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Abstract  

The objective of this research was to modify the matrix surfaces to obtain both hydrophobic matrix 

(HM) and hydrophilic-hydrophobic matrix (HHM) for enzymatic synthesis of fructose oleic ester (FOE). 

The modification was performed by the attachment of 2-phenylpropionaldehyde (PPA) and PPA fol-

lowed by polyethyleneimine (PEI) for HM and HHM, respectively. The results from FT-IR analysis 

showed that the peak of stretching vibration of NH2 bond decreased and it was followed by an increase 

of the peak vibration of –C=N– bond at wave number 1667 cm-1. The peak of bending vibrations of the 

C=C bond also increased. It indicated that PPA was successfully attached on matrix. For HHM, an in-

crease in the peak area of NH2 bond indicated that PEI was also successfully attached on the matrix. 

The optimum conditions of lipase adsorption were obtained at buffer pH 7 containing 0.5 M NaCl (9.27 

mg protein/g matrix) and without NaCl (9.23 mg protein/g matrix) for HM and HHM, respectively. For 

FOE synthesis, the best immobilized lipase concentration was about 8% and 6% for HM and HHM, re-

spectively. The optimum time of esterification was 24 h and 18 h for HM and HHM, respectively, in 

which the yields were 75.96% and 85.29%, respectively. The immobilized lipase could be used up to 3 

cycles of esterification reaction. Copyright © 2016 BCREC GROUP. All rights reserved 
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1. Introduction  

Sugar fatty acid esters are biodegradable 

and non-toxic emulsifier, which have applica-

tion in numerous areas including pharmaceuti-

cals, cosmetics, detergents and food industry 

[1]. Among sugar fatty acid ester, fructose fatty 

acid esters possess higher interfacial tension 

values than the other sugar fatty acids [2]. 

The use of enzyme for the production of 

sugar fatty acid ester is an attractive approach 

since enzymatic catalysis in non-aqueous media 

allows obtaining pure product due to enzyme 

specificity [3]. Lipase immobilization on a sur-

face of matrix through hydrophobic interaction 

has been reported [4-7]. In the absence of inter-

faces, lipase contains a hydrophobic oligopep-

tide (lid) that covers its active site and causes 

inaccessible for the substrates. In the presence 

of hydrophobic interface, a conformational rear-

rangement occurs, turning the ‘closed form’ into 

‘open form’ [8]. Taking advantage of this cata-

lytic mechanism, the interfacial adsorption of 
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lipase on hydrophobic matrix (HM) has been 

developed as a popular strategy to prepare the 

immobilized lipase with high catalytic activity 

[9]. However, the solubility problems between 

sugar and free fatty acid as substrates still oc-

curs leading in many cases in lowering sub-

strate conversion [10]. 

The objectives of this research were to ob-

tain a modified macroporous matrix for the im-

mobilization of lipase to enhance the reaction 

to overcome the disadvantage of low solubility 

of fructose in oleic acid, and to obtain the opti-

mum condition of lipase immobilization. This 

research was performed by modifying the sur-

face of the matrix in order to have a hydropho-

bic surface by the addition of 2-

phenylpropionaldehyde (PPA). Another modifi-

cation of the matrix was performed by the addi-

tion of glutaraldehyde, followed by the addition 

of polyethyleneimine (PEI), and PPA to in-

crease the hydrophilic character that can facili-

tate the dissolution of the substrate fructose 

and oleic acid. The re-usability of the immobi-

lized lipase was also investigated.   

   

2. Materials and Method   

2.1. Materials   

Macroporous Amberlite IRA-96 free base, 

lipase from Candida rugosa, glutaraldehyde, 

polyethyleneimine, and olive oil were obtained 

from Sigma-Aldrich (St. Louis, MO, USA). 

Fructose, sodium chloride, and 2-

phenylpropionaldehyde were obtained from 

Merck KGaA (Darmstadt, Germany). Oleic acid 

was obtained from ApplyChem.    

 

2.2. Modification of matrix for enzyme im-

mobilization    

Two g matrix was soaked in buffer pH 12 

and incubated at 30 °C for 2 h. Matrix was 

separated and dried prior to modification. The 

first modification was carried out by addition of 

12.5 % PPA in methanol (v/v). The mixture was 

kept in the water bath at 30 °C for 2 h. The 

second modification was carried out by addition 

of 2% glutaraldehyde in buffer pH 12 (v/v). The 

mixture was kept in the water bath at 30 °C for 

1 h. The matrix was filtered, and then 1% PEI 

in methanol (w/v) was added. The mixture was 

kept in water bath at 30 °C for 4 h. The matrix 

was dried at 50 °C for 12 h. Then 12.5% PPA in 

methanol (v/v) was added into matrix. The 

mixture was kept in water bath for 2 h at 30 

°C. FT-IR analysis was performed to 

investigate the effect of both activation and 

modification of matrices.     

 

2.3. Immobilization of lipase    

For the effect of salt concentration on the 

immobilized lipase, 100 mg of modified matrix 

was added into 2 mL lipase (5 mg/mL) in buffer 

pH 7 containing various salt concentrations (0, 

0.5, 1, 1.5, 2 M). Mixture was mixed in water 

bath at 37 °C for 1 h at 150 strokes/min. The 

matrix was then filtered and stored at low 

temperature until use. For the effect of the 

immobilization time, 100 mg of modified matrix 

was added into 2 mL lipase (5 mg/mL) in buffer 

pH 7 containing 0.5 M NaCl. Mixture was 

mixed in water bath at 37 °C for various 

reaction time (10, 30, 60, 120, and 180 min) at 

150 strokes / min. The matrix was then filtered 

and stored at low temperature until use.    

 

2.4. Protein determination  

Protein content was determined according to 

the Bradford method [11] using bovine serum 

albumin (BSA) as a standard.   

  

2.5. Assay of hydrolytic activity  

The hydrolytic activity of the immobilized 

lipase was determined by adding the 

immobilized lipase into olive oil 60% (v/v) in 

isooctane. Mixture was incubated at 37 °C for 

20 min. Then the sample was chilled in ice bath 

for 5 min. The produced fatty acids were 

analysed by adding sample into 1.8 ml 

isooctane, and 0.4 mL cupric acetate pyridine. 

The sample was mixed for 10 s, and then fatty 

acid content in supernatant phase was 

measured by spectrophotometer at 715 nm [12]. 

Hydrolytic activity of the immobilized lipase 

was defined as μmoles of free fatty acid formed 

per min per g matrix.   

 

2.6. Assay of esterification activity     

The esterification activity of the 

immobilized lipase was determined using 

ethanol and oleic acid as substrates. About 0.1 

g the immobilized lipase was added into a 

mixture 0.05 M ethanol in isooctane and 0.05 

M oleic acid in isooctane. Mixture was 

incubated at 60 °C, 150 stroke/min for 20 min. 

The reaction was stoped by cooling the mixture 

in ice bath. Fatty acid was determined using 

spectrophotometer at 715 nm [12]. The 

esterification activity of the immobilized lipase 

was defined as μmoles of ester formed per min 

per g matrix.  
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2.7. Optimization conditions for 

esterification  

The esterification of fructose and oleic acid, 

which was catalyzed by the immobilized lipase, 

was performed at 60°C. The reaction was 

conducted in a flask containing substrate molar 

ratio fructose : oleic acid of 1:6 in the presence 

of 0.5 g Na2SO4. The reaction was started by 

mixing fructose and oleic acid with magnetic 

stirrer for 6 h at 60 °C. Various amounts of the 

immobilized lipase (2, 4, 6, 8, and 10% w/w) 

were evaluated to get the maximum 

esterification yields, then various time of 

esterification (6-72 h) was conducted at the best 

amount of the immobilized lipase. The yields 

were determined as mole fructose oleic ester 

per mole fructose that was initially added to 

the reaction medium.  

 

2.8. Re-usability stability of the 

immobilized lipase  

The re-usability of the immobilized lipase 

was evaluated by successive batches of 

esterification of fructose and oleic acid. The 

reaction was carried out at 60 °C for an average 

time 24 h for every run. After each run, the 

immobilized lipase was washed by buffer pH 7 

and ethanol to remove unreacted substrates.    

 

3. Results and Discussion 

3.1. FT-IR analysis of hydrophobic matrix    

In this research, FT-IR analysis was used to 

determine some new forming bonds when the 

matrix was modified with several compounds. 

Native matrix and PEI have poly-amine group 

(–NH2) as main functional group in their 

structure, while both glutaraldehyde and PPA 

have carbonyl group (–C=O). Imine group         

(–C=N–) was formed when the reaction 

between amine group and carbonyl group 

occurred. The infrared spectrum for the 

stretching vibration of primary aliphatic amine 

occurred at 3380-3400 cm-1. The bending 

vibration of primary amine occurs in the wave 

number 1590-1650 cm-1, whereas the bending 

vibration of the aromatic ring (C=C bond) 

occurs in the range 1450-1510 cm-1. 

A decrease in the peak area of primary 

amine (NH2) for stretching vibration occurred 

at wavenumber 3400 cm-1 (Figure 1). It was 

followed by the newly formed peak at wave 

number 1667 cm-1. This peak was the vibration 

of imine bond (–C=N–). An increase in the peak 

area also occurred at wave number 1456 cm-1, 

which was the bending vibrations of the C = C 

bond of aromatic ring. It indicated that the 

reaction between the primary amine and the 

carbonyl group (C=O) of PPA occurred. An 

increase in peak of the bending vibrations of 

the C=C was occurred due to aromatic rings of 

PPA. However, only aromatic ring of PPA was 

responsible for a hydrophobic character of the 

modified matrix surface. Thus the modification 

of the matrix surface to obtain the HM was 

successfully carried out based on FT-IR 

analysis.   

 

3.2. FT-IR analysis of hydrophilic-

hydrophobic matrix     

Figure 2A is the FTIR spectra of matrix af-

ter pretreatment with buffer pH 12. The first 

step of matrix modification was reaction be-

tween matrix and glutaraldehyde. Glutaralde-
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Figure 1. FT-IR spectra of matrix that was pretreated by buffer pH 12 (A) and hydrophobic matrix 

that was modified by the addition of 2-phenylpropionaldehyde (B) 
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hyde was used as a spacer arm for the attach-

ment of PEI on the matrix. Primary amine of 

the matrix reacted with one end of aldehyde 

groups of glutaraldehyde. It resulted in a de-

crease in peak area of stretching vibration of 

primary amine bond (3398 cm-1) of matrix 

(Figure 2B). As a consequence a peak of imine 

bond vibration (–C=N–) occurred at 1679 cm-1. 

It indicated that the attachment of glutaralde-

hyde on the matrix was successfully carried 

out.  

The second step was reaction between the 

obtained matrix and PEI, which had a 

branched structure and high molecular weight 

(~25000 Da). PEI was used to provide hydro-

philic character. The results show that the 

peak area of the stretching vibration of primary 

amine bond increased at wave number ~3400 

cm-1 (Figure 2C), when it was compared with 

the obtained matrix after glutaraldehyde reac-

tion. An increase in a peak area also occurred 

at ~ 1606 cm-1, which was a bending vibration 

of primary amine bond. It indicated that PEI 

was successfully bound to the matrix.  

The last step of matrix modification was the 

reaction between the obtained matrix and PPA 

to provide hydrophobic character. PPA has both 

the aldehyde group end and the aromatic ring 

end. Aldehyde group bound to the unbound pri-

mary amine of PEI. A decrease in the peak 

area of  stretching vibration of primary amine 

bond occurred at wave number ~3391 cm-1, 

whereas an increase in the peak area of the vi-

bration of –C=N–  and C=C bonds occurred at 

~1667 cm-1 and ~1453 cm-1, respectively. An in-

crease in peak area at ~1453 cm-1 was due to the 

vibration of C=C bonds of the aromatic ring of 

PPA.  

 

3.3. Effect of NaCl on the adsorbed lipase 

on matrices    

The various NaCl concentrations of buffer pH 

7 were used to optimize the adsorption of lipase 

into matrix. For HM, an increase in NaCl con-

centration to 0.5 M resulted in an increase in 

protein adsorption about 2.1 times (Figure 3). 

The adsorbed lipase increased about 1.2 times. 

Further increase in NaCl concentration to 2 M 

resulted in a decrease in both the adsorbed pro-

tein and lipase. Thus the optimum NaCl concen-

tration for lipase adsorption at HM was ob-

tained in buffer pH 7 containing 0.5 M NaCl. 

For HHM, an increase in NaCl concentration to 

0.5 M resulted in a decrease in the protein ad-

sorption about 1.8 times. Protein was not ad-

sorbed when NaCl concentration increased to 1 

M. 

It is suggested that the presence of NaCl in-

creased the free energy of the proteins and this 

change in free energy was proportional to the 

hydrophobicity of the enzyme surface area. 

When HM was introduced into system, enzyme 

bound to matrix because it minimized the sur-

face contact area of enzyme in medium contain-

ing salt and produced minimum increase in free 
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Figure 2. FT-IR spectra of the pretreated matrix with buffer pH 12 (A). First step of matrix 

modification was the reaction between amine group of matrix and glutaraldehyde (B). Second step was 

the reaction between the attached glutaraldehyde on matrix and polyethyleneimine (C). The final step 

was the reaction between amine group of the attached polyethyleneimine on matrix and 2-

phenylpropionaldehyde 
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energy [13]. This explains that HM needed 

higher salt concentration for immobilization of 

lipase than HHM. But, if the salt concentration 

was too high, it caused desorption of the ad-

sorbed protein. HHM did not need salt addition 

to achieve maximum lipase adsorption.  

  

3.4. Effect of adsorption time on the ad-

sorbed lipase on matrices      

For HM, protein adsorption was fast. 

Protein was adsorbed 3.9 mg/g matrix after 15 

min (Figure 4). An increase in the adsorption 

time to 2 h resulted in an increase in the 

adsorbed protein about 2.4 times. It was also 

for the adsorbed lipase. Lipase was adsorbed 

about 79 U/g matrix after 15 min. Further 

increase in adsorption time did not have 

significant increase in the adsorbed lipase. For 

HHM, protein was adsorbed 3.01 mg/g matrix 

after 15 min. Lipase was adsorbed about 70 U/g 

matrix after 15 min. An increase in the 

adsorption time to 2 h resulted in an increase 

in the adsorbed protein about 3.1 times. 

Further increase in adsorption time did not 

have a significant increase in the adsorbed 

lipase. Thus the best lipase adsorption was 

achieved when lipase was adsorbed for 2 h. 

Both of matrix types had the same result for 

the best adsorption time.  

 

3.5. Effect of the amount of the immobi-

lized lipase on fructose oleic ester yield     

Various amounts of the immobilized lipase 

were used to obtain the best yield of fructose 

oleic ester (FOE). An increase in the amount of 

the immobilized lipase from 2 to 8 % resulted in 

an increase in the FOE yield about 2 times for 

HM (Figure 5). Further increase in the amount 

of the immobilized lipase did not have 

significant increase in product yield. Thus the 

best yield was achieved at 8 % the immobilized 

lipase (w/w). For HHM, an increase in the 

amount of the immobilized lipase from 2 to 6 % 

resulted in an increase in the FOE yield about 

3.3 times. Further increase in the amount of 

the immobilized lipase did not have significant 

increase in product yield. The best yield was 

achieved at 6% (w/w). The yields of FOE were 

75.96% and 57.74% for HM and HHM, 

respectively.    

Figure 3. Effect of NaCl concentration on the 

adsorbed lipase on hydrophobic matrix (□) and 

hydrophilic-hydrophobic matrix (○) and the ad-

sorbed protein on hydrophobic matrix (■) and 

hydrophilic-hydrophobic matrix (●). Adsorption 

was performed at 37 °C for 1 h.  

Figure 4. Effect of the adsorption time on the 

adsorbed lipase on hydrophobic matrix (□) and 

hydrophilic-hydrophobic matrix (○) and the ad-

sorbed protein on hydrophobic matrix  and (■) 

hydrophilic-hydrophobic matrix (●). Adsorption 

was performed at 37 °C and lipase concentration 

10%.   

Figure 5. Effect the amount of immobilized li-

pase on hydrophobic matrix (□) and hydrophilic-

hydrophobic matrix (○) on fructose oleic ester 

yield. Reaction was performed at 37 °C for 24 h    
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3.6. Effect of reaction time on fructose 

oleic ester yield    

 For HM, an increase in reaction time to 24 

h resulted in an increase in the FOE yield to 

75.9%. Further increase in reaction time to 48 

h did not have a significant increase in yield. 

But further increase in reaction time to 72 h re-

sulted in a decrease in yield about 1.3 times. 

For HHM, an increase in reaction time to 18 h 

resulted in an increase in yield to 85.3%. Fur-

ther increase in reaction time to 36 h resulted 

in a decrease in yield about 2.6 times. It is sug-

gested that a decrease in yield may be caused 

by hydrolysis of the forming product because 

water is produced as by-product in the system 

during reaction. The produced water will inter-

act with the attached PEI. Therefore it en-

hances hydrolysis reaction. The best reaction 

time for HM and HHM was 24 h and 8 h, re-

spectively.  

 

3.7. Reusability of the immobilized lipase    

In this study, the re-usability of the 

immobilized lipase was evaluated by successive 

batch esterification at 60 °C for 24 h for every 

run. The process was repeated up to 3 cycles 

(Figure 7). After 3 cycles, the FOE yield 

decreased slightly. The yield was still higher 

than 93 % when it was compared with first 

cycle. The results indicated that the 

immobilized lipase was still stable after 3 

cycles.   

 4. Conclusions 

For HM, newly formed peak area of the 

imine bond (–C=N–) vibration and an increase 

in the bending vibrations of the C=C bond 

indicated that the attachment of PPA on the 

matrix surface to obtain the hydrophobic 

character was carried out. For HHM, an 

increase in the peak area of the stretching and 

bending vibration of primary amine bond 

indicated that PEI was bound to the matrix. 

The matrix with hydrophobic surface adsorbed 

lipase higher than hydrophilic-hydrophobic 

surface. The FOE yield for HM and HHM were 

75.9% and 85.3%, respectively. It is suggested 

that the produced water during reaction will 

interact with the attached PEI and may cause 

a sharp decrease in yield at an increase in 

reaction time to 36 h. Yield was still higher 

than 93% when it was compared with first 

cycle. The results indicated that the 

immobilized lipase was still stable after 3 

cycles.    
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