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Abstract 

Clay mineral has received much attention to be used as biocatalysts as it is cheaper, easily available and environ-

mentally friendly. However, the use of unmodified clay, in particular kaolin for enzyme immobilization showed un-

suitability of this support due to its negative charge. In this study, the hydrophobic properties of kaolin and me-

takaolin (kaolin heated to 650 °C) were adjusted by the intercalation with benzyltriethylammonium chloride 

(BTEA-Cl), at concentrations 2.0 times the cation exchange capacities (CEC) of the clays. The supports were then 

used for immobilization of lipase from Candida rugosa (CRL). From the study, the highest percentage of lipase im-

mobilization was achieved (70.14%), when organo-modified metakaolin (2.0 MK) was used. The supports as well as 

the immobilized biocatalysts were then characterized by X-ray diffraction, Fourier transform infrared spectrosco-

py, scanning electron microscopy, and nitrogen adsorption techniques. Comparisons of the efficiencies of immobi-

lized with free CRL in the synthesis of nonyl hexanoate showed that immobilized CRL achieved enzymatic activi-

ties of between 5.24×10−3 to 3.63×10−3 mmol/min/mg, while free CRL achieved enzymatic activity of 3.27×10−3 

mmol/min/mg after 5 h of reaction at 30 ℃. The immobilized CRLs also maintained 70.81% – 80.59% thermostabil-

ities at 70 ℃ as compared to the free CRL (28.13%). CRL immobilized on 2.0 NK and 2.0 MK also maintained 

38.54% and 62.56%, respectively, of the initial activities after 10 continuous cycles, showing the excellent stability 

and reusability of the immobilized lipases, suitable as substitute for expensive, hazardous catalysts used in indus-

tries. 
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1. Introduction 

Lipase from Candida rugosa (CRL) is a well-

known microbial lipase, able to hydrolyze syn-

thetic or natural triacylglycerol and esterify 

them in organic medium [1–2]. Reactions which 
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include CRL is more environmentally affable 

since enzymatic catalysis is more similar to the 

natural metabolic pathways as compared to 

most chemical reactions [3]. Most chemically 

catalyzed esterification reactions are hazardous 

due to the use of mineral acids such as sul-

phuric acid or hydrofluoric acid as homogeneous 

acid catalysts, which usually leads to pollution 

and corrosion issues [4]. The enzymatic synthe-
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sis of esters has attracted much attention not 

just because of its eco-friendly synthesis, but 

also due to the intrinsic catalytic selectivity of 

enzymes, efficiency of the synthesis and high 

purity of the esters produced. In addition, the 

enzyme-catalyzed reactions can be carried out 

at ambient conditions, suitable for use with ad-

vanced equipment which requires engineered 

enzymatic properties as important requirement 

by industrial manufacturers [5–6]. 

In spite of the benefits mentioned above, the 

limitations of enzyme applications are funda-

mentally owing to the high cost of the opera-

tions involving enzymes in liquid form. This is 

due to the non-reusability and difficulty en-

countered to separate the enzymes from the re-

action or to isolate products from the reaction 

[7]. 

To overcome these problems, enzymes have 

been immobilized on solid supports to allow en-

zyme recyclability and ease enzyme separation 

from the reactants. Solid supports used for en-

zyme immobilization protect the structure of 

the enzyme, leading to enhanced stability even 

in the presence of organic solvents and when 

used in extreme pH or temperatures [8–11]. 

From the variety of immobilization methods, 

enzyme adsorption is still the most straightfor-

ward one. This method is also cost-effective, 

able to retain the natural enzymatic structure 

and properties, and causes less disruption on 

enzyme structure and properties compared to 

immobilization via chemical modifications (e.g. 

covalent bonding and cross-linking) [12–14]. 

Among the various materials used as sup-

ports for immobilization of CRL by physical ad-

sorption are hydrophobic resins [15], chitosan 

[16], Maghnite clay [17], and modified gra-

phene oxide nanosheets [18]. However, some of 

the materials used as support for immobiliza-

tion are synthetic, with low mechanical 

strength and expensive which may not suite 

the demands and requirements for industrial 

applications. From an economic point of view, 

kaolin, a clay mineral that can be found abun-

dantly in nature, chemically inert and non-

toxic, offers greater potential for use as support 

for enzyme immobilization. Furthermore, it is 

mechanically strong, resistant towards mi-

crobes, and thermally stable, for use in reactors 

[19–20]. However, the absorbency of natural 

kaolin clay is still considerably low when com-

pared to other absorbent materials. Musa et al. 

[6] have compared the use of chitosan, amber-

lite, celite and kaolin in the immobilization of 

lipase from Antarctic Pseudomonas AMS8. Re-

sults showed that kaolin possesses lowest ad-

sorption capacity towards AMS8 lipase and ex-

hibited lowest ester conversion (40.4% and 41% 

in free solvent and toluene) as compared to oth-

er supports studied in the esterification of 

ethyl hexanoate. These results were due to 

electrostatic forces and negative charge on kao-

lin, unsuitable for enzymes such as porcine 

pancreatic lipase and acid phosphatase [21–

23]. 

Hence, further modification of kaolin clay 

has to be carried out to ensure that the support 

is positively charged and suitable for lipase im-

mobilization. In an attempt to modify kaolin 

clay, appropriate heat treatment within a tem-

perature range of 650 to 800 ℃ is often used, 

which leads to break down of the kaolinite struc-

tural layers containing alumina and silica to 

become amorphous. At this stage, metakaolin 

which is more suitable for use as immobiliza-

tion support will be formed [19,24,25]. 

As compared to other enzymes, lipase pos-

sesses more hydrophobicity. Thus, the use of 

hydrophobic support is important to ensure li-

pase changes its conformation from closed-form 

to an open one, where catalytic activity will be 

enhanced [26]. In this study, kaolin and me-

takaolin clays were modified using organic cat-

ions (BTEA+) with reference to their cation ex-

change capacities.  

The focus of the present work is to compare 

abilities of free CRL with CRL immobilized on-

to organo-modified kaolin and metakaolin in 

the synthesis of nonyl hexanoate, a common 

flavouring component [28] and a constituent of 

the Mediterranean flowering plant, hartwort 

(Tordylium L.) species [29]. 

 

2. Materials and Methods  

2.1 Materials 

The kaolin clay was collected from Perak, 

Malaysia. The surfactant used in this study, 

benzyltriethylammonium chloride (≥98%) was 

purchased from Merck, Germany. Proteins, C. 

rugosa lipase, Type VII,  ≥700 unit/mg solid 

(EC 3.1.1.3) and bovine serum albumin (≥98%) 

were purchased from Sigma-Aldrich, St. Louis, 

USA. Nonanol (97%), and hexanoic acid (≥98%) 

were purchased from Merck, Germany, while 

hexane (95%) was purchased from Sigma-

Aldrich, St. Louis, USA. Other chemicals, sol-

vents and reagents used in this study were of 

analytical grade. Deionized water was utilized 

in the preparation of aqueous solutions. 
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2.2 Preparation of Supports 

 2.2.1 Preparation of kaolin 

The kaolin clay which was previously re-

ceived in flaky form was grounded and sieved 

using analytical sieve shaker (AS200, Retsch, 

Germany) to obtain 100 mesh of particles. The 

kaolin was heated at 120 ℃ for 5 h. After heat-

ing, the clay was cooled and analysed using en-

ergy dispersive X-ray (EDX) spectroscopy tech-

nique. 

 

2.2.2 Preparation of metakaolin 

The kaolin clay which was prepared in Sec-

tion 2.2.1 was thermally treated in a laboratory 

programmable furnace (BWF 1100 Carbolite, 

England) at a constant rate of 10 ℃/min for 5 h 

at 650 ℃. After cooling, the resultant me-

takaolin clay was sieved and analysed using 

energy dispersive X-ray (EDX) spectroscopy 

technique. 

 

2.2.3 Determination of cation exchange capaci-

ty  

The clay (6 g) was homoionized with 300 

mL, 1.0 M NaCl for 24 h. The clay was then fil-

tered and rinsed several times with deionized 

water until free of chloride (tested by using 0.1 

M silver nitrate solution). The resultant clay 

was dried, before its cation exchange capacity 

(CEC) was determined by Santamarina et al. 

using methylene blue method [30]. The CEC 

was calculated based on the volume of meth-

ylene blue added to the clay dispersion, until 

the saturation point was achieved using the fol-

lowing formula: 

 

(1) 

 

Whereby; CEC is cation exchange capacity in 

meq/100 g of clay, E is milliequivalents of 

methylene blue per mL, V is volume (in mL) of 

methylene blue solution required for the titra-

tion, and W is weight (in g) of dry clay. 

 

2.2.4 Modification of clays with organo surfac-

tant  

Modification of kaolin (NK) and metakaolin 

(N-MK) was performed by using benzyltri-

ethylammonium chloride (BTEA-Cl) at concen-

trations 2.0 times the CEC of the clays. To pro-

duce kaolin modified with BTEA+ at concentra-

tion 2.0 times the CEC of the clay (2.0 NK), 20 

g of NK was added to 200 mL of deionized wa-

ter containing 0.228 g of BTEA-Cl. On the oth-

er hand, to produce metakaolin modified with 

BTEA+ at concentration 2.0 times the CEC of 

the clay (2.0 MK), 20 g of N-MK was added to 

200 mL of deionized water containing 0.137 g 

of BTEA-Cl. This was followed by stirring the 

dispersions at 250 rpm overnight and heating 

to 45 ℃ for 10 h. The suspension was then cen-

trifuged at 3000 rpm for 30 min before the sol-

id collected was washed several times with de-

ionized water and dried at 35 ℃ for 12 h. 

 

2.3 Immobilization of Lipase 

Crude lipase from C. rugosa (1.5 g) was dis-

persed in distilled water (15 mL). The mixture 

was stirred for 30 min, then centrifuged at 

10,000 rpm for 15 min at 0 ℃. The supernatant 

collected was used as partially purified lipase. 

The immobilization of lipase was carried out by 

dispersing 2.0 g of the support in 15.0 mL of li-

pase supernatant at room temperature with 

continuous agitation in water bath shaker 

(Model 903, Protech, Malaysia) at 100 rpm for 

1 h. The lipase-loaded support was then fil-

tered using Whatman no. 1 filter paper and ly-

ophilized in a freeze drier (FD-550, Eyela, Ja-

pan).  

 

2.4 Protein Assay 

The amount of protein was determined 

based on the Bradford [31] method using bo-

vine serum albumin (BSA) as standard protein. 

The protein loading capacity of the support, ex-

pressed as amount of protein (mg) per gram of 

the support, was determined using Equation 

(2). 

 

(2) 

 

Where A is concentration of protein in superna-

tant prior to immobilization (mg/mL); B is con-

centration of protein in supernatant after im-

mobilization (mg/mL), and W is the weight of 

support for immobilization (g). The percentage 

protein immobilized was calculated using 

Equation (3). 

 

(3) 

 

 

2.5 Characterization of Supports and Immobi-

lized Lipases 

The supports and the immobilized lipases 

were analysed using Cu X-ray diffractometer 

(D8 Advance, Bruker AXS, Germany) in Cu X 

ray tube at 40 kV and 40 mA operating condi-

tions. The samples were individually placed on 

sample holders followed by insertion into the 

100
E V

CEC
W


= 

( ) A Bmg protein
Protein loading capacity of the support

g support W

−
=
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sample chamber and subjected to analysis from 

10° to 80° for 2θ at room temperature with a 

scan rate of 2θ per min. The X-ray diffraction 

was recorded using DIFFRAC Plus software for 

data acquisition and analysis.  

In the analysis using Fourier transform in-

frared (FTIR) spectrometer, samples were pre-

pared employing the KBr pellet technique. The 

spectra were recorded with the range of 500–

4000 cm−1 using Perkin Elmer, USA (Spectrum 

400, USA) FTIR spectrometer. Samples were 

also analysed using Hitachi, Japan (S-3400N) 

scanning electron microscope (SEM). Prior to 

analysis, samples were sputter coated with a 

thin film of gold prior to imaging. The analysis 

of surface area and porosity of the samples 

were done using Micromeritics (ASAP 2020) 

surface area and porosity analyser following 

the Brunauer-Emmet-Teller (BET) method. 

Analysis was performed at 77 K, where sam-

ples were initially outgassed at 30 ℃ for 1 h 

and further outgassed at 8 h at 40 ℃ in vacu-

um, prior to nitrogen adsorption using the in-

strument. 

 

2.6 Enzymatic Esterification Assay 

The enzymatic esterification reaction com-

prised of equal molar (2.0 mmol) of hexanoic  

acid and nonanol (2.0 mmol) and 0.05 g of free 

CRL containing 1.76 mg protein, in 2.0 mL of 

hexane. Amounts of immobilized CRL were ad-

justed to suite the amount of protein as in the 

free CRL, in enzymatic esterification assay in-

volving immobilized CRL. Assay were conduct-

ed in triplicates together with control (reaction 

without enzyme). All reactions were subjected 

to incubation at 30 °C for 5 h, with continuous 

shaking at 150 rpm in a horizontal water bath 

shaker (Model 903, Protech, Malaysia). The re-

actions were then terminated by the addition of 

10 mL of ethanol/acetone (1:1, v/v) and the re-

maining free fatty acid in the reaction mixtures 

were titrated with 0.15 M NaOH, using phenol-

phthalein as indicator. The enzyme specific ac-

tivity was expressed as mmol ester/min/mg of 

protein determined using the following Equa-

tion (4): 

 

(4) 

 
From the data obtained, percentage of ester 

converted based on the amount of hexanoic acid 

consumed was calculated using Equation (5). 

 

(5) 

 

In these equations, Va is the titration volume 

of NaOH for control (mL), Vb is the titration 

volume of NaOH for sample (mL), M is molari-

ty of NaOH, t is the reaction time (min) and W 

is the amount of protein involved in the reac-

tion (mg). 

 

2.7 Thermal Stability Assay  

Free and immobilized CRL were subjected 

to pre-incubation at different temperatures (30, 

40, 50, 60 and 70 ℃) for 1 h in sealed vials be-

fore they were allowed to cool at room tempera-

ture prior to enzymatic esterification assay. 

The specific activity of the immobilized CRL 

and the percentage of ester conversion were de-

termined using Equations (4) and (5). The rela-

tive activities of the enzymes were calculated 

in relation to the optimum specific activity, as 

shown in Equation (6). 

 

(6) 

 

 

2.8 Immobilized Lipase Reusability Assay  

Reusability of the immobilized CRL were 

assayed following the enzymatic esterification 

assay which were repeated for 10 consecutive 

cycles. After each cycle, the immobilized CRL 

was collected, washed and used in the next cy-

cle, while the reaction mixture was carefully 

drained and the remaining fatty acid was ana-

lysed following methods in Section 2.6. The 

specific activity of the immobilized CRL and 

the percentage of ester conversion were deter-

mined using Equations (4) and (5). 

 

3. Results and Discussion 

3.1 Characterization of Kaolin and Metakaolin 

Using Energy Dispersive X-ray Spectroscopy 

Technique  

The elemental compositions for kaolin and 

metakaolin obtained from energy dispersive X-

ray (EDX) spectroscopy are shown in Table 1. 

Element Compound 
Compositions (%) 

Kaolin Metakaolin 

C C 24.75 - 

Al Al2O3 36.12 44.83 

Si SiO2 36.04 50.79 

K K2O 1.68 2.44 

Fe Fe2O3 1.41 1.94 

100 100   Total 

Table 1. Chemical compositions of kaolin and 

metakaolin samples. 

( )
( )Va Vb M

mmolSpecific activity
min.mg W t

 −  
=



(%) 100
Va Vb

Conversionof ester
Va

−
= 

100
Specific activity at specific condition

Relative Activity =
Specific activity at optimumcondition


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The results shown were as obtained in the 

analysis using EDX. It reveals the presence of 

silica and alumina as major constituents in the 

samples along with traces of potassium and 

iron oxides. The SiO2 and Al2O3 were 72.16% of 

the total components of kaolin and 95.62% of 

the total components of metakaolin. 

The increased percentage of Al2O3 and SiO2 

from 36.12% and 36.04%, respectively for kao-

lin to 44.83% and 50.79%, respectively for me-

takaolin is in agreement with the idea that 

thermally-treated kaolin (metakaolin) should 

contain 40% to 45% of Al2O3 and 50% to 55% 

SiO2, as reported by Ramli and Alonge [32]. 

Thermal treatment or calcination at high tem-

peratures results in the structural breakdown 

of kaolin causing the OH groups in the kaolin 

structure to disappear, thus allowing the Al 

and Si atoms in the structure to realign. This 

has resulted in the realignment of the Al−O 

network structure, while the Si−O network re-

mained unchanged with the appearance of pen-

ta- and tetra-coordinated structure [33]. 

Other oxide compounds found in the sam-

ples were Fe2O3 and K2O. Despite being pre-

sent in small percentages, the variance in the 

compounds indicated the impact of the thermal 

treatment on the kaolin clay. EDX mappings 

which indicated Si, Al, K, O, and Fe elemental 

compositions on selected areas for kaolin and 

metakaolin are as shown in Figures 1 and 2. 

 

3.2 Determination of Cation Exchange Capaci-

ty (CEC) 

In the determination of cation exchange ca-

pacity (CEC), the NK exhibits a CEC of 2.5 

Figure 1. Elemental mapping of the kaolin clay determined using EDX. The respective colour codes 

represent individual element.  
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meq/100 g support, while N-MK exhibits a CEC 

of 1.5 meq/100 support. The CEC for NK is 

within the range of CEC values of between 2–

10 meq/100 g support, as reported in the litera-

tures [34,35].  

The considerably high CEC in a number of 

kaolinite clays is attributed to the presence of 

smectite layers on the kaolinite crystal surfaces 

[35]. The high CEC is also due to the edges of 

crystals in kaolin, where imperfection essen-

tially occurs as a result of bond breakage which 

are electrophilic and capable of trapping OH 

groups in water [36]. These correspond to the 

formation of silanol, Si−OH and aluminol, 

Al−OH groups at the edges of the clay platelets 

which are able to fix cations in solutions. Be-

sides that, trapping of cations can also occur by 

defect on the basal planes of the kaolin clay 

[37].   

Following thermal treatment, the CEC de-

creased by 1.0 meq/100g from NK to N-MK due 

to the dehydroxylation reaction during heat 

treatment. At this stage, OH groups and H+ in 

the interlayers between cations in kaolinite 

were removed as water molecules, resulting in 

a substantial reduction in the number of ad-

sorption sites upon heat treatment [36,37]. 

Figure 2. Elemental mapping of the metakaolin clay determined using EDX. The respective colour 

codes represent the individual element  
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3.3 Characterization of the Supports and Im-

mobilized CRL Biocatalysts 

3.3.1 Characterization using X-ray Diffraction 

Analysis (XRD) 

XRD patterns of supports and immobilized 

CRL are as shown in Figure 3. In Figure 3(a), it 

can be seen that NK is predominantly consti-

tuted by quartz, together with a small amount 

of kaolinite, muscovite and anatase, revealing 

the crystalline nature of the support. A similar 

XRD pattern of kaolin clay was also observed 

by Boukhemkhem and Rida [38]. The presence 

of muscovite, KAl2(AlSi3O10)(OH)2, in the kaolin 

XRD patterns is in correlation with the detec-

tion of potassium in the analysis using EDX 

spectroscopy technique. The peak at 2θ = 

12.46° is the distinctive XRD pattern for kao-

linite mineral. 

Table 2 shows the d-spacing values for NK 

and its derivatives. The d-spacing value for NK 

was found to be 7.12 Å. After modification with 

BTEA+ the d-spacing of NK increased to 7.20 

Å. Jahan et al. [40] reported that the expansion 

of the interlayer space in the clay structure 

was due to the ammonium salt intercalation. 

Figure 3. XRD patterns for the immobilization supports and immobilized CRL 

Sample 2θ d(001) Å Intensity 

NK 12.46 7.12 341.48 

2.0 NK 12.28 7.20 107.97 

CRL-NK 12.26 7.22 166.63 

CRL-2.0 NK 12.44 7.11 178.55 

d-spacing values were extracted at 2θ = ~12.4° from the 

XRD patterns. 

Table 2. Value of d-spacing for kaolin and its 

derivatives. 
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Looking at the slight difference in the d-

spacing between NK and 2.0 NK (0.08 Å), it can 

be concluded that not all BTEA+ cations were 

incorporated in the interlayer spaces of the ka-

olin clay. This is common among kaolinite clay 

which possesses relatively smaller d-spacing as 

compared to bentonite and other clays [41].  

Interestingly, after thermal treatment the 

characteristic diffraction peaks of kaolinite at 

2θ = 12.4° disappeared, indicating that the kao-

linite had undergone structural realignment 

upon heating. This is because, the calcination 

of kaolinite which took place had been accom-

panied by structural water loss with structural 

reorganization causing the original triclinic cell 

to collapse, leaving only a small portion of AlO6 

octahedral structure, while the rest of the 

structure have been converted into tetrahedral 

[19,42,43].  

Table 2 also shows that immobilization of li-

pase on NK and 2.0 NK did not cause signifi-

cant changes in d-spacing of the samples. Im-

mobilization of CRL had caused decrease in the 

intensities of the XRD patterns as a result of 

CRL loading (Figure 3(c) and Figure 3(d)), 

which had led to decrease in the surface crys-

tallinity. However, XRD patterns were found to 

remain as it was before the immobilization pro-

cess, and this is in agreement with the finding 

by Zhang et al. [44].   

The slight changes in the d-spacing and the 

maintained XRD peaks upon immobilization of 

lipase is expected due to the globular protein 

size of the CRL enzyme molecule (50–70 Å, 

with molecular weight of 60 kDa) as compared 

to the d-spacing of NK and 2.0 NK. During im-

mobilization, the side chains of various amino 

acid residues could have been participated in 

the intercalation whereas the polypeptide 

backbone may have been immobilized at the 

external surface and the edges of the clay. 

 

3.3.2 Characterization Using Fourier Trans-

form Infrared (FTIR) Spectrometer. 

FTIR spectra of all samples are as present-

ed in Figure 4. From the characterization of 

NK, bands at 3697 and 3654 cm−1 in the FTIR 

spectrum were attributed to the hydroxyl 

groups on the surface of the clay, while band at 

3621 cm−1 corresponded to the stretching of the 

Figure 4. FTIR spectrum for the immobilization supports and biocatalysts. 
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internal hydroxyl groups. The band with large 

intensities at region between 3620–3690 cm−1 

matched well with the bands of crystallized ka-

olinite as reported by Kakali et al. [45]. On the 

other hand, bands at 3436 cm−1 together with 

the band at 1636 cm−1 were caused by the 

stretching and bending vibrations of free water 

molecules located at the surface of kaolin. The 

bands at 937 cm−1 and 912 cm−1 were assigned 

to the bending of the inner hydroxyl groups 

connected to Al, while the bands at 795, 754, 

696 and 537 cm−1 corresponded to the vibra-

tions of Si−O−Al groups [38]. The bands that 

appeared at 1111, 1032, and 1007 cm−1 corre-

sponded to the Si−O−Si molecule. 

For the characterization of N-MK, major 

changes can be clearly seen in the FTIR spec-

trum as a result of the thermal treatment, 

where bands attributed to internal and exter-

nal hydroxyl groups were found to be disap-

peared as a result of the treatment which has 

led to dehydroxylation of kaolin clay. As a re-

sult, all peaks that matched the existence of 

Si−O−Si groups were found gathered as one 

large band at 1051 cm−1 due to the formation of 

amorphous silica in the structure. Bands at 912 

and 937 cm−1 which initially existed in FTIR 

spectra of NK also disappeared in the FTIR 

spectra of N-MK as a result of the loss of Al-OH 

molecules in the alumina octahedral structural 

sheet, an indication that the silica tetrahedral 

sheet remained unchanged in the structure 

[46]. In addition, minor band at 537 cm−1 along 

with shifted band at 795 cm−1 to 800 cm−1 ap-

peared as a result of changes which occurred in 

the aluminum coordination which unambigu-

ously showed that dehydroxylation had oc-

curred [13].  

The characteristic bands of both clays were 

still maintained even after organo-modification 

with BTEA+, indicating the retained structure 

of the clays as analyzed using XRD. On the oth-

er hand, it can be seen that widths and the po-

sitions of peaks that correspond to hydroxyl 

stretching and hydroxyl-deformation modes of 

the clay mineral changed, suggesting the reac-

tion between kaolin hydroxyl groups with 

BTEA+. FTIR spectra for organo-modified kao-

lin showed that the Si−O stretching band  

shifted from 1111 cm−1 to 1116 cm−1, while the 

intensity of the band of at 1032 cm−1, which 

corresponded to Si−O−Si, significantly de-

creased. However, the bands assigned to Si−O 

stretching modes, are extremely robust and it 

is not easy to get more information on the alter-

ations resulting from the interaction with the 

surfactant. 

The band corresponding to the ammonium 

salt utilized is presented in the range of be-

tween 2991 -2982 cm-1; but this band usually 

exist in low intensity in the spectra of organo-

clays. Bands with low intensities near 2851 

and 2921 cm−1 can be assigned to the symmet-

ric and asymmetric stretching vibrations of the 

methylene group of the guest molecules. These 

bands confirmed the occurrence of interactions 

between the ammonium molecules and the clay 

samples [47]. The additional pair of character-

istic bands at 1484 and 1398 cm−1 was due to 

the torsion of the C−H bonds, which is not pre-

sent in the spectrum of the starting clay sam-

ple. The band around 1458 cm−1 is assigned to 

CH3 asymmetric bending. According to Mota et 

al. [48], the presence of CH2 and CH3 groups in 

the infrared spectrum of organo-clay is clear 

testimony to the intercalation of the ammoni-

um quaternary cation of the surfactant within 

the clay samples. In comparison between the 

NK and N-MK, the changes in the FTIR spec-

trums indicate that the presence of organic 

groups as a result of successful modification 

using BTEA-Cl. 

After immobilization of CRL, the absorption 

bands linked to the −C=O stretching was likely 

disrupted by the existence of the bending vi-

brations at 1636 cm−1, causing higher intensity 

of the −C=O peak of the immobilized lipases 

(1657–1659 cm−1). A peak around 1541–1550 

cm−1 was ascribed to the −NH bending vibra-

tion of the peptide bonds, while bands at 

around 2850–2854 cm−1 and 2920–2938 cm−1 

appear to confirm the existence of −C−H group. 

These bands are an indication of asymmetric 

stretching vibration of aliphatic C−H group 

with contributions from the organo-surfactant, 

and the enzyme [49,50]. The band at 1448 cm−1 

was assigned to C−H deformation vibrations of 

alkyl groups and originating from the adsorbed 

lipase molecules. It is therefore confirmed that 

modifications and immobilization have taken 

place band on the functional groups in the 

spectra. 

 

3.3.3 Characterization Using Scanning Elec-

tron Microscope (SEM) 

The surface morphologies of the supports, 

and immobilized lipases were observed using 

scanning electron microscope at 100,000x mag-

nifications as shown in Figure 5. The micro-

graph of NK in Figure 5(a), described as dis-

torted platelets, consisting of laminar particle 

aggregates of varying sizes and thicknesses. 

This indicates that the particles are not fully 

dispersed into individual layers. The platy 
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Figure 5. Scanning electron micrographs of the immobilization supports (a) NK, (b) N-MK, (c) 2.0 NK, 

(d) 2.0 MK and biocatalysts (e) CRL-NK, (f) CRL-MK, (g) CRL-2.0 NK, (h) CRL-2.0 MK at 100,000x 

magnifications. 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
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structures are closely packed together and re-

ducing voids between the particles. Such asso-

ciation development is likely because of the 

domination of hydrogen bonds. The particles af-

ter thermal treatment (N-MK) (Figure 5(b)) are 

considerably larger than NK. Disorganization 

of the crystalline structure of the material oc-

curs with no substantial alteration to the mor-

phology of the kaolin platelets, and more voids 

are seen as a result of heating the kaolin at 650 

°C for 5.0 h. Konan et al. [37] noticed that the 

thermal treatment does not modify drastically 

the morphology of kaolin sample.  

It can be seen that the clay surface has no 

aggregated morphology after organo-

modification (Figure 5(c) and (d)), and there 

was an increased in individualized platelets. 

Lipase was found to give a change in the mor-

phology of the supports (Figure 5(e)–(h)), where 

was increased in particle size after immobiliza-

tion process. However, not much change on po-

rosity can be visualized which is in accordance 

to that observed after enzyme immobilization 

on montmorillonite K10 [51]. Furthermore, the 

outer surface of the supports used turned sub-

stantially thicker with formation of larger a 

greater following immobilization because of the 

accumulation of lipase molecules on the sup-

port surface. 

 

3.3.4 Characterization Using Nitrogen Adsorp-

tion/Desorption Analyser 

The outcomes of the physico-chemical analy-

sis (surface area, pore volume, and pore size) 

for all samples are summarized in Table 3. The 

decrease in surface area after thermal treat-

ment could be caused by dehydroxylation which 

leads to the collapse of kaolin layers that bring-

ing particles closer to one another. This leads to 

the agglomeration phenomenon among parti-

cles. As the aggregated particles begin to sin-

ter, the surface area begins to decrease. The in-

crease in pore volume and pore size after ther-

mal treatment was as a result of loss of water 

and the formation of wider interparticle voids, 

which contribute more to volume expansion 

than to the surface area expansion [52]. The or-

gano-modification however leads to decrease in 

surface area and pore volume of the modified 

clay samples, which is in agreement with the 

previous work by Ramos et al. [41]. These re-

sults support the idea that the organic moieties 

of the BTEA-Cl surfactant are covalently 

linked to the edge of −OH groups of individual 

clay platelets, which may eclipse parts of the 

clay surface, making it inaccessible during ni-

trogen adsorption [53]. 

In addition, the pore blocking effect also led 

to decrease in the BET surface area, where the 

higher amount of exchanged cation may clog 

more smaller pores of the clay. The lower pore 

volumes of the 2.0 NK and 2.0 MK compared to 

NK and N-MK was related to pore fillings by 

the macromolecules of BTEA+ [52,53]. Alt-

hough the modification by the cation exchange 

process resulted in lowering of surface area 

and pore volume of the NK and N-MK, the 

modified clays exhibited increased pore sizes. 

These results indicate that the BTEA+ molecule 

may have been mainly inserted in the meso-

pore spaces of the clay. 

Figures 6 and 7 show the nitrogen sorption 

isotherms for NK, MK, 2.0 NK and 2.0 MK. 

The isotherms of unmodified clay samples were 

found to belong to the Type IV isotherm with 

narrow hysteresis loop of H3 type, which is 

typical of porous solids consisting particle ag-

gregates. The modified samples showed a simi-

lar patterns of isotherm and hysteresis loops to 

that of unmodified clays. This indicates that 

the porous structure of clay is still maintained 

even after the cation exchanged reaction, as 

proven by using XRD and SEM results. The 

low amounts of N2 adsorbed at relative pres-

sures, P/Po < 0.2 indicated the absence of mi-

croporosity in the kaolin clay. The rapid in-

Sample Surface area (m2/g) Pore volume (cm3/g) Pore size (Å) 

NK 25.34 0.113 179 

N-MK 19.91 0.121 225 

2.0 NK 5.90 0.054 385 

2.0MK 9.04 0.098 413 

CRL-NK 8.16 0.087 315 

CRL-N-MK 9.77 0.093 402 

CRL-2.0NK 2.22 0.031 673 

CRL-2.0MK 3.69 0.048 710 

Table 3. Physical properties of the supports and immobilized CRL. 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 16 (2), 2021, 225 

Copyright © 2021, ISSN 1978-2993 

crease in the volume of N2 adsorbed beginning 

from P/Po ~ 0.8 was due to the filling of the 

mesopores of the largest particle in the clay as 

well as those particles located at the surface of 

the clay [54]. The sharpness towards P/Po = 1.0 

indicated the uniformity of the mesopore size 

distribution, a typical phenomenon shown by 

mesoporous materials [55]. Duarte-Silva et al. 

[43], reported a similar behaviour for their kao-

lin sample. Pore size distribution curves from 

adsorption isotherm of unmodified kaolin, me-

takaolin and organo clay samples are illustrat-

ed in Figure 8. According to IUPAC definition 

these pores are related to mesopores range 

(diameter of 20–500 Å). Adsorption of CRL led 

to substantial decline in the surface area and 

mesopore volume of the resultant catalysts, in-

dicating the adherence of the enzyme on the 

cavities of the supports. These findings could be 

also due to the layered structure of clay sam-

ples that has been collapsed during the immo-

bilization process [56,57]. 

 

3.4 Effect of Support Modification on the Per-

centage of Immobilization 

The percentage of immobilization on the 

support materials, calculated based on amount 

of protein, is shown in Table 4. Among the sup-

port used, 2.0 MK displayed the highest protein 

loading of 14.83±1.37 mg protein/g support and 

achieved up to 70.14±2.41 % immobilization. 

Meanwhile, 2.0 NK showed the lowest percent-

age of lipase immobilization at 47.83±1.52 %. 

These results were better compared to the re-

sults obtained by Musa et al. [6], who achieved 

about 31.2% of immobilization of Pseudomonas 

AMS8 lipase on kaolin.  

The high percentage of CRL immobilized 

onto 2.0 MK was due to the larger pore size of 

the support, suitable to accommodate large bio-

molecules such as CRL. Furthermore, the po-

rous structure of 2.0 MK enables a large quan-

tity of the enzyme to be immobilized onto it. In 

contrast, supports with smaller pore sizes, such 

as 2.0 NK, may restrict mass transfers and 

penetration of enzyme molecules into and out 

of the pores of the support, resulting in limited 

protein adsorbed [6]. The low amount of pro-

tein adsorbed onto 2.0 NK was related to the 

limited amount of organo surfactant found in 

its interlayer after modification. This result ap-

peared to be similar to that obtained by Ramos 

et al. [41], who studied the use of organo-

bentonite as support to immobilize CRL. In 

their study, 48% of CRL was approximately im-

mobilized onto raw bentonite as compared to 

81% immobilization onto modified bentonite. 

This downward trend with regards to the raw, 

unmodified clay may be caused by the aggrega-

tion of CRL during excessive lipase interaction 

with the support, which impeded the adsorp-

tion of protein [44,58]. Support modification 

and immobilization of CRL as illustrated in our 

previous work [59] is shown in Scheme 1. 

Figure 6. Nitrogen adsorption/desorption iso-

therms of unmodified kaolin (NK) and organo-

modified kaolin (2.0 NK). 

Figure 7. Nitrogen adsorption/desorption iso-

therms of unmodified metakaolin (MK) and 

organo-modified metakaolin (2.0 MK). 

Lipase derivatives 

Protein loading 

(mg protein / g 

support) 

Immobilization (%) 
Specific activity (mmol 

ester/min/mg) 

CRL − − 3.27×10−3 

CRL-NK 7.51±0.38 52.99±1.17 3.63×10−3 

CRL-N-MK 7.84±0.44 55.50±0.54 4.08×10−3 

CRL-2.0NK 5.85±0.12 47.83±1.52 4.97×10−3 

CRL-2.0MK 14.83±1.37 70.14±2.41 5.24×10−3 

Table 4. Protein loading on clay supports and its effect on lipase specific activity upon immobilization. 
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Figure 8. Pore size distributions of (a) NK, (b) 2.0 NK, (c) N-MK and (d) 2.0 MK 

Pore Diameter (Å) 

Pore Diameter (Å) 

Pore Diameter (Å) 

Pore Diameter (Å) 
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In this present study, percentage of immobi-

lization on N-MK (55.50±0.54 %) which was 

slightly higher than on NK (52.99±1.17 %), was 

related to the higher pore size of N-MK (225 Å), 

as compared to NK (179 Å), shown in Table 2. 

Increase in pore size of N-MK as a result of 

heat treatment on NK was similar to the find-

ing by Ajayi et al. [25]. Heat treatment carried 

out on the clay also makes it less acidic and 

more suitable for accommodation of enzyme 

[59]. 

 

3.5 Activity Assay on Free and Immobilized 

CRL 

In general, the catalytic activities of immo-

bilized CRL were higher compared to the free 

CRL, when used in the esterification reaction 

between nonanol and hexanoic acid. This is 

mainly due to the higher surface areas provid-

ed by the supports which lead to wider distri-

butions of lipase. This then leads to better ex-

posure of the enzyme active-site towards the 

reactants. Meanwhile, free CRL tends to form 

aggregates because it is insoluble in organic 

medium [12,60]. 

As shown in Figure 9, the efficacies of the 

immobilized CRL were in the following se-

quence: CRL-2.0 MK > CRL-2.0 NK > CRL-N-

MK > CRL-NK > CRL, with lipase adsorbed on-

to organo-kaolin (CRL-2.0 NK) and organo-

metakaolin (CRL-2.0 MK) exhibiting substan-

tially enhanced catalytic efficacies. This was 

due to interfacial activation of the enzyme after 

its adsorption onto the hydrophobic organo-clay 

samples, which leads to open conformation of 

the enzyme active site [51]. In a report by 

Öztürk et al. [61], interactions between the en-

zyme molecules with the organo-modifier 

(ammonium salt) on modified clays causes im-

proved conformation and orientation of en-

zyme, promoting better access of its active cen-

tre.  

Non-surprisingly, CRL-NK showed the low-

est conversion of ester (52.53±1.56 %) when as-

sayed in the reaction to synthesis nonyl hexa-

noate. The comparably low ester conversion 

might be due to its negatively charged surface, 

which may not be appropriate for enzymes [23]. 

This is in agreement with the results obtained 

by Musa et al. [6], where the kaolin support ex-

hibited lowest efficacy in the synthesis of ethyl 

hexanoate in comparison with other supports. 

Unsuitability of this support towards enzymes 

such as porcine pancreatic lipase and acid 

phosphatase was also discussed by other re-

searchers [21-23]. 

Interestingly, the high amount of protein 

loaded onto a support does not necessarily re-

flect the efficacy of the enzyme [56]. This was 

observed in the use of CRL-2.0 MK, where 2.0 

MK showed the highest adsorption ability of 

about 70% but exhibited an almost similar spe-

Scheme 1. A schematic diagram illustration of kaolin modification and lipase adsorption [59] 
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cific activity and ester conversion to CRL-2.0 

NK. This was probably due to the following fac-

tors: (a) formation of enzyme aggregates on the 

surface of 2.0 MK, where distribution of en-

zymes are not even; (b) distortion of enzyme 

tertiary structure due to strong interaction 

with support; (c) structural damage of protein 

caused by the protein-protein interactions 

which are the consequence of deficit in space 

between adsorbed proteins; (d) excess of loaded 

enzyme molecules which may have formed 

thick layers of adsorbed lipases resulting in 

loss of activity to those enzymes less accessible 

to substrates [61].  

According to Paul et al. [62], the biggest im-

pact of structural porosity is associated with 

the internal environment where substrates are 

well dispersed towards the active site of the en-

trapped enzyme and back into the reaction me-

dium. This is however restricted in supports 

with narrow pores, where they find constrain in 

mass transfer in all directions. Amongst the ka-

olin clay derivatives, 2.0 NK and 2.0 MK pos-

sess pore sizes large enough to overcome limi-

tations of the inherent diffusion.  
 

3.6 Thermal Stability 

The stability of enzyme at high tempera-

tures can extend its applications in industry. 

One of the aims of immobilization of enzyme is 

to improve its thermal stability. In this study, 

CRL immobilized onto 2.0 NK and 2.0 MK were 

selected for thermal stability assay due to their 

high specific activities and ester conversions in 

the esterification reactions that they catalyzed. 

As shown in Figure 10, the relative activity of 

free CRL drastically decrease to below 50% of 

its initial activity when reaction was conducted 

using CRL pre-incubated at 50 oC. Relative ac-

tivity of the free lipase continued to decrease to 

32.69% and 28.13%, when CRL pre-incubated 

at 60 oC and 70 oC were used, respectively. As 

for the immobilized CRL, these enzymes were 

found to retain high relative activities of be-

tween 80.59% to 89.32% when immobilized li-

pase pre-incubated at temperatures between 

50 ℃ to 70 ℃ were used. The improved ther-

mostabilities of immobilized CRL were related 

to the hydrophobic interactions between the 

enzyme molecules and the organo-modified 

clay supports [18].  

Based on results obtained, immobilization of 

enzyme has indeed helped to minimize nega-

tive effects of high temperatures due to the 

protected structure of the enzyme against ther-

mal degradation by the support. As such, en-

hancement of the enzyme resistance against 

heat is attributed to its multiple attachment 

points to the support (protein-support interac-

tion) which protects it from unfolding. The po-

sition of the lipase inside the pores of the sup-

port is also a key factor which ensures its sta-

bility against thermal denaturation [63,64].  

Similar optimum temperatures (40 ℃) for 

both free and immobilized CRL suggested that 

the enzymatic properties of lipases were still 

maintained even after its immobilization onto 

organo-modified clay. However, thermal stabil-

ity decreased after that as a result of the dis-

turbance of the globular structure of the pro-

tein at high temperature. This causes unfold-

ing of the enzyme tertiary structure which 

leads to loss in enzymatic activity [12]. The 

CRL-2.0 NK showed highest thermal stability 

due to the more rigid nature of the support 

even before organo-modification, where it con-

tains kaolinite structure which is absent in 

MK. This has helped the enzyme immobilized 

onto it to remain stable even at higher temper-

atures [41,64]. 

Figure 10. Thermal stability of free CRL and 

CRL immobilized onto organo-modified clays. 

Figure 9. Ester conversion as exhibited by free 

and immobilized CRL in the synthesis of nonyl 

hexanoate. The reactions were performed in 

triplicates at 30 ℃ for 5 h with equal amounts 

of substrates (2.0 mmol). 
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3.7 Reusability of Immobilized Lipases 

Enzyme reusability is a crucial parameter in 

the characterization of immobilized enzymes 

for practical applications. Enzymes in free form 

are excluded from the study of reusability be-

cause it is generally known that separation of 

free lipase from the reaction medium is almost 

impossible. Immobilized enzymes, on the other 

hand, are designed to meet the requirements of 

easy recovery and reusability to significantly 

reduce operational costs.  

Figure 11 shows the reusability of immobi-

lized CRL onto 2.0 NK and 2.0 MK in 10 con-

secutive reaction cycles. It can be seen that the 

relative activities of the immobilized lipases de-

creased gradually as the number of uses in-

creased. This was due to the distortion of the 

enzyme active site as a result of recurrent in-

stances with substrates which may have cause 

partial or total loss of catalytic efficiency. Like-

wise, active conformation of lipase may have 

been affected by excessive exposure to organic 

solvent. The loss in enzymatic activity could al-

so be due to leaching effect which may have 

caused CRL to leach out from the pores of the 

supports [65]. 

After 10 continuous recycling, CRL-2.0 MK 

was found to maintain 62.56% of the initial ac-

tivity, while CRL-2.0 NK maintained 38.53% of 

its initial activity. In comparison to other im-

mobilized enzyme on clay support materials, 

the operational stability (reusability) of the im-

mobilized lipases in this study were compara-

bly high. Edama et al. [66] reported that the re-

usability of enzyme immobilized onto waste 

clay recovered from palm oil mill effluent was 

only 32% after seven cycles of continuous uses. 

In this regard, the organoclay used in this pre-

sent study was more effective in maintaining 

enzyme reusability due to the hydrophobic in-

terfacial activation and stabilization of enzyme 

together with the presence of hydrogen bonds 

for better enzyme-support interactions. This 

helps to increase reusability of the immobilized 

lipases [66].  

The hydrophobic surface of the organo-

modified clay may also help to prevent leaching 

of lipase protein into reaction medium, result-

ing in improved enzyme reusability [61]. The 

differences in reusabilities of the enzymes 

could also be related to the loading capacities 

of the supports. The 2.0 MK possesses larger 

pore size than the 2.0 NK, which is why better 

endurance can be observed when CRL-2.0 MK 

was in continuous use. This is in agreement 

with the findings by most researchers, that 

support materials with larger pore sizes are 

usually better carriers in promoting better en-

zyme reusabilities [18,67,68]. This clearly sug-

gests that organo-modified metakaolin was 

able to better entrap lipase and retain its cata-

lytic activity even after several uses, as com-

pared to organo-modified kaolin.  

 

4. Conclusions 

An environmentally friendly, inexpensive 

and simple method to immobilize C. rugosa li-

pase (CRL) onto organo-modified kaolin and 

metakaolin have been studied. The results 

showed that the CRL immobilized on organo-

modified kaolin and metakaolin were able to 

act as biocatalysts to speed up the esterifica-

tion reaction between nonanol and hexanoic ac-

id. Comparison between the activities and sta-

bilites of the free and immobilized CRL showed 

that immobilized CRL were thermally stable. 

CRL immobilized onto 2.0 MK also showed ac-

ceptably high reusability even after 10 cycles of 

repeated uses. These findings together with the 

advantages owned by the kaolin clay can be a 

new frontier for a wider application of organo-

modified kaolin clay for enzyme immobilization 

to be used in organic synthesis. 
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