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ABSTRACT

Lipase producing yeasts were screened and isolated from soil, water and palm
pressed fiber samples collected from crude palm oil factories in southern Thailand using yeast-
malt medium (YM) and isolation medium for yeast (IMY) supplemented with palm oil as a
carbon source. The isolation and selection of lipase producing yeast, performed simultaneously
by adding 0.01 % rhodamine B to detect orange fluorescent-halo colonies as lipase-producing
strains by visualization under UV light at 350 nm, yielded 206 yeast isolates, which 117 and 89
isolates were obtained from YM and IMY medium, respectively. Only 22 and 27 isolates isolated
from YM and IMY medium, respectively exhibited lipase activity assayed using p-nitrophenyl
palmitate (pPNC,,) as a substrate. Only, yeast strain P11I89 showed lipase activity measured by
two-phase emulsion method using refined palm oil as a substrate with the hydrolysis activity of
3.360+£0.069 U/ml whereas the activity of 0.026+0.002 U/ml was shown with p-nitrophenyl
palmitate as a substrate. All 49 lipase-producing yeast cells exhibited the ability to catalyze
esterification reaction of oleic acid and methanol. However, only 16 strains were found to
catalyze transesterification reaction of refined palm oil and methanol. P11189 yeast strain showed
the highest production of oleic methyl ester and methyl ester of 64.123 and 51.260 %,
respectively. Strain P11189 was later identified based on its 28S rDNA sequence as Rhodotorula
mucilagenosa (99% identical over 523/525 bp; GenBank accession number EU637076.1). The
highest lipase activity was reached 0.092+0.005 U/ml (using p-nitrophenyl palmitate as a
substrate) and 5.502+0.094 U/ml (two-phase emulsion method) within 120 h when the cell
growth entered stationary phase.

The maximum methyl ester production of 83.633 % was achieved, when the
refined palm oil transesterification was carried out in the presence of refined palm oil and

methanol at the mole ratio of 1:6 with 11.38 % water (addition of 10 % phosphate buffer pH
&)



7.0). The reaction was catalyzed using 110" cell/g substrate of Rhodotorula mucilagenosa
(2.458 U/ml of lipase activity) under vigorous shaking at 30°C for 72 h. Methyl ester production
decreased to 59.092 % when the transesterification reaction was catalyzed by the recycled yeast
cells. Major compositions of biodiesel were 38.18 % palmitic acid methyl ester, 34.22 % oleic
acid methyl ester, 10.16 % linoleic acid methyl ester and 4.64 % stearic acid methyl ester with

residual of fatty acids of 5.41 % palmitic acid and 1.26 % oleic acid.

(6)
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Figure 1. The transesterification reactions of triglyceride with alcohol to FAME and glycerol.
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Table 1. Comparison of biodiesel production between alkali-catalysis process and

lipase-catalysis process.

Alkali-catalysis process Lipase-catalysis process
Reaction temperature 60-70 °C 30-40°C
Free fatty acids in raw materials Saponified products Methyl esters
Water in raw materials Interference with the reaction No influence
Yield of methyl esters Normal Higher
Recovery of glycerol Difficult Easy
Purification of methyl esters Repeated washing None
Production cost of catalyst Cheap Relatively expensive

31 : Fukuda tagaaie (2001)
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Table 2. Enzymatic transesterification reactions using various types of alcohols and lipases.

Oil Alcohol Lipase Conversion Solvent
(%)
Rapeseed 2-Ethyl-1-hexanol C. rugosa 97 None
Mowrah, Mango, C,, - C,;,alcohols M. meihei 86.8-99.2 None
Kernel, Sal (Lypozyme IM-20)
Sunflower Ethanol M. meihei (Lypozyme) 33 None
Fish Ethanol C. antarctica 100 None
Recycled Ethanol P. cepacia (Lipase PS-30)
restaurant grease + C. antarctica 85.4 None
(Lipase SP435)
Tallow, Soybean, Primary alcohols’ M. meihei (Lypozyme IM60) 94.8-98.5 Hexane
Rapeseed Secondary alcohols’ C. antarctica (SP435) 61.2-83.8 Hexane
Methanol M. meihei (Lypozyme IM60) 19.4 None
Ethanol M. meihei (Lypozyme IM60) 65.5 None
Sunflower Methanol 3 None
Methanol P. fluorescens 79 Petroleum ether
Ethanol 82 None
Palm kernel Methanol P. cepacia (Lipase PS-30) 15 None
Ethanol 72 None

* Methanol, ethanol, propanol, butanol and isobutanol

° Isopropanol and 2-butanol

11 : Fukuda tagaasy (2001)
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Figure 4. Comparison of lipase production processes for methanolysis with extracellular (a) and
intracellular lipases (b).
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Table 3. Properties of palm oils.

Palm Palm kernel
lodine Value 43-59 14-20
Acid Value 15 20
Saponification Value 195-210 240-257
Unsaponification matter (%) 1 1
Total saturated fatty acid (%) 48.05 78.82
Total unsaturated fatty acid (%) 51.95 21.18

d' [ a [} 4
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Figure 5. Structures of acylglycerol.

N1 01 AATT FUAN (2537)

Table 4. Classification of fatty acid arrangement in triacylglycerol structure of palm oil by

saturation properties.

17

Triglyceride Types Composition (%)
Trisaturated (GS,) 10.2
Disaturated (GS,U) 48.0
Monosaturated (GSU,) 34.6
Triunsaturated (GU,) 6.8

37 : Hui (1996)
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(a) (H-OH HOOCR, |CH2—OOCR1
CH-OH +  HOOCR, — CH,-OOCR, + 3H0
CH,-OH HOOCR, CH,-OOCR,
nalyes0a nsa lvdu lasesandiyesoa
(b) (H00CC, H, CH,-00CC, H,,
CH-00CC, H,, |CH—OOCC15H31
CH,-00CC, H,, CH,-00CC, H,,
(tristearin) (1,3-distearopalmitin)

Figure 6. Reactions between glycerol and fatty acid to triacylglycerol (a), samples of simple
triacylglycerols and mixed triacylglycerols (b)
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Table 5. Percent and property of fatty acid of palm olein.

Fatty acid Melting point (°C) Composition (%)
Lauric acid 44.2 0.1-1.1
Myristic acid 52 09-14
Palmitic acid 63.1 37.9-47.7
Stearic acid 69.6 4.0-4.8
Oleic acid 13.4 40.7-43.9
Linoleic acid -17 10.4-13.4
Linolenic acid -17 0.1-0.6

31 : Meclellan (1983)
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Table 6. Property and free fatty acid component of plant oils.

Oil
Details coconut palm palm peanut rapeseed soybean sunflower maize rice
kernel bran
Percent of oils 50" 44-53" 2025”4555 38-44 18-21 22-40 39" 1216
lIodine value 7-12 11-18 50-55 84-103 110-126 123-142 130-144  127-133  91-112
Composition of fatty acid
C<12:0 15.0 8.1 - - - - - - -
C 12:0 47.5 50.4 0.2 - - 0.1 - - -
C 14:0 18.1 17.3 1.1 - 0.1 0.2 0.1 - 0.3
C 16:0 8.8 7.9 44.0 8.1 3.5 10.7 6.0 12.9 15.0
C 18:0 2.6 23 4.5 1.5 1.5 3.9 4.0 2.5 1.7
Other (C20:0,
0.1 - 0.4 4.2 0.9 0.2 1.1 - 0.6
C22:0, C24:0)
Total of saturated
92.1 86 50.2 13.8 6.0 15.0 11.2 154 17.6
fatty acid (%)
C 16:0 - - 0.1 - 0.2 0.3 <1.0 - -
C 18:1 6.2 11.8 39.2 499 60.1 22.8 16.5 33.1 43.0
C 18:2 1.6 2.1 10.1 35.4 20.1 50.8 72.4 48.8 37.4
Other (C18:3,
C20:1, C22:1, trace trace 0.4 trace 11.2 6.8 0.6 2.6 1.5
C24:1)
Total of
unsaturated 7.8 13.9 49.7 85.3 91.6 80.7 89.5 84.5 81.9

fatty acid (%)

g g < ¢ <
"niouznd 1uiie “anie luwde Cnnthdunzateaa ‘anmaatnnina

N1 : dau)aanin wale wudiwilyanavazada oauln (2549)

Aa w ' Y} a s R Y

%']ﬂﬂ']ﬁ‘ﬂﬂﬂﬁﬂvlfllllu@giuiﬂiﬂﬁﬁ’]\iﬂlﬂﬁqﬂiﬂalcﬂﬂllﬁﬂ DIy 94-96

I3 4 g‘ @ o B2 g‘ o 1 a o’/’
Lﬂﬂﬁl“ﬁu@mﬂﬂu’]ﬁuﬂiﬂmf‘]a WWGlﬁ!ﬂﬂ‘!ﬁuﬂﬁﬂlﬂﬂu’]ﬂuLlﬁagsﬁuﬂﬂﬂﬂ']ﬂlﬂﬁlmgﬂ"IfJﬂ"I‘WEU’éN
oy v A as.l‘ =\ va I v A g 4 [ [ oy v A A
wiuiiug Tnuaudaduldawnsalvduiiuesndsznovueg daulugudniniuiyi]
4 v 9 4 1 =2 [ = C% 3
@Qﬂﬂﬁ%ﬂﬂ‘]ﬁ]ﬂ\iﬂiﬂuhlilu ﬂﬁzﬂﬂﬂﬂﬁﬂ‘ﬁ’]ﬂﬂ"ﬁﬂﬂuigﬁﬁ"lﬁ 12 93 18 917 Iﬂflllﬂ'iﬂllalllluﬂﬂ

szianauduas hisudrludSunanuanaiaiu



22

Table 7. Physical and chemical property of plant oils compared with diesel oil.

Plant Oils
Property Diesel Oil
crude palm palm kernel coconut jatropha
1. Specific gravity 0.899 0918 0918 0915 0.81-0.87"
2. Refraction 1.459 1.452 1.449 1.463 n/a
3. Acid value (AV),
6.66 3.18 10.76 0.99 n/a
mg KOH/g oil
4. Free fatty acid, % 237" 1.137 3.83” n/a n/a
6. Saponification value,
202.67 255.00 260.60 145.20 n/a
mg KOH/g oil
7. Water content and
volatile matter, 0.46 0.18 n/a 0.14 n/a
% by weight
8. Viscosity (40 °C),
24.90 28.65 24.85 34.55 1.8-4.1
centistoke
9. Flash point, 0 °C n/a n/a n/a n/a >52

1/ 15.6/15.6°C
2/ as palmitic acid, %FFA (as palmitic acid) = AV/2.19
3/ as lauric acid, %FFA (as lauric acid) = AV/2.81

n/a lifidoya

i
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Y Y
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% oy o J I3 a IJa aaa . . aa [
"lmuuuazumu !,Wi'I$L‘]J’t’)ﬁ’f)@ﬂul“b'ﬂLﬂu@ulﬂ@ﬁﬂlﬂﬂﬂﬂlﬂﬂﬂ{]ﬂiﬂW autoxidation (UF¥1 IAUN

Yuun, 2541)

Table 8. Chemicals properties of fats and oils.

QOil Saponification Number Iodine number
Butter 216-233 26-42
Tallow 190-200 40-48
Lard 190-202 53-77
Whale oil 185-194 110-135
Lanoline oil 192-198 35-46
Coca butter 190-200 35-40
Coconut oil 250-264 7-10
Palm kernel oil 245-255 14-23
Palm oil 195-205 44-54
Maize oil 187-193 103-130
Cotton seed oil 189-198 99-113
Linseed oil 188-196 170-204
Olive oil 188-196 80-88
Peanut oil 188-196 84-100
Rapeseed oil 170-180 97-108
Sesame oil 188-195 103-116
Soybean oil 189-195 120-141
Sunflower oil 188-194 125-136

A an @ 4
N1 : 4B Sauduun (2541)
5. m‘mameu"lmﬂmﬂﬁ

51 mu"lmﬂ"lmﬂﬁ (Triacylglycerol acylhydrolase, glycerol ester hydrolase)
ulsiTanlaaisatilgnser]d 3 via Ae Ujnsenisdesdais
(Hydrolysis) UA5e1msduniiziiodines (Synthesis of ester) tazlfnsomaudioaines

WiA%Y (Transesterification)
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1. Hydrolysis of ester
o) (0]
o I
R-C-O-R° + HO — R-C-OH + HO-R
2. Synthesis of ester

0 0
I J

R-C-OH + HO-R' — R-C-OR" + H,0

3.Transesterification
3.1 Acidolysis
0] (0] (o) (0]
Il , Il I , I
R-C-O-R° + R,-C-OH — R,-C-O-R° + R-C-OH
3.2 Alcoholysis
0] (0]
[ , .
R-C-O-R + R ,-OH——>» R-C-O-R, + R,-OH
3.3 Interesterification
0] (o) (0] 0]
o o o [
R-C-O-R, + R,-C-O-R', —» R-C-O-R', + R,-C-O-R,
3.4 Aminolysis
0] (0]
r , ||
R-C-O-R', + HN-R, —» R-C-NH-R, + HO-R,

Figure 7. Reactions of lipase enzyme.

11 : Yamane (1987)

4 3| S Aaaa a 4
ulyi lanladueu lwins wjnsenlslas lagaTuanaveslasndre 156
@ 3 I Aaan { [ o
landirosoa nia vl uag partial glycerides Fuduilfnsenndoundau’la Taenalylasnd
s % wAa [ 3’
o lsaninsa lviiuTuanae1d (long chain fatty acid) vzlamauialuazaiei lanla
A 1 o 4 1 v W = = o
dnsanIgdesaaiuszeames syrinnsa luiunundaweseaunluanalasndwe 154
a L 1 [ ~ 1 [;” @ 1 ~ 3’ Y ] 4

A5aITINTTHIaEIu lazanerhvesduamsnuazaunazanerh ldimsuy seu laila

a =4 o ' o 1 = J 3 1
nanngaunidamanudumzasdwmisuulasndie l5a oomilu 3 ngu (Macrae, 1983)

£
2

=}
JU
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RCOOCH, CH,0H
I I
R'COOlCHZ —— RCOOH + R'COOCH, + R"'COOCH, + |CHOH

R''COOCH, CH,OH

1. ou Il lTanlard lifianuswwgdedwmvsuu Tuanalasname s
RCOO(|JH2 C|H2OH (|JH20H

R'COOCH, — RCOOH + CHCOOR'—R''COOCH, + CHCOOR'

I I I
R''COOCH, CH,COOR"’ CH,OH

4 d'd o 1 o ] = o
2. oulal laulanfnnudumzaodumus 1 uaz 3 vuluana lasnawe lsa

RCOOCH,  R'COOCH, CH,OH CH,COOR'
I
R’cooclH2 + RCOOC|H2—> 2RCOOH, + (leCOOR' + (leOH
R''coocH, R''coocH, CH,coOR""  CH,COOR"’

4 Ao o 1 a @ =S 4
3. ou lwd lanJaifinnudunizaesiavesnsa ludunuTuana lasnde l5d
Figure 8. Types and reactions of lipase enzyme.

W : Macrae (1983)
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g (thermostable lipase) 19U Bacillus sp. (Handelsman et al., 1994) Baauazsnansonan
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Table 9. Reported lipase producing yeasts, their cellular localization.

Source

Cellular-location

Arxulaaden inivorans

Candida albicans

Candida antractica

Candida ernobii

Candida parapsilosis CBS 604
Candida rugosa

Candida curvata

Candida tropicalis

Candida deformans CBS 2071
Geotrichum asteroids FKMF 144
Geotrichum candidum
Geotrichum sp. FO401B
Kurtzmanomyces sp. I-11
Kluyveromyces lactis
Saccharomysis cerevisiae
Saccharomysis fibuligera
Trichosporon asteroids

Trichosporon cutaneum

Extra-cellular
Extra-cellular
Extra-cellular
Extra-cellular
Cell bound

Extra-cellular

Extra-cellular
Extra-cellular
Extra-cellular
Extra-cellular
Extra-cellular

Extra-cellular

Extra-cellular

Extra-cellular

Trichosporon fermentans WU-C12 Extra-cellular

Yarrowia lipolytica Extra-cellular and cell bound

17 : Vakhul 1tag Kour (2006)
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Table 10. Effect of pH on numbers of yeast strains obtained from water, palm pressed fiber

and soil.
Number of yeast
Samples Number of samples pH range
strains
1 3 4
Water 12 4-6 92
4 7-9 6
9 4-6 70
Palm pressed fiber
1 7-9 5
1 3 2
Soil 7 4-6 25
1 7-9 2
Total 36 - 206

Table 11. Effect of temperature on numbers of yeast strains obtained from water, palm pressed

fiber and soil.

Number of yeast

Samples Number of samples Temperature
strains

8 25-40 56

Water 8 41-60 43
1 61-70 3
9 25-40 70

Palm pressed fiber - 41-60 -
1 61-70 5

6 25-40 20

Soil 3 41-60 9

- 61-70 -

total 36 - 206
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Table 12. Lipase activity of lipase-producing yeasts.

Yeast Temp Activity
Source pH
strain (°C) (Unit/ml)
From IMY
USI52 Waste water 4.0 42 0.004+0.001
u6160 Oil contaminated palm pressed fiber 4.0 37 0.004+0.001
D1169 Oil contaminated brownish color 6.0 34 0.006+0.001
water
P8I21 Oil contaminated palm pressed fiber 4.0 39 0.008+0.003
P6I11 Water around factory area 5.0 27 0.009+0

contaminated oil




Table 12. Lipase activity of lipase-producing yeasts (continue).
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Yeast Temp Activity
Source pH
strain (°C) (Unit/ml)
US8I64 Waste water 4.0 54 0.010+0.002
D1172 Oil contaminated brownish color 6.0 34 0.010+0.002
water
D1173 Oil contaminated brownish color 6.0 34 0.010+0.002
water
AT7146 Oil contaminated soil 4.0 41 0.014+0.002
A3I37 Oil contaminated palm pressed fiber 5.0 31 0.016+0.004
URBI68 Waste water 4.0 54 0.020+0.002
ue6ls7 Oil contaminated palm pressed fiber 4.0 37 0.021+0.003
P2102 Floating oil on surface of 4.0 45 0.022+0.004
yellow color water
P11I89  Oil contaminated brown color soil 5.0 31 0.026+0.002
P4103 Oil contaminated palm pressed fiber 5.0 38 0.028+0.003
P8I20 Oil contaminated palm pressed fiber 4.0 39 0.029+0
D2174 Oil contaminated brown color soil 4.0 35 0.032+0.004
A2129  Oil contaminated palm pressed fiber 5.0 33 0.035+0.009
A3135 Oil contaminated palm pressed fiber 5.0 31 0.040+0.007
P10I124  Turbid yellow color water around 6.0 31 0.061+0.005
factory area
Al127 Soil mixed palm pressed fiber 5.0 33 0.065+0.002
P7113 Oil contaminated soil 3.0 42 0.116+0.005
ASI41 Oil contaminated dark color soil 5.0 32 0.119+0
U3150 Waste water 4.0 53 0.122+0.004
U4I51 Brown color waste water 4.0 64 0.124+0.002
P5107 Oil contaminated palm pressed fiber 4.0 37 0.174+0.003
D2175 Oil contaminated brown color soil 4.0 35 0.219+0.015




Table 12. Lipase activity of lipase producing yeasts (continue).
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Yeast Temp
Source pH Activity (Unit/ml)
strain (°C)
From YM
A6Y58  Oil contaminated palm pressed fiber 5.0 34 0.004+0.001
D2Y95  Oil contaminated brown color soil 4.0 35 0.004+0.001
D7Y109  Oil contaminated palm pressed fiber 7.0 31 0.010+0.002
A1Y40  Soil mixed palm pressed fiber 5.0 33 0.014+0.002
A2Y43  Oil contaminated palm pressed fiber 5.0 33 0.018+0.002
U3Y69  Waste water 4.0 53 0.024+0.001
P6Y16  Water around factory area 5.0 27 0.029+0
contaminated oil
D8Y112  Oil contaminated turbid brown color 6.0 36 0.030+0.002
water
A3Y48  Oil contaminated palm pressed fiber 5.0 31 0.031+0.003
P6Y24  Water around factory area 5.0 27 0.068+0.005
contaminated oil
D5Y101  Oil contaminated brown color water 4.0 35 0.077+0.004
P4Y09  Oil contaminated palm pressed fiber 5.0 38 0.086+0.002
P6Y18  Water around factory area 5.0 27 0.088+0.002
contaminated oil
U4Y73  Brown color waste water 4.0 64 0.098+0.002
D1Y89  Oil contaminated brownish color 6.0 34 0.101+0.002
water
US5Y75  Waste water 4.0 42 0.102+0.001
P2Y04  Floating oil on surface of 4.0 45 0.118+0.010
yellow color water
A5Y54  Oil contaminated dark color soil 5.0 32 0.124+0.002
A6Y59  Oil contaminated palm pressed fiber 5.0 34 0.166+0.008
A4Y52  Oil contaminated palm pressed fiber 6.0 29 0.216+0.006
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Table 12. Lipase activity of lipase producing yeasts (continue).

Yeast Temp
Source pH Activity (Unit/ml)
strain (°C)
U2Y68 Oil contaminated water around 7.0 41 0.248+0.002

factory area

P4Y12  Oil contaminated palm pressed fiber 5.0 38 0.406+0.008

aaa a o Jd a { o
22 anuansalumsisalfdsensumemmeiiinduvesdadnanlanlannaaenla
udiasg

[

4

o A ) o AAa 4 ]
nnmshigaas vy 49 mewugninanssuveuen lyl lanalumsdon
9
©A18 p-nitrophenyl palmitate (pPNC,,) sazinhdu 1nde 3.2.1 viaanuensalums
J Y 4
wljsemaumeamesinsuveuiniuihavusgniuaziunivea sasdiulua 1:3 Tag
1 o W I @ 1 aaa { a
THaadan 1x10" waaaensudumasniuduswjiser  Ngungiives (30£2 aarm
= [ a a J 1 A Jd o oA a a
WaFed) Hazianananunaed@nes WU Noaaiies 16 eeiugiasondanaed
4 Y oA Y o &

mos Taailudaainuen 1891001113 IMY aewus P5I07, P11, P7113, PSI21, A2129, U4I51,
UsI68, D1169, D1173, D2174 wag P11189 uazdaanuonldaine1ms YM feaious p2yod,
Y a3 1A A A o =

P6Y 16, P6Y24, USY75 wag D8Y112 wamsnaaewuaaslimiuitaannaaeu lyl lanlall
anuansalumsiilgnienlelas lagaldgeernse himuzanlumsin§asemsua

an ) a a s a aaa
wamosTingueaus 'l 910 Table 13 udasSuaveuniaednesinaa lwnd§nse
Aan o < Y1 A 4 o 4 a a S YR

niudeames iady azmiulddadaioiug P11189 aunsonaaiaodines 1ana

a g 4

51.26+1.24 nlofidud fnan 72 $2Tus Rgangiiies (3022 esrusaiFos) driudadaionus

U q

Y 1 o

D1169, A2129 1@z P5I07 HasIuNatoanos 1amiiy 3.08, 2.11 tag 2.02 1osi5us auddu

a an o Jd a § @
2.3 anwamnsalumsisalfnsnaeamesilintuvesdanwan lanlafinaenliily
A3

o o o Jaaa | '

VInMaBaas v 49 deiugniinenssuveson lad lanlalumsdes
g’ Y o a Pd
@10 p-nitrophenyl palmitate (pPNC,) taziiniuthdauainde 3.2.1 mAmsizianuaisg
' P '
Tumshlgnseneameslinsuvesnsalomdnusgninummuoa oasdiulua 1:3 Tagld
Y

I J 10 Jd [ I % ] aan A = ~
aayaa 1x10 L“ﬁﬁﬂﬁﬂﬂihﬁﬂﬁlﬁﬁﬂlﬂuﬁﬂliﬁﬂj‘]ﬂ‘iﬁﬂ NYUN YUY (30+2 DA UK ALF )
v

Y o a a a s A dgl = d o @ o a a
uadadsua lomdnunaeames MAAYY WU BAATN 49 TINUT fusonan lotaan



57

a J % 1 aaa an ) @
wiaeames Idannsa luiufesalgiseneamesiindu’la duaasaiu Table 13 Tagdaa
@ 4 a a a S ¥ S I3 4
Aeug P11189 wan Toradnuiialndimos 1agaga 64.12+2.52 1fosigua
a a P 9 o Aaaa an v Aas 4
ninlsuaiaeames i lannmsnlgasomswdedmosTiadunioedrd
v J 1< @ 1 aaa SN A [ % s 3 4
aefug P11189 tHludns 1lgnsen HuTunamnnnga iy 51.26+1.24 nlosisua naz Tera

a a 4 I 3 d KX A = J o e’dy o =2 3
NUNADHINDIYIFA 64.12+2.52 SIRHCIE i]Q!ai’]ﬂﬂﬁ@]ﬁ"llel.!Tg:Hll"Wl']ﬂ']ﬁﬁﬂ‘]&l']sl,usllu@]@u

ao 'l

Table 13. Methyl ester production from transesterification reaction and oleic methyl ester

production from esterification reaction catalyzed by lipase-producing yeast cells.

Yeast strains Hydrolysis activity Methyl ester Oleic methyl ester
(Unit/ml) + SD (%) + SD (%)
P2102 0.023+0.004 - 1.180+0.523
P4103 0.028+0.003 - 1.280+0.523
P5107 0.175+0.003 2.015+0.120 1.055+0.827
P6I11 0.009+0 0.445+0.120 1.515+0.007
P7113 0.116+0.005 1.265+0.007 1.005£0.148
P8I120 0.029+0 - 1.415+0.233
P8I21 0.008+0.003 1.740 £0.127 1.065 £0.106
P10124 0.062+0.005 - 0.865+0.021
Al1127 0.065+0.002 - 1.975+0.205
A2129 0.036+0.009 2.110+0.919 1.910+0.014
A3I35 0.040+0.007 - 1.605+0.360
A3137 0.016+0.005 - 1.215+0.205
ASI41 0.11940 - 1.1854+0.233
A7146 0.014+0.001 - 1.040+0.056
U3I150 0.122+0.003 - 2.115+0.841
U4151 0.123+0.002 0.370 = 0.042 1.560 +0.028
UsIs2 0.004+0.001 - 1.755+0.190
ue6ls7 0.021+0.003 - 1.565+0.261
U6l160 0.004+0.001 - 1.805+0.077




Table 13. Methyl ester production from transesterification reaction and oleic methyl ester

production from esterification reaction catalyzed by lipase-producing yeast cells.

(continue).
Yeast strains Hydrolysis activity Methyl ester Oleic methyl ester
(Unit/ml) + SD (%) + SD (%)
U8l64 0.010+0.001 - 1.020+0.014
U8l68 0.020+0.002 0.570 £ 0.014 1.425 +0.685
D1169 0.007+0.001 3.075+0.106 0.905 +0.063
D1172 0.010+0.002 - 1.615+0.049
D1173 0.010+0.002 1.845 +1.421 1.295+0.106
D2174 0.032+0.004 1.875 +0.784 1.570 £ 0.070
D2175 0.219+0.015 - 1.990+0.014
P11189 0.026+0.002 51.260 + 1.247 64.123 £2.525
P2Y04 0.118+0.009 1.470 £ 0.197 1.545 +0.403
P4Y09 0.086+0.002 - 2.060+0.084
P4Y12 0.406+0.008 - 1.185+0.021
P6Y16 0.029+0 1.235+0.247 2.635 +£1.590
P6Y18 0.088+0.002 - 1.095+0.544
P6Y24 0.068+0.005 0.485 +0.021 1.910+0.197
A1Y40 0.014+0.001 - 2.130+0.367
A2Y43 0.018+0.003 - 1.355+0.148
A3Y48 0.031+0.003 - 1.560+0.410
A4Y52 0.216+0.005 - 1.720+0.367
AS5Y54 0.123+0.002 - 0.850+0.197
A6Y58 0.004+0.001 - 2.130+0.254
A6Y59 0.166+0.007 - 1.445+0.247
U2Y68 0.248+0.002 - 1.395+0.007
U3Y69 0.024+0.001 - 1.6254+0.219
u4Y73 0.098+0.003 - 1.010+0.325
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Table 13. Methyl ester production from transesterification reaction and oleic methyl ester

production from esterification reaction catalyzed by lipase-producing yeast cells.

(continue).
Yeast strains Hydrolysis activity Methyl ester Oleic methyl ester
(Unit/ml) + SD (%) + SD (%)
uUsY75 0.102+0.001 1.555+0.417 0.960 + 0.268
D1Y89 0.101+0.002 - 1.700+0.070
D2Y95 0.004+0.001 - 0.985+0.007
D5Y101 0.077+0.004 - 1.525+0.445
D7Y109 0.010=+0.001 - 0.87540.176
D8Y112 0.030+0.002 1.840 +1.187 1.215+£0.021
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Table 14. Properties and fatty acid composition of palm oil.

Property Refined palm oil Crude palm oil Waste palm oil
Saponification value 193.90+3.67 194.0543.54 184.84+0.24
Peroxide value 3.15+0.10 2.84+0.03 0.58+0.09
Iodine value 53.65+0.02 48.20+1.22 52.91+0.18
Acid value 0.60+0.02 2.55+0.00 1.24+0.24
Molecular weight (g/mol) 867.97 867.50 910.52
Water (%) 1.38+0.02 1.55+0.01 2.99+0.02

Table 15. Fatty acid composition of palm oil.

Refined palm oil Crude palm oil Waste palm oil
Fatty acid
g/kg (%) g/kg (%) g/kg (%)
composition
Myristic acid (14:0) 9.23 0.90 22.89 2.38 12.19 1.20

Palmitic acid (16:0) 352.57 36.50 355.74 37.69 362.22 37.26

Stearic acid (18:0) 41.71 4.10 44.10 442 40.60 391
Oleic acid (18:1) 401.32 43.68 341.94 37.58 400.23 43.14
Linoleic acid (18:2) 101.89 10.92 85.67 9.41 89.03 9.41
Linolenic acid (18:3) 242 0.16 3.23 0.25 2.14 0.14
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Figure 12. Effect of water on methyl ester production by transesterification catalyzed by
Rhodotorula mucilagenosa cells with lipase activity of 2.210 unit/g substrate

in the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 13. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula
mucilagenosa cells with lipase activity of 2.210 unit/g substrate in the presence

of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 14. Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.210 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 15. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.210 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 16. Effect of yeast cell concentrations on methyl ester production by transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.829, 1.414,
0.283, 0.141, 0.028 and 0.003 unit/g substrate in the presence of palm oil and

methanol with mole ratio 1:3 as substrates.
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Figure 17. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula
mucilagenosa cells with lipase activity of 2.829, 1.414, 0.283, 0.141, 0.028 and
0.003 unit/g substrate in the presence of palm oil and methanol with mole ratio 1:3

as substrates.
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Figure 18. Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.829, 1.414,
0.283, 0.141, 0.028 and 0.003 unit/g substrate in the presence of palm oil and

methanol with mole ratio 1:3 as substrates.
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Figure 19. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.829, 1.414,
0.283, 0.141, 0.028 and 0.003 unit/g substrate in the presence of palm oil and

methanol with mole ratio 1:3 as substrates.
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Figure 20. Effect of yeast cell concentrations and supernatant on methyl ester production
by transesterification catalyzed by Rhodotorula mucilagenosa cells with lipase
activity of 3.100 unit/g substrate (yeast cells) and 3.700 unit/g substrate
(yeast cells+ supernatant) in the presence of palm oil and methanol with mole

ratio 1:3 as substrates.
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Figure 21. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula
mucilagenosa cells with lipase activity of 3.100 unit/g substrate (yeast cells)
and 3.700 unit/g substrate (yeast cells+ supernatant)in the presence of palm oil

and methanol with mole ratio 1:3 as substrates.
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Figure 22. Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 3.100 unit/g
substrate (yeast cells) and 3.700 unit/g substrate (yeast cells+ supernatant) in the

presence of palm oil and methanol with mole ratio 1:3 as substrates.

77



A)

Percent of 1-2diglyceride (%)

Time (h)

(B)

Percent of monoglyceride (%)

0 T T T T T
0 12 24 36 48 60 72
Time (h)
—4@— ycastcells —<&—— yeast cells + supernatant

Figure 23. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 3.100 unit/g
substrate (yeast cells) and 3.700 unit/g substrate (yeast cells+ supernatant) in the

presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 24. Effect of temperature on methyl ester production by transesterification catalyzed
by Rhodotorula mucilagenosa cells with lipase activity of 3.100 unit/g substrate

in the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 25. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula
mucilagenosa cells with lipase activity of 3.100 unit/g substrate in the presence

of palm oil and methanol with mole ratio 1:3 as substrates.
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Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 3.100 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 27. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification

catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 3.100 U/g
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Figure 28. Effect of pH on methyl ester production by transesterification catalyzed by

Rhodotorula mucilagenosa cells with lipase activity of 2.999 unit/g substrate in

the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 29. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula
mucilagenosa cells with lipase activity of 2.999 unit/g substrate in the presence

of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 30. Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.999 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 31. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.999 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:3 as substrates.
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Figure 32. Effect of alcohol on alkyl ester production by transesterification catalyzed by

Rhodotorula mucilagenosa cells with lipase activity of 2.999 unit/g substrate in

the presence of palm oil and alcohol with mole ratio 1:3 as substrates.
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Figure 33. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula

mucilagenosa cells with lipase activity of 2.999 unit/g substrate in the presence

of palm oil and alcohol with mole ratio 1:3 as substrates.
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Figure 34. Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.999 U/g

substrate in the presence of palm oil and alcohol with mole ratio 1:3 as substrates.
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Figure 35. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.999 U/g

substrate in the presence of palm oil and alcohol with mole ratio 1:3 as substrates.
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Figure 36. Effect of mole ratio on methyl ester production by transesterification catalyzed by
Rhodotorula mucilagenosa cells with lipase activity of 2.875 unit/g substrate in

the presence of palm oil and methanol as substrates.
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Figure 37. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula
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mucilagenosa cells with lipase activity of 2.875 unit/g substrate in the presence

of palm oil and alcohol as substrates.
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Figure 38. Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.875 U/g

substrate in the presence of palm oil and alcohol as substrates.
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Figure 39. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.875 U/g

substrate in the presence of palm oil and alcohol as substrates.
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Figure 40. Type of palm oil on methyl ester production by transesterification catalyzed by
Rhodotorula mucilagenosa cells with lipase activity of 2.458 unit/g substrate in

the presence of palm oil and methanol with mole ratio 1:6 as substrates.
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Figure 41. Triglyceride content in palm oil transesterification catalyzed by Rhodotorula
mucilagenosa cells with lipase activity of 2.458 unit/g substrate in the presence

of palm oil and methanol with mole ratio 1:6 as substrates.
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Figure 42. Free fatty acid (A) and 1-3 diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.458 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:6 as substrates.
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Figure 43. 1-2 Diglyceride (A) and monoglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.458 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:6 as substrates.
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Figure 44. Effect of repeated yeast cells on methyl ester production by transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.458 unit/g
substrate in the presence of refined palm oil and methanol with mole ratio 1:6 as

substrates.
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Figure 45. Effect of recycled yeast cells on methyl ester production by transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.458 unit/g

substrate in the presence of palm oil and methanol with mole ratio 1:6 as substrates.
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Figure 46. Triglyceride (A) and free fatty acid (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.458 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:6 as substrates.
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Figure 47. 1-3 Diglyceride (A) and 1-2 Diglyceride (B) content in palm oil transesterification
catalyzed by Rhodotorula mucilagenosa cells with lipase activity of 2.458 U/g

substrate in the presence of palm oil and methanol with mole ratio 1:6 as substrates.
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Figure 48. Monoglyceride content in palm oil transesterification catalyzed by Rhodotorula
mucilagenosa cells with lipase activity of 2.458 U/g substrate in the presence

of palm oil and methanol with mole ratio 1:6 as substrates.
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Table 16. Qualitative compositions of fatty acid methyl ester in biodiesel.

Composition Fatty acid methyl ester (%)
Caprylic acid methyl ester (C8:0) 0.04
Capric acid methyl ester (C10:0) 0.32
Lauric acid methyl ester (C12:0) 0.41
Myristic acid methyl ester (C14:0) 0.94
Palmitic acid methyl ester (C16:0) 38.18
Palmitoleic acid methyl ester (C16:1) 0.16
Stearic acid methyl ester (C18:0) 4.64
Oleic acid methyl ester (C18:1) 34.22
Linoleic acid methyl ester (C18:2) 10.16
Linolenic acid methyl ester (C18:3) 0.19
Arachidic acid methyl ester (C20:0) 0.42
Cis 11-Eicosenoic acid methyl ester (C20:1) 0.19
Behenic acid methyl ester (C22:0) 0.07
Erucic acid methyl ester (C22:1) 0.04
Lignoceric acid methyl ester (C24:0) 0.08
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Figure 49. Standard curve of palmitic acid.
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Table 17. The appropriate weight of sample for peroxide analysis.

Prediction of peroxide value (mg) Weight (g)
0-12 5.0-2.0
12-20 2.0-1.2
20-30 1.2-0.8
30-50 0.8-0.5

50-90 0.5-0.3
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Table 18. The appropriate weight of sample for iodine analysis.

Prediction of iodine value Weight (g)
<5 3.00
5-20 1.00
21-50 0.40
51-100 0.20
101-150 0.13
151-200 0.10
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Calculation Method: Percent

Peak Ret.Time Pk.start Pk.End Area Height Area %
No. (min) (min) (min) (mV)

1 0.117 0.097 0.140 5792 9.43 19.790  Methyl ester

2 0.157 0.140 0.190 5339 8.49 18.245  Triglyceride

3 0.235 0.222 0.293 6462 6.58 22.082  Free fatty acid
4 0.353 0.342 0.368 3022 5.99 10.327  1-3Diglyceride
5 0.382 0.368 0.413 6117 9.16 20.901  1-2Diglyceride
6 0.447 0.440 0.472 2533 6.31 8.655 Mono-glyceride

29265 45.95 100.00

Figure 50. Retention time of standard glyceride and methyl esters
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10. man3enansazaeweamaivivles aAudutu 0.2 Tuars (Perin and Dempsey, 1974)

wionTaoranaIsazato A ez B muilesiaeans

81392019 A : 0.2 M monobasic sodium phosphate (NaH,PO,.2H,0 31.21 AU
Tunndu 1000 Tadans)

81392019 B : 0.2 M dibasic sodium phosphate (Na,HPO,.2H,0 36.61 A

luinay 1000 Hadans)
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Table 19. Characteristics of samples collected from palm oil factories and numbers of yeast

isolates isolated from YM and IMY medium.
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Temp Number Number
Samples Appearances pH
(°C) from YM  from IMY
Pure palm oil Company., Ltd., Songkla

Floating oil on surface of

1 8.0 37 2 -
brown color water
Floating oil on surface of

2 4.0 45 3 2
yellow color water

3 Dark brown color soil 8.0 37 2 -
Oil contaminated

4 5.0 38 6 4
palm pressed fiber
Oil contaminated

5 4.0 37 2 3
palm pressed fiber
Water around factory area

6 5.0 27 9 3
contaminated oil

7 Oil contaminated soil 3.0 42 - 4
Oil contaminated

8 4.0 39 7 5
palm pressed fiber
Floating oil on surface of

9 6.0 37 3 1
dark brown color water
Turbid yellow color water around

10 6.0 31 4 3
factory area

11 Oil contaminated brown color soil 5.0 31 - 1
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Table 19. Characteristics of samples collected from palm oil factories and numbers of yeast

isolates isolated from YM and IMY medium (continue).

Temp Number Number
Samples Appearances pH
(°C) from YM from IMY
Asian palm oil Company., Ltd., Krabi

1 Soil mixed palm pressed fiber 5.0 33 2 3
Oil contaminated

2 5.0 33 5 5
palm pressed fiber
Oil contaminated

3 5.0 31 5 4
palm pressed fiber
Oil contaminated palm pressed

4 6.0 29 3 2
fiber

5 Oil contaminated dark color soil 5.0 32 2 4
Oil contaminated palm pressed

6 5.0 34 4 1
fiber

7 Oil contaminated soil 4.0 41 1 2
Oil contaminated brown color

8 4.0 54 4 2
waste water
Oil contaminated black color

9 8.0 44 2 -
waste water

Uniwanich palm oil Company., Ltd., Krabi

Oil contaminated brown color

1 9.0 35 - -
waste water
Oil contaminated water around

2 7.0 41 2 -
factory area

3 Waste water 4.0 53 3 2

4 Brown color waste water 4.0 64 2 1

5 Waste water 4.0 42 4 5
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Table 19. Characteristics of samples collected from palm oil factories and numbers of yeast

isolates isolated from YM and IMY medium (continue).

Temp Number Number
Samples Appearances pH
(°C) from YM  from IMY
6 Oil contaminated 4.0 37 3 6
palm pressed fiber
7 Oil contaminated 5.0 63 4 1
palm pressed fiber
8 Waste water 4.0 54 3 5
Andaman palm oil Company., Ltd., Krabi
1 Oil contaminated brownish color 6.0 34 7 5
water
2 Oil contaminated brown color soil 4.0 35 1 2
3 Oil contaminated black color soil 3.0 50 - 2
4 Oil contaminated black color soil 4.0 39 1 2
Oil contaminated brown color
5 4.0 35 7 3
water
Oil contaminated turbid brown
6 4.0 51 3 3
color water
Oil contaminated palm pressed
7 7.0 31 5 -
fiber
Oil contaminated turbid brown
8 6.0 36 6 3

color water
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1. SWuavestadaenus P11189 Felianuvlloufud\Wulua Rhodotorula mucilagenosa
(GenBank accession number EU637076.1) FaNANUMLOU (homology) WA 99 (523/525 bp)

3
nlosidud

AAGGCACACTGCGTTCCTCAGTCCCCCAAGATGTATCCAGCAGAGAGCTATAACACA
GCCGAAACTAGCTACCTTCTCTCTTACCATTATCCATCCCGGAAAACTGATGCTGGCC
TGCAAACCGATTGCTCGGCAAGCAAGTCTTGACTTCAAGCGTTTCCCTTCCAACAATT

TCACGTACTGTTAACTCTCTTTCCAAAGTGCTTTTCATCTTTCCCTCACGGTACTTGTT
CGCTATCGGTCTCTCGCCAATATTTAGCTTTAGATGGAATTTACCACCCATAATGAGC
TGCATTCCCAAACAACTCGACTCTTCGAAAATGTATCACAAAGCGCTGGGCGTCCGC
ACCATATACGGGGGTCTCACCACTATGCCGCTGTATTCCAACAGACTTGTGTGCGGTC
CAACGCGGAAAACATTTCTAGAGATTAGAACTCGGACACCGAAGGTGCCAGATTATA
AATTTGAGCTCTTCCCGCTTCGCTCGCCGCTACTAGGGGAATCCTTGTTAGTTTCCTTT
TCCTCA

2. SuavesBadmewus D169 FalinnunilounuMGUIE Candida tropicalis QD 8.1
(GenBank accession number EU543667.1) FaANUKLOU (homology) 1A 100 (546/546 bp)

<
nlosidud

TAACCGCAGTCCTCAGTCTAGGCTGGCAGTTATCGACGAAGGCTATAACACACAAAC
CGAAGCCGTCCACATTCCAACGCAATTCTCCTACCGCCCAAACTGATGCTGGCCCGA
TAAACTTGTAGAGGCCACCCCCGAAGAAGTAACATACAAAATACCAAGTCTGACCTC
AAGCCCTTCCCTTTCAACAATTTCACGTACTTTTTCACGCTCTTTTCAAAGTCCCTTTC
ATCTTTCCAGCACTGTACTTGTTCGCTATCGGTCTCTCGCCAATATTTAGCTTTAGATG
GAATTTACCACCCACTTAGACTGCATTCCCAAACAACTCGACTCTTCGAAGGAACTTT
ACATAGGCCTGGATCATCGCAGCGCACGGGATTCTCACCCTCTGTGACGTTCTGTTCC
AAGAAACATAGACACGAGCCAGACCCAAAGATACCGTCTTCAAATTACAACTCGGA
CTCTGAAAGAGCCAGATTTCAAATTTGAGCTTTTGCCGCTTCACTCGCCGCTACTAAG
GCAATCCCTGTTGGTTTCTTTTCCCTCG
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3. RUUAVRDAATIORUT A2129 FATANUMUOUNUMAUIE Isstchenkia orientalis KCS
(GenBank accession number EF635636.1) FanANUNLoU (homology) A 99 (531/536 bp)

<
nlosidud

ACACGGCCGCAGTCCTCGGTCCCCGCACGCAGCATCTGGCCCTGGCTATAACACTCG
CAAGAGCCACGTTCCAGAACCCCTTCTCCTGCAGCAAGAACCGATGCTGGCCCAGGG
AAAGCCCAGAGCGCCGCCCACGAGAGGCAGCGGTGCGCAATCCCCATGTCGGGCGC
AATACCCTTCCCTTTCAACAATTTCACGTGCTGTTTCACTCTCTTTTCAAAGTGCTTTT
CATCTTTCCTTCACAGTACTTGTTCGCTATCGGTCTCTCTCGCGTATTTTAGCCTTAGA
TGGAATTTACCACCCGCTTGGAGCTGCATTCCCAAACAACTCGAGTCGTCAGAAGGG
CCTCACTGCTTCCGCCGGCATCCCACGGGGCTCTCACCCTCCTGGGCGCCCTGTTCCA
AGGGACTTGGACACCGCCTTCCACACAGACTTCAACCTGCAATCTACAACTCGTCGG
CCAAAGCACGATTTCAAATCTGAACTCTTGGCGCTTCACTCGCCGCTACTGGAGGCA
AATCCTGGTGGGTTTCTTTT

4. SWnavesBaReewus P5I07 FIUANUMTOUNUSAUE Isstchenkia orientalis isolate
181 (GenBank accession number EF635636.1) @Qﬁﬂ31nuﬁﬁ61!(honuﬂogy)LﬁWﬁﬂ 99 (541/542

bp) (o3 IduA

CCTACACGGCCGCAGTCCTCGGTCCCCGCACGCAGCATCTGGCCCTGGCTATAACAC
TCCGAAGAGCCACGGTCCAGAACCCCTCTCTCTGCAGCAAGAACCGATGCTGGCCCA
GGGAAAGCCCAGAGCGCCGCCCACGAGAGGCAGCGGTGGCCAATCCCCATGTCGGG
CGCAATACCCTTCCCTTTCAACAATTACACGTGCTGGTTCACTCTCTTTTCAAAGTGC

ITTTCACTTTTCCTCTACAGTACTTGTTCGCTATCGTCTCCTCGCCAGTATTTAGCCTG
AGATGGAAGTTACCACCCGCTTGGAGCTGCATTCGCAAACAACTCGACTCGTCAGAA
GGGCCTCACTGCTTCCGCCGGCATCCCACGGGGCTCTCACCCTCCTGGGCGCCCTGTT
CCAAGGGACTTGGACACCGCCTTCCACACAGACTCCAACCTGCAATCTACAACTCGT
GCCGCAAAGCACGATTTCAAATCTGAGCTCTTGCCGCTTCACTCGCCGCTACTGAAG

CAATCCCTTGTTGTTTCTTTTCCTCA
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Figure 51. Fatty acid methyl ester chromatogram of GC analysis of standard qualitative from palm

oil.
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Figure 52. Fatty acid methyl ester chromatogram of GC analysis of qualitative from refined palm

oil.
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Figure 53. Fatty acid methyl ester chromatogram of GC analysis of qualitative from crude palm oil.



142

mi

| E gveoL |
gzpatl € | o
o%sal | = £ ©
w© - o 5
. — | Pt
L:HZ0 -688'GL I & P—
0420 - {£9:G} Il ) A oR=1 A
e I
“ g i
| £ I
. o | m L M
S8z L & L= 5
dd
e o ) |
r = m L
1’220 - 8ETEL! S 5 ,
gt = = a2t
ozzo - Ef8EL E £ 4
Losel o ~ 2 sLeLL| =
Gy . = [
Lo 5 SzELL 5
| 2] | %)
- p— _ . —
wn . l 7 L
8 IS g £:810 ~65Z0L(| _
S . 1o S Lo
-2 O | &)
| IS kS GL0'6
S9€6/ = _ . ) = Z:810 - 198’8 —|
g ! 2:810 - 8L8Q = =
] Zrl8| 5 _ g I
S | ) - ) | o 11810 - 220 8——————50184 o
0:0ZD -soL'8 ¢nlav © LBLD - viBB—— S oo Mmm
’ = , . 0:8L0 -88G° L=
, g _ 0:8LD -6ZY L~ g m
4 | £ 2
€810 Wwwm S _ I 5 _
5 ! | 5 |
ol 2 m ol g czzol |
Z:810 - zezobeEYd 6 : b [ 0 e
c0e e — : “ = ,
L8LD - PG | I
g = : ZLS's — = ” LI S
0:8LD -96£'S = LOU. m | 0:9ED—LGTG S— - 1“ m 0:915—€EC§ —— "
= g _ I g ,
gl b =8 = ! . o . LIV T
0:Z1LD -80S ¥ 'S W 5 E8b i 5 H.m
91D - 190" © : N 0¥l -gE6E =T Y
0910 -gzee— +OO 10T - o, 2 > 0:bLD -Ob6'E —1 ¥ > £ o
B = g : = = I
0610 -mmw“m r [ =3 | o a,
o¥LD -SIPEE < 0 -
0:iZlD -829'C = n P i v Zive————
_ opi3cmsEl 2 2 o
T T e T T N I ey 5o = AN
< o O O O O O © O O . p— < o o o o o (=] (=] o . — (=% [= T

refined palm oil.

Figure 56. Fatty acid methyl ester Chromatogram of GC analysis of quantitative from
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Figure 57. Fatty acid methyl ester chromatogram of GC analysis of quantitative from

crude palm oil.
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Figure 58. Fatty acid methyl ester chromatogram of GC analysis of quantitative from

waste palm oil.

=
| E
LPZD - PEO'EL fwt.\m
02O - Ovg8L — 2 |
9s08L1 | o
LZE 9L
©
LiZZD -E€S§GE — — —— 1 |
0:2Z0 - 80Z°GL ——= |
| b=
L:0ZD - 68YEL —— ] |
0020 -EL6LL == |
,ﬁ _
€810 -0¥PZ 0L =1 _
e
I
zZ:8L0 -928'8 ——— |
LiBLD - 696°L — = = | o
O8LD -24G L — e ||

‘PIS [BUISIUI 021D - 90Z'9 —

L:19LD - 98%'C —
091D - GOZG— e

0:SLD - pOFy — -
0%LD - 1LZ6E — == 7|
4 —

Figure 59. Fatty acid methyl ester chromatogram of GC analysis of standard qualitative

from biodiesel.
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Figure 60. Fatty acid methyl ester chromatogram of GC analysis of qualitative from biodiesel.
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Figure 61. Chromatogram of GC-MS analysis of biodiesel reaction mixture.
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Figure 62. Chromatogram of GC-MS of oleic acid methyl ester from reaction mixture.
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Figure 63. Chromatogram of GC-MS of palmitic acid methyl ester from reaction mixture.
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Figure 64. Chromatogram of GC-MS of palmitic acid from reaction mixture.
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Figure 65. Chromatogram of GC-MS of oleic acid from reaction mixture.
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