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ABSTRACT

Lipase-catalyzed transesterifications-especially ainsolvent-free medium-are important for industrial
applications because such systems would have armense advantage by avoiding the problem of
separation, toxicity and flammability of organichemts. However, the organic solvent-free alcohislys
especially methanolysis, does not give high coneess The same problem also occurs when ethyl or
methyl acetate are used as acyl acceptors. The pmablems of lipase-catalyzed organic solvent-free
alcoholysis are first, the solubility of the plaoit in the substrate or solvent and second, the tiaet
transesterification is an equilibrium reaction. IRy& carbonates, versatile compounds due to thHedndcal
reactivity and physical properties, may provide aternative to solve both problems. Using dialkyl
carbonates transesterification is not an equiloriweaction, because the intermediate compound
immediately decomposes to carbon dioxide and anhalc Moreover, dialkyl carbonates (especially
dimethyl carbonate) are cheap and widely availdbde. single step lipase-catalyzed transesterificatib
palm kernel oil, diakyl carbonates (in this casmethyl and diethyl carbonate) gave better yieldngared

to those of short chain alcohols. The rate of estenation with dialkyl carbonates as substrate alasut

6-7 times higher than that obtained with short ehaicohols. The formation of esters was gradually
increased by a higher enzyme amount from 5-20% (ef/wil) for 8 h reaction time. However from the
economic point of view, an enzyme amount of 10%tlmn weight base of oil was proposed for further
reaction. Generally, the highest ester formatiors whserved when a temperature of 60°C was used.
However, in the case of dimethyl carbonate litiffedence was observed at reaction temperaturé$ and
70°C and the reactions proceeded nearly identicalye &sters formation increased drastically up toemor
than 70% when water was added up to 0.2%. Howester formation extremely decreased when more
than 0.4% water was added. Formation of ester waerl when a hydrocarbon solvent was added to the
system compared to that of when dialkyl carbonate® used as substrate and solv€andida antarctica

in the immobilized was found to be effective faartsesterifying palm ker nel oil with short-chaimléyl
carbonates with or without any added organic sdbzen

Keywords: Lipase-Catalyzed Transesterification, Esters Fadonatincreased, Short-Chain Dialkyl
Carbonates, Added Organic Solvents, Agricultured_Feedstocks, Decomposes Immediately

1. INTRODUCTION several years. Various routes have been proposed fo
both chemical and enzymatic processes (Ne&tah.,
The transesterification of vegetable oils and ahim 1996; Otera and Nishikido, 2009; Drasizal., 2012).
fats to form esters has received considerabletadtefor The most interesting research today is focusedhen t
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utilization of enzymes, normally lipases, for equilibrium reaction, because the intermediate
catalysing the synthesis of simple esters of vdgeta compound (carbonic acid monoacyl ester) decomposes
oils or other agriculture lipid feedstocks with or immediately to carbon dioxide and an alcoHeily( 1).
without the presence of organic solvents (&aal., By using high oleic sunflower oil and dimethyl
2001; Soumanou and Bornscheuer, 2003). Lipase-carbonate (150 mmol plant oil/l solvent = 15%
catalyzed transesterification in a solvent-free med  w/w, 3 g of Novozyme ® 435), after 72 hat 50°C,
would be important for industrial applications basa  Warwel et al. (1999) obtained about 80% methyl
such a system would have an enormous advantage bgsters. Based on this result, lipase-catalyzed
avoiding the problems of separation, toxicity and transesterification using dialkyl carbonates, eglbc
flammability of organic solvents. However, the dimethyl or diethyl carbonate, may provide a gehera
organic solvent-free alcoholysis, especially alternative for the transesterification of sengtiv
methanolysis, does not give high conversions. Thesubstrates such as tung oil, calendula oil or digh
same problem also occurs when ethyl or methyl The method has later been further developed to
acetate are used as acyl acceptors. reactive extraction, i.e., the simultaneous extoacand

There have been numerous studies that reportransesesterification of triglycerols (Klaas andrl,
transesterification reactions using lipases withd an 2001) and applied for the extraction of particuiatty
without organic solvents. Nelsoret al. (1996) acid esters (Klaas and Meuer, 2004).
reportlipase-catalyzed production of methyl and Some key aspects of lipase-catalyzed esters
ethyl ester from various sources of oil in hexane. synthesis have been investigated and reportedsditree
Shimada et al. (1999) also report continuous of glkyl donor (Mittelbach, 1990, Mittelbach al., 1995;
conversion of vegetable oils to methyl esters using|inko et al., 1994; Brunett al., 1999), the role of water
e e Ioupe e (Leyeh and Knez, 1990: Jeong an Lee, 1997; Wl

’ g Adlercreutz, 1997), the effect of temperature aresgure

technical applications of this method is, that i a o )
equilibrium reaction. Based on the transesterifigat ~ conditions (Iseet al., 2001, Athawalet al., 2003) and the

of a fatty acids with an dialkyl carbonates whicasy ~ ©fféct of organic solvents (Amaa al., 1995). Some of
first reported by Pioctet al. (1991), Warwelet al.  these key aspects were also investigated in the
(1999) carried out lipase-catalyzed conversion of transesterification of palm kernel oil with dialkyl
plant oils with dialkyl carbonates which is not carbonates catalyzed by Novozyme ® 435.

(R [
H2C—0—C-R] o H>C—OH 3 Ry2a—C—0—C2Hs
9 L e
HC—O—C—R2 + 3 H5C20 OC2H;s ﬂ HC—OH + 3 C2Hs5—OH
‘ ﬁ) +3H20
HyC—0—C—R3 H>C —OH 3 cor(D
i
H>C—0—C—R]
i
HC—O0—C—R2 | ¢ C3Hs—0CH
0

I
H2C—0—C—R3

Fig. 1. Transesterification of a triglyceride with diallkghrbonates
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2. MATERIALS AND METHODS methyl-N-trimethylsilylheptaFluor(o)Butyramide
(MSHFBA) containing methyl-imidazole (50 pL L

Palm kernel oil was obtained from Indonesian Oil MSHFBA) for about 30 minand afterwards the excess
Palm Research Institute (IOPRI), Medan-Indonesia.0of MSHFBA was evaporated, the sample was
Dimethyl carbonate, diethyl carbonate, methanolaesl ~ dissolved in dichloromethane and directly inject to
and isohexane were analysis grade and purchased fro GC- Heptadecanoic acid methyl ester was used as
Merck (Darmstadt, Germany). All solvents used WereInternal standard.
percolated through Puralox SCCa 150/145 N before
use.N-Methyl-N-trimethylsilylheptaflour(o)Butyramed 3. RESULTS

(MSHFBA) was used for sylilation and was obtained 3 1. Screening of Commercially  Available

from Macherey-Nagel (Duren, Germany). Lipases for their Abilities to Transesterify
2.1. Screening of Commercially Available the Triglyceride of Palm Kernel Oil
Lipases for _the'r Abilities to Tra_nsesterlfy Several commercially available lipases were
the Triglyceride of Palm Kernel Oll screened for their ability to transesterify palnmrie oil

with dimethyl carbonate, diethyl carbonate and shor
chain alcohols such as methanol and ethanol. R&ecti

mole equivalents of dialkyl carbonates or alcohahsl were done in isohexane at 45°C without any addition

the appropriate amount of enzyme were added. Th(—:}[’"ater tto_f_ f'tf‘d the most active lipases for
reaction mixture was stirred for 24 hat 45°C ineating ransesterincation.

block. The same method was also used without anyt t'l;jhe relsultt?] shlc_)w that amon? of sfevera!j_(lj:pases
added isohexane as solvent. ested, only the lipase preparations froGandida

antarctica lipase B (Novozyme ® 435 and Candida B.
2.2. Transesterification of Palm Kernel Oil with on silica) were found to be most effective for
Dimethyl and Diethyl Carbonate Catalyzed transesterifying palm kernel oil with dimethyl oiethyl
by Novozyme ® 435 carbonate (34 and 31% yield respectively).
. o ) Even though the lipase fro@andida antarctica
In a 5 mL closed reaction tube containing various lipase A (Chirazyme L-5)Pseudomonas fluorescens
amounts of palm kernel oil, variousamounts of dfalk  z3nd Mucor miehei (Lipozyme ® RM IM and its
carbonates and Novozyme ® 435 were added. Theynimmobilized form) were found effective for
mixture was stirred and heated to 60°C for 24 h.yransesterifying palm kernel oil with ethanol toeth
Samples were withdrawn at specified intervals dyrin corresponding ethyl esters derivatives (76, 73a66
the 24 hreaction period. Samples were filtered (bygos yield respectively), these lipase were not effec
Syringe filters; porosity 0.45 um, 4-mm Nylon) to for transesterifying palm kernel oil either withethy!
remove the enzyme and the excess of alkyl souree wacarhonate (0.71, 0.24, 0.93 and 1.05% respectivaly)
then evapora’ged. Filtrates were stored at-20°Creefo dimethyl carbonate as shown Fig. 2. Other lipases
further anaylsis. that were screened in this experiment, such asc&ari
2.3. Analysis papaya, Hog pancreas lipase Ganida cylindracea .
were not effective to transesterify palm kernel oil
Lipid composition was analyzed by Gas either with dialkyl carbonates or short chain alsish
Chromatography instrument (HP6890) equipped with aas shown irFig. 2.
FID detector and a high temperature HT5 AQ (SGE),  Several commercially available lipases were also
12 mx0.22 mm i.d column. The film thickness was 0.1 tested for their ability to transesterify palm kelrroil
pum. Hydrogen flow was 40.0 miin™, airflow was with dimethyl carbonate in isohexane at an elevated
450 mL min* and make up flow (Nitrogen) was 45.0 temperatureof 60°C. Again, among several lipassed
mL min™. The injector temperature was 400°C, injector the lipases fromCandida antarctica (Novozyme®435
splitting was 10:1 and detector temperature was@20 and Candida B. Silica) were found most effective as
The oven temperature was programmed from 70°C (ZShOWFl inFig. 3. The result also shows that at 60°C, the
minconstant) to 420°C at 10°C/min and was held atmethyl ester formation was higher than at 45°C @eed
420°C for 6 min. All sample were syllilated by N- in the first experiment described above.

In a 5 mL closed reaction tube containing 200.60 mg
(0.286 mmol) of palm kernel oil in 0.8 mL isohexaBe
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Mucor miehei unimmobilized
Candidacylindracea

Chirazyme L-5

Pseudomonas fluorescens

Hog Pancreas lipase
Carica papaya lipase

Lipozyme RM IM

CandidaB. Silica

Novozym 435

—] ODEC
| B DMC
1 E Ethanol
]
7]
_]
—
0 10 20 30 40 50 60 70 80

Ester (% w/w)

Fig. 2. Lipases’ abilities to transesterify the triglyalriof palm kernel oil with Dimethyl Carbonate (DM@jiethyl Carbonate

(DEC) and ethanol at 45°C in Isohexane after 8 H
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Fig. 3.Lipases’ abilities to transesterify the triglycezidf palm
6 and 24 h

A series of commercially available lipases was
screened for their ability to transesterify palmned oil
with dimethyl carbonate without another organicveat
at 60°C. In this experiment, dimethyl carbonate at the
same time acted both as substrate and solvent.€Blé
shows that the lipase preparations from Candida
antarctica (Novozyme ® 435 and Candida B. Silikagw
the most effective for transesterifying palm kerodl
with dimethyl carbonate as shown Irig. 4. Ester
formation in the transesterification of palm kerrol
with dimethyl carbonate without another organicveat
was higher than that in the transesterificationpafm
kernel oil with dimethyl carbonate in isohexane.
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3.2. Transesterification of Palm Kernel Oil with
Dimethyl and Diethyl Carbonate Catalyzed
by Novozyme ® 435

3.2.1. Effect of the Alkyl Sources on the Esters
Formation

The type of alkyl source plays an important rale i
the reaction kinetics when enzymes are used alysiata
Four alkyl donors were studied on the lipase-catady
transesterification with palm kernel oil.
Transesterification with 1:3 (palm kernel oil/alkyl
source) molar ratio was performed without any added
solvent. The results show that among the alkyl dono
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used, the highest rate of ester formation was obéthi
using dialkyl carbonates as alkyl sources.

As shown inFig. 5, using short chain alcohols such
as methanol and ethanol as alkyl source, the fasters
formation was low. After 8 hreaction time the fotina

were tested to understand their effect on the féiona
of esters.

As shown inFig. 6, using dimethyl carbonate as
substrate, the ester formation was low when a nmata
of dimethyl carbonate/palm kernel oil lower thameth

of methyl and ethyl esters was only 11 and 12% (mol/mol) was used, because then the amount of

respectively. The ester yields increased only #ljgto

dimethyl carbonate is not sufficient for a complete

13 and 19% respectively, when the reaction time wasreaction. The ester formation increased with insiren

extended to 24 h. Even after 48 h the ester foomatias
not more than 30%.

molar ratio. The highest ester formation was oletdin
when the molar ratio of dimethyl carbonate/palmnkér

Completely different results were now found when oil was 20 moL" mol (82%). However, the ester
dimethyl and diethyl carbonate were used as alkylformation decreased when the molar ratio of sutestra

donors. As shown irFig. 5, the ester formation rates
with dialkyl carbonates were about 6-7 times highan
that with short chain alcohols. The formation ofthy
and ethyl esters were about 40% after 1 hand relaghe
to 76 and 73% respectively after 8 h. Then, therest
formation increased slowly to 83 and 81% respebtive
when reaction was prolonged to 24 h.

3.3. Effect of the Substrate Molar Ratio on the
Esters Formation

was higher than100 métmol (dissolution effect).

As shown inFig. 7, using diethyl carbonate as
solvent the highest ester formation was obtainetth @i
molar ratio of diethyl carbonate/palm kernel oiltbfee
mol/mol, i.e., the stoichiometric amount (79% ®r
hours reaction). The formation of esters decreaséu
an increase in the molar ratio excess.

When the molar ratio of diethyl carbonate/palm
kernel oil was 20 mol}, triglyceride conversion was
complete after 8 h, but the yield of ester was sehad
lower. Around 20% are converted to by-productse(fre

To ensure that the reaction proceeds rapidly andfatty acids). The ester formation increased up3% @vith
completely, the enzyme should not be inhibited by a corresponding decrease in free fatty acids when t

substrate concentration. Various substrate molaosa

Mucor javanicus
Candida rugosa
Carica papaya
Aspergillus niger
Hog pancreas lipase
Mucor miehei unimmobilized
Chirazyme L-5

Candida cylindracea p

reaction time was extended to 24 h.

Bm24h
m&h

Novozme 435

Candida B.Silica

T T T T T T 1

40 50 60 70 80 90

Ester (% w/w)

Fig. 4. Lipases’ abilities to transesterify the triglyaiof palm kernel oil with dimethyl carbonate atG@fter 8 and 24 H
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Fig. 5. Time course of transesterification of palm kerndl with: ¢ Methanol, mEthanol, A Dimethyl Carbonatee Diethyl
Carbonate, without organic solvent at 60°C
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Fig. 6. Ester formation in the transesterification of p&lemnel oil with dimethyl carbonate for various nrofatios of substrate at 50°C
after 8 H

enzyme on the transesterification of palm kernél oi

with dialkyl carbonates was examined with tvarious

amounts of enzyme in the range from 5-20% on the
The amount of enzyme spent is a crucial weight base of oil at 60°G~(g. 8).

economical factor for any successful industrial There was a gradual increase in the formation of

application. Therefore, the effect of the amount of esters with increasing the enzyme amount from 512.

3.4. Effect of the Amount of Novozyme ® 435 on
the Ester Formation
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% (ww of oil) in the lipase-catalyzed the enzyme amount from 5-20% (w/w of oil) after 8 h
transesterification of palm kernel oil with dimethy Except for the lowest enzyme amount of 5% (w/widf o
carbonate after 8 hreaction time. When reactioretim the formation of esters reached nearly in the seahse
was prolonged to 24 h, under all condition used thewhen the reaction time was extended to 28it. ©).
formation of esters reached nearlythe same value, For economic reasons an enzyme amount of 10%
whichindicates that the reaction was nearly fintshe on the weight base of oil was used for further tieac

The similar result was also found when diethyl Under this condition, enzyme activity was 9.8 p
carbonate was used as alkyl source instead of kijinet moL™ min.g (defined as the amount of substrate
carbonate. The formation of estergradually increagith converted per gram of Novozyme ® 435 used).

100 - E8h
90 - W24h
80 -
B 70 A
:ﬁ 60 -
5 50
A a0
30 -
20 -
10 -
0 . . ; ;
3 6 8 20 80

DEC/PKO (mol'mol)

Fig. 7. Ester formation in the transesterification of p&ennel oil for various molar ratios of substratéidthyl carbonate at 60°C
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< 10 12.5 IS

Novozym 435 (%0 w/w of oil)

Fig. 8. Ester formation in the transesterification palmnied Oil with dimethyl carbonate in the presencevafious amounts of
Novozyme ® 435 at 60°C

% Science Publications 1218 AJAS



Tjahjono Herawan and M. Riisch Gen. Klaas / Amerimurnal of Applied Sciences 11 (8): 1212-1223, 2014

100 -
90 - m8h
g0 | W24h
70 -
60 -
50 -

Ester (%0 w/w)

40 -

5 10 15 20

Novozym 435 (%o w/w of o1l)

Fig. 9. Ester formation in the transesterification of pakernel with diethyl carbonate in the presence afious amounts of
Novozyme ® 435 at 60°C
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Fig. 10.Time course of the transesterification of palnmietioil with dimethyl carbonate at various

3.5. Effect of the Reaction Temperature on the The effect of the reaction temperature on the

Ester Formation transesterification of palm kernel oil with diallgarbonates

_ ) was examined in the temperature range of 40-80°%C. A

Temperature is one of the important factors shown inFig. 10 using dimethyl carbonate as the alkyl
influencing enzyme activity. In general, the rafeao  source the highest ester formation was observech ehe
reaction increases with a rise in temperature.temperature of 60°C was used. The results for aGd
However, increasing the temperature leads to an70°C were very similar and the reaction proceedsatiy
enhanced mobility of protein segments in the enzyme identically with about 70 and 68% of esters reachitdin
while the strength of hydrophobic interaction 8 h respectively. However, the esters formatiorreteed
decreases (Athawakt al., 2003). slightly at temperatures of more than 70°C.
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Different results were found when diethyl drastically up to more than 70% when 0.2% (on the
carbonate was used as alkyl source. As showrign volume base of dimethyl carbonate) water was added.
11, the formation of esters increased up to 64% whenThe formation of ester was faily constant in thege of
the temperature was raised up to 60°C. But then thé).3-0.5% (v/v). However, ester formation extremely
ester formation decreased when temperature waslecreased when 1.0% (v/v) water was addégl (L2).

raised further to 70°C. A similar result was found when diethyl carbonate
.. . was used as substrate instead of dimethyl carboAate
3.6. Effect of Water Addition on Ester Formation shown inFig. 13 without any added water the formation

In order to investigate the effect of the watertean ~ ©Of ester only reached 43%.The highest ester foomati
as a factor limiting the activity of the catalysarious  about 64%, was found when 0.1-0.2% (v/v) water was

before lipase-catalyzed transesterification of peémel ~ decreased when more than 0.4% (v/v) water was added
oil with dialkyl carbonates was carried out. The combined effect of temperature and water

The results show that the formation of esters wascontent on the ester formation is showrFig. 14 The

lowest when no water is added to the system, 13% highest ester formation was obtained with a water
after for 8 h reaction time. The ester formatioorgmased  content of 0.2% and at 60°C.

90 4

80 .
70 =t
z P .
Z 60
< 30 1 A
5 ¥ o
40 _
= Lo—% +-70C
30 o
o - 60 C
/A
209 ¢ a4 50C
10 40 C
0 : :
0 5 10 15 20 25

Time (h)

Fig. 11.Time course of the transesterification of palm kéwil with diethyl carbonate at various temperatur
100
90 - @ 8 hr
80 W 24 hr
70 A .
60
50
40

Ester (%o w/w)

30 4

10 -

0 A = - '

0 01 02 03 04 05 10 15 20
Water added (%o of DMC)

Fig. 12.Ester formation (% w/w) in the transesterificatioh palm kernel oil with dimethyl carbonates coniag various
amounts of water
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Fig.13.Ester formation (% w/w) in the transesterificatafipalm kernel oil with diethyl carbonates contafmizarious amounts of water
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Fig. 14.Ester formation (% w/w) on the transesterificatidpalm kernel oil with diethyl carbonates conitagyvarious amount of water

4. DISCUSSION transesterify palm kernel oil with dialkyl carboesat
was only because dialkyl carbonates are poor satestr
The lipase B fronCandida antarcticawas found to  for these lipases and not because they are enzyme
be effective for transesterifying palm kernel oilttw  inhibitors’. This could be shown by transesterifioa
dimethyl or diethyl carbonate. The ineffectiveneds  of palm kernel oil with a mixture of ethanol and
lipases fronCandida antarctica lipase A (Chirazyme L-  dimethyl carbonate (or a mixture of ethanol andhdie
5), Pseudomonas fluorescens and Mucor miehei carbonate) in the presence of isohexane as sohmht
(Lipozyme ® RM IM and its unimmobilized form) to Lipozyme ® RM IM as biocatalyst. Under this
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conditions, ethyl ester yields were about 61 ané60 system is distributed between the enzyme, a caifrier
respectively. This value was not really different present, the solvent, the substrate and the heace sp
compared to that of ethyl esters produced only with (Anthonsen and Hoff, 1998). As reported by Skalal.
ethanol as alkyl source (65%) (Herawan, 2004). (2004) as the water level increases, it incredsegtzyme
Among the alkyl donors used, the rate of esterflexibility and the expressed activity. Above thgtimum
formation using dimethyl or diethyl carbonates was level of water, hydrolytic reactions become siguaifit and
much higher than that obtained with methanol and transesterification yield is expected to go downatgt al.,
ethanol. The high ester formation are consistentbge  2004). The whole topic has been recently exceilentl
when dialkyl carbonates are used as a substrate theeviewed by Serdakowski and Dordick (2008).
reaction is not an equilibrium, because the inteliate

compound decomposes immediately to carbon dioxide 5. CONCLUSION
and alcohol Fig. 1). Furthermore, palm kernel oil . _
dissolves well in dialkyl carbonates.These resatjsee Among several lipases screened, only the lipase B

with those of Shimadat al. (1999) who found that a from Candida antarctica in the immobilized forms,
single addition of methanol to solvent-free alcgsid =~ namely Novozyme ® 435 and Candida B. Silica, was
catalyzed by Novozyme ® 435 resulted in low found to be effective for transesterifying palmneroil
conversion to methyl esters. Similar result wersoal Wwith short-chain dialkyl carbonates in isohexand%C.
reported by Hsuet al. (2002) who found that the same Novozyme ® 435 was also found to be the most
enzyme gave low conversion to esters (20-30% 4ier  effective lipase to transesterify palm kernel dil6@°C

h of reaction) in the transesterification of restamn  Without any added organic solvents.

grease with ethanol. So, it is well known, thae lipase- For  the  single step lipase-catalyzed
catalyzed transesterification of a triglyceride rwian transesterification of palm kernel oil, diakyl carates
alcohol is an equilibrium reaction and when showin (in this case dimethyl and diethyl carbonate) geneh
alcohol are used as a substrate, the two compodéhts better yields compared to of short chain alcohols.
not dissolve well and the reaction cannot take @lac Generally, the highest ester formation was obseated
homogenously. Some papers reported that thereforgs0°C. The formation of esters was strongly influsshc
an organic solvent is required for this reaction py the amount of water in the system.

(Nelsonet al., 1996; Iscet al., 2001). In conclusion for

single step lipase-catalyzed transesterification of 6. ACKNOWLEDGMENT
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