandaavizey 5y

A dusine Whaualulasaw (Table 2.38, 2.39) wudnludas 24 daluausneeenis
dv :’.‘1 = rdl d” a:d = [ 1 = o n:lI 4 o B 1
wnzlae iy Bk luansily e duudslulnsauatnlusziuiigandndntes us
v [l 1
nMslasunAaIa NS llunnAns U N (Figure 2.24a) WeRasundiunuldsfivnnma
wuluusazantarinaans wudadias Mao iBunadusiusmuussllsiunsluaadgegn
1 173 1
wamndaniiuaa 24 daludlunnnimeaes TasthBunnlusfusugegauviniu 1.67 g/
davaesluamfitly S 0.05% hamaslulasiau sdalsfinuainuilivansteeandd
1 } v ]
unnldsfiusangaganirsanuannngidestias M30 HluermshilyGa 0.03% uumas
Tulnsiaudafidnuvingy 1.62 g wazwinfiansanFannllsfuntaluaadiaswudiuan
Afiutiagann (Figure 2.24b, 2.24c)
5 1 9 2 13 @

A13M9IRALAT LI TR NEIRaT lua v siasade udsanniuadalilidu
A1 4 4 wunirlfsuudan Bunonnaaiasdluenmsisaeliuand1aieluynnig
neae (Table 2.39, Figure 2.25a) WeRansannsilfsuutlas pH 1998115188 Tenaen
srazafiwziana (Figure 2.25b) wudn ammsiidgudluumnaslulnnau 61 pH ana

4 - .;.' 5 X da o
lifndn 3 pearszaznatinaaas lutned pH 1esamaaaataniluanlutandaims
L3 1 :’; cl 1 gl.v -=!i" dy ar
Wuwunaslulanawiuasaaninga 2.5 analunad 48 dfaluaasnisnnziaeauanannidany
N

dndlast M30 AiReifhunan 48 $alue lus sl Fe 0.03% duunadlulasiausiunsann

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

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

medijum containing various concentration of ammonium suifate or urea, pH

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

Nitrogen source Sedimentation efficiency
0.05% Ammonium sulfate 0.47
0.10% Ammonium suliate 0.20
0.20% Ammonium sulfate 0.24
0.03% Urea 0.50
0.05% Urea G.12
0.10% Urea 0.28
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Table 2.41 Growth, total protein, sugar utilization and pH change of the yeast M30

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

4, 4.5 and 5; and incubated on a rotary shaker (150 rpm) at 3700.

Time pH 4 pH 4.5 pHS

{h) DW |TP |RS |pH |DW |[TP |RS |pH |DW TP | RS | pH
0 0241 0 | 091 41032/009|089| 45026 & | 090 5
24 505|147 | 0.67 | 3.84 | 260 099 065|452 266|072 0.66| 5.64
48 6.37 | 254 | 0.57 | 3.99 | 418 | 1.92 | 0.57 | 554 3421 110 | 0.57 | 7.41
72 6.06 | 264 | 0.52 | 432 | 3.82 | 0.77 | 050 | 5.55 | 3.37 | 1.01 | 0.63 | 7.21
96 B.25| 241|046 | 418 | 436 | 1.21 | 049 | 5.39 | 449 | 0.84 | 048 | 6.5

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

RS : reducing sugar (%)

i -1 .Y !D, i os a: ] 47 = =
M30 Masa by luamnsiinind U3y pH Guswviniy 4 InsRsnuas

WunnllsRusangandrAfildaannisvasesiidiu pH Guiuresamisviniu 4.5 uas 5

(Table 2.41, Figure 2.26a, 2.26b) uwarillafiansaunfunallsiunalugaddasingely

ansTUFU pH Gudusnati wudidafmassluenmsinningfidfu pr Suswvindu 4.5

fhBunablsfunialuradganindadiifesluaniasiian pH 4 waz 5 lutag 48 Feluswes

& > s o ¥ i A - o H
NITINIZIALN LWAIAAATAIRAIAINUY (Figure 2.26¢) Wansisaun s asuslagTun e

= -1 1 | o -=a' 1 e 1 ¥ 1 ar = 5.4
AETRITINe N TRETeRUFUINS pH Fudusteiu wudrlifasuuansneiu Tnagiarld

vnsnalldidszann 50% seafiuanimasuduiifiegluemmsianingrniglwean 72 49

L g dl ot Q‘ ] [ = d‘
THa18InIsIATIEeN (Figure 2.27a) 8 M1snndnfdsy pH Busuwiniy 4 Snnsidasy

wilad pH Hasndne wshiuis pH Busuviniu 4.5 way 5 (Figure 2.27b)
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1 1 2 1 v
dieandiadsstiad M30 luenmnsndiu pH Fusuwiniy 4 Tdwunisiasoy

warFunlusiusanlussitigandufiaded pH 2y dalulunimasesselif@aliu pH

1 17 1
BHANI298MTUININENAT 4 ABUNIRIIIZIAEN

1 W b ] '
agalsfimunudndas M30 Adsaluaimanang il i pH Gusiuvinnu 4

1 } 2 1 [
anusoanmznaulstesnduiliaidaaluanmeniian pH 4 usy 5 g 48 $aluareanas

wnzLae Taemmadadn S.E. 1HvinAu 0.25 (Table 2.42)

Table 2.42 Sedimentation efficiency (8.E.) of the yeast M30 cultivated in slop waste

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

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

[nitiai pH of the media

Sedimentation efficiency

4 0.25
4.5 0.28
5 0.38
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Figure 2.26 Growth (a}, total protein (b) and protein content (¢) of the yeast M30

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

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

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

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

2223 nisdeedas M30 'luﬂ')mﬂf'lmnmﬁqmw{}ﬁm'wq
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Table 2.43 Growth, total protein, sugar utilization and pH change of the yeast M30
cuitivated in slop waste medium containing 0.03% urea, pH 4, incubated on

a gradient temperature incubator at various temperatures for 48 hours.

Temp Dry weight Total protein | Reducing sugar pH

(°c) (a/) ) (%)
30 416 3.24 0.50 54
33 3.95 3.44 0.4 54
35 3.40 3.37 0.50 5.4
37 3.86 3.79 0.47 4.7
40 1.12 275 0.48 3.9
43 1.20 2.65 0.50 3.9
45 0.93 3.03 052 4.0

= L4

ol = . a 4: | e (o] | i =t
gam M30 Nﬂ']ﬁ'wi'fgf&qg?ﬂﬂﬂmuﬂuuﬂqﬂqumﬂqWnﬂ‘].l 307 WANWLAINY

] i r 1
uaulisfiusauaslilsiunelugadinduiiadefionmgi 33-37 % Geigoungdl
37%7 wudniliBunnillsfusonunzllsiuneluaadgegn (Table 2.43, Figure 2.28a) L
o T g Y rt:ai = 1 %’ o ul/ =’I"
Inre i asaciimaRearluamsinind1niends 48 dolusrasnsmiziaes
wudnldumnsnaiulusszgunaliasanianizsaeuasiiAnszann 0.5% (Figure 9b) pH

i k4 ] ' i
rae NN deEasgugl 30-35 %1 Inmsuldsuuasain 4 10w 5.4 doud
aumgdi 37 %1 fnnswdsulaadndesfaiumudu 4.7 sasilinuniagasundas pH

9838WTWININETRanNH 40-45 *1 (Table 2.43, Figure 2.28b)
L [ 14
dieRarsnnniaasuazBunnllsiusanasdas M30 Midaeluamstinin

dfianumgdl 35-45%1 edafugnnnigedmwiuninssyaedaiiald wudBaiiinng

=i =

=) i i = ' 1 i a ar = st
\WraRtigaigamail 37°%0 anandnalddgnupiiiuiizand miunmfaaasaasiag

b 1
f Y =

ar ] o
nasusinluamsininduuuidiainianiguon)iigeae 37 4
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Figure 2.28 Growth, total protein and protein content (a); sugar utilization and pH
change (b) of the yeast M30 cultivated in slop waste medium containing
0.03% urea, pH 4, incubated on a gradient temperature incubator at various

temperatures for 48 hours.
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Table 2.44 Growth and viable cell number, sugar utilization, sedimentation efficiency

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

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

Time Dry weight | Viable cell number Reducing S.E Floc size®
(h) {o/l) (cetifml) sugar (%) (L)
0 0.30 1.06 x 107 0.64 0.07 -
6 1.09 1.26x 107 0.56 0.12 -
12 1.73 1.86 x 107 0.48 0.11 | 30.7x30.4
24 2.97 3.10x 10° 0.43 011 | 41.0x286
30 3.27 1,56 x 10° 0.43 0.11 30.2 x 25.1
36 1.76 1.83x 10’ 0.43 014 | 26.9x21.0
48 1.54 1.76 x 10" 0.40 011 | 31.1x19.2
54 1.89 1.55x 10" 0.38 0.12 | 31.6x24.8

* size of viable cell floc

=i

flad M30 Hnsesyudamizdsadlunan 24 4alus Wewiuea dry weight

Y = delole, ot a 7 vé

Winfiu 2.97 g/l uaswuLSuinueadtas M30 iHTIRNAgeqnAe 3.10 x 10" cell/ml 70Uz
% o s n‘; ‘_3': 4 41' %’ ol 3 o
Bl ANa T At e MIHALITaanada N 0.64% Wae 0.43% T ffunsunmasaadas
asnaglusziiinaessraznanfiferiehl manannsoanaznauyesiias M30 ATRAEN

1 o o , ' . [ o év‘ o
sraizianinranalasasiiuldainas S.E. alufnindasuudasliinnin uansinfidany

1
o P

o X L oo oes
mnma‘ﬁnmmmmﬂqm:ﬂfauwaﬂwu"mmmmmm 24 F0Tua299N SN IR FAFIY

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

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

2.2.4 msfinwmsuanmasias M30 Tagnisusinuuyliania lunangs #
qmugﬁgm‘fmﬁm Saccharomyces cerevisiae §auny Candida utilis
MNIBEaEaR S. cerevisiae ANUNUE M30 S C. utilis AneWug

IFRPD6041 (8ms1dau 1:1) lumm'a‘ﬁwmndﬁﬁgﬁﬂﬂmLﬁu%’u 0.03% tJuunas

Tulnsiau U pH Gusfurasamnsliviniy 4 UsuanudnduresgadEusu nadmiu
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Table 2.45 Growth, total protein, sugar utilization and sedimentation efficiency (b) of the

yeast M30 co-cultivated with C. utilis IFRPDE041 (1:1) in slop waste medium

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

C.
Time (h) ODggo Reducing sugar (%) | Total protein (g/l) S.E.
0 0.625 0.81 0.25 0.09
6 1.425 077 0.46 0.09
12 3.250 0.73 0.26 0.07
24 4.237 0.73 0.39 0.06
30 3.787 0.72 0.82 0.07
36 2.800 0.69 0.9 0.05
48 4.925 0.66 1.06 0.07
60 4.237 0.84 1.09 0.12

nevfannamnsanafiunen 24 $alu @ensuszdnadiod M30 uaz KY8 1
AHATEUGIRAT mﬂuﬁ'\ﬂmmjuﬁ 660 unlNAs (OD,) Winfil 4.327 wsiwudndluEunn
Dshusauivintu 0.39 g/ mmxﬁ@zwuﬁmmiﬂsﬁumugmﬁwi'uﬁu 1.09 g/l ile1aan 60 #2
Tnerasmamiziaes wumsulasuulanfinasnmaiandhinaninasesssuzaant
nAges AHANslunsanAzneusesdias fnrwasuuladiintes Tneasdiuliann
Fin S.E. PfinsulAnualadhisnninasesszesiaaiinaaes (Table 2.45, Figure 2.40) WA
dafansanan s E Fanuafinsaanulunimasesinndmsndnmitldannnimasnsi
ks funtsiestas Mao Lﬁ'mmﬂﬁu@ﬁmmqﬁu p1ananalaanistingas C. utilis
IFRPDE041 ﬁ'qtﬂuﬁaﬁﬁ"'lajmnmznauttﬁiﬁmmﬁmiﬂﬁ‘ﬁumn'luwaﬁqﬂﬁ'uﬁﬁlﬁmmmmm

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

drea, pH 4, incubated on a rotary shaker (150 rpm) at 37°C

151



#5lnan1snnaag

=
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1.1 %1 Saccharomyces cerevisiae UM 4 AIERUT mﬁmﬁﬂnmaﬁuﬁﬁﬁﬂs:
gvinmgedmiunainiasiueauazatnsoanazney Iaun1susinias1easaIneInIs
nﬂnﬁﬁmaﬁfqmuqﬁgq anuan1emasesAnEenldaeiug M30 dudurieiudannzna
fvsiniesuealdgean WelddmiuAnmanmsvinesiuessield venaniudsldidenta
AM12 Tlsa@nluunanmaeans meztﬂumﬂﬁ’uémnmznaﬁ&'wﬁn
wswesldgeannglea fadeannisiliananaiadusswinaeiuiihlsdns
mwzgﬂumwﬁnmﬁmﬂaﬁqmmﬁga fuaevufTianAznew (Seki et al. 1983)

12 msfnmantazivenaudwiinminesueaanaTIsNINtEng 189 S.
cerevisiae M30 wag AM12 iUy S. cerevisiae Sc90 a4 lugaanvnssunisuin
weanasadraaleruganlvg lurlsawelng ldnadil

1.2.1 nsluenluilondamn wegdy Thumasiulanauluemsninima
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WNAGINTIEN 2 Srafugweauads Dawfdranndudutesaadazivii iy uenaniiu
M30 famnarnawldfing AM12 dou RL-6 linnasnan duiulumsasldeduladuans
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dalus anmzneuldAndnGieany 48 dalue Yevanou 2.5 i
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faufiu Candida utilis IFRPDB014 Tmanisusinuuyidainia lunintimna W airlift
fermentor
dll f,’ dg =Y a & o dl dl
Wasannlunintamathitmisriinrnfuowinda uaza1stssnauaun S.
cerevisiae W1 Talnalfreamdefisannmsndaasd Jarslsznaumdidumvaeat)
¥ i H 2 ot
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woviagSodluunssiulnnauldliuandadiennin widesanngeilsangnada
uanlilendamn fohdadenldyde poidudy 0.03% Wuumasiulasay

3.2.2 MARBIN pH TR TN NERINTaNdUTUNSHBMTAET A M30

=i . i X H i e - " = =
nilsFuge wud1 M30 dawasluawnaiinand iiu pH Guduyiniu 4 finnsadyy

L]

¥ 1 L ! !
wasaffanaslusfuiavnagendn HeRoluemsiliu pH winfu 4.5 uar 5 Bawldod

anaziiias M30 azanmpznevldieandifinny

o

& A ol ¥ PR PR
3.2.3 NINA/BNALNEEH M30 Ylfgmvlﬂuﬂﬂﬁ'] IUEq“q?uqﬂqﬂﬁqﬂN%L?ﬂ 2N

LY

' &
Wud 0.03% Wuwmaslulngan Uin pH Gusuminnu 4 uasiansmnzidoadunan 48

e wudrmaGouazFuanllsfumuses M30 HiRadluatisianingai 35-45

o

= dl ar =, a [ o =l r:& :’i ot = dl =
sdadea edadugnmpfigedwiunisainaedaiialiiu M30 inaseiusnged
37 %1 ReenanaalFingungiinmunzandmiuniseimadtadingnisuiinluaimna

. R .
nngnuuuliennafigungigee 37 1

]
= =

[ ;7 2’1
3.3 NANEIINIARZNERIBIEAs M30 WaRmRansnn 37 Co lus wisuiningn

4 LH

a oy

o = T ' ar ar ' i o &
PilgEe avndivdu 0.03% uumaslulnsnau Ui pH Guawginiy 4 wuduliamnsiaes
s" = ua: P

Thuaan 24 daluadiast M30 fn1nasygaaauaaraunznauIun v igans 41.0

Tulasiuss x 28.6 Wwilnsums

158
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Tfansatiuvid 4 945la (aluminum sulfate, ferric chioride, ferrous sulfate WA potassium
sulfate) 1ANA31LY culture broth Lﬁ'ﬂéummwﬁn HANNSYARDALAAIIT M30 ANAZNEU
WFnnluansiiindmaadaguda doilinnduaseduddlildgonldtingsn

AENaMRNTY

159



LANAISAN9D

= [

agry AU, Ussind agdounn, afgy waans, derlund sesadomd, yoiles Wus
R7ER

THT TB49ITOUARA LAz NEll AUANAA. 2523-2524. NMIARIRANATENUEIUATEARHD

q 9

winuaaneaed. wih 1/1-1/50. 1 meanidduatuanysal Faansufudgassdninm
niswiniendnueaneged. AWBAadINLAMENITNNTISEUWITIR,

Agay AMuaNAn, Ades eanniiade, delund seeudmi uay devhing Asinioun. 2526. dad

& 1

atsuglul. asarssusudwinuasnageduisdszmalne. 1% 2. atfuvi 2. wih 90.

]
1ed

PRNN Reifu. 2542, nsafndadarawuflminimnlsletueslaTuganeldduunas
Tusfn

Aungs leamalialusTanaradiodu. SnenlinudilFogain, wvingnéy
INHATANART. NN,

Faws gilgn. 2536. nasLlfudpawugnan ussnstArBaTRBnulauneluadgs.
e UNUERynn, IMANENFUINEASAART. NPUNNY,

I ACANS, ATas wanniindy uasaiss aumag. 2531, nsaBiarmuindwiunaa
WaANBEDR. T uNAINASEa T ANt anfuasna il nsdssgadannisees
AMANEAREINRIANARS AT 26. Wi 169-181.

<=l £

YreH Wufuie. 2523, mMedadanaeiustadineninueanagada nnninmg LAz

]
i

wndae, InefinusiBuaning uwidnaiguinensans. nganwe.

1 8 B -
s Tumel 59905091 2521, NsAARITAAR UTANA8R UIAIGLNA LASNTAALRENANY

1
ar gl

wu‘qmﬁﬂ?:'ﬁw%quqLﬁfamwnﬁ’mmanﬂaaﬁ. AneniwusiBnyily. aniinengay
INEATANRAT. NI,

Uslumef Aslsasl. 2521 msﬁ’mLﬁ'@nmﬂﬁuﬁua:n'1n‘éﬂqEaﬁﬁﬁiﬁ?ﬁu@ﬂuﬁﬂﬁwn
mmumﬁ‘LLﬂigﬂmm?ﬁ'qmﬁfm.?meﬁwuﬁtﬁﬂ;mﬁw. HUTINENRELNTATANE AT,
NTANHY.

wede uwunAnes, 2527, nsuantUsiuantadlagltiiannnsudsdanssanmihy

b = =

AR, AnerlwuiilBogain. awinedeineasmans. ngamns.

i
ar a o

fgan Aunfndu. 2539. nsLlfusaiugnssuuasinmaninzimunzansensiags
Saccharomyces cerevisiae. AneNInuELF oA In, #AneduInERsAART. NTUNNY,
590U ayms. 2532, nedmAaniTetadinuenmniiguieldnanqaurizdiediu, nen

Tus1Boygrin, ananenduinenIenans. ngaunw.

160



= -1 - H : - - - o+
anouel noudiez. 2525, naResqAvTdluingaie, InentinusiBaygnin, wmanande
INEATANGRT. NTANNY.

=

anAa Fumagdl. 2521, nadmRenaniuiiamfisndnduansdailenlinoRy
Uszinnuth. IneniinudiBygain, andnadeineasignd. nganwe

813073 unes, Ads AaLfanatia, udl M way 3des nanflnde. 2543, nasly
ﬂa:aW"uqnﬁu‘nﬂqﬁaﬁLﬁmﬁ'uQmmmﬁn‘nmma‘ua:ﬁﬁﬂuﬁﬂﬁmwﬁﬁm{ IR
fromilasamside A 4 wuafaguRugIAInsILasnAlulaAE I N HLITNR. 63
utin,

Bhattcharjee, J. E. 1970. Microorganism as potential sources of food. Adv. Appl.
Microbiol. 13; 139-159.

Brown, S.W., S.G. Cliver, D.E.F. Harrison and R.C. Righelato. 1981. Ethanol inhibition of
yeast growth and fermentation: Differences in the Magnitude and Complexity of the
Effect. European J. Appl. Microbiol Biotechnol. 11: 151-155,

Calleja, G.B. 1987, Cell Aggregation. /n A.H. Rose and J.S. editors. The Yeasts. Vol.2. p
165-238. Academic Press. London.

Chen, S. L. 1981. Optimization of batch alcoholic fermentation of glucose syrup
substrate. Biotechnol. Bioeng. 23: 1827-1836.

Chi, Z. and N. Arneborg. 2000. Saccharomyces cerevisiae strains with different degrees
of ethanol! tolerance exhibit different adaptive responses to produce ethanol. Journal
of industrail Microbiology & Biotechnology. 24: 75-78.

Choi, M.H., G.E. Ji, K.H. Koh, Y.W.. Ryu, D.H. Jo and Y.H. Park. 2002. Use of waste
Chinese cabbage as a substrate for yeast biomass production. Bioresource
Technology. 83; 251-253.

Converti, A., P. Perego, A. Lodi, F. Parisi and M. del Bargahi. 1985. A kinetic study of
Saccharomyces strains performance at high sugar concentrations. Biotechnoi.
Bioeng.27: 1108-1114.

Cubells, M. X., A. Narbad, A.T. Carter and M. Strafford. 1986. Flocculation of the yeast
Candida fatama (Debaryomyces hansenii): An essential role for peptone. Yeast 12
(3); 415-423.

Curto, R.B.L. and M.M. Tripodo. 2001. Yeast production from virgin grape marc.

Bioresource Technology. 78: 5-8.

161



Droste, R.L. 1997. Theory and practice of water and wastewater Treatment. John Wiley,
New York. 800p.

Esser, K. and U. Kues. 1983. Flocculation and its implication for biotechnology. Proc.
Biochem. 18(6): 21-23,

Fernandez, M. and P. F. Fox .1996. Fractionation of cheese nitrogen using chitosan.
Food Chem. 58(4): 319-322.

Gasner C.C. and D.I.C. Wang. 1970. Microbial recovery enhancement through
flocculation. Biotech. Bioeng. 12, 873-887.

Ghose, T. K., Tyagi, R.D. 1979. Rapid-ethanol fermentation of cellulose hydrotysate. |1,
Product and subsirate inhibition and optimization of fermentation design. Biotechnol.
Bioeng. 1: 1401-1420.

Guerrero, L., F. Omit, R. Mendez and J.M. Lema. 1998. Protein recovery during the
overall treatment of waste waters from fish-meatl factories. Bioresource Technol. 63:
221-229.

Hamer, G. 1979. Biomass from natural gas. /n. Economic Microbiclogy, Vol 4, pp.415-
360 {Editor, Rose, A.H.) Academic Press, London.

Hautcourt, O. and K. A. Smart. 1999. Measurement ofbrewing yeast flocculation. J. Am.
Soc. Brew. Chem. 57{4); 123-128.

Hohgson, J.A., D.R. Berry and J.R. Johnston. 1385. Discrimination by heat and
proteinase treatments between flocculent phenotypes conferred on S. cerevisiae by

Huang, C. and Y. Chen. 1996. Coagulation of colloidal particles in water by chitosan. J.
Chem. Technol. Biotechnol. 66(3): 227-232

Jayatissa, P.M. and A H. Rose. 1976. Role of wall phosphomannan in flocculation of
Saccharomyces cerevisiae. J. Gen. Micrebiol. 96: 165-174.

Jin, Y.L., L. L. Ritcey and R. A. Speers. 2000. Effect of environmental conditions on the
flocculation of Saccharomyces cerevisiae. J. Am. Soc. Brew. Chem. 58(3): 108-116.

Jin, Y.L., L. L. Ritcey, R. A. Speers and P.J. Datphin. 2001. Effect of cell surfaace
hydrophobicity, charge and Zymaolectin density on the flocculation of of

Saccharomyces cerevisiae. J. Am. Soc. Brew. Chem.59(1):1-9.

162



Kim, J.K., K.-T. Tak and J.-H. Moon. 1998. A continuous fermentation of Kluyveromyces
fragilis_ fpr the production of high nutritious protein diet. Agricultural Engineering. 18:
41-49.

Kobayashi, O., H. Suda, 7. Ohtani and H. Sone. 1996. Molecular cloning and analysis of
the dominant flocculation gene FLO8 from Saccharomyces cerevisiae. Molecular &
General Genetics. (6): 707-715.

Komada , K. and M. Murata. 1984. On the mechanism of brewer’s yeast flocculation.
Agric. Biol. Chem. 48{10): 2423-2433.

Kosaric, N., A. Wieczorek, G.P. Cosenting, R.J. Magee. 1983. Ethanol fermentation. In .
Dellweg (ed.}). Biotechnology. Vol. 3. Verlag Chemie, Weinheim

Kumnuanta, J., B. Punpeng, V. Vongsuvanlert, K. Komagata and H. Taguchi. 1981,
Ethanol Fermentation by flocculating yeast. Microbial Utilization of Renewable
Resources. Vol.2. JSPS-NRCT Seminar on Agro-Industry Including Microbial
Technology, January 5-8, 1981. Songkhla. pp. 176-180.

Kuriyama, H., H. Ishibashi, H. Miyagawa, H. Kobayashi and E. Mikami. 1993.
Optimization of two-stage continuous ethanol fermentation using floccuating yeast.
Biotechnology Letters. 15(4): 415-420.

Limtong S., M. Nakata, H. Funahashi, T. Yoshida, T. Seki, J. Kumnuanta and T.Taguchi.
1984. Continuous ethanol production by concentrated culture of floccu-lating yeast. J.
Ferment. Technol. 62 (1); 55-62.

Limtong S., T. Seki, T. Yoshida and H. Taguchi. 1988, Simulation and characterization of
fed-batch culture for ethanol production from molasses. Bioprocess Engineering. 2
(4): 141-147.

Limtong S., T. Yoshida, T. Seki, M. Suwana-adth and H. Taguchi. 1986. Effect of some
inorganic salts on growth and ethanol fermentation of S. cerevisiae AM12. Kasetsart
Journal (Science) 20 (2):186-197 .(in Thai)

Limtong, S. 1987. Ethanol Fermentation by Flocculent Yeasts. Ph.D. Thesis. Osaka
University. Japan.

Limtong, S. 1987. Ethanol fermentation by flocculent yeasts. Ph.D. Thesis. Osaka

University, Japan.

163



Limtong, S., M. Nakata, H. Funahashi, T. Yoshida, T. Seki, J. Kumnuanta and T. Taguchi.
1984. Continuous ethanol production by concentrated culture of flocculating yeast. J.
Ferment. Technol. 62: 55-62.

Limtong, S., W. Yongmanichai, P. Thammarate and M. Tantirungkij. 1986a. Progress
Report {August 1985-February 1986) on Hybridization of halotolerant yeast for alcohol
fermentation. A research project USAID/PSTC Program. Grant no. 936-5542-G-00-5080-
00.

Limtong, S., W. Yongmanichai, P. Thammarate and M. Tantirungkij. 1986b. Progress
Report no. 2 (March 1986-August 1986) on Hybridization of halotolerant yeast for
alcohol fermentation. A research project USAID/PSTC Program. Grant no. 936-5542-G-
00-5080-00.

Limtong, S., W. Yongmanichai, P. Thammarate and M. Tantirungkij. 1987. Hybridization

of halotolerant yeast for alcohol fermentation. p.163-171. Proceedings of His

Majesty’s Fifth Cycle Commemorative Conference of USAID Science Research
Award Grantee Nakhon Pathom, Thailand.

Lloyd, D. 5. Morrell, H.N. Carlsen, H. Degn, P.E. James and C.C. Rowlands. 1993. Effects
of growth with ethanol on fermentation and membrane fluidity of Saccharomyces
cerevisfae. Yeast. 9: 825-833.

Loureiro, V. and N. va Uden. 1986. Roles of the specific growth rate and the ethanol
concentration in the adaptation of Saccharomyces cerevisiae to ethanol. Biotechnol.
Bioeng. 28: 1443-1445,

Lyons, T.P. and J.S. Hough, 1970. Flocculation of brewer's yeast. J. Int. Brew. 76: 564-
571.

Miki, B.L.A., N.H. Poon, A.P. James and V.L. Seligy. 1982a. Possible mechanism for
flocculation interaction governed by gene FLO1 in Saccharomyces cerevisiae. J.
Bactericl. 150(2); 878-889.

Mortimer, R.K. and D. Schild. 1985. Genetic map of Saccharomyces cerevisiae. Ninth
edition. Microbiol. Rev. 49(3): 181-212.

Nahamura, H. 1961. Chemical separation methods for common microbes. J. Biochem.

Microbiol. Technol. Eng. 3: 385-403.

164



Paiva, T.C., S. Sato, A.V. Visconti and L.A. Castro. 1996. Continuous alcoholic
fermentation process in tower reactor with recycling of flocculating yeast. Applied
Biochemistry and Biotechnology. 57-58: 535-541.

Pinotti, A., A. Bevilacqua and Zaritzky, N. 1997. Optimization of the flocculation stage in
a model system of a food emulsion waste using chitosan as polyelectrolyte. J. Food
Eng. 32: 69-81.

Precott, S.C. and C.G. Dunn. 1969. Industrail Microbiology. 3" edition. Tokyo.

Reed, G. T.W. Nagedawithana. 1991. Yeast Technology. 2N edition. An AVI Book, New
York,

Rose, A.H. 1993. Composition of the envelope layers of Saccharomyces cerevisiae in
relation to flocculation and ethanol tolerance. J. Appl. Bacteriol. Symp. Suppl. 74:
1105-1188S.

Sattler, L. and F.W. Zerban. 1945. Unfermentabie reducing substance in molasses. Ind.
Eng. Chem. 37: 320-342,

Seki T., 8. Myoga, S. Limtong, S. Uedono, J. Kummnuata and H. Taguchi. 1983. Genetic
construction of yeast strains for high ethanol production. Biotechnology Letters. 5:351-
356.

SekiT., 8. Myoga, S. Limtong, Uedono, J. Kummnuata and H. Taguchi. 1983. Genetic
construction of yeast strains for high ethanol production. Biotechnology Letters. &:
351-356.

Shepherd, R., 8. Reader and A. Falshaw. 1897. Chitosan Functional Properties.
Giycoconjugate J. 14 (4): 535-542,

Singh, D., .M. Banat, P. Nigam, R. Merchant. 1998. Industrial scale ethanol production
using the thermotolerant yeast Kluyeromyces marxianus IMB 3 in an Indian distillery.
Biotechnol. Lett. 20: 753-755.

Soares, E.V, and J. Seynaeve. 2000a. The use of succinic acid, as a pH buffer, expands
the potentialities of utilization of a chemically defined medium in Saccharomyces
cerevisiae flocculation studies. Biotechnology Letters. 22(10): 853-863.

Sree, N.K., M. Sridhar, K. Suresh, |.M. Banat and L. V. Rao. 2000. Isolation of
thermotolerant, osmotolerant, flocculating Saccharomyces cerevisiae for ethanol

production. Bioresource Technology. 72: 43-46.

165



Sree, N.K., M. Sridhar, L. V. Rao and A. Pandey. 1999. Ethanol production in solid
substrate fermentation using thermotolerant yeast. Process Biochemistry. 34; 115-
119.

Sridhar M., N.K. Sree and L. V. Rao. 2002. Effect of UV on thermotolerance, ethanol
tolerance and osmotolerance Saccharomyces cerevisiae VS, and VS, strains.
Bioresource Technology. 83: 199-202.

Underkofler, L.A. and B.J. Hickley. 1854. Alcoholic fermentation of molasses. Industrial
fermentation.

Watson, K. 1982. Unsaturated fatty acid but not ergosterol is essential for high ethano!

production in Saccharomyces. 1982. Biotechnology Letters. 4(6): 397-402.

166



MMANUIN

ar

Tngilszasa

1. iladadenuazfinmmsanaznauyssdadanaznamn (Rocculent yeast)
gmiultlumssiaeruosninmnitas lagmsminuuy fed-batch Sandunaiisas
navu g lna
2. [fadaBanuazfinmnsanaznansasBaaanaznaudmiuldlumsndatad

813807 (fodder yeast) IMNMIAaa wazinneh

eangaiusunninglseasa

Tarannsddeiilianiunsmudnglseasd uatldusmuimguszasifionaling 2

gznng

167



= d = d el )
nangsunaauliuazfanssunlastdunisun

Aangsu

1B 1-6

WWeu 7-12

1. HadmnazneuduiLn1sminesIuea

- Annamasiivnsanduionminiesestes S.
cerevisige @1ENUTANAZNOU unnthena 7
uUNIaY

- Ansndnenuzmenaudadlusswinnnuin
wiuea lunmiina ﬁfqmn@q

2. fanenmznaud MiuNISNRRERAI IS AT

2.1 weldnmmbaaudiiaam

- fnidan s. cerevisiae maiuAiTUsAuuradgiqa
uazl¥ cell mass gege Wevnnaafnuuulianae
Tunantnes fgnmnias

- Aneaniasimnsandwfunsanead Taans
i Ternne lumntnaia ﬁamuqﬁqq

- Anedneusnzneuedtafluszninaniminuuy
Teana lunamitma gy g

- AnmsAnasd wenimudnuunlaina lunan
e ﬁﬂmuqﬁqd dieifes S. cerevisiae $auTTL C.

utilis 7 C. tropicalis

al 2 f a
2.2 algunindutiudiuansy

- Anden S. cerevisiae AeMUAT AW lIITAIGIRR |40 et

uazli cell mass goga evanasuiinuuliainae
Ldinngn Aguvgiigs

- Ananmasimnzandmiunesdnad thenng
winwuyldana ’Luﬁwmmh*?iamuqﬁqq

- Anndnwiuznznaurestialuszyinanimminuuy I
pam# ludnandn Annmnias

- Ansamenamaad Tnsmsunuuniiernie luth
nandn Tignangiigs Flewdne S. cerevisiae $aifu C.
utilis W3e C. tropicalis

3. msAndanansUsznaufiunnzand miudios
ANAENDULTRAEEABTUITAAT
- wmﬂﬂumsﬁ'fmﬂwmnmnau‘lumm:ﬁﬁa‘lﬂﬁ?m
- wmaaum?ﬂmm‘;mnm:nﬂu'lummu%mﬁn;

4. MSLEeUsIEY

- Fanssuiataunuld

168

e RANTIUARNEUNITHIUED



=] ' var o as ey var o
BANAIA1A L ASULNEUNUNAT LASLAS

wanAIAg1az sy

a; £ =,
NATI LA UAT

"lé'mswi'wnfﬁmm:ﬁm wazan1Eh
W ANE MU TNE LA TR

nnua

Anaentdl S. cerevisiae M30 Whianeuganaznaw #llszfnd
DT AMFUNIINIBI AR INEIUIN IR AR
3 uazlians AN zand miunIuan o s Leas N

3 ; :
nmnuwma_ esinlasnisagiun 4 Tudanar igneniige

“lﬁﬁaa&aé’num:mwnﬂ:nawae
MoRuiimiumndaenues 1n

nnvaafiaaLaanle

nfeyadnuuzniemneenentes S. cerevisize M30 Tuszudng
PIRTNIEETURA ARG WemIinlALnTIRE1LLn 7

Turanar Panngias

lisnawuguaranasimeaui
wmunzaNd iU suARDafa Mg

T
AN INNINWIFA

AnRent S. cerevisiae M20 Wuntsudniiaewsdns a1n
Mg wazldaniefivnnsan? N a LA MFuNsHER
faranedad ranisminatuisnininmna Faeni s s

Tuanart wieliania fignuniia

Wanswuguiazamasiimnzaui

WMNITAUAMTUNNTHAREARe W

Anaentd S. cerevisiae M30 duiunisnastadanuisdng

1 ' 1
MAnIng uszldannsimunzanivunzasduiunisuia

dndanuinangn fiadanednd Taanisminatvniiningn funiseeius
Tuanar wialliainia Annwniias
Uifayadnnensanazneugesany | Tideayadnsuenisanazneunes S. cerevisiae M30 Tuszwing

A =

WA s saRDMTdRdaINnIN
1

NWWINEMTNINUIAIA funislattis Tuwanart tiald

81mA Ngnamniige

Wifayadnwusmmnazneueasay

ugdmIuNsu@nensdndaimin

nnan FAnaenls

iayadnmuznsAnRzNawIes S. cerevisiae M30 luszudna
nawinemImnnangl Faanisieenues Tunanan el

eMA higrau)ia

iiayanadesdafomnsdndansy
o rel e A o, o , -
Wugadadan $oui Candida utilis

/ C. tropicalis TuninumTa

Todioymdiniaies S. cerevisiae M30 tRanAefiasemsdnd
fouiiy C. wtilis  TaEMINFMINAMIINININATA /98NS
iweiss Tudanad weldennta fignumgiigs du lbinldnng

= s A:‘ ; o o 1 L
HRPITRAINNTN ussdn inmnasneudauss

I#fayanisidusdiade i dndan
ar e'ai' ar = F 7 o .
YugnARRaN AT C. utilis / C.

tropicalis Tuuinnangn

Uidayadnniades S. cerevisise M30 tRenARdafaunsdn

14
ouriy C. utitis Ingnisnswina i sdinIngT faenIsiven
ust luranar W lvena fgnugilge duarunsudnadlé

N WANTSANRENEURARY

gl syavasniiauasiimandums

TraNATN o UERIVDFA D MNTRA

Tfonainlidnfudaudnasdsnnaznau & miutiouen

a o - - Iy ..
\gaSlUnINARE AR MIAEd WeaniTaduss S. cerevisiae
M30 snpznauldfinnagude wsemeRnanseliuidaly

udsAnnsnanaaLdL WiFn N snn R nOUTAR AT

169




