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Abstract

Graphical abstract

The enzymatic selectivity of Lipase from Candida rugosa immobilized onfo a
calcined layered double hydroxide (CLDHs-CRL) towards the chain-length of
fatty acids and alcohols in the synthesis of fatty acid esters was investigated.
The results showed that CMAN-CRL catalyzed the esterification process with
fatty acids of medium chain lengths (C10-C14) effectively while, CNAN-CRL
and CZAN-CRL exhibited high percentage conversion in fatty acids with
carbon chain lengths of C8-C12 and C10-C18, respectively. In the alcohol
selectivity study, CMAN-CRL showed high selectivity toward alcohols with
carbon chain lengths of C4, Cé6 and C10. On the other hand, both CNAN-CRL
and CZAN-CRL exhibited rather low selectivity fowards longer carbon chain
length of alcohols.
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1.0 INTRODUCTION

Fatty acid esters are important ingredients in the
production of consumer products. They are utilized
extensively as additives and flavoring agents in food, as
fragrances, surfactants and specialty emollients in
cosmetics and as plasticizers, lubricants and solvents in
pharmaceutical products. Conventionally, fatty acid
esters are manufactured either by exiraction from
natural sources or by chemical synthesis. However,
nature’s derived fatty acid esters are limited and costly
[1-4].

On the other hand, the chemical synthesis of fatty
acid esters by using corrosive acid catalysts at high
temperature are hazardous and offen leads to high
overall production cost due to the higher energy cost,
additional repair work on the corroded equipment as

well as the mulliple steps including removal of by-
products [5-7].

Recently, the demand in the use of natural products
and the move towards safer and ‘environmentally
benign manufacturing’ processes has made the use of
enzymes as biocatalysts in the fatty acid esters
production more preferable [8]. Enzymes are naturally
produced by living cells to catalyze hundreds of
biochemical reactions which are important to the
physiological functions of all organisms [?]. Thus, by
using the isolated enzymes in the synthesis, these
nature’'s catalysts may give ‘natural’ label to the
products. Moreover, since most enzymes are of plant or
animal origin, they are safe and can be transported
and disposed in the soil with very little safety
precautions [10-11].
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Enzymatic synthesis offers various advantages over
chemical synthesis forindustrial processing. Enzymes are
biological catalysts that able to operate under mild
reaction conditions, hence reduces the cost of energy
and capital-equipment as well as reducing the
requirements of nonrenewable energy. In addition,
enzymes are highly specific compared to inorganic
catalysts and it may be possible that by choosing the
right enzyme, the variety of products generated are
contfrolled and the unwanted side reactions are
minimized, thus simply the downstream process. As a
result, the plant using enzymatic reactions can be
operated at a lower by-products removal and effluent
freatment costs [12-14].

Lipases (triacylglycerol ester hydrolases, EC 3.1.1.3)
are the most important biocatalysts in enzymatic
organic synthesis because of their catalytic ability,
safisfactory availability, broad substrate specificities
and good stability in agueous to non-aqueous organic
solvents, wide range of pH and temperatures [15-16]. In
spite of the many advantages, the application of
lipases in industrial processes is still lacking due to the
high cost of the enzymes and the lack of an effective
scheme for their multiple uses [17-18]. However, these
problems can be tackled via immobilization of the
enzymes. Immobilization allows reufilization of the
enzymes and makes it possible to operate enzymatic
processes confinuously [19].

Lipases have been immobilized onto LDHs and it is
noteworthy that in the synthesis of fatty acid esters such
as butyl oleate, the adsorbed CRL onto LDHs showed
higher yield and stability compared fo its native CRL [20-
21]. LDHs are low-cost minerals and relatively
environment friendly synthetic materials consisting
structurally of positively charged brucite-type layers of
mixed metals hydroxides with charge-compensating
anions together with water molecules in interlayer
spaces. There are generally represented by the
formula: [M2+(1-x) M3*x (OH)2]**(A™ x/n).mH20 where,
M2+ is a bivalent cation, M3+ is a frivalent cation and A
n-is an interlayer anion [22-23].

LDHs have also been reported as human health
friendly material as the possibility of using the LDHs as an
injectable drug delivery vehicle has also been
suggested [24-25]. Calcination of LDHs at higher
temperatures (around 450°C and above) affords
layered double oxides (LDO), which have been paid
more attention as support for enzyme immobilization
owing fo their larger surface area, less diffusion
resistance, porous structure and abundance basic sites
to bind with an enzyme than those LDHs [26-28].

Meanwhile, the use of LDHs calcined at a lower
temperature  (150°C), as support for lipase
immobilization has also shown to exhibit higher lifetime
and thermal stability of the biocatalyst. Plus, the high
catalytic activities of these immobilized lipases in
esterification reactions and their capability to retain
high activities after repeated use will positively improve
the cost-effectiveness of the enzyme catalyzed process
[29-30].

Native CRL is reported to display a preference for
fatty acids of chain lengths (C4, C16, and C18) and

alcohols of medium chain lengths (Cé, C8 and C12) in
esterification reaction [31]. However, it has been
demonstrated that the substrate selectivity can also be
altered by immobilization [32-33]. Hence, it is important
to characterize the immobilized lipases concerning
their substrate selectivity in view of the fact that the
substrate selectivity of lipases is one of the crucial
properties which deftermine their ultimate usage [34].

2.0 EXPERIMENTAL
2.1 Immobilization of CRL onto CLDHs

Mg/A-NOsz LDH (CMAN) were prepared by co-
precipitation method similarly as described by Hussein
et al. (2004). Mg(NO3)2.H20 and AI(NO3)3.9H20 were
dissolved in disfilled water fo make an aquoeus solution
with molar ratio of Mg2+AlR* = 4:1. NaOH (2.0 M) was
added dropwise into confinuously stired Mg2+Al*
solution. The addition was monitored by benchtop pH
meter and ended at the pH of 10.00. Then, the resulted
slurry was aged in the horizontal water bath shaker at
temperature of 700C and 110rpm agitation speed for
18hr. The precipitates were filtered, washed, dried
overnight in oven at 80°C and grinded into powder
form. Same method was applied to prepare Ni/Al-NO3
LDH (CNAN) and Zn/Al-NOs LDH (CZAN]). All LDHs were
calcined (150°C, 5hrs) to increase the surface area and
the porosity of the LDH and also to eliminate the CO32
anion which may have trapped inside the LDH's
interlamella during the precipitation

Crude CRL (2.0g) was mixed with distiled water
(20mL), stirred for Thr and centrifuged at 10,000rpm for
15min. The suspended solid was discarded. The
supernatant was used directly or stored at -4°C.
Immobilization was carried out by continuous shaking at
110rpm of CMAN (1.0g) with lipase supernatant (7.5mL)
for Thr at room temperature in horizontal shaker bath.
The immobilized lipase (CMAN-CRL) was filtered and
washed with distilled water (10mL) and saline solution
(10mL, TM) to remove the unadsorbed lipase. Washings
were carried out several tfimes (3 to 5 fimes) till no
soluble protein was detectable in the washing solutions
as determined by Bradford's method [35-36].
Immobilizations of CRL onto CNAN and CZAN were also
carried out in a similar way.

2.2 CLDHs-CRL Activity in Esterification

The enzymatic reaction consisted of fafty acid
(2mmole), alcohol (4mmole), biocatalyst (contained
Img protein) and hexane (2mL). The reaction mixture
was incubated at 50°C for éhr, with confinuous shaking
at 150rom in a horizontal water bath shaker. The
reaction was terminated by the addition of 10mL of
acetone: ethanol (50: 50, v/v). The esterification
activities were expressed as percentage of conversion
by determining the remaining free fatty acid in the
reaction mixture by titration with 0.1M NaOH using an
autotitrator to an end point at pH10. All experiments
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were tested in triplicates and control experiments were
carried out without biocatalyst.

2.2.1 CLDHs-CRL Fatty Acid Carbon Chain-Length
Selectivity in Esterification

The selectivity of the CLDHs-CRL prepared towards fafty
acid in esterification reactions was tested using similar
method as described in section 2.2. Adipic acid (Cé),
caprylic (C8), lauric acid (C12), myristic acid (C14),
palmitic acid (C16) and stearic acid (C18) were
reacted separately with methanol. The enzymatic
activities were expressed as percentage of conversion
of fatty acid to fatty acid ester.

2.2.2 CLDHs-CRL Alcohol Carbon Chain Length
Selectivity in Esterification

The selectivity of the CLDHs-CRL prepared towards
alcohol in esterification reactions was fested using
similar method as described in section 2.2. Methanol
(C1), butanol (C4), hexanol (Cé), octanol (C8) and
decanol (C10) were reacted separately with caprylic
acid. The enzymatic activities were expressed as
percentage of conversion of fafty acid to fatty acid
ester.

3.0 RESULTS AND DISCUSSION

3.1 CLDHs-CRL Fatty Acid Carbon Chain-Length
Selectivity in Esterification

Figure 1 shows the effect of immobilization of CRL onto
CLDH:s to the selectivity of the enzyme towards carbon
chain-length of the fafty acid in the esterification
reaction. Results showed that native CRL favored
esterification of fatty acids with medium chain-length
(C12-C14) compared to shorter chain fatty acids but
the activity decreased with longer chain fatty acids
(C16-C18). It has been explained before that that the
decrease of activity may be due to the bulky chain
moiety which may resfrain the molecule from free
rotation in the acyl binding site cavity of the enzyme
active site or impose hindrance to attack by the
nucleophile (alcohol) [37]. In addition, it was also
reported that CRL has low activity fowards long,
polyunsaturated fatty acid [38].

In confrast to those previously reported, CRL
immobilized onto CLDHs exhibited rather high activity in
all cases of fafty acids with  CMAN-CRL catalyzed
effectively the esterification process with fatty acids of
C10 and C14. While CNAN-CRL and CZAN-CRL exhibit
higher percentage conversion in fatty acids of chain
lengths from 8 to 12 and 10 to 18, respectively. These
results showed that CLDHs-CRL may be used in the
synthesis of fafty acid ester with long chain fatty acids.

Y
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O Native CRL = CMAN-CRL CNAN-CRL 0 CZAN-CRL

Figure 1 Effect of fatty acid carbon chain-length (C6-C18) on
the synthesis of fatty acid esters by native CRL and CLDHs-CRL

3.2 CLDHs-CRL Alcohol Carbon Chain Length Selectivity
in Esterification

Figure 2 shows effect of immobilization of CRL onto
CLDHs to the selectivity of the enzyme towards alcohol
carbon chain-length in the esterification reaction.
Generally, immmobilized lipases exhibited high activities
with all alcohols compared to native CRL. Results also
showed that native CRL showed higher activities
towards alcohol with longer chain length. This may be
due fo the different affinity in terms of the binding
energy that was released when a substrate binds at the
active site of lipases. Only a few of the many substrates
that bind at the active site can release a sufficient
amount of binding energy required for effecting a
change in conformation of lipase to a form that is a
more efficient catalyst [39].

It is also reported that, substrates such as methyl and
ethyl alcohols, which are too small, are not able fo
release enough energy, so that the change in
conformation of the native lipase to the desired
catalytically active form does not occur [40]. Resulfs
showed that CRL immobilized onto CMAN was more
accessible to alonger alcohol chain length; C4, Cé and
C10. On the other hand, both CNAN-CRL and CZAN-
CRL exhibited rather lower activities towards longer
chain alcohols.
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Figure 2 Effect of alcohol carbon chain-length (C1-C10) on
the enzymatic synthesis of caprylic esters by native CRL and
CLDHs-CRL
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4.0 CONCLUSION

In conclusion, the immobilization of CRL onto CLDHs has
increased the biocatalyfic activities of CRL in the

synthesis of fafty acid esters.

The CLDHs-CRL offers

relatively cheaper price compared fo the commercial
available immobilized enzyme due to the low cost of
CLDHs preparation. These carriers are preferred due o
their broad substrate selectivity in the synthesis of
various fatty acid esters. Immobilized lipase onto CLDHs
also showed better stability when used in the synthesis
with polar short chain alcohol. The environmentally
benign process using CLDHs-CRL has very good
prospect due to its biodegradability and the safety of
CLDHs towards human and environment.

Acknowledgement

We are gratfeful for the financial support by Research
University Grant Scheme, UPM-USIM, Malaysia.

References

[

[2]

[3]

[4]

1]

[

[7]

8]

[9]

[10]

[
2]

Growth In Fatty Esters Driven By Personal Care Market,
Retrieved July 15, 2015 from
http://www.cosmeticsdesign.com/Formulation-
Science/Growth-in-fatty-Esters-driven-by-personal-care-
market.

Foresti, M. L., Errazu, A. and Ferreira, M. L. 2005. Effect Of
Several Reaction Parameters In The Solvent-Free Ethyl Oleate
Synthesis Using Candida Rugosa Lipase Immobilised On
Polypropylene. Biochemical Engineering Journal. 25: 69-77.
Zaidi, A., Gainer, J. L., Carta G., Mrani, A., Kadiri, T., Belarbi, Y.
and Mir, A. 2002. Esterification Of Fatty Acids Using Nylon-
Immobilized Lipase In N-Hexane: Kinetic Parameters And
Chain Length Effects. Journal of Biotechnology. 93: 209-216.
Yan, H.D., Zhang Q. and Wang, Z. 2014. Biocatalytic Synthesis
Of Short-Chain Flavor Esters With High Substrate Loading By A
Whole-Cell Lipase From Aspergillus Oryza. Catalysis
Communications. 45: 59-62.

Gumel, A. M., Annuar, M. S. M., Heidelberg, T. and Chisti, Y.
2011. Lipase Mediated Synthesis Of Sugar Fatty Acid Esters.
Process Biochemistry. 46: 2079-2090.

Yadav, G. D. and Lathi, P. S. 2003. Kinetics And Mechanism
Of Synthesis Of Butyl Isobutyrate Over Immobilised Lipases.
Biochemical Engineering Journal. 16: 245-252.

Jain, D. and Mishra, S. 2015. Multifunctional Solvent Stable
Bacillus Lipase Mediated Biotransformations In The Context
Of Food And Fuel. Journal of Molecular Catalysis B:
Enzymatic. 117: 21-30.

De Miranda, A., Miranda L. S. M. and de Souza R. O. M. A.
2015. Llipase: Valuable Catalysts For Dynamic Kinefic
Resolutions. Biotfechnology Advances. 33: 372-393.

Nill, K. R. 2002. Glossary of Biotechnology Term. 3rd (Ed.).
Boca Raton: CRC Press.

Martins, A. B., da Silva, A. M., Schein, M. F., Garcia-Galan, C.,
Zachia Ayub, M. A., Fernandez-Lafuente, R. and Rodrigues,
R. C. 2014. Comparison Of The Performance Of Commercial
Immobilized Lipases In The Synthesis Of Different Flavor Esters.
Journal of Molecular Catalysis B: Enzymatic. 105: 18-25.
Reineccius, G. 2005. Flavor Chemistry And Technology. 2nd
(Ed.). Boca Raton: Taylor & Francis.

Hasan, F., Shah, A. A. and Hameed, A. 2006. Industrial
Applications Of Microbial Lipases. Enzyme and Microbial
Technology. 39: 235-251.

[13]

(14]

[15]

[14]

(17]

(18]

(191

[20]

(21]

[22]

(23]

(24]

(2]

[26]

(27]

(28]

[29]

Balcao, V. M. and Malcata, F. X. 2002. Enzyme-mediated
Modification Of Milkfat. In T. M. Kuo and H.W. Gardner (eds.).
Lipid Biotechnology. New York: Marcel Dekker.

Akoh, A. C., Sellapan, S., Fomuso, L. B., Yankah, V. V. 2002.
Enzymatic Synthesis of Structured Lipids. In T.M. Kuo and H.W.
Gardner (Eds.). Lipid Biotechnology. New York: Marcel
Dekker, Inc.

Stergiou, P. =Y., FOukis, A., Filippou, M., Koukouritaki, M.,
Parapouli, M., Theodorovu, L. G., Hatziloukas, E., Afendra, A.,
Pandey, A and Papamichael, E. M. 2013. Advances In
Lipase-Catalyzed Esterification Reactions. Biotechnology
Advances. 31: 1846-1859.

Chang, S. W., Huang, M., Hsieh, Y. H., Luo, Y. T., Wu, T. T., Tsai,
C. W., Chen, C. S. and Shaw, J. F. 2014. Simultaneous
Production Of Fatty Acid Methyl Esters And Diglycerides By
Four Recombinant Candida Rugosa Lipase's Isozymes. Food
Chemistry. 155: 140-145.

Meunier, S. M. Rajabzadeh, A. R., Williams, T. G. and Legge,
R. L. 2015. Methyl Oleate Production in a supported Sol-Gel
Immobilized Lipase Packed Bed Reactor. Energy & Fuels. 29:
3168-3175.

lzrael Zivkovic, L. T., Zivkovic, L. S., Babic, B. M., Kokunesoski,
M. J., Jokic, B. M. and Karadzic, I. M. 2015. Immobilization Of
Candida Rugosa Lipase By Adsorption Onto Biosafe
Meso/Macroporous  Silica  And  Zirconia. Biochemical
Engineering Journal. 93: 73-83.

Zhovu, Z., Piepenbreier, Reddy marthala, V. R., Larbacher, K
and Hartmann, M. 2015. Immobilization Of Lipase In Cage-
Type Mesoporous Organosilicas Viacovalent Bonding And
Crosslinking. Catalysis Today. 243: 173-183.

Abdul Rahman, M. B., Basri, M., Hussein, M. Z., Abdul Rahman,
R.N.Z., Zainol, D. H. and Salleh, A. B. (2004a). Immobilization
Of Lipase From Candida Rugosa On Layered Double
Hydroxides For Esterification Reaction. Applied Biochemistry
and Biotechnology. 118: 313-319.

Abdul Rahman, M. B., Basri, M., Hussein, M. Z., Idris, M. N. H.,
Raja Abdul Rahman, R. N. Z. and Salleh, A. B. 2004b.
Immobilisation Of Lipase From Candida Rugosa On Layered
Double Hydroxides Of Mg/Al And Its Nanocomposites As
Biocatalyst For The Synthesis Of Ester. Catalysis Today. 93-95:
405-410.

Liu, X. M., Hang, Y. H., Zhang, X. G. and Fu, S. Y 2004a. Studies
On Me/Al Layered Double Hydroxides (Me = Ni And Co) As
Electrode Materials For Electrochemical Capacitors.
Electrochimica Acta. 49: 3137-3141.

dos Reis, M. J., Silverio, F., Tronto, J. and Valim, J. B. 2004.
Effects Of Ph, Temperature, And lonic Strength On
Adsorption Of Sodium Dodecylbenzenesulphonate Infto Mg-
Al-CO3 Layered Double Hydroxides. Journal of Physics and
Chemistry of Solids. 65: 487-492.

Carja, G. Nakamura, R. and Niiyama, H. 2005. Tailoring The
Porous Properties Of Iron Containing Mixed Oxides For As (V)
Removal From Aqueous Solutions. Microporous and
Mesoporous Materials. 83: 94-100.

Kwak, S. Y., Kriven, W. M., Wallig, M. A. and Choy, J. H. 2004.
Inorganic  Delivery Vector For Intravenous Injection.
Biomaterials. 25: 5995-6001.

Shi, W., Wei, M., Jin, L. and Li, C. 2007. Calcined Layered
Double Hydroxides As A “Biomolecular Vessel” For Bromelain:
Immobilization, Storage And Release. Journal of Molecular
Catalysis B: Enzymatic. 47: 58-65.

Yagiz, F., Kazan, D. and Nilgun Akin, A. 2007. Biodiesel
Production From Waste Oils By Using Lipase Immobilized On
Hydrotalcite And Zeolites. Chemical Engineering Journal.
134: 262-267.

Ren, L., He, Jing., Evans, D. G., Duan, X. and Ma, R. 2001.
Some Factors Affecting The Immobilization Of Penicilin G
Acylase On Calcined Layered Double Hydroxides. Journal of
Molecular Catalysis B: Enzymatic. 16: 65-71.

Abdul Rahman, M. B., Zaidan, U. H., Basri, M., Salleh, A. B.,
Raja Abdul Rahman, R. N. Z. and Hussein, M. B. 2008.
Enzymatic Synthesis Of Methyl Adipate Ester Using Lipase
From Candida Rugosa Immobilised On Mg, Zn And Ni Of


http://www.cosmeticsdesign.com/Formulation-Science/Growth-in-fatty-Esters-driven-by-personal-care-market
http://www.cosmeticsdesign.com/Formulation-Science/Growth-in-fatty-Esters-driven-by-personal-care-market
http://www.cosmeticsdesign.com/Formulation-Science/Growth-in-fatty-Esters-driven-by-personal-care-market

115

[30]

[31]

[32]

[33]

[34]

Mohd Basyaruddin, Siti Salhah & Noor Mona / Jurnal Teknologi (Sciences & Engineering) 78:5-6 (2016) 111-115

Layered Double Hydroxides (LDHs). Journal of Molecular
Catalysis B: Enzymatic. 50: 33-39.

Abdul Rahman, M. B., Md Yunus, N. M., Hussein, M. Z., Idris M.
N. H., Raja Abdul Rahman, R. N. Z., Salleh A. B. and Basri M.
2005. Application Of Advanced Materials As Support For
Immobilisation Of Lipase From Candida Rugosa. Biocatalysis
and Biotfransformation. 23: 233-239.

Lee, G. C., Lee, L. C., Sava, V. And Shaw, J. F. 2002. Multiple
Mutagenesis Of Nonuniversal Serine Codons Of Candida
Rugosa LIP2 Gene And The Biochemical Characterization Of
The Purified Recombinant LIP2 Lipase Overexpresed In Pichia
Pastoris. Biochemical Journal. 366: 603-611.

Bayramoglu, G., Yilmaz, M., and Yakup Arica, M. 2004.
Immobilization Of A Thermostable a-Amylase Onto Reactive
Membranes: Kinetics Characterization And Application To
Continuous Starch Hydrolysis. Food Chemistry. 84: 591-599.
Pereira, E. B., Zanin, G. M. and Castro, H. F. 2003.
Immobilization And Catalytic Properties Of Lipase On
Chitosan For Hydrolysis And Esterification Reactions. Brazilian
Journal of Chemical Engineering. 20: 343-355.

Bradoo, S., Rathi, P., Saxena, R. K. and Gupta, R. 2002.
Microwave-assisted Rapid Characterization Of Lipase
Selectivities. Journal of Biochemistry and Biophysic Methods.
51:115-120.

(3]

(3¢]

[37]

(38]

(39]

[40]

Deng, H. T., Xu, Z. K., Liu, Z. M., Wu, J. and Ye, P. 2004.
Adsorption Immobilization Of Candida Rugosa Lipases On
Polypropylene Hollow Fiber Microfiliration Membranes
Modified By Hydrophobic Polypeptides. Enzyme and
Microbial Technology. 35: 437-443.

Bradford, M. M. 1976. A Rapid And Sensitive Method For The
Quantification Of Microgram Quantities Of Protfein Utilizing
The Principle Of Protein-Dye Binding. Analytical Biochemistry.
72:248-254.

Basri, M., Ampon, K., Wan Yunus, W. M. Z., Razak, C. N. A. and
Saleh, A. B. 1997. Enzymatic Synthesis Of Fatty Esters By
Alkylated Lipase. Journal of Molecular Catalysis B: Enzymatic.
3:171-176.

Schmitt, J., Broccca, S., Schmid, R. D., and Pleiss, J. 2002.
Blocking The Tunnel:Engineering Of Candida Rugosa
Mutants  With  Short Chain Length Specificity. Protein
Engineering. 15: 595-601.

Gandhi, N. N., Sawant, S. B. and Joshi, J. B. 1995. Specificity
Of Lipase In Ester Synthesis: Effect Of Alcohol. Biotechnology
Progress. 11:282-287.

Abbas, H. and Comeau, L. 2003. Aroma Synthesis By
Immobilized Lipase From Mucor sp. Enzyme and Microbial
Technology. 32: 589-595.



