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Abstract: In order to improve the activity of enzymes immobilized in silica, additives such as 

polyethylene glycol (PEG) can be introduced in the sol-gel process. This addition aims to protect the 

enzymes from denaturing effects by forming protection between the protein and the reaction medium. 

Thus, the aim of the work was to evaluate the effect of the use of the PEG additive in the process of 

immobilization of the commercial lipase of Candida antarctica B (CALB) in xerogel and aerogel 

obtained by the sol-gel technique. The mathematical model for the process was validated, and the 

optimum points determined were 0.09 g/ml of enzyme and 0.15 g/ml of polyethylene glycol additive 

for the xerogel and 0.12 g/ml of enzyme and 0.20 g/mL of polyethylene glycol additive for the aerogel. 

The maximum esterification activity and yield values were 544 U/g, 585%, and 266 U/g, 140% for 

xerogel and aerogel, respectively. Polyethylene glycol showed better performance in the esterification 

activity and stability as an additive when used in the xerogel, that is, when the process of obtaining the 

support uses the removal of the solvent only by evaporation. Regarding aerogel, a reduction in enzyme 

activity was observed, which may be due to the interaction of PEG with CO2 in the drying process.  
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1. Introduction 

Among the different supports used for enzymatic immobilization, the sol-gel process is 

gaining attention, as silica-based materials produced by the sol-gel technique are characterized 

by effective thermal resilience, high-pressure resistance, low density, high porosity, high 

specific surface area, low thermal conductivity, and also high resistance to aggressive media 

[1–3]. Silica aerogels and xerogels are particularly interesting because they can be employed 

to design relatively strong recyclable biocatalysts. Furthermore, their pore surface can be 

functionalized with a large range of organic groups to be chosen for the best activity of a given 

enzyme [4]. The functionalization of silica-based matrices can further enhance the enzyme 

microenvironment, contributing to the concern of catalytic activity and to selectivity and 

specificity [1],  during biotechnological processes. It also allows the reuse of the enzyme over 
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an extended period of time and easier separation of catalysts and products. Thus, lipases are 

interesting enzymes because they catalyze important reactions, such as hydrolysis, 

interesterification, esterification, aminolysis, and alcoholysis regarding triglycerides and fatty 

acids of oils and fats [5, 6]. Lipase B from Candida antarctica (CALB) was selected due to its 

stability and commercial accessibility [7]. 

The organic groups, such as poly(ethylene glycol) (PEG), in the oxide network, give 

structural flexibility by reducing the degree of cross-linking and lead to a change in the three-

dimensional gel network because of several reasons [8]. PEG is a hydrophilic polymer, 

nonionic, water-soluble, and has properties such as easy control, thermosensitivity, 

biodegradability, and biocompatibility [9]. In this sense, the properties of inorganic and organic 

compounds are incorporated into one material, called organically modified silica (ORMOSILs) 

[8]. 

The drying process of the sol-gel technique aims to remove the solvent from the gel, 

and it plays an important role in the sol-gel method of obtaining polymer composite materials. 

Depending on the methods used, it is possible to obtain different synthesized products (films, 

hydrogels, cryogels, xerogels, and aerogels) [10].  

Recently, the use of sol–gel-based immobilization routes has gained a lot of attention 

[11]. In this sense, the aim of this work was to evaluate the effect of PEG as an additive in the 

process of immobilization of the commercial lipase of Candida antarctica B (CALB) in 

xerogel and aerogel obtained by the sol-gel technique. 

2. Materials and Methods 

 2.1. Materials. 

The commercial lipase from Candida antarctica (CALB) was obtained from 

Novozyme (Bagswaerd, Denmark). The chemicals used for the sol-gel synthesis were 

tetraethoxysilane (TEOS Sigma-Aldrich) as a silica precursor, ammonium hydroxide 

(Quimex), hydrobromic acid (Vetec) as a catalyst, polyethylene glycol (PEG 1500) (Merck) as 

a stabilizing agent (additive), and distilled water. To determination of esterification activity 

were used: ethanol (Merck), acetone (Merck), and sodium hydroxide (Synth). The substrate 

used in the esterification reaction was oleic acid (Aldrich) and ethanol (Merck). Carbon 

Dioxide (CO2) (White Martins) was used for the drying of the support to obtain aerogel as a 

solvent. 

2.2. Synthesis of silica and CALB lipase immobilization in xerogel and aerogel. 

The Candida antarctica B lipase was immobilized by the sol-gel technique, with the 

use of tetraethylorthosilicate (TEOS) as a precursor of silica, according to a methodology 

previously established [12]. Initially, 5 ml of TEOS were dissolved in 5 ml of absolute ethanol. 

After dissolution, 1.6 ml of distilled water and three drops of the initiator of the polymerization 

reaction, hydrobromic acid (HBr), were added. Subsequently, the reaction systems were 

subjected to an orbital shaker at 40 ° C, 180 rpm, for a period of 90 min. Then, 1 ml of the 

solution of the PEG additive and the enzymatic solution was added and, finally, 1.75 ml of the 

hydrolyzing solution (1.0 mol / L ethanolic ammonium hydroxide solution) was added. 

Subsequently, the reaction systems were maintained in static conditions at a temperature 

between 20 ° C and 25 °C for 24 h to complete the chemical condensation. 
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To obtain the xerogel, after 24 h, the support was placed in a vacuum desiccator (room 

temperature) for a period of 24 h to complete the drying by evaporation. After drying in mild 

conditions of temperature and pressure, lipase immobilized on silica, called immobilized 

xerogel, was obtained. 

To obtain the aerogel, after 24 h of chemical condensation, the support was subjected 

to pressure conditions of 80 bar, the temperature of 40 ° C for a time of 30 min as described by 

Ficanha et al. [13], to complete drying by solvent extraction. After drying in supercritical CO2 

conditions, the lipase immobilized on silica, called immobilized aerogel, was obtained. 

2.3. Influence of the enzyme mass and PEG additive on the immobilization of the CALB lipase 

in xerogel and aerogel. 

The values of the variables used to assess the influence of different concentrations of 

enzyme and additive in the immobilization stage were based on studies previously carried out 

[12]. First, the enzyme concentration was fixed at 0.10 g / mL, and the concentration of the 

additive was varied from 0.05 to 0.3 g/mL. Likewise, tests were carried out to assess the 

influence of the enzyme in the xerogel technique: the concentration of the additive was fixed 

at 0.05 g/mL, and the enzyme concentrations were varied (0.05-0.2 g / mL). 

From the results obtained in the preliminary tests, a complete Rotational Central 

Compound Design (DCCR) 2² was proposed to optimize the studied variables and obtain 

maximum esterification activity in the immobilized xerogel and aerogel. The values of the 

variables used in the DCCR are shown in Table 1. 

 

Table 1. Real and coded variables tested in the Complete Rotational Central Compound Design (DCCR) 2² in 

the immobilization of the CALB lipase in xerogel and aerogel. 

Variáveis 
Níveis 

-1.41 -1 0 1 1.41 

X1 0.029 0.05 0.10 0.15 0.170 

X2 0.059 0.10 0.20 0.30 0.341 

         X1: enzyme (g/mL); X2: additive (g/mL). 

 

The optimal levels of enzyme and additive were confirmed by triplicate experiments 

performed under the optimal conditions described by the statistical model. After confirmation, 

tests of operational stability and storage of optimized xerogels and aerogels were carried out. 

The statistical analysis related to the estimation of the effects of each of the variables 

was performed using pure error and the relative standard deviation between experimental and 

predicted data, which were performed considering a 95% confidence level (p <0.05) using 

Statistica 5 software. 

2.4. Analytical determinations. 

2.4.1. Determination of esterification activity. 

The esterification activity (EA) of the immobilized enzyme was carried out by the 

synthesis reaction of oleic acid and ethanol (molar ratio 1:1), according to Ficanha et al. [13]. 

2.4.2. Determination of immobilization yield. 

The immobilization yield in the supports was calculated by the percentage of the ratio 

between the total esterification activity of the immobilized support and the total esterification 

https://doi.org/10.33263/BRIAC111.78147825
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.78147825  

 https://biointerfaceresearch.com/ 7817 

activity of the free enzyme mass added in the immobilization step, according to Equation 1, 

where the yield is the ratio between the total esterification activity of the support mass (Ux) and 

the total esterification activity present in the free enzyme mass added to the immobilization 

(U0), as described by [12]. 

𝑌𝑖𝑒𝑙𝑑 (%) =
𝑈𝑥

𝑈0
 𝑥 100                                                     (1) 

2.4.3. Storage stability. 

Storage stability is an important parameter that must be evaluated since its study will 

allow us to determine how long the immobilized biocatalyst can be stored and how much of its 

initial activity will be maintained throughout the storage period. The experiments were carried 

out at refrigeration temperature (between 3 °C and 5 °C) for a period of 350 days. The stability 

was monitored until reaching a loss of 50% of its initial esterification activity. The results were 

presented as a percentage of residual activity (RA), calculated by Equation 2. 

𝑅𝐴 (%) =
𝐸𝐴𝑖

𝐸𝐴0
 𝑥 100                                                     (2) 

Where: EAi = esterification activity at time “i”; EA0 = initial esterification activity. 

2.4.4. Operational stability. 

The efficiency of the operational stability (reuse) of the lipase immobilized in xerogel 

and aerogel was determined using a defined amount of the immobilized in successive cycles of 

ethyl oleate synthesis. After each batch, the reaction medium (liquid phase) was removed, and 

the solid phase (immobilized xerogel or aerogel) was maintained. After this step, a new solution 

of oleic acid and ethanol was added. The residual activity of each cycle was calculated by the 

ratio of esterification activity in cycle n to the esterification activity in cycle 1 (initial activity). 

2.4.5. Thermal stability. 

The thermal stability of immobilized CALB lipase was determined by the Arrhenius 

method. From the data obtained during the thermal stability evaluation, the degradation kinetics 

was determined through the analysis of the reaction order. For this, the experiment was carried 

out by incubating the enzymes at temperatures from 40 ºC to 80 ºC. Samples were taken over 

the incubation time to perform the esterification activity and to determine the residual activity.  

The thermal deactivation constant (kd) at each temperature was calculated according to the 

Arrhenius kinetic model, considering that the enzyme deactivation follows the first-order 

kinetics, according to Equation 3. 

𝐴 =  𝐴0 𝑒𝑥𝑝. (−𝑘𝑑 . 𝑡)                                                  (3) 

Where: A = final activity; A0 = initial activity; t = time. 

From the thermal deactivation constants at each temperature, the half-life times (t1/2) 

(Equation 4) were obtained, which corresponds to the time necessary for the inactivation of 

50% of the initial enzyme concentration to occur at the temperature tested. 

𝑡1/2 =  −
ln 0,5

𝑘𝑑
                                                        (4) 

Where: t1/2 = half-life time; kd = deactivation constant. 
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3. Results and Discussion 

3.1. Influence of enzyme and additive mass on esterification activity. 

Figure 1 shows the esterification activity and yield obtained in the preliminary tests for 

the influence of enzyme and additive mass on esterification activity in the immobilization of 

the CALB lipase in xerogel. 

For the variation of the additive concentration with the enzyme concentration fixed at 

0.10 g/mL, as can be seen in Figure 1a, a positive effect of the additive is observed, providing 

an increase in the esterification activity of approximately 400 U/g (observed for 0.05 and 0.1 

g/mL) to approximately 800 U/g, (observed for 0.20 and 0.30 g/mL). The same tendency is 

observed for the yield response, which was already expected due to the fact that it considers 

the initial activity offered in its calculations, which was the same in all tests. Starting from the 

same activity offered, the yield tends to vary proportionally with the esterification activity. 

The positive effect observed for the use of the PEG additive in the immobilization 

process is similar to that reported in the literature. It was linked to a better distribution of the 

enzyme on the support surface, and to the fact that PEG affects the moisture level, provided by 

modification of the hydrophobicity of the microenvironment. This favors the contact of the 

immobilized enzyme with the reaction medium; therefore, the reaction conditions [14].  

 

 
Figure 1. Esterification activity (columns) and yield (lines) obtained in preliminary tests for CALB lipase 

immobilized in xerogel. (a) The concentration of the enzyme fixed at 0.10 g/mL, and (b) concentration of 

additive fixed at 0.05 g/mL. 
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In addition, the use of the additive can also influence the pore morphology of the gel, 

thereby facilitating the transfer of internal mass and providing greater accessibility of the 

substrate [15]. This consideration is in agreement with the results obtained in this study. 

For the variation of the enzyme concentration (Figure 1b), when the concentration of 

the additive was fixed (0.05 g/mL) the behavior changes, they are showing an increase in the 

esterification activity when the concentration of the enzyme exceeds 0.05 (approximately 300 

U/g) to 0.10 g/mL (approximately 450 U/g), followed by a continuous decrease in esterification 

activity until the highest concentration of enzyme tested (0.20 g/mL). Regarding the yield, a 

negative effect is observed with the enzyme concentration. This tendency indicates that the 

increase in the activity was not proportional to the increase in the initial activity offered, linked 

to the mass of enzyme used in the tests. 

To confirm the preliminary results, a complete DCCR 2² was performed in order to 

optimize the immobilization process and obtain maximum esterification activity. DCCR was 

performed for lipase immobilized in xerogel and aerogel. Tables 2 and 3 show the experimental 

matrix and the results obtained for the esterification activity for the different variables and 

levels studied in the DCCR. 

Table 2. Experimental DCCR 2² matrix for the esterification activity (EA) of lipase immobilized in xerogel at 

different concentrations of enzyme and additive. 

Treatments Enzyme 

(g/mL) 

Additive (g/mL) Xerogel 

mass (g) 

EA (U/g) ± σ EA 

Predicted 

(U/g) 

Relative 

deviation 

(%) 

1 -1 (0.05) -1 (0.10) 6.48 463.40 ± 17.84 411.48 11.20 

2 +1 (0.15) -1 (0.10) 7.00 424.76 ± 12.14 365.74 13.90 

3 -1 (0.05) +1 (0.30) 7.58 338.05 ± 13.62 339.99 -0.57 

4 +1 (0.15) +1 (0.30) 7.88 70.09 ± 11.68 64.93 7.37 

5 -1.41 (0.029) 0 (0.20) 7.13 319.58 ± 7.01 343.25 -7.41 

6 +1.41 (0.170) 0 (0.20) 8.16 83.33 ± 11.90 117.08 -40.50 

7 0 (0.10) -1.41 (0.059) 6.94 428.13 ± 6.62 495.04 -15.63 

8 0 (0.10) +1.41 (0.341) 8.88 242.06 ± 18.18 232.58 3.92 

9 0 (0.10) 0 (0.20) 7.83 538.52 ± 18.01 540.07 -0.29 

10 0 (0.10) 0 (0.20) 7.90 533.49 ± 17.84 540.07 -1.23 

11 0 (0.10) 0 (0.20) 7.77 548.88 ± 18.36 540.07 1.61 

Table 3. Experimental DCCR 2² matrix for the esterification activity (EA) of lipase immobilized in aerogel at 

different concentrations of enzyme and additive. 

Treatments Enzyme 

(g/mL) 

Additive 

(g/mL) 

Aerogel 

mass (g) 

EA (U/g) ± σ EA 

Predicted 

(U/g) 

Relative 

deviation 

(%) 

1 -1 (0.05) -1 (0.10) 3.60 35.82 ± 16.97 21.36 40.35 

2 +1 (0.15) -1 (0.10) 4.33 202.96 ± 5.91 171.24 15.63 

3 -1 (0.05) +1 (0.30) 3.68 89.74 ± 5.49 93.71 -4.42 

4 +1 (0.15) +1 (0.30) 4.70 161.74 ± 23.67 148.44 8.22 

5 -1.41 (0.029) 0 (0.20) 4.64 63.30 ± 18.13 65.02 -2.71 

6 +1.41 (0.17) 0 (0.20) 4.88 183.07 ± 15.80 209.27 -14.31 

7 0 (0.10) -1.41 (0.059) 4.02 37.40 ± 5.79 64.42 -72.24 

8 0 (0.10) +1.41 (0.341) 4.90 98.46 ± 9.79 99.35 -0.91 

9 0 (0.10) 0 (0.20) 3.97 249.27 ± 33.76 247.40 0.75 

10 0 (0.10) 0 (0.20) 4.01 249.76 ± 6.65 247.40 0.94 

11 0 (0.10) 0 (0.20) 4.03 243.51 ± 24.93 247.40 -1.60 

Tables 2 and 3 show that, for both xerogel and aerogel, the greatest esterification 

activities were obtained at the central point, using a concentration of 0.10 g/ml of enzyme and 

0.20 g/ml of additive.  

When comparing the results of the central point, a reduction of approximately 50% in 

the AE value for aerogel (247.5 ± 3.5 U/g) is observed in relation to the xerogel (540.3 ± 7.8 
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U/g ). This result may be due to the removal of PEG, together with solvents, in the drying step 

in a pressurized medium with CO2 [16]. PEG has a high solubility due to the specific 

interactions between CO2 and the functional groups of the polymer, which favor solubility. 

This is in accordance with the lower mass presented by the aerogels in relation to their 

corresponding xerogels, as can be seen in Tables 2 and 3. 

The model was validated by analysis of variance (ANOVA) showing a good 

performance in the F-test, in which the calculated F values of 21.93 and 24.25 are higher than 

the F tabulated (5.05), for the xerogel and aerogel, respectively. The model was validated with 

95% confidence. Thus, the variables were significant, with an R² of 0.95 and 0.96 for the 

xerogel and aerogel, respectively. This suggests a satisfactory representation of the 

immobilization process, with the response surface and contour curve shown in Figure 2. 

 

 
Figure 2. Response surface and contour curve of the influence of enzyme and additive (PEG) concentration on 

immobilization in (a) xerogel and (b) aerogel. 

In addition, empirical models were obtained as a function of the enzyme and additive 

concentration for xerogels (Equation 5) and aerogels (Equation 6), which were used to calculate 

the predicted activity and relative deviation between the actual and the predicted result by the 

model (shown in Tables 2 and 3). Equations 5 and 6 are predictive of esterification activity 

(xerogels and aerogels, respectively) for the factors studied. It consists of a second-order 

function of the enzyme concentration (X1) and additive concentration (X2). 
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EA (𝑈/𝑔) 𝑥𝑒𝑟𝑜𝑔𝑒𝑙 = 540.07 −80.20𝑋1 −155.88𝑋1² −93.07𝑋2 −88.66𝑋2
2 −57.33 𝑋1𝑋2           (5) 

EA (𝑈/𝑔) 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 = 247.40 +51.15𝑋1 −55.46𝑋1
2 +12.39𝑋2 −83.25𝑋2

2 −23.79 𝑋1𝑋2             (6) 

 

For further validation of the model, the concentration of enzyme and optimal additives 

were calculated by equalizing the first derivative of the esterification activity as a function of 

the enzyme and the additive equal to zero in both mathematical models. 

The maximum esterification activities of lipases immobilized in xerogel were obtained 

at levels -0.17 and -0.47 for enzyme and additive, respectively, corresponding to 0.09 g/ml of 

the enzyme concentration and 0.15 g/ml of PEG. For CALB lipase immobilized in aerogel, the 

maximum esterification activities were obtained at levels +0.46 and +0.008 for enzyme and 

additive, respectively, corresponding to enzyme concentration of 0.12 g/mL and 0.20 g/ml of 

PEG. 

3.2. Validation of the experimental model. 

The validations were performed in triplicate under the optimal conditions, as described 

by the statistical model, to confirm the levels of enzyme and additive concentration to obtain 

maximum esterification activity. The results are shown in Table 4. 

Table 4. Validation of the optimized variables described by the mathematical model. 

Support Enzyme (g) Additive (g) EA (U/g) ± σ EA Predicted (U/g) Relative deviation (%) Yield (%) 

Xerogel 0.09  0.15  543.65 ± 18.18 568.78 -4.62 585 

Aerogel 0.12  0.20 265.63 ± 11.72 259.20 2.42 140 

According to Table 4, the relative deviation for xerogel immobilization was -4.62%, 

and for aerogel was 2.42%. In addition, yields above 100% are observed, with the xerogel 

showing higher immobilization yield (585%). The results demonstrate that the model obtained 

is adequate to explain the immobilization process and can predict the values of esterification 

activity. 

3.3. Storage stability. 

Figure 3 shows the residual activity for xerogels and aerogels stored in refrigeration 

(between 3 °C and 5 °C) for a period of 350 days. 

 
Figure 3. Residual activity in refrigeration storage stability of CALB immobilized on silica xerogel and aerogel. 
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For storage stability in refrigeration, the two supports showed similar behavior. After 

300 days of storage, both supports (xerogel and aerogel) synthesized using PEG as an additive 

showed an RA higher than 50%. Lipases are usually immobilized onto/inside solid materials 

to enhance their activity, stability, and reusability. However, the results obtained for the 

immobilized enzymes depend on the supports employed, as they can change the 

microenvironment around an immobilized enzyme and affect the enzyme activity as well as 

stability [17]. 

3.4. Operational stability. 

The operational stability of xerogels and aerogels using PEG as an additive was verified 

in esterification reactions in consecutive batches with the reuse of the support. The results 

obtained for operational stability can be seen in Figure 4. 

 
Figure 4. Operational stability of CALB immobilized on silica xerogel and aerogel using PEG as an additive. 

A reduction in RA was observed due to the number of reuses for both supports. When 

comparing the xerogel with the aerogel, the possibility of using the xerogel for more cycles is 

observed, since the xerogel presented an AR of 65% in the 10th cycle. In addition, the xerogel 

presented 4 cycles more than the aerogel, which presented an AR of 51% in 6 cycles. 

This behavior can be related to the form of drying in which the supports were submitted. 

In the aerogel, some of the PEG additives may have been removed together with the solvents 

at the time of drying, and this facilitates the leaching of the enzyme from the support when 

using it in a continuous process such as recycling. In the case of the xerogel, the higher 

concentration of PEG present in the immobilized material may be hindering the enzyme 

leaching. In this sense, the process conditions have a significant effect on the immobilized 

enzyme [18]. 

The results obtained for the stability, both for storage and for operational, are similar to 

those found in the literature for supports obtained via sol-gel [12]. It is important to study the 

stability after several reaction cycles to minimize decreasing of catalytic activity and develop 

a feasible enzymatic process for industrial applications [19] and reduce costs by reusing them 

in comparison to enzyme soluble form [20]. 
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3.5. Thermal stability. 

Thermal stability was assessed by calculating the thermal deactivation constant (kd) and 

half-life (t1/2) of the CALB lipase immobilized in xerogel and aerogel with and without the 

presence of the PEG additive (Table 5). 

Table 5. Thermal deactivation constant (kd), determination coefficients (R²), and half-life (t1/2) of the CALB 

lipase immobilized in xerogel and aerogel with and without the presence of PEG additive. 

 Aerogel without PEG Aerogel with PEG 

Temperature (ºC) kd (h-1) R² t1/2 (h) kd (h-1) R² t1/2 (h) 

40 0.12 0.93 6.02 0.07 0.95 9.77 

50 0.20 0.93 3.39 0.09 0.92 7.49 

60 0.32 0.96 2.17 0.22 0.93 3.19 

70 0.57 0.95 1.21 0.46 0.85 1.49 

80 1.26 0.88 0.55 1.23 0.97 0.56 

 Xerogel without PEG Xerogel with PEG 

Temperature (ºC) kd (h-1) R² t1/2 (h) kd (h-1) R² t1/2 (h) 

40 0.10 0.96 6.73 0.07 0.90 9.93 

50 0.16 0.92 4.37 0.07 0.92 9.78 

60 0.22 0.92 3.22 0.09 0.86 7.78 

70 0.54 0.98 1.27 0.42 0.92 1.65 

80 1.26 0.98 0.55 0.78 0.94 0.89 

Regarding the use of the PEG additive in the immobilization process, it can be observed 

for the two supports under study (xerogel and aerogel), its presence increased the half-life and 

reduced the kd value. This indicates a positive effect of PEG on the thermal stability of the 

enzyme. The xerogel showed the greatest increase in half-life (142%) at a temperature of                 

60 °C, and the aerogel had the greatest increase (120%) at a temperature of 50 °C. 

Among the supports, the xerogel demonstrated a better performance in thermal stability 

at all temperatures. These results may be associated with the presence of more water in the 

xerogel matrix than in aerogel. This is because the water molecules around the enzyme form a 

hydration shell and maintain the native conformation of the enzyme [21]. Also, some reports 

have shown that the native states of proteins could be mostly stabilized by polyols, such as the 

usual protective additives PEG and glycerol [22]. Because of this, PEG can also be used as a 

surfactant [23]. 

The results obtained for these supports with the presence of the additive allow their use 

in processes that require higher temperatures. Additives must ensure the stability and reuse of 

the enzyme and, consequently, improve the cost-benefit of the process. The obtained results 

are important to improve the enzymatic performance and to explore the potential of the 

application of the enzymes in industrial scales [24]. It should be noted that the additives do not 

activate the enzyme. Instead, they have a stabilizing effect that prevents the enzyme from being 

deactivated when interacting with the support. 

4. Conclusions 

 In the process of immobilizing the CALB lipase in xerogel and aerogel, the additive 

PEG showed better performance in AE and stability as an additive when used in the xerogel. 

This may be due to the process of obtaining the xerogel in which solvent extraction is by 

evaporation only. When PEG was used as an additive in aerogel, there was a reduction in AE, 

which may be due to the interaction of PEG with CO2 in the drying process. In conclusion, 

PEG acts as a good additive in the immobilization process using the sol-gel technique. 
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