| 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 aronma
constituent. Methyl and ethyl esters of 10 long chain fatty acids are

val uabl e ol eo chem cals that nay be used as replacenent for diesel oil. Wx
esters are long chain esters derived from fatty acids and al cohols both
with chain lengths of 12 carbons or note. Unsaturated or liquid wax esters
derived fromnatural sources such as onoba oil and sperm whal e oil have
been dom nantly used in the 15 |ubricants, plasticizers and cosnetics

market. This is due to their pl,laaggﬁ nRYRRSLIEGerOf being able to inpart
wetting behavior at interfaces an ﬂaw ng a non greasy feeling when

applied on skin surfaces. However, the main obstacle to |arge-scale use of
nat ural sources .gof unsat urat eg mx&stfrﬁés&@tﬁ coit and availability. 20
.Since natural un %af%ﬁe@ Ve URH (FRIPLeS (B N BASICURN fhivaxi iteisd Mere access,
the need t%aﬁﬁéﬁlhﬁ%tlﬁ_@ RSO BIRES WRtheESIRILBHIBRST WaQWiters WRSAIHIAL €d wax
esters can be synthesized using chem cal -catal yzed and enzymatic-catal yzed

net hods. Hdever, chenical -catal yzed nethod | eads 25 to hi gh-energy
consunption and degradati on of the esters produced. Enzymatic catal yzed
met hod offers mld reaction conditions and is an environnmental friendly

process. Enzynatistesyof Brsitschein fatyl Mciest & aldholeare knsovardtoh 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 to high-energy consumption and degradation of the esters produced.
Enzymatic catalyzed method offers mild reaction conditions and is an

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 discl 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 fromvegetahles, animals or synthetic fats and
oils by alcoholysis of the fats and ofls using 6-24C nono- or di hydric
aliphatic alcohol in the presence of a |ipase and high content of water.

15 St evensogicehoRbut BHIHOH ofollPhiie %S is URADICAUARTE tdrtifg BEQEHSH T on - of
a a

fatty acid al kyl esters by |ipase-catalyze coholysis o ats and oils
Wi t h adsor pisiaheaper.gl ycerol by silica gel (Enzyme M crob. Technol .
16:474-484 [1994]). In the al coholysis process, the products are not only
fatty acid al kyl esters but also glycerol. GAycerol nmay inhibit the

reactiors by 20 | UK.t Pagerth®ld. nE82a8BOSN @EcbBEs SRS hraifafid dhexpnzyne.
When i mmobilized Micor miehei lipase is used to catalyze the reaction of
tal | ow wi t hestefedomdbtyr asgupialasst slyseridacantaininghtragliensd thfrebfitol esters

8 ot X g Pk e oL B R g A SRRy
i ncreased uip the pP&8enc2tofEhkpaBeeashhighrotenémtast vaiteyi des a met 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 ajcohol i njd e SEGSABRENST JPB3251089 discloses the preparation of wax

esters from vegetables, animals or synthetic fats and oils 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%
(wiw). 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 mmobi lized |ipase. Good yield (-80% of wax esters can be expected 30 3

w t hout having to provide a high content of water or a neans of glycerol
adsorption. 5 Wax esters are prepared by reacting a solution of palmoil in
an organic solvent with oleyl alcohol in the presence of an inmobilized

| 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 | ag of protein per mlli-nole of palmoil used and
the 10 reaction is carried out at 40C go 50C for a period of not |less than
5 hours. The organic solvent used has“a value of log P not |ess than 3.5.
The present invention wll becone nore fully understood fromthe detﬁiled
descri pti ony;e [ i t i i ich are
gi ven by vy R o A BRCaraas a0 MhashBf onkerdl g
present i nasisoreion.wherein: Figure 1 shows the screening of enzyne. The
reaction m xture consisted of palmoil (1 mmol), oleyl alcohol (3 mml),
hexane (to a total volunme of 10 cnB) and enzyne. The reaction mxture is

i ncubated at 40 \@aarsktd skakeshabd s PERIInGf a AT Mof Haikbihin FRe enzynes

tested were inmobilized I'ipase fromMicor m ehei (Lipozynme(r) produced by
Novo Nor di®ERNIC; saheitwithealeyl plagbokindhe caasenke ahamimmedilizedvipagm 435

produced b i } il.jze R fir. ndi da,ru a
i zopus. nvader MR P, o PHER Qi BE Dol BREEe IS RerBPRh A 48 W pase. 25
Desi gnat i orimmédilized ipase usddelsl preguntingan amtyiht shadheis: eddigbntiiridgit at e,
Opalmtate : o]leyl palmtate, O stearate ol eyl stearate, O ol eate ol eyl
less than 1000 pg of protein per milli-mole” of palm oil used and the
10 reaction is carried out at 40°C to 50°C for a period of not less than 5 hours.

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
15  which are given by way of illustration only, and thus are not limitative of the

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

20 shaken at a speed of 150 rpm for 24 h. The enzymes tested were
immobilized lipase from Mucor miehei (Lipozyme® produced by Novo
Nordisk), immobilized lipase from Candida antartica (Novozym 435
produced by Novo Nordisk), immaobilized lipase from Candida rugosa,
Rhizopus niveus lipase, Candida rugosa lipase, Aspergilus niger lipase.

25 Designation - O.laurate : oleyl laurate, o.myristate : Oleyl myristate,
O.palmitate : oleyl paimitate, O.stearate : oleyl stearate, O.oleate : oleyl

oleate : O.linoleate : oleyl linoleate.

Figure 2 shows the effect of reaction time on the percentage vield of wax
30 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).




oleate : Olinoleate : oleyl linoleate. Figure 2 shows the effect of
reaction time on the percentage yield of wax 30 esters. The reaction

m xture consisted of palmoil (1 nmol), oleyl alcohol (3 mml), hexane (to
a total volunme of 10 cnB) and Lipozyne(r) (0.15 g). f 4 The reaction

m xture is incubated at 40 C and shaken at a speed of 150 rpm Designation
- Olaurate : oleyl laurate, Onyristate : oleyl nyristate, O palmtate :
oleyl palmtate, O stearate : oleyl stearate, O oleate : oleyl 5 oleate,
O linoleate : oleyl linoleate. Figure,3 shows the effect of tenperature on
the percentage yield of wax esters. The reaction m xture consisted of pal m
oil (1 mmol), oleyl alcohol (3 mmol), hexane (to a total volune of 10 cm

and Li pozyn‘ﬁ{é }ea(cQtoilﬁ‘n&)cure éQnJu té@aeﬁtddgrt 5]'1 ﬁll‘faﬁehsatseh@ & 8q 3k 18pspeed of

150 rpmfor . Designation - aurate : l'aurate nyristate :
ol eyl nyri gpat. dDes@mmrm tCata-yrated e;elyl fralraie; 4. myn@tatet ecaiegalt @yristatey |
ol eate . I|noIe I|noI ate. 15
of

st ear at e, ool eyl Iea :

Figure 4 s%\%tm %teef ?Egglfg%lfm t Stﬁar@tﬁzy‘ﬁl@ ﬂe‘?Fﬁgepa@é flege? ?Y’el d

wax est@grs.p|dbie, (Régblcdfe nbpég,mr@ﬁg@t@m sted of palmoil (1 muol), ol eyl

al cohol (3 mol), hexane (to a total volune of 10 cn) and Lipozyne(r). The

reaction mxture is incubated at 50 C and shaken at a speed of 150 rpmfor

5 h. Desig j ra X I rls at e

nyristate, r%&h'%{] ha(E))t\A;eS %ﬁ %%ﬁqeﬁﬁfr@an g‘t @%5?88@ i}'PngPgé’raéte o
ol eate : olegjérsol'reatz@acﬁbn |nh|n@Jr@aio®ISistédi @V'palrhﬁﬁl' @atrenolll @uyiealgolsblows the
effect of nplar ratio of substrate (ol eyl | cqhol, n mol/palmoil,

mol ) on tHeé Padkiexgeefiepdos! WnésqfeT%C hand Llpozyme® (0 15 g).

10 The reaction mixture is shaken at a speed of 150 rpm for 5 h.
Designation - O.laurate : oleyl laurate, O.myristate : oleyl myristate,
O.palmitate : Oleyl paimitate, O. stearate : oleyl stearate, O. oleate : oleyl

oleate, O. linoleate : Oleyi linoleate.

15 Figure 4 shows the effect of amount of enzyme on the percentage vield 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
rom for 5 h. Designation - O.laurate : oleyl laurate, O.myristate : oleyl

20 myristate, O.paimitate : oleyl palmitate, O. stearate : oleyl stearate, O.
oleate : oleyl oleate, Q. lincleate : oley! 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 ¢m’) 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 ; oley!

oleate, O. linoleate ; oleyl linoleate.




25 reaction m xture consisted of palmoil (1 mol), ol eyl alcohol (3mmuvl),
hexane (to a total volunme of 10 cn) and Lipozynme(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 linoleate ; 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 mmol),
solvents (to a total volune of 10 cm and 5 Li pozynme(r) (0.15 g). The
reaction mxture is incubated at 500 C and shaken at a speed of 150 rpm
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10 Designation - O.laurate : Oleyl laurate, O.myristate : Oleyl myristate,
O.palmitate : Oleyl palmitate, O. stearate : Oleyl stearate, O. oleate : Oleyl

oleate, O. lincleate : Oleyl linoleate.

Figure 7 shows the effect of initial water activity (ay) on the percentage
15  vyield 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),
MgCl6H;O (0.33), Mg(NO3).6H,O (0.53), NaCl (0.75), KCl (0.86),
20 KNO5(0.90).
Designation ~.O.Iaurate . oleyl laurate, O.myristate : oleyl myristate,
O.palmitate : oleyl palmitate, O. stearate : oleyl stearate, O. oleate : oleyl

oleate, O. linoleate : oleyl linoleate.

25 A general step for producing wax esters in the current invention is
mixing 1 mmol of paim oil with 3 mmol of oleyl alcohol and 0.15 g of
Lipozyme®. Then, hexane is added to the reaction mixture to a total
volume of 10 om® 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




Designation - O laurate : oleyl laurate, Onyristate : oleyl nyristate,
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 mvol of palmoil
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 volune
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 afcoholysis 6 reaction. These steps
are followed to determ ne optinmumconditions for producing wax esters
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| i pase from Candi da rugosa on Anberlite XAD 7. Protein content in various

li pases i s MAeqRiizachdnasy fiamngardiey anterfresd (Npverysoi3fe psedusacablyuni n as
standang. ReSwPRLRYSKYES ity 9748 Y SESotdinas. 13NQWR ihhoblidhGipkse

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 ug 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 vield (less 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 vyield 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.




20 Hi ghest percentage yield is shown by using Lipozynme(r) (75% followed
by immobilized |Iipase from Candi da rugosa and Novozym 435. O her |i pases
showed only | ow percentage yield (less than 30%9. Tine course for enzymatic
al coholysis reaction is presented in 25 Figure 2. Percentage yield
increased with increasing reaction time. Lipozynme(r) as biocatal yst gives
hi gh percentage yield within a reaction period of 5to 7 hours. After 7
hours, the percentage yield is relatively constant. This may be due to the
enzymati c al coholysis reaction has achieved equilibriumstate whereby the
rate of forward reaction is equal to 0 the rate of backward reaction. 7
Pal m + O eyl Lipozyme(r) Wax + dycerol G| Alcohol Esters 5

Furthernore, in phg, enzyngg al cohﬂj@égh]%@ eactW%& bet Wa%y RcBalym oi | and
c

ol eyl al cohol, wax esters are not it roduct but erol as well.
Accunul at ed gI yceppl W llialkehgbit the al cohol ygggskeaction by limting
interaction of the substrate and the biocatal yst. 10 Enzymati c al cohol ysi s
reaction between palmoil and ol eyl alcohol is performed at 5 different

t enper atiur elsutiern®raoir theeachymBtc @mm@gsiyrmdiono!ﬁemnqsalm oil preased
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decreased at 60C to 70C. This may be due to the denaturati e enzyne
at rel ati venieracipmeef ﬂ@rﬁl@saﬁtﬁ agd th& pocetadysthows the result of using
di fferent anount of Lipozyne(r) in
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 vyield is observed at lower temperature
(30°C) because of the relatively low enzyme activity. The percentage yield
15 of wax esters is decreased at 60°C to 70°C. This may be due fo 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 oleyl 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 liftle effect on the
percentage vyield 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




enzymati c al coholysis reaction between palmoil and ol eyl alcohol. The 20
enzymati c al coholysis reaction is conducted at 50C for 5 hours each.
Percentage yield of wax esters increased as the amount of Lipozyne(r)
increased to 1.5% [weight of Lipozyme(r) (g) to total volune (cm of
reaction m xture basis]. Excess Lipozyne(r) has little effect on the
percentage yield of wax esters. This nay be due to the |[imtation of the 25
anount of substrates used. Protein content in Lipozynme(r) as determ ned by
usi ng Lowy nethod wi th bovine serun1a§bunin as standard is as shown in
Table 1. 30 8 Amount of Lipozynme(r) uSed Protein Content (g) (Ng) 0.05
366 0.10 732 0.15 1098 0.20 1464 0.25 1830 0.30 2196 Table 1 Protein

content in Li pozyme( (AmoBhT SLnGE, HSbL M M BRIGAICHRERT | ratio of
substrates in enzymatji coh oPyS| S reactiion between pal moil and ol eyl
al cohol at 50C for 5 |hours eacty)i s shown iin Fi g(uga) 5. There is a
rel atively sharp optijpum-wax—ester y-el-d-ar-ound egui-val ents of ol eyl
al cohol to 1 equival €nt of pal @rQﬁ |. This iis si ﬁﬁﬁar Wi th stoichionetric
m xtures of reaction between pglqpoil and 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 oley! 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 solvents 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 af 50C for 5 hours each. In general,

it is observed that percentage yield 20 increased wth increasing log P

val ue of the solvent. The nost suitable organic solvents for formng

reaction misdiwargs with tdigtivngsfter iy entalos, BaRIcHIarFOIGSHIS With tbg{ platively
hi gher log P value, particularly solvents wth log P value not 1ess than

3.5. 5 | nfl\#4RBObIesadkan 3detivity on synthesis of wax esters by enzymatic

al cohol ysi s reaction using Lipozyne(r) as biocatalyst is determ ned by pre-

equi librating Lipozyme(r) and substrates with vapor of saturated salt

sol utiods with dhfliemantl wataradivity \ont syrithedis \vilwes esterabhiidynisgigper at ure

(appr oxi mateglcﬁ/ CﬁSC i n separate _containers overni g_ht for at | east 16 10
hlygis & :

hours. The SOCHAE y5ing LirpzymeR pg)biogaialysk ipdstermined. Bigpre-
My(NO3) ZGH%qlﬁiﬁwgfﬁiﬁb ﬁﬁpozm R sBbERates Gitn( %Ear: Cc?'egggl{rgggjc s (aw =

0.9). Enzymatic al coholysis reactions are then co 5
hour s each.soltinsewibntitigrenyiveltdr attivipx (@yt\alses st shtbient terfpgatee?. The

AU S IR Bl A AR T A
opt i MUMCOMYUrs Ohel @lts used are LiCl (ay = 0.11), MgCL6H,0O (a, =0.33),
Mg(NO3).6H20 (aw = 0.53), NaCl (a, = 0.75), KCl (a,, = 0.86) and KNO; (a,
= 0.9). Enzymatic alcoholysis reactions are then conducted at 50°C for 5
hours each. The percentage vield of wax esters is shown in Figure 7. The
percentage yield of wax esters is not much affected by the water activity

15  value of the reaction mixtures.

Thus, optimum vyield 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 oil, 3

20 mmol oleyl alcohol and 0.15 g Lipozyme® to a total volume of 10cm®. The
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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yield, hexane is added to a reaction m xture consists of 1 nmmol palmoil, 3
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1. A process for the preparation of waxmgsters which conprises reacting a
solution of palm5 oil in an organic solvent with |long chain al cohol in the
presence of an immobilized |ipase selected fromany of those from Micor

m ehei, Candida antartica and Candi da rugosa. 2. A process according to
claim 1 whek efrpredses oninglprapersien b Vp%ﬁs@tqrsWbcfesc@mrlsemreaﬁmammuon dfatahi ch i s
equi glent to pot less than 1000 Proteln per mlli-nole of palm oi
used.” 3. A pr8tE& Oé%a(?l?rsﬂk"ﬁ’ﬁ vy "E’!gaﬁhﬁ‘f‘f SRPRA e F’Pﬁ%’“ﬁr"@é‘hi”@“%‘?%irﬁas%as a
val ue of 1| og 15 4. A pr ccor, to claim
wherein the | g?%cgc%c fa??rﬁgn orf mﬁg f?’om Mui:or rri'rehef o 9 ricg %F g%’@‘g%a 498y di ng to
claim4 wherein the nol ar ratlo of paln10|l to oIeyI al cohol is between
1:2 and 1:4. 20 6. A process according to claim4 wherein the process is
carried out at a tenperature ranging from40C to 50C for a period of not

| ess than 5 hours. 7. Wax esters produced by a process as clained in any of
t he precedihgAdiredessaccording to claim 1 wherein the immobilized lipase is present in an amount

10 which is equivalent to not less than 1000 g of protein per milli-mole of palm oil used.

3. A process according to claim 1 wherein the organic solvent has a vaiue of log P not less

than 3.5.
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4. Aprocess according to claim 1 wherein the long chain alcohol is oleyl alcohol.
5. A process according to claim 4 wherein the molar ratio of palm oil to oleyl alcohol is
between 1:2 and 1:4.
20

6. A process according to claim 4 wherein the process is carried out at a temperature

ranging from 40°C to 50°C for a period of not less than 5 hours.

7. Wax esters produced by a process as claimed in any of the preceding claims.






