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uamelumnned 8 wudnlmhduiiimintuanatszunn 838.22 uaznsalmiugaulng)
Ussnayfan théudifin 51.13 wWefifus uactaiedin 28.28 wafifusd dautisfunldusl
vwdnlaenadrsnnns 843.17 uaznzaluiudoulugjussnaudanlawdn 38.42
wWefidus uazthduiin 28.65 wlafiduil atnlsfinrunimassres Crabbe uarane
(2001) Wudrtnsihdddwinluanadsnn 847.3 naslaugouraeiniuhdy

Useneudaunsatnanan 47.9 wafidus uaznsalawdn 37.0 wafidus
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Table 8 Properties and composition of palm stearin and palm olein

Properties Palm Stearin Palm OQOlein
Saponification value 200.88 199.73
Peroxide value 5.60 8.97
lodine value 39.10 73.92
Acid value 0.04 0.56
Molecular weight (g) * 838.22 843.17

Fatty acid composition (%)

Myristic acid (14:0) 1.02 0.67
Palmitic acid (16:0) 51.14 28.65
Stearic acid (18:0) 4.36 4.21
Oleic acid (18:1) 28.28 38.42
Linoleic acid (18:2) 6.31 26.53
Linolenic acid (18:3) 0.06 1.51

* Molecular weight was calculated from Sapenification value.
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2. msaamevnanssaauldilaulananisan
Awrmznansruveueuledlanladass 7 4ils Ae lawla AY (Candida rugosa),

lalla PS (Pseudomonas sp.), laula AK (Pseudomonas fluorescens), laila D
(Rhizopus deleman),laila M (Mucor javanicus), lawla OF (Candida rugosa) Uae
la1la FAP-15 (Rhizopus oryzae) wuineulddlaila OF éﬂﬁmm‘%ﬂ Candida rugosa
Wiknnansmgegafe 9.89 ylasedadnfuaulninisned 9) Wiwheafunimasass
dnade dedum (2540) Sanudn ansazameulnilania OF WiAAanssuieulnigege
dedouinaulnilanlaslistug Aldlunsdnm laws oF ddldfudm@endndlu
mu'l'nﬁﬁ'muﬁ:ﬂuaiﬂnﬁﬁ‘sjﬂﬂﬂmﬂ&'lﬁ'uﬂﬂa'mlﬂm"a'u'lugﬂ'nﬂami‘a:mﬂﬁﬁaiu Tneld
ndlalaueansaadiluansdiadvineiend (pide Witgvs, 2540) ANNANINAREST]
wuladlanta OF lﬁ’ﬁqmwmﬂiaaamﬂqaqmmqLﬂuuatﬂmmmnamauu’é‘mm
wulnibifianudnmazsadumisansaluinnlansibienssadlamaeles
(Macrae, 1983; Kimura et al., 1983; 1990; Malcata et al., 1992) FNTOLDLARNE
wusziagmeflfauysal wasmadaljidenarliifawuudeunduinilansalaiuly

1FHN0uAge (Okumura et al., 1981)

Aeefl 9 fanssrsulnilanlaziiasiieg lunstesaaielaey

Table 9 Activity of different lipases in palm stearin hydrolysis

Enzyme Activity Specific Activity

(U/mg enzyme) (Ufmg Protein)
Lipase OF( Candida rugosa) 9.89 114.15
Lipase PS (Pseudomonas sp.) 4.05 152.12
Lipase AY (Candida rugosa) 4.50 675.00
Lipase AK (Pseudomonas fluorescens) 3.47 57.94
Lipase FAP-15 (Rhizopus oryzae) 5.36 39.26
Lipase M (Mucor javanicus) 1.99 26.04

Lipase D (Cromobacterium viscusum) 5.70 19.21




43

3. maanaanasiiniaulnilawlafmsncansansudnadiseanad
ameulmilanlananisdiome 7 wia diansdmdenioulnilawafimmng
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ansondnfiseamasidgegaviniy 46.45 wWefidud uenantisedineatedy land
weled uasTitun@alsd 11.07, 22.59 uar 19.90 wlafiudmudndu (Ansed 10) 19
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Penicilium roqueforti, Pseudomonas fluorescens, Candida lipolytica Wat Candida
rugosa lummesasfusielAadentiliieulnllouls Ps Wuidalffien ua:ldly
ihdududuammmlunisudaudiaesmefinssWnandnuiaesinafganduasfuu
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lawlausiazaiin
Table 10 Methanolysis of palm stearin and palm olein by commercial lipase
Oils used % FAMEs | % TG % FFA | % DG % MG

Palm Olein

'{ Lipase AY 0 92.19 0.64 542 1.53
Lipase AK 15.28 22.5 9.62 40.49 36.41
Lipase PS 30.23 573 11.11 29.22 23.72
Lipase OF 0 94.83 0.88 4.29 0
Lipase FAP-15 0 93.52 0.32 4.61 1.37
Lipase M 0 91.71 0.25 4.36 3.68
Lipase D 0 95.57 0.35 4.08 0
Palm stearin
Lipase AY 0 100 0 0 0
Lipase AK 29.07 8.82 9.76 32.45 16.57
Lipase PS 46.45 0 11.07 22.58 19.90
Lipase OF 0 100 0 0 0
Lipase FAP-15 0 100 0 0 0
Lipase M 0 100 0 0 0
Lipase D 167 .| 8867 2.51 5.95 1.22

FAMES = Fatty acid methyl esters, TG = Triglyceride, FFA = Free fatty acid, DG = Diglyceride,
MG = Monoglyceride
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4. nsandansiinfangaildnTaeulsd

nsAnsnserseuladlanla PS Tanlddangs 2 9lin Ae ueAaaTIA 200
tulasiums uasilay atiwar 200 fadnfn uasfusisazaaeulsdlawa (3 Aadniy
sefindang) 20 Hadant sanlidmuiuae 1 4atus ﬁ‘qmuqﬁ 30 avAIsLdts Wy
neerasulnilans PS vuweagrasuin 200 ulasns Huss@ninwnstisnng
warfanssumstiainzaaseulnisfaginnninsdaeulnllawa PS mdlay win
71 94.78 uny 35.09 wafifusd muddy (medt 11) vqu{':mqLflunammnuﬂﬂ@u‘aﬂ
anusTR hireutiuaslensasugnuin i fuislunsamedueutnilfunn
nd1 fAnuAaNnNNdn (Kimura et al., 1983) WhmiReatiunismasattes qide Ade
v (2540) Tanudnileldieulallanla OF AtsrunenguaifanssumsBanzanni
aadlauBunfiaufudngiau] Al4lunimaaes uenanil Brady uasAmz (1988)

. dd‘

na1291 Familiduwan hydrophobic microporous materials 111 waAgiss 1insiss
laulafnnindsieriinaun uesdinenAdeaiun1Imaaerad Kimura Wae A (1983)
wudnanfarerlilunimanesiaun  Faaeiiily hydrophobic material 144
nﬁ*a‘umi‘tiaﬂamﬂﬁﬂﬁuuxnﬂnﬁﬁqﬂ '-iqmmqtmqLﬁﬂammnﬁ’ummw‘iuﬂqun
hydrophobic  #uasatinudrasngngurassissaussdudafueuladlsnlaldfinds
siaditu hydrophilic mnuamwﬂamﬁﬁqﬁ’mﬁanuﬂnqwﬂ'ﬂmm 200 ilanums 14l

mssraeulnineAnm lunimeasedludunausiel
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Table 11 Immobilization of lipase PS on supporters

46

Supporters Immobilized ratio (%)" Activity yield °
(%)
Accurel(<200 Jim) 94.78 £2.11 35.09 +0.00
Celite 9.80 £ 0.29 1.14 £ 0.15

Mean T standard deviation of two replication.

*Immobilized ratio{%)

Initial activity in solution — Activity in solution after immobilization x 100

Initial activity in solution

®Activity yield (%)

Total Activity of soluble lipase

Total Activity of Immobiized lipase x 100
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Figure 8 Effect of free lipase and immobilized lipase concentrations on methanolysis

of palm stearin (The methanolysis reaction was carried out with a mixture of

palm stearin:methanol = 1:2 and water content of 20% by weight of the

substrate at 45°C for 12 h)



49

100

80 A

60 -

FAMEs(%)

40 -

20

0 ) I 4

i 1

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

—9— 20U B+ 40U —&— 60U —¢ 80U

J 4 - )
nwi 9 rarsvs sz Fnaneuladlanla P silvguRentrudnufaesmes
| »
Adlnhdusewmiues 1:2 (Iusus) fin 20 wWefifufveainmindusssm

tinfigoungil 45 aepaides )

Figure 9 Effect of immobilized lipase concentrations on methanolysis of palm stearin
(The methanolysis reaction was carried out with a mixture of palm

stearin:methanol = 1:2 and water content of 20% by weight of the substrate

at 45°C)
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Figure 10 Production of methanolysis using immobilized lipase PS used enzyme
60 U for 24 h (The methanolysis reaction was carried out with a mixture of

palm stearin:methanol = 1:2 and water content of 20% by weight of the

substrate at 45°C)
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5.3 uarasRmMu)iisianisudafiaedines
nsAnymaresguugiisiansudnimiaeameiinaifieulnilonla ps sl

60 gia e uumladslaelfladusiammiues dnsdau 1:2 Qusdus) 5
niu arrazarevasinaivief At 7.0 Y3ums 1 Nadans ﬂnﬁ'qnmqﬁ 45, 50, 55,
uaz 60 samadea Whioan 24 4T wuda Lﬁmﬁiuqmuqﬁ 45-50 aeANIATHA W
wmwﬁmmﬁmﬂﬂmﬂqugu u‘jﬂtﬁuqmnqﬁqqn'h 50 avmadiug e linisuan
wineamesA ﬁ’a&uﬁqndw‘lﬁdﬂﬁﬂmuqﬁ 50 svAtAdun manzdamsuRALRa
wamef Tnelinandnudiseamef 69.94 wefifud (n Al 11) uenaniided
lnsndiaalss nealeidu lanRuselsd uazInTundunlsfivient 2.81, 19.20, 4.77 uay
3.82 wefifud (nmdl 12) Tﬂﬂv';’q‘lﬂuﬁqﬂf]n“mmﬁﬁiw] asinulFRidegamnfiin
geiu mazdaaniendsnlumansziu nasaliiformeasulnifidudeofuuiies
naulndlidusnlznaullsiuinasbiresawioseacuiawinidaanmwignmgi
iR ﬁq&umu'l'n:fnnﬁqq:ﬁ‘ﬂoaqnmg:"Jﬁmu'l:auoiﬂn'wﬁﬂqmviwﬁu (@lsad Aduadl
na, 2538) Huranndasiunanimaaaes Kamini UAtAME (2000) Anuaand
qruvpsieyfitenamiuladavesiuiuirdalaifieulnilans a0 Cryptococous
spp.udTfiogn 24 Falug Ll?mrumﬁamamﬂfanmmﬁﬂqmuqﬁLﬁuﬁu uRLilonn 96
dati Wariugamgiunndt 30 ssrurades nsnAnadinesmafazanas Wi
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nwi 11 rsresgamniidenisaRnuiiaeaned (flnlrdusawmuas 1:2 Qus/lug)
v [
wulnllana PS sfen 60 gl uazin 20 wWefifufreniwindusinm vix

wWhiaa 24 $aa9)
Figure 11 Effect of temperature on methanolysis of palm stearin
(The methanolysis reaction was carried out with a mixture of palm

stearin:methanol = 1:2 water content of 20% by weight of the substrate and

60 U of immobilized Iipase PS for 24 h)
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Figure 12 Production of methanolysis using immobilized lipase PS at 50 °C
(The methanolysis reaction was carried out with a mixture of palm

stearin:methanot = 1:2 water content of 20% by weight of the substrate and

60 U of immobilized lipase PS for 24 h)
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Figure 13  Effect of methanol concentration on methanolysis of palm stearin
(The water content of 20% by weight of the substrate and 60 U of
immobilized lipase PS at 50°C for 24 h)
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Figure 14 Production of methanolysis with palm stearin:methanol = 1:3
(The water content of 20% by weight of the substrate and 60 U of
immobilized lipase PS at 50°C for 24 h)
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Figure 15 Effect of water on methanolysis of palm stearin
(The methanolysis reaction was carried out with a mixture of palm

stearin:methanol = 1:3 and 60 U of immobilized lipase PS at 50°C for 24 h)
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Figure 16 Production of methanolysis with water content of 20% by weight of the

substrate (palm stearin:methanol = 1:3 and immobilized lipase PS 60 U at

50°C for 24 h)
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Table 12 Effect of organic solvents {(10%,v/v) on methanolysis of palm stearin

Organic solvent FAMEs{%)
None 92.96 +0.56"
Dimethyl sulfoxide 9114+ 1.5°
Diethyl ether 8437+ 16°
Hexane 92.31 % 0.77°
Petroleum ether 92.94 + 0.40°

Mean 3 standard deviation of two replication. Mean within each row sharing a common superscript are

significantly different (P>0.05).

ATT 13 pareenIfRNunueREAanisHanufaieamaian gy

Table 13 Two-step methanolysis of pailm stearin

Time FAMEs (%)
24 h 90.40 + 1.26°
48 h
Added 1 M methanol 93.89 £ 220"
Added 2 M methanol 96.65 + 0.39°
Added 3 M methanol 97.08 +0.29°
Added 4 M methanol 07.35 + 0.60°

Mean ¥ standard deviation of two replication. Mean within each row sharing a common superscript are

significantly different (P>0.05).
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Table 14 Composition of FAMEs from palm stearin usig immobilized lipase PS
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Fatty acid esters(No. carbon atom : No. double bond)

%

Methyl myristate (14:0)
Methyl palmitate (16:0)
Methyl stearate (18:0)
Methy! oleate (18:1)

Methyt linoleate (18:2)

Methy! linclenate (18:3)

1.10

49.24

6.60

18.13

5.24

0.02




S9

(6661) PeSRId pue eAEISEALS .,

resuntpsbwraregtnleun ..

SUNEUNLBEIBRELAUGLAI SUBLYRIZUZLMLATIY HUIEEULULLALWLL £ 508U MEVLE'SW WS bERALLNLY | : Ly

260 WISV oL> oLs 91 gL (D) dutod unog
S¥vQ WLSY G-G'¢ 0L'¥-081 S 25, D0V 18 (159) AlisoosIA
€60 WLSY 00l 4 18l 9/l (0,) Julod ysei4
980 WISV 09¢-0¥¢ iS¢ 0S¢ 0S¢ (0,)%06 sonsusioeeyd uoe(Rsiq
86210 WISV | 060-6.80 19°0-18°0 98'0 180 (;wo/b) Ausuag
+909LGA sisAjejes sisAjejes
NIQ piepueis «HOEN awAzug
poylepy Jesaipoig «3Ny [9saIqg SINV soledold

uues)s wjed woyj S3NV Jo semuedoud |ang G| e|qe)

F@r:s.rcrfmmsée@mz._7m§m:6w;rsm:kéw§zaaw Gl UbLELY



66

7. msmmmmmmsnﬁnmﬁavamwaé'uuunz
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AT 16 NsrErttuIAnTARWRseamaiuuuny anlndulnefieulslianls
PS sitag1l

Table 16 Scale up of FAMEs production from palm stearin using immobilized fipase

PS
Scale up FAMEs(%)

1 time 93.23t1.41°

10 times 92.66 + 0.57°

100 times 89.12+t223°

Mean T standard deviation of two replication. Mean within each row sharing a common superscript are

significantly different (P>0.05)

-il ey, i [ [ 3 -i' - - .« [ |
BITNN 17 Qmﬂuumﬁﬁuwuﬁmqt‘ﬂﬂmﬂwmmwaLﬂﬂmm‘mn'hlﬂ'muLﬁﬂmmﬂﬂmm
nsuasuLLng 100 Wi tnsldieutnilanlassenl Ps
Table 17 Fuel properties of FAMEs from palm stearin after scale up of bath

reactor 100 times using immobilized lipase PS

Properties FAMEs
Density (g/cm”) 0.88
Distillation characteristics 90% (°C) 350
Flash point (°c) 176
Viscosity (cSt) at 40°C 7.50

Pour point (°C) 18
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Figure17 Repeated use of immobilized lipase PS
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Figure 18 Production of methanolysis from palm stearin and paim olein
(The methanolysis reaction was carried out with a mixture of
olein:methano! = 1:3 (mol/mol) 60 U of immobilized lipase PS and water

content of 20% by weight of the substrate at 50°C for 24 h)
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Figure 19 Continuous production of FAMEs from palm olein with immobilized lipase

PSin PBR
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Figure 20 Continuous production of FAMEs from palm olein with immobilized lipase PS in

CSTR



