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Figure 9. Samples of Loog-Pang in this experiment.
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Figure 10. Hydrolysis of cassava starch by yeasts isolated from Loog-Pang grown on YPC agar.
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Table 10. The amount of reducing sugar produced from hydrolysis of cassava starch by yeast

isolated from Loog-Pang in YPC broth for 72 h.

Reducing sugar concentration

isolate

g/
YCY1 3.53 £ 0.06"
YCY2 3.45 +0.04"
YCY3 3.49 +0.06"

Values are given as mean =+ SD from triplicate determinations.
“Means with different superscripts in the same column are significantly different at P<0.05.
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Table 11. Ethanol production by yeast isolated from Loog-Pang in YM broth containing 11% (w/v)

glucose at 72 h.

isolate Ethanol concentration Fermentation efﬁciency*
(% v/v) (%)

YTB3 4.88" 68.50

YNN8 4.72° 66.25

YPT1 4.62° 64.85

YPT2 4.60" 64.57

YCY3 0.36° 5.05

YCY1 0.35° 4.91

YCY2 0.34° 477

" Fermentation efficiency 100% = concentration of ethanol 7.124% v/v

" Means with different superscripts in the same column are significantly different at P< 0.05
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Figure 12. Morphology characteristics of the yeast strain YCY1 (A) and YTB3 (B).
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Table 12.  The physiological characteristics of the yeast strain YCY'1 and YTB3.

YCY1 YTB3 S. ﬁbuligera* P. anomala’

Urease - - - -

Assimilation of carbon compounds
D-Glucose + + + +
Glycerol + + + +
D-Cellobiose + + + +,-
D-Maltose + + + +,-
D-Saccharose (Sucrose) + + +,- +
Calcium 2-Keto-Gluconate - - +,- +,-
D-Xylose - - - +,-
D-Galactose - - - +,-
Xylitol - - - +,-
Inositol - - +,- -
D-Melezitose - + - +,-
Methyl-D-Glucopyranoside - + ? ?
N-Acetyl-Glucosamine - - - -
D-Lactose - - - -
D-Trehalose - + +,D +,D
D-Raffinose - - +,- +,-
L-Arabinose - - - -
Adonitol - - ? ?
D-Sorbitol - - ? ?

+ = positive
- =negative

D = positive response delayed > 7 days
? =not know

" From Yeast characteristics and identification (Barnett, et al., 2000)



46

4 U o [ X d
3. masmannzimanzanlumsdesnilaiudarzndsannietian Saccharomycopsis sp. YCY1
Yy v o o v a v
3.1 WavesnuNYuveauilaiud)znaausudu
=2 Yy 9 % o v A v 1 A a
msAnyInavesnNuduIuveuilaudlendusududenisniy taznsnan
3’ Aa :3’ . [ a 3 1 a 3’ aa 4
11ANa3 A Iael¥e Saccharomycopsis sp. YCY1 siauaaalumni 13 agisinudn mswanrimnasaid
4 @ @ &Y a 4 a
1o Saccharomycopsis sp. YCY1 ianuduiusnumsniyveuse uazdlsmannududuves
&% o o A 9 1 A A Y a Yy 9 Y o [ d?’ a
uflaiudnlzrauiudu nande Weoldsmmanududuvewiluiudulznasgeiu msnsgves
Y . a aa  od £ y 2
1S0BHA Saccharomycopsis sp. YCY1 azmanaatiiaiasardnazgeliuainluae lumsiuaau
o ) o ] 1T A I o 1 A
wudueantlaiudlyndanin 10 nsuaeans 1y 20, 30, 40 uaz 50 nSuAART 3z IHANMITIY
3’ A & A -4 o 1A [ o 1A o w
Maas A FINNTNIN 3.57 ATuABART 11U 4.91, 6.36, 12.40 LA 14.73 ASUADAAT AINEIAL
A A (a ) A 9 A o 1 A a oy Aa
HoannUTannudutuvesuilaTudun 10, 20 uaz 30 ASudeans Ysuaimasadbes
v o v M 09/’ dy A Lﬂy = 4 .
anaaraaiimsninluszeznan 24 9219 Natienaileann¥edad Saccharomycopsis sp. YCY1
1 1 <3 o o a oy a 4 3
ansndesuileldedesiasalusze: 24 dalueusn il ladsmanimaiardgege Fautleey
= I oy aa 4 Qa: g’ =S Aa 3 9 a a dy
gndaswiuiiaiaiaigvua vinduiaiaiargnszgnldlunisnioavlalaoido
. o Y a oy Aa A [ ] 2 A
Saccharomycopsis sp. YCY1 M l¥dTuaniianasardanaauios 1aaan 24 521ug saliany
Y 2 o A aa o Jd A dy di‘ = 4 .
ARBAIINUNMINARDIVDINGA ITAWUT Lazanly (2537) NANBINSIAOUTOTAR Schwanniomyces
9 7 ) [ 1 4 1 % ) o A
occidentalis TISTR5555 Tagldudlaiudrilenduduuvasasven wun uilaiudnlzndanany
Y 9 J I 4 Y a g‘ Aa J A [ 1A ~ o 2
Wudu 4 nlesidud sz liUSuanimaiardggaga A 21.02 nfusedas Mat 12 92 1us Faudleez
A I g‘ [ o a 3’ 1 =2 o a
gnilaswiuihaanua ndeein 12 s Tuasn Usmanimaszasen anas auded Tuah 36
3’ A9 qu’ dyd g’ Y @ a A o Jd
mamastioenin netifumsiztharagnld ldumsnSyuazimuswuveurad

s 4

4 4
PUUAANT YzNaw (2546) ANBINITAOUTOVAA Schwanniomyces  occidentalis

TISTR5555 Taguilshunslsmniudlendansedunnududu 20, 40, 60 uag 80 ASuAPANT
nudFnauilandaldnnmaiudilsndanseduaise wfu 9.09, 17.25, 23.38 tag 29.83 Ny
1A o w a 1 < o a &
anans mud1ey TavdTunauilazanatediesiaiilu 12 1 Tuasnuesmsniy Sidoandod
v A c?’ dac’d‘ﬂ) 9y 1A g’ aa J A o ~ & A [
nulSnanhianaifisila Tasez ladsunaniaaiarggegandd Ty 12 Feliauniny 7.55,
8.72, 8.78 11a 8.96 NTUANDANT
2
a 4
Chi HazAME (2001) ANYINITTYVOUFOTAR Saccharomycopsis fibuligera sdu u
A 3 1 4 1 a Yy 9 =\ 1 a Aa

p1msniududuunasmsveunud Usuannududuvewndlsiinadenisniy uazdSuna

g’ Aa  JAn Y U A A Y a 9y 9 @ 1A =< [ 1A
1“@1'615@'3“])’1/]1@ ﬂﬁTJﬂ’E'JLllﬂalﬁﬂillWfllﬂ'JHJLGUﬂJGUHEUfJ\‘]LLﬂQ‘Nﬂ 10 NTUADANT D3 5 NTUADANT S
)

FURNTY = oy ana A 3 o 1A I o 1A
lad5inaTdsAunaziihmaiardgedu Ao 104 11u 27.2 nfudedas uag 1.96 15u 5.6 nSudoans

ANAIN
[ 09/’ t:' [ @ o [ Lﬂ' I Y A oy aa J
iuanznwmng lumsgesudluiudilerds s 17 1815 uanianas adaega

U Q

A

91AMINAad Ao IFlFuamidaiudilendusudu 50 nFudeans aa1n 96 1 Tue aziirldla

a g’ Aa oA A A ) 1 A
ﬂiu’lﬂlu’mWaﬁﬂj‘ﬁfﬂlﬁﬁ@qx‘]q@ 0 14.72 £ 0.98 NTUNDAAT



3 ] ] ] ] ] ]
16 - T -
X
14 4 \>T<
12 4 -
10 - -
= T X V2 W
o — 2 X X
(@]

Reducing sugar (g/1)
N
a

X—x

‘0. . %X\X\x

0 20 40 60 80 100 120
Time (h)

——10 0—20 —4— 30 —X—40 —X—50 (g/l)

w13 ravesanuuTusuduvewiuiudnlendinensnsyuasmadoontaiudiile
[ tﬂy = J . oA a = 1A
nas laorodda Saccharomycopsis sp. YCY1 UNNQUNIU 30 DIAUFALFYH (V8N
< 1
AINLII 150 if)‘U@“lf]uTﬁ
Figure 13.  Effect of initial cassava starch concentration on growth and reducing sugar production

from cassava starch by Saccharomycopsis sp. YCY 1 grown at 30 °C on a rotary shaker

at 150 rpm.
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Effect of nitrogen source (0.1%) on growth and reducing sugar production from cassava
starch (5%) by Saccharomycopsis sp. YCY'1 grown at 30 °C on a rotary shaker at 150
rpm.
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Effect of pH on growth and reducing sugar production from cassava starch (5%) by

Saccharomycopsis sp. YCY1 grown at 37 °C on a rotary shaker at 150 rpm.
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Effect of inoculums size on growth and reducing sugar production from cassava starch

(5%) by Saccharomycopsis sp. YCY'1 grown at 37 °C on a rotary shaker at 150 rpm.
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Effect of shaking speed on growth and reducing sugar production from cassava starch

(5%) by Saccharomycopsis sp. YCY1 grown at 37 °C.
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Figure 19. The time course of cell growth and cassava starch hydrolysis by Saccharomycopsis sp.

YCY1 grown at 37 °C on a rotary shaker at 100 rpm.
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Figure 21. Effect of temperature on growth and ethanol production by Pichia anomala YTB3 grown

for 72 h.

XAy
4.2 NAVDINDBIINAY
= =\ Q' Y 1 a a dsl = 4
ANYINAUDINIDFLIUAUADNITLITY HagMIINaAENINea lnal¥edan P.  anomala

Aad s 3 sd ¢ v 1A A v
YTB3 lueins YM nfhaanglaa 11 wesisudailuesnilszney Tasisuamneassuauves

]
ad

2 & g ° v oA - < &
mmimmwmﬂu 4.5, 5.5 118 6.5 1“1‘].]'].]117]@"@1!145]“7] 37 DAY ALY Lﬂuszﬂznm 72 "]f'JIlN

u

lanadaaslunini 22 nuniesiinanen1sniy HazmsnanenIuea lasitey N aune
a dsl = 4 Y ) = 1w o 1 a
MINTYVOUFOVTA P. anomala YTB3 1111 5.5 dziTunalilsdugagaminy 1.2 niudedns
1 4 @ a 1< { 1 a
HAZNUIUNORIDYAAAIOATINTHAADNIUDANIZAARY TATIEF MU AUADNITHAAIDNIUDA
dsl = 4 = (% Y 1a (Y - 4
Taei¥o8dd P. anomala YTB3 Uauminy 6.5 vz ladsuaeniueaminny 2.69 nlosidud lag

1531915



62

w
(3]

70

@
o
1

- 60
2.5 4 - 50
2.0 4 L 40
1.5 - 30

1.0 1 - 20

Ethanol concentration (%vV/v)
Protein concentration (g/l)
Residual reducing sugar (g/l)

°
a
1

- 10

0.0
4.5 5.5 6.5
pH
1 protein concentration m=m ethanol concentration

—A—residual reducing sugar

w22 waEumﬁmméu&'u&iamm?aﬂnmxmsNﬁmamuaamﬂﬁ:a Pichia anomala YTB3 1l
umgil 37 esruraiFea fiszoznan 72 42 T

Figure 22. Effect of pH on growth and ethanol production by Pichia anomala YTB3 grown for 72 h
at 37 °C.
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anomala YTB3 grown for 72 h at 37 °C.
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Figure 24. Effect of initial yeast extract concentration on growth and ethanol production by Pichia

anomala YTB3 grown for 72 h at 37 °C.
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Figure 25.  Effect of inoculums size on growth and ethanol production by Pichia anomala YTB3

grown for 72 h at 37 °C.
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The time course of cell growth and ethanol production by Pichia anomala YTB3 grown

for 72 h at 37 °C.
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Figure 27. Ethanol and protein concentration of various process for starch conversion into ethanol.
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Table 13. Effect of aeration condition on ethanol production by monoculture (Saccharomycopsis sp.

YCY1) and coculture (Saccharomycopsis sp. YCY1 and P. anomala YTB3).

Ethanol Protein Residual Reducing
(g (g/) starch sugar
(&) (&)

momoculture air lock 5.72+0.89 1.41+0.01 0.57+0.02 7.22+0.10

cotton wool 3.42+0.67 2.28+0.06 0.03+£0.00 6.56+0.26

coculture air lock 2.56+0.51 1.334+0.02 1.56+0.02 5.994+0.03

m g QO w

cotton wool 0.35+£0.05 3.06+0.03 0.15+£0.02 16.82+0.23
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Table 14.  Effect of various process on ethanol production.

Ethanol Protein Residual Reducing

(g/D) (g/n) starch sugar

(g (g/)
momoculture B 5.72+0.89 1.41+£0.01 0.57+0.02 7.2240.10
coculture D 2.56+0.51 1.33+0.02 1.56+0.02 5.99+0.03
two-stage K 1.1840.00 1.87+0.17 1.83+0.08 6.10+0.33
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Table 15.  Ethanol production from cassava starch by coculture and two-stage of yeast.

Ethanol Protein Residual  Reducing

(g/n) (g/n) starch sugar

(g (g
coculture  Saccharomycopsis sp. YCY1 D 2.56+0.51 1.33£0.02 1.56+£0.02 5.99+0.03

+ P. anomala YTB3
Saccharomycopsis sp. YCY1 F  3.54+0.98 1.45+0.06 1.18+0.03 5.14+0.20
+ S. cerevisiae TISTR5088

two-stage P. anomala YTB3 K 1.18+0.00 1.87+0.17 1.83+0.08 6.10+0.33
S. cerevisiae TISTR5088 J  2.80+£0.00 1.74+0.15 1.91+0.05 3.66+0.26
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