1 Production of Wax Esters The present invention relates to the production
of wax esters. Mdire 5 particularly this invention relates to the
production of wax esters frompalm oil. Esters of short chain fatty acids
and al cohols are inportant in the food industry as flavor and aroma
constituent. Methyl and ethyl esters of 10 long chain fatty acids are

val uabl e ol eo chemicals that may be used as replacenent for diesel oil.
WAx esters are long chain esters derived from fatty acids and al cohol s
both with chain lengths of 12 carbons gr nore. Unsaturated or |iquid wax
esters derived fromnatural sources such as |ojoba oil and sperm whal e oi
have been dom nantly used in the 15 |ubricants, plasticizers and cosnetics
market. This is due to their RnodgetionpofoMaxtEsteref being able to inpart
wetting behavior at interfaces and having a non greasy feeling when
applied on skin surfaces. However, the main obstacle to |arge-scale use of

nat ural sources Phe WRESKIIAEHioNPSIRES % thé Broduicliof &F @il ity 20

Since natural unsaturated wax esters are expensive anhvi Imted in access,
t he need t opa@yiculagyithis inventian iaids wa the pragustibn ©f sraovestersUneratpalmt ed wax
esters can bhe synthesi zed using chem cal -catal yzed and enzymatic-catal yzed
nmet hods. HoWwever, chem cal -catal yzed nethod | eads 25 to hi gh-energy
consunption and degradation of the esters produced. Enzynmatic catal yzed

met hod offers mld reaction conditions and is an.  environnmental friendly
process. Enzynat F&tesy of seortschgin fatly ypcisst and aleoholseere knpariamioin el ong

time. food industry as flavor and aroma constituent. Methyl and ethyl esters of
10 long chain fatty acids are valuable oleo chemicals that may be used as
replacement for diesel oil. Wax esters are long chain esters derived from
fatty acids and alcohols both with chain lengths of 12 carbons or more.
Unsaturated or liquid wax esters derived from natural sources such as
jojoba oil and sperm whale oil have been dominantly used in the
15 lubricants, plasticizers and cosmetics market. This is due to their unique
properties of being able to impart wetting behavior at interfaces and having
a non greasy feeling when applied on skin surfaces. However, the main
obstacle to large-scale use of natural sources of unsaturated wax esters is

its cost and availability.

20

Since natural unsaturated wax esters are expensive and limited in
access, the need to synthesize unsaturated wax esters has grown.
Unsaturated wax esters can be synthesized using chemical-catalyzed and
enzymatic-catalyzed methods. However, chemical-catalyzed method leads
25 1o high-energy consumption and degradation of the esters produced.
Enzymatic catalyzed method offers mild reaction conditions and is ar;

environmental friendly process.

Enzymatic synthesis of fatty esters has been known for a long time.
30 An efficient process exists to enzymatically esterify purified fatty acids with




30 An efficient process exists to enzymatically esterify purified fatty
acids with 2 alcohols but alcoholysis of oils and fats is sinpler and the
starting material is cheaper. 5 U K Patent No. GB2188057 di scl oses the
preparation of akyl esters fromfats and oils and glyceride-containing
fractions thereof by mxing a solution of the fat or oil in an inert
organi c solvent with an al kanol in the presence of a |lipase and high
content of water. 10 Japanese Patent No. JP63251089 di scl oses the
preparation of wax esters fromvegetalles, animals or synthetic fats and
~oils by alcoholysis of the fats and oils using 6-24C nono- or dihydric
aliphatic alcohol in the presence of a |ipase and high content of water.
15 St evensoflcehold butnieshalyisig ob oite @nddatst isrsimpleg@adtthe atantisgpmatédet i on  of
fatty acid fééyéa&ﬁt ers by |ipase-catal yzed al coholysis of fats and oils

Wi t h adsor pti on gl ycerol by silica gel (Enzynme M crob. Technol. ,

16:474-484 [1994]). In the al coholysis process, the products are not only

fatty acid al kyl esters but al sozgll cerol. dycerol may inhibit the
reaction’ by 20 | thit iRRferhdNe.nGHZIE806F disclasesstiestreparatina ehakghzyne.

VWhen i nobi L c ' brel |.S: US . I r I on of
tallow wt hb% ﬁe(r?géigréwm aSr rHe@?)\'}%l éergc??%%%g%f(gcﬂg%m'ﬁi%ﬁé’ﬁsdttﬁ%egﬁw esters
di d not excearing@solUtibrpf the fatioriolldn el ine& orgaisid sofvenf vitheat hikano xt ure,
it adsorbed,the glycerol_ produced during the reaction and the yield

i ncreased uwmfg’ﬁ%’"%oﬁ*ﬁ@p%%%ﬂt‘“gm enbef Wals¥i des a net hod of -

produci ng wax esters fromfats and oils, particularly palmoil by

al coholysis of the fats and oils wth long chain al cohol, particularly

ol eyl al@ohol i nJapangseRatend Ni. JBB3251089 discloses the preparation of wax

esters from vegetables, animals or synthetic fats and ocils by alcoholysis of
the fats and oils using 6-24C mono- or dihydric aliphatic alcohol in the

presence of a lipase and high content of water.

15 Stevenson et.al. published a method of near quantitative production
of fatty acid alkyl esters by lipase-catalyzed alcoholysis of fats and oils
with adsorption of glycerol by silica gel (Enzyme Microb. Technol. ,
16:474-484 [1994]). In the alcoholysis process, the products are not only
fatty acid alkyl esters but also glycerol. Glycerol may inhibit the reaction by

20 limiting the interaction of the substrate and the enzyme. When immobilized
Mucor miehei lipase is used to catalyze the reaction of tallow with three
molar equivalents of butanol, the yield of butyl esters did not exceed 70%
{(w/w). if silica gel is added to the reaction mixture, it adsorbed the glycerol
produced during the reaction and the yield increased up to 98%.

25

The present invention provides a method of producing wax esters

from fats and oils, particularly palm oil by alcoholysis of the fats and oils
with long chain alcohol, particularly oleyl alcohol in the presence of an
immobilized lipase. Good yield (~80%) of wax esters can be expected -

30




I rmobi lized |ipase. Good yield (-80% of wax esters can be expected 30 3
wi t hout having to provide a high content of water or a neans of gl ycerol
adsorption. Wax esters are prepared by reacting a solution of palmoil in
an 5 organic solvent with oleyl alcohol in the presence of an imobilized
| i pase wherein nolar ratio of palmoil to oleyl alcohol is between 1:2 and
1:4. Immobilized |ipase used is present in an anpunt which is equival ent
to not |ess than 1000 fag of protein per mlli-nole of palmoil used and
the reaction is carried out at 40C to350C for a period of not |ess than 5

hours. 10 Withodf afilirg SB! \ROVidESad P fcgpﬁhusf WatePJof ) Anenfigsof han - =.

The present invention w |l "becone nore under st 0o omt detail ed
descri pti onglyiceeN adspetionbel ow and t he accompanyi ng drawi ngs which are
given by way of illustration only, and thus are not limtative of the 15
present invention, wherein: Figure 1 shows the screening of enzyne. The

reaction mxtur eW@ﬂ%Bﬁatr@ChreOéregéFéﬂ oy! readting @ SeluibRYof FAIAPBR!iIn @h ol ),
hexane (to a total volunme of 10 cnB) and enzyne. The reaction mxture is

i ncubat el aPrggNicsalygnt withialeyl alcehadl preéhe presepoe of mnfiometilized lipaseenzynes

tested were I N ' r Lehel [(Lipo I.)..produced
by Novo. - ol R TTBlar 1280, or BARF ol "R BlealhRobetrady L ER AL v 955
produced byirhimobilidetdipake usedrie prédeittth bhraasuit \eickag dydiRalent 85 Aot

Candi da rugosa | j pase, Aspergilus niger |ipase.

Rhi zopus ni yeus_ | i pe% ! | |
Desi gnat i on essdhagyr §§Q Hg dpfeproteigupat anillomels ioftrale ol ussd angrthe ate, 25
(c))i 23: m tat ereafoR)S cAASH @it 400 b8 Br a fRIiddl of Hot sl tfian B I8t €

10 The organic solvent used has a value of log P not less than 3.5.

The present invention will become more fully understood from the
detailed description given herein below and the accompanying drawings
which are given by way of illustration only, and thus are not limitative of the

15  present invention, wherein:

Figure 1 shows the screening of enzyme. The reaction mixture consisted
of palm oil (1 mmol), oleyl alcohol (3 mmol), hexane (to a total volume of
10 cm®) and enzyme. The reaction mixture is incubated at 40° C and
shaken at a speed of 150 rpm for 24 h. The enzymes tested were

20 immobilized lipase from Mucor miehei (Lipozyme® produced by Novo
Nordisk), immobilized lipase from Candida antartica (Novozym 435
produced by Novo Nordisk), immobilized lipase from Candida rugosa,
Rhizopus niveus lipase, Candida rugosa lipase, Aspergilus niger lipase.
Designation - O.laurate : oleyl laurate, o.myristate : Oleyl myristate,

25 O.pa[mifate . oleyl palmitate, O.stearate : oleyl stearate, O.cleate : oleyl
oleate : O.linoleate : oleyl linoleate.

- Figure 2 shows the effect of reaction time on the percentage yield of wax
esters. The reaction mixture consisted of paim oil (1 mmol), oleyl alcohol
30 (3 mmol), hexane (to a total volume of 10 cm®) and Lipozyme® (0.15 g).




oleate : Olinoleate : oleyl linoleate. Figure 2 shows the effect of
reaction time on the percentage yield of wax esters. The reaction m xture
consisted of palmoil (1 nmol), oleyl alcohol 30 (3 nmml), hexane (to a
total volunme of 10 cm and Lipozyne(r) (0.15 g). 4 The reaction mxture is

I ncubated at 400 C and shaken at a speed of 150 rpm Designation -
Olaurate : oleyl laurate, O nyristate : oleyl nyristate, Owpalmtate :
oleyl palmtate, O stearate : oleyl stearate, O oleate : oleyl 5 oleate,
O linoleate : oleyl linoleate. Figure43 shows the effect of tenperature on
the percentage yield of wax esters. The reaction m xture consisted of palm

oil (1 mmln),[ ol eyl al cohol (3 nmmol), hexane (to a total volune of 10 cm
and Li pozyndhe)reaptiars mjxture ipintubatashat #6hCrand shakarsabaspesdaf ©B0speed of

150 rpm for h ' ti - . te . .oleyl I at L nyrisiate

ol eyl nyri s{%['épe@@ﬂp?gﬁﬁn tgg %uqa?%'géfy%ﬁdquﬁt@aﬁél?y@g E§PXF @%'Skﬁs‘éyl
stearate, OO.phladfate : oldydpalmithiea iR, stéaraté nel@Aistedratd, @) olbhto! glE. 15
Figure 4_sho the effect of anpunt of enzyne on the percentage yield of
wax estets. 0}%5%9’ (ﬁqul%@iem%wlaol?@ﬁ%i sted of palmoil (1 mml), ol eyl

al cohol (3 nmmol ), hexane (to a total volune of 10 cm and Lipozyne(r). The
reaction mxture is incubated at 500 C and shaken at a speed of 150 rpm
for 5 h. Defigynetd shows @hé afieat ef ternpepdtuleacn dhe pe@entags tyidie of wabeyl 20

nyristate, Opalmtate :. oleyl palmtate, O stearate : oleyl stearate, O
ol eate . ol 5T LIS eSacton MhevBaransiSlenaiPaliy o ehramob glaeaBobabs 1 he
effect of MmbB! héxate BELS6@I Golf '&-ﬁ? ' ' o1
mmol ) on t@ percgnt age eylﬁe_l d ol? vv%x eésaf&erjg. T ce)énZdSD'tpga tie?ﬁwm@t )'re
consi st ¥ off hpaeactisin mixturenisishaken @y la speedruf|1503mmmfor,5 h.
Designation - O.laurate : oleyl laurate, O.myristate : oleyl myristate,
O.palmitate : Oleyl palmitate, O. stearate : oleyl stearate, O. oleate : oleyl

oleate, O. linoleate : Oleyl linoleate.

15  Figure 4 shows the effect of amount of enzyme on the percentage yield of
wax esters. The reaction mixture consisted of palm oil (1 mmol), oleyl
alcohol (3 mmol), hexane (to a total volume of 10 cm®) and Lipozyme®.
The reaction mixture is incubated at 50° C and shaken at a speed of 150
rpm for 5 h. Designation - O.laurate : oleyl laurate, O.myristate : oleyl

20  myristate, O.palmitate : oleyl palmitate, O. stearate : oleyl stearate, O.
oleate : oleyl oleate, O. linoleate : cleyl linoleate.

Figure 5 shows the effect of molar ratio of substrate (oleyl alcohol, n
mmol/palm oil, 1 mmol} on the percentage yield of wax esters. The
25 reaction mixture consisted of palm oil {1 mmol), oleyl alcohol (3mmol),
hexane (to a total volume of 10 cm®) and Lipozyme® (0.15 g). The
reaction mixture is incubated at 50° C and shaken at a speed of 150 rpm
for 5 h.
Designation - O.laurate ; oleyl laurate, O.myristate ; oleyl myristate,
30  O.palmitate ; oleyl palmitate, O. stearate ; oleyl stearate, O. oleate ; oleyl
oleate, O. linoleate ; oleyl linoleate.




hexane (to a total volune of 10 cn) and Lipozyne(r) (0.15 g). The reaction
m xture is incubated at 50 C and shaken at a speed of 150 rpm for 5 h.
Designation - O laurate ; oleyl laurate, Onyristate ; oleyl nmyristate, 30
Opalmtate ; oleyl palmtate, O stearate ; oleyl stearate, O oleate
oleyl oleate, O Ilinoleate ; oleyl linoleate. 5 Figure 6 shows the effect
of various organic solvents on the percentage vyield of wax esters. The
reaction m xture consisted of palmoil (1 nmol), oleyl alcohol (3 mmuol),
solvents (to a total volune of 10 cnB) sand 5 Li pozyne(r) (0.15 g). The
reaction mxture is incubated at 50 C and shaken at a speed of 150 rpm for
5 h. The solvents used were acetonitrile (log P=0.33), ethyl acetate (Il og
P=0. 68), chFigusedr showsdhe-=fect ofiesasioss qroanicrsolarss Orh’d‘rﬁ peceptage P=4.0),

o oor T Sy BF fiax) o8B, NG iR Qnisigted 2 HAR0H OF gighy 2472 €

palmtate, Bleyistaﬂacﬁf&ilep rﬁlmy)l sdlegitst Go 8. tRhEIbRIMe Céfeyib cafear O.
I|noleate' A eyl linol eate. gure 7 shows the effect of btla| wat er

activity’ (aLmPZMweﬁ%éOﬁér génﬁagereaﬁmp. Blxues isdircuhated sat ﬁﬁ G eaxst i on
m xture con Lalz nml ane (to
a total vol §%§I§é?fa§% 9@%?1&1 0 I:bl pozyérrg(?bg%B!v%g?sgpgéq'%rggggﬁqngﬂ% xture
i s :jncubat edcc):gtP5@3@g ,aaskthyl abeﬂgwéom?o 33§B&)dct(3llﬁ\)|6%f)ﬁgng OfF&r 223hexa'ﬁ®e salts
used were Li Cl H
(0.75), kc (p9. Fgm)'i]’oj) bép%%@é e iyt b&qma dag P 5haﬁétf@nan@|(@9
| aurate, O ps;ggl_gs)'_tate . oleyl nyristate,
10 Designation - O.laurate : Oleyl laurate, O.myristate : Oleyl myristate,
O.palmitate : Oleyl palmitate, O. stearate : Oleyl stearate, O. oleate : Oleyl
oleate, O. linoleate : Oleyl lincleate.

Figure 7 shows the effect of initial water activity (ay) on the percentage
15 yield of wax esters. The reaction mixture consisted of palm oil (1 mmol),
oleyl alcohol (3 mmol), hexane (to a total volume of 10 cm® and
Lipozyme® (0.15 g). The reaction mixture is incubated at 50° C and
shaken at a speed of 150 rpm for 5 h. The salts used were LiCl (0.11),
MgClo6H,0 (0.33), Mg(NOs)..6H,O (0.53), NaCl (0.75), KCI (0.86),
20 KNO3(0.90).
Designation - O.laurate : oleyl laurate, O.myristate : oleyl myristate,
O.palmitate : oleyl palmitate, O. stearate : oleyl stearate, O. oleate : oleyl

oleate, O. linoleate : cleyl linoleate.

25 A general step for producing wax esters in the current invention is
mixing 1 mmol of palm oil with 3 mmol of oleyl alcohol and 0.156 g of
Lipozyme®. Then, hexane is added to the reaction mixture to a total
volume of 10 em® or to a volume sufficient to solubilize palm oil. Finally,
the reaction mixture is incubated in a horizontal shaker water bath with a

30  speed of 150 rpm at 40°C for 24 hours to enable enzymatic alcoholysis




Opalmtate : oleyl palmtate, 0. stearate : oleyl stearate, 0. oleate :
oleyl oleate, 0. linoleate : oleyl linoleate. 25 A general step for
produci ng wax esters in the current inventionis mxing 1 muol of pal moil
with 3 mmol of oleyl alcohol and 0.15 g of Lipozyne(r). Then, hexane is
added to the reaction mxture to a total volune of 10 cnB or to a vol une
sufficient to solubilize palmoil. Finally, the reaction mxture is

i ncubated in a horizontal shaker water bath with a 30 speed of 150 rpm at
40C for 24 hours to enable enzymatic algcohol ysis 6 reaction. These steps
are followed to determ ne optimum conditions for producing wax esters
unl ess otherwi se stated. 5 Lipase fromdifferent sources is enployed for
catal yzi ng atansical yidiese stepstarerfobieweddn getermiviel opiirduni eghdiibnofiol . Si x

comercial lipases teste bilized |ipase from Micor
ni ehei (Li pBE‘ﬁl’@ Wgwaﬁﬁég%lééw’%ﬁ% Cﬂé%’gﬁﬁﬁiﬁ "31)) cont ai ni ng 1098 | ag of
protein, 0.15 g of inmmbilized |ipase from Candida antartica (Novozym 435

produced by 10 Novo Nordis %@cont ai ning 1143 pg of protein, 0.13 g of
| mrobi | |&ed | i pat@aSBrfmm@h eﬂhsmu@esas emrﬂwedﬁmgcanalﬁzlmgagmhomsm ein,
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0.1 g of ||K3.@$@ 0riemg Asfpaneridbilzed UpasE ORbM WDEbr2 24i8hen (proE mb@ n. The
| mobi | i zed Rasa b15 from Candi da rugosa i s produced by i mmobilizing
a

| i pase f rorrP y r Ngwe dNendlisigheentainingkA898. ugr ot eretetnn® dht g| of vari ous
St andar d. _ PETTONEE0 Fhedé MOl ariitiy dIihirRd Nieay wiB PSR R0 "
Hi ghest 1(per bewbdderdisks lcdntaniaota opg ws iphsteld, KOLY gedirimnialsiftied lipase
from Candida rugosa containing 1105 ug of protein, 0.07 g of lipase from
Rhizopus niveurs containing 2240 ug of protein, 0.21 g of lipase from
Candida rugosa containing 2238 ug of protein and 0.1 g of lipase from
Aspergilus niger containing 2228 g of protein. The immobilized lipase
15 from Candida rugosa is produced by immobilizing lipase from Candida
rugosa on Amberlite XAD 7. Protein content in various lipases is
determined by using Lowry method with bovine serum albumin as

standard. Percentage yield as determined is as shown in Figure 1.

20 Highest percentage yield is shown by using Lipozyme® (75%)
followed by immobilized lipase from Candida rugosa and Novozym 435.
Other lipases showed only low percentage yield (Iéss than 30%).

Time course for enzymatic alcoholysis reaction is presented in
25 Figure 2. Percentage vyield increased with increasing reaction time.
Lipozyme® as biocatalyst gives high percentage yield within a reaction
period of 5 to 7 hours. After 7 hours, the percentage yield is relatively
constant. This may be due to the enzymatic alcoholysis reaction has
achieved equilibrium state whereby the rate of forward reaction is equal to

30  the rate of backward reaction.




foll owed by i mmbilized |ipase from Candi da rugosa and Novozym 435. O her
l'i pases showed only | ow percentage yield (I ess than 30%. Time course for
enzymatic al coholysis reaction is presented in 25 Figure 2. Percentage
yield increased with increasing reaction time. Lipozynme(r) as biocatal yst
gi ves high percentage yield within a reaction period of 5 to 7 hours.
After 7 hours, the percentage yield is relatively constant. This may be
due to the enzymatic al coholysis reaction has achieved equilibriumstate
whereby the rate of forward reaction ig equal to 30 the rate of backward
reaction. 7 Palm+ Qeyl Lipozyme(r) Wax + G ycerol G Alcohol Esters 5
Furthernore, in the enzymatic al cohol ysis reaction between palmoil and

ol eyl al cohol, wialmesters @ieyl not tlipozymig®pr odWéax but gGjweral as wel | .
Accumnul at ed gI ycerol will inhibit <4he—alecehol ysis reaction by limting

i nteraction of th&isubstrAlkehaind the bi ocat al yHstersk0 Enzymati c al cohol ysi s
reaction betvveen pal moil and ol eyl al cohol is perforrred at 5 different

te erat 5 hoyrs, each. Percenta ie wax ester |ncreased
T ey e BB brrBarRe A s STV BTG P raactian baiaen pa'@mpé 20 | ow

ercenta e b f t he
IrOeI ati veIg blﬁ %J]dz&rgg g’??l%ﬁ?g ahﬁ\gﬁgébgﬁtﬁ%?%&gl @iO@, ? wax est ers is

decr eased aAcem@uiaiedogichFm!swﬂhynltnlbltdthaetaicd)thrdysmlereaailoat bgn limiitiighe enzyme
4 shows the result of using

at relatively hi her ratuyres ure
di fferent af%ﬁr ACHQR of 'Tfong'\?t??gfa#? ang tﬁ@ glyel al cohol ysi s reaction between

pal moil and ol eyl alcohol. The

10 Enzymatic alcoholysis reaction between palm oil and oleyl alcohol
is performed at 5 different temperatures for 5 hours each. Percentage yield
of wax ester increased with increasing temperature from 30°C to 50°C as
shown in Figure 3. Low percentage vield is observed at lower temperature
(30°C) because of the relatively low enzyme activity. The percentage vyield

15 of wax esters is decreased at 60°C to 70°C. This may be due to the

denaturation of the enzyme at relatively higher temperatures.

Figure 4 shows the result of using different amount of Lipozyme® in

enzymatic alcoholysis reaction between palm oil and oleyf alcohol. The

20 enzymatic alcoholysis reaction is conducted at 50°C for 5 hours each.

Percentage yield of wax esters increased as the amount of Lipozyme®

increased to 1.5% [weight of Lipozyme® (g) to total volume (cm®) of

reaction mixture basis]. Excess Lipozyme® has little effect on the

percentage yield of wax esters. This may be due to the limitation of the

25  amount of substrates used. Protein content in Lipozyme® as determined

| by using Lowry method with bovine serum albumin as standard is as
shown in Table 1.

30




20 enzymatic al coholysis reaction is conducted at 50C for 5 hours each.
Percentage yield of wax esters increased as the anmount of Lipozynme(r)
increased to 1.5% [ wei ght of Lipozyne(r) (g) to total volunme (cm of
reaction m xture basis]. Excess Lipozyne(r) has little effect on the
percentage yield of wax esters. This may be due to the Iimtation of the 25
anount of substrates used. Protein content in Lipozynme(r) as determ ned by
using Lowy nethod with bovine serumal bumin as standard is as shown in
Table 1. 30 8 Anmount of Lipozyme(r) usegd Protein Content (g)(pg) 0.05366
0.10732 0.151098 0. 201464 0.251830 0.302196 Table 1 Protein content in

Li pozyne(r) 5 Effect of _using different nolar ratio of substrates in

enzymatic al cohol ysi pAnmzamt obhipoeyme®upsd MPeoteina@dnieney! al cohol at 50C
for 5 hours each is shown in Figure 5. Thefe is a relatjvely sharp optimum
wax esters yield around 3 equi ents of o| eyl A¥gbhol to 1 equi val ent of
palmoil. This is simTar Wiy ggol chiometyTc mggglires pf reaction between
pal moil and )

0.10 732

0.15 1098

0.20 1464

0.25 1830

0.30 2196

Table 1

Protein content in Lipozyme®

5 Effect of using different molar ratio of substrates in enzymatic
alcoholysis reaction between palm oil and oleyl alcohol at 50°C for 5 hours
each is shown in Figure 5. There is a relatively sharp optimum wax esters
yield around 3 equivalents of oleyl alcohol to 1 equivalent of palm oil. This
is similar with stoichiometric mixtures of reaction between palm oil and

10 oleyl alcohol.

Polarity of various solvents in terms of their log-P values played the
most crucial role in the course of enzymatic alcoholysis reaction between
palm oil and oleyl alcohol. Effect of using various organic solvenis in

15 forming the reaction mixtures is shown in Figure 6. The solvents used are
acetonitrile (log P = 0.33), ethyl acetate (log P = 0.68), chloroform (log P =
2), hexane (log P = 3.5), heptane (log P = 4.0}, isooctane (log P = 4.5) and
nonane (log P = 5.0). The enzymatic alcoholysis reactions are conducted
at 50°C for 5 hours each. In general, it is observed that percentage yield
20 increased with increasing log P value of the solvent. The most suitable

organic solvents for forming reaction mixtures in the present invention are




10 ol eyl alcohol. Polarity of various solvents in terns of their |og-P

val ues played the nost crucial role in the course of enzymatic al cohol ysis
reaction between palmoil and ol eyl alcohol. Effect of using various
organic solvents in 15 formng the reaction mxtures is shown in Figure 6.
The sol vents used are acetonitrile (log P = 0.33), ethyl acetate (log P =
0.68), chloroform (log P = 2), hexane (log P = 3.5), heptane (log P =
4.0), isooctane (log P = 4.5) and nonane (log P = 5.0). The enzynatic

al cohol ysis reactions are conducted atg 50C for 5 hours each. In general

it is obser%@F&ehf@wtﬁeﬂem%ﬁgﬁighb?'léaignfgv’bﬂf‘ef, €l '[\}/%oi[ @%ﬁ%ﬂb og P

val ue of the solvent. The nost “suit organi ¢ solvents for tormng
reacti on mi ktvalee nohlassdhan 8sent invention are 9 solvents with relatively
hi gher log P value, particularly solvents with log P value not |ess than
3.5. Influence of water activity on synthesis of wax esters by enzymatic 5

al cohol ysi s reacinfuendei dfdvatcP @EiiB( b syhtHisprat abkdstérs BlebRrythagrd by pre
equilibrating Lipozyne(r) and substrates with vapor of saturat’ed salt

sol uti ond wAlaehglysisraastionaséng kiporyme® asimjooatalystds deterntinethbytpseper at ur e

honrs. The. Sqpilibrithd, TiRERRES “afRSAARESs YRR of sttitEd bl g
My( NO3) 26 H2@oludiors QifiB Hiffdied wator-a&livity) (a, KChlueavat SmBient aeshpéh@ard aw =

0.9). Enzym?ti c al cohol ﬁsj,s reactions are then conducted at 50C for 5
hours each. (AfIONBIRIEN: 9Ly ilR| PRAralRacOBtAIRGTS PYersighhrior ratrlegst €167, The

bR A T
10 Mg(NO3).6H20 (ay = 0.53), NaCl {ay, = 0.75), KCI (ay = 0.86) and KNO;3 (ay
= 0.9). Enzymatic alcoholysis reactions are then conducted at 50°C for 5
hours each. The percentage yield of wax esters is shown in Figure 7. The
-percentage vield of wax esters is not much affected by the water activity
value of the reaction mixtures.
15
Thus, optimum yield is obtained by using optimum conditions for
enzymatic alcoholysis reaction to synthesize wax esters. For optimum
yield, hexane is added to a reaction mixture consists of 1 mmol palm ail, 3
mmol oleyl alcohol and 0.15 g Lipozyme® to a total volume of 10cm?®. The
20 reaction mixture is then incubated in a horizontal shaker water bath with a
speed of 150 rpm at 50°C for 5 hours to enable enzymatic alcoholysis

reaction. Percentage yield of wax esters obtained is 80.62%.
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Thus, optimumyield is obtained by using optimumconditions for enzymatic
al cohol ysis reaction to synthesize wax esters. For optinmum vyield, hexane
is added to a reaction mxture consists of 1 mmol palmoil, 3 mol ol eyl
al cohol and 0.15 g Lipozyne(r) to a total volunme of 10cnB. The 20 reaction
‘m xture is then incubated in a horizontal shaker water bath with a speed
of 150 rpmat 50C for 5 hours to enable enzymatic al coholysis reaction.
Percentage yield of wax esters obtained is 80.62% 25 30 10 Cains 1) A
process for the preparation of wax esteps which conprises 5 reacting a
solution of palmoil in an organic solvent with oleyl alcohol in the
presence of an inmmobilized |ipase. 2) A process for the preparation of wax
esters as clainmed in daiml| wherei @laghar ratio of palmoil to ol eyl

al cohol is between 1:2 and 10 1:4. 3) A process for the preparation of wax
esters as clained in Caiml wherein the immobilized |lipase is selected

from i mobil i z‘E)dAl ippesess foomhdlsiebaratRiteiof waRdéstaranitaeh i 6amphisesCandi da
rugosa. 15 4) A process for the preparatjion of wax esters as clained in

C ai m 3 9 wher ei nrqaﬁmigrrﬁnﬁ@luti%ooﬂ paﬁ%eow i rANMVAFganiai soeent withi pleyl me(r) .
5) A f d a 3 20
wherern the. i moBehol e st or Ak RbRE 8 BBeft ' 1o Novosym 435,

2) A process for the preparation of wax esters as claimed in Claim 1
wherein molar ratio of palm oil to oleyl alcohol is between 1:2 and
10 1:4.

3) A process for the preparation of wax esters as claimed in Claim 1
wherein the immobilized lipase is selected from immobilized lipase
from Mucor miehei, Candida antartica and Candida rugosa.

15
4) A process for the preparation of wax esters as claimed in Claim 3

wherein the immobilized lipase from Mucor miehei is Lipozyme®.

5) A process for the preparation of wax esters as claimed in Claim 3
20 wherein the immobilized lipase from Candida antartica is Novozym
435,

6) A process for the preparation of wax esters as claimed in Claim 3
wherein the immobilized lipase from Candida rugosa is produced by
25 immobilizing lipase from Candida rugosa on Amberlite XAD 7.

7) A process for the preparation of wax esters as claimed in Claim 1
wherein the process is carried out at temperature within the range
of 40°C to 50°C for a period of not less than 5 hours.
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6) A process for the preparation of wax esters as clainmed in Claim3
wherein the imobilized |ipase from Candi da rugosa i s produced by 25
i mmobi lizing |ipase from Candi da rugosa on Anberlite XAD 7. 7) A process
for the preparation of wax esters as clained in daim1l wherein the
process is carried out at tenperature within the range of 40C to 50C for a
period of not less than 5 hours. 30 11 8) A process for the preparation of
wax esters as claimed in Caiml wherein the imobilized |ipase is present
in an anount which is equivalent to npi |ess than 1000 tag of protein per
mlli-mole of palm 5 oil used. 9) A process for the preparation of wax
esters as clained in Caiml wherein the organic solvent has a val ue of
| og P not | esB)t Rapragess faotheoprepapatiore ot wasredtors as efamatiinrClaimviax esters
| al.cohol wth

whi ch conprises @f i). mixing 1 mmol palm.oil and 3 mmol ol e

0 16 o T nosy metherdiping Mingoliees BA5CUS resea i BB sPHit Wi B e 1)
addi ng_hexane t oeybial®nkte!het RiR6aha884 000 |&f 6PprotdintpRr aniflidhdle ofv@Ale of 10
cnB, 15 iii) incubating the resultant m xture fromstep (ii) at 50C for 5

hours. 11) Wax eSt&sgdas produced from methods as clained in Clains 1 to
10. 20 25 30

9) A process for the preparation of wax esters as claimed in Claim 1

wherein the organic solvent has a value of log P not less than 3.5.

10 10) A process for the preparation of wax esters which comprises of
i) mixing 1 mmol palm oil and 3 mmol oleyl alcohol with 0.15 g
Lipozyme® containing 1098 pg of protein to form a mixture,
i) adding hexane to the mixture obtained in step (i) to a total
volume of 10 cm?,
15 iii) incubating the resultant mixture from step (ii) at 50°C for 5
hours.

11) Wax esters as produced from methods as claimed in Claims 1 to
10.
20
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