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ABSTRACT 

At present, lipases of animal and microbial origin are increasingly used in 
human practice, namely in cheese production, milk chocolate production, 
confectionery industry, dry egg powder, production of flour, leather industry (for 
degreasing wool, bristles, leather), silk production, washing agents, as well as 
biodiesel. However, the practical use of lipase is limited by its low stability, reduced 
storage activity, and inability to reuse. One way to overcome these disadvantages is 
to microencapsulate the enzyme into various carriers. One promising carrier is 
calcium carbonate, characterized by ease of production and low cost. Therefore, the 
purpose of this work was to select the conditions for including lipase in the calcium 
carbonate microparticles. As the subject of the investigation, lipase of bacteria p. 
Pseudomonas fluorescens with the activity of 27 u/mg was used in the work. This 
paper compares two methods of including protein molecules in carbonate 
microparticles: adsorption in pores (previously prepared carrier microparticles are 
added to the protein solution) and microencapsulation (formation of microparticles 
occurs simultaneously with inclusion of protein molecules). For both ways the 
capacity of microparticles of a carbonate of calcium by a bacterial lipase was 
determined and it was established that the maximum capacity equal was 0.2 mg/mg 
was reached when using a method of adsorption in pores. The specific activity of 
lipase ,in this case, is 5.21 units/mg. The dynamics of bacterial lipase release from 
carbonate microparticles have been investigated. It has been found that within 90 
minutes the degree of lipase release from microparticles does not exceed 28%, and 
the decrease in its specific activity does not exceed 10%. This fact suggests a higher 
prolongation of the action of lipase included in calcium carbonate microparticles 
compared to native. The operational stability of the bacterial lipase included in the 
calcium carbonate microparticles was evaluated as compared to native lipase. It was 
found that the temperature optimum did not occur, it remained at 37 ° C, but the 
operating stability increased in the lower temperature area. The optimum pH shifted 
from the slightly alkaline (pH 8.0) towards the neutral (pH 7.0), wherein in the 
region of alkaline pH values the operational stability of the microencapsulated 
lipase significantly increases. Microencapsulation of bacterial lipase into carbonate 
microparticles has been shown to increase storage stability by a factor of twice that 
of native. 
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INTRODUCTION

Lipases are used in food, pharmacological, agrochemical and leather industries, 
in the production of detergents, surface and optically active compounds, flavoring 
and aromatic components, for analytical purposes in medicine [1], [2]. Lipases can 
be used as a biocatalyst in the production of biodegradable polyesters and lubricants 
[1], [3], [4], as well as for the decomposition of oils and fats in wastewater produced 
by the dairy industry and slaughterhouses [5]. Free fatty acids generated by the 
action of lipases on milk fat provide many dairy products, especially soft cheeses, 
with their specific taste characteristics [6].  

Another area of application for lipases is the cost-effective production of 
biodiesel. This area has a perspective due to the environmental safety of the process 
and the need for energy and resource conservation in the chemical industry. Lipase 
catalysis in the production of biodiesel is designed to rid it of a fundamental 
drawback - a large amount of alkaline waste, to reduce the specific costs of water 
and energy [7], [8], [9]. Lipases are also used in the textile industry to remove stains 
of lubricants or adhesives, in order to give the fabric greater absorbency to improve 
the uniformity of dyeing [10]. 

However, the widest use of lipases is constrained by difficulties in creating an 
optimal reaction system, contamination of most enzyme preparations, low thermal 
stability, low reaction rates, and other factors. The solution to most of the above 
problems lies in the way of using immobilized enzymes. Immobilization of lipases 
promotes the separation of the enzyme from reaction products, saves the enzyme, 
increases the thermal stability and activity of lipases. 

In this regard, various methods of lipase immobilization are currently being 
intensively studied: physical sorption on hydrophilic adsorbents, inclusion in 
hydrophobic gels or in hydrophobic concentrates, treatment of the enzyme with 
synthetic lipid-like reagents. Various immobilization methods make it possible to 
obtain catalysts with widely varying properties and change the direction of their 
application.  

The authors of [11] compared various types of materials (PVC, chitosan, chitin, 
agarose, sepharose, and trisacryl) for lipase binding efficiency. It was found that 
chitosan has the highest lipase capacity, but the immobilized enzyme in this case 
showed low hydrolytic activity, the lipase immobilized on PVC showed lower 
specific activity, but better thermal and operational stability, and trisacryl had a low 
enzyme loading efficiency. but the lipase associated with this carrier had a high 
specific activity. 

In  the article [12], pork pancreatic lipase was immobilized by adsorption on 
chitin and chitosan, then crosslinked with glutaraldehyde, and in the work [13] on 
other polymer carriers. The highest catalytic activity was achieved by covalent 
binding of the enzyme to a polyacrylamide ball polymer. Researchers [14] selected 
various carriers for immobilization of porcine pancreatic lipase. As the studied 
carriers, we selected: polypropylene, activated alumina, kaolin, montmorillonite, 
ion-exchange resins, and zeolites. 
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Among a large number of inorganic compounds that have found wide practical 
application in various industries and medicine, calcium carbonate occupies an 
important place. Due to their good mechanical properties, physical stability, high 
biocompatibility, adsorption ability and mild dissolution conditions, particles can 
be successfully used as the basis for creating microcontainers for a prolonged and 
controlled release of pharmacological substances. It was proposed to use colloidal 
microparticles of calcium carbonate in the modification of vaterite as a system for 
the delivery of drug compounds to the central nervous system during their intranasal 
administration. This method of drug administration has already been used for 
intranasal delivery of insulin [15]. 

This word aims to obtain and evaluate the effectiveness of a biocatalyst 
obtained on the basis of microencapsulation of bacterial lipase in carbonate 
microparticles. 

MATERIALS AND METHODS 

Lipase of p. Pseudomonas fluorescens with 27 units/mg activity were used as 
the subject of the study. 

The catalytic activity of lipase was determined by the amount of ioliolysis 
formed by the oliolein (olive oil) oleic acid, which was measured by the titrimetric 
method. The protein content was determined by Lowry's colorimetric method. 

For the preparation of calcium carbonate microparticles, the water 0.33 M 
solution of sodium carbonate (15 ml) was added with rapid mixing (400-900 rpm) 
to 15 ml 0.33 M of water solution of calcium chloride. After mixing for 60 with 
suspension formed spherical microparticles were left for 5-7 minutes until the full 
crystallization of calcium carbonate. Then the sediment was washed three times 
with distilled water and separated by filtering, then washed with acetone, then dried 
for 1.5 hours at 50-60 degrees Celsius. The resulting microparticles of calcium 
carbonate were stored in an airtight seal at room temperature. The size of the 
microparticles measured on the Nanotrac ULTRA 253 nanotrack (Microtrac, USA) 
ranged from 3 to 5 microns. To obtain microparticles of calcium carbonate, loaded 
with bacterial lipase, by the method of adsorption in the pores received calcium 
carbonate particle powder weighing 50 mg was suspensed in 1 ml of water enzyme 
solution with a given activity. After incubation on the IKA-VIBRAX-VXR shaker 
(1200 min-1) for 2 hours, the microparticles were separated by filtering. Then the 
particles were washed twice with water and dried at room temperature. To obtain 
calcium carbonate microparticles loaded with bacterial lipase, by the 
microcapsulation method mixed the water 0.33 M solution of sodium carbonate (15 
ml), containing lipase with a given activity, and 15 ml 0.33 M of water solution of 
calcium chloride. The mixture was stirred at a rate of 400-900 rpm for 60 s. Then 
the suspension of the formed spherical microparticles was left for 5-7 minutes until 
the calcium carbonate was completely crystallized. Then the sediment was washed 
three times with distilled water and separated by filtering, then washed with acetone, 
and then dried at 30oC. The resulting calcium carbonate microparticles, loaded with 
lipase, were stored in an airtight seal at a temperature of 4-6oC.  
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To determine the degree of inclusion of lipase in microparticles, we measured 
the protein concentration by the Lowry method, as well as the residual activity of 
lipase.  

RESULTS AND DISCUSSION 

According to literary data, the inclusion of protein molecules in carbonate 
microparticles can be carried out in two ways: by absorbing in the pores (when pre-
acquired microparticles of the carrier are added to the protein solution) or by the 
method of microcapsulation (when microparticle formation occurs simultaneously 
with the inclusion of protein molecules). Therefore, the first phase of the study was  
comparing the effectiveness of these two methods of obtaining calcium carbonate 
microparticles loaded with bacterial lipase. As a criterion of effectiveness, the 
specific capacity of the received microparticles on lipase was chosen, which was 
evaluated both by the mass of the protein included and by a specific activity.  

 The results are presented in Fig. 1 and 2. 

 
Fig.1. Determining the capacity of carbonate microparticles by bacterial lipase 

when it is included by microcapsulation. 

 
 Fig.2. Determining the capacity of carbonate microparticles by bacterial lipase 

when it is included by the absorption method of adsorption in the pores. 

From the presented data it follows that both methods allow to obtain carbonate 
microparticles loaded with bacterial lipase. However, in the case of 
microcapsulation, the maximum capacity of calcium carbonate particles for lipase 
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is 0.14 mg/mg and the activity of the resulting biocatalyst is 3.78 units/mg of 
protein. 

In the case of the method of adsorption in the pores, the above parameters are 
0.2 mg/mg and 5.21 units/mg of protein, respectively. The observed fact may be 
related to the fact that in the second case the inclusion of protein occurs in already 
formed spherical microparticles, which increases the movement of the process. 

Thus, based on the data obtained to produce carbonate microparticles loaded 
with bacterial lipase was chosen method of adsorption in the pores. 

The molecules of the enzyme at the center of the particles of the immobilized 
biocatalyst are exposed to a lower concentration of the substrate than in the volume 
of the solution due to the gradients of the concentration of substrate, which leads to 
a decrease in the reaction rate. The more mass transfer limitations are, the larger the 
size of the biocatalyst particles and the greater the reaction rate. However, the 
inclusion of enzyme molecules in microparticles usually ensures the prolongation 
of the action by reducing the rate of inactivation. Therefore, the next stage of the 
work was studied the release of lipase from microparticles. To do this, the carbonate 
microparticles, loaded with bacterial lipase, in the amount of 10 mg were suspended 
in 1 ml of acetate buffer with pH 8.0 at 50oC, which corresponds to the optimal 
conditions of the enzyme. During incubation at certain points of time samples of 
reaction suspension were taken, microparticles were precipitated by centrifuge 
(1600 g, 5 min). In the supernatant the concentration of protein by Lowry method 
and the activity of lipase were determined. 

The results are shown in Fig. 3.  

 

Fig. 3. Dynamics of the release of bacterial lipase from carbonate microparticles. 

The results show that during 90 minutes the degree of release of lipase from 
microparticles does not exceed 28%, while the decrease in its specific activity does 
not exceed 10%. This fact suggests a higher prolongation of the lipase, included in 
the microparticles of calcium carbonate in comparison with the native.  

An important parameter that characterizes the enzyme drug is also its stability 
in storage, that is, the ability to maintain enzymatic activity for a long time. To 
assess it, the effect of storage time on the change in the enzymatic activity of the 
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solution of the native lipase in the phosphate buffer with the optimal pH (8.0) and 
at the optimum temperature (37oC) was investigated. The results are shown in Fig. 
4. For comparison, the same figure shows the dynamics of maintaining the activity 
of the native bacterial lipase. When processing the results of the experiment for 
100% took the activity of a freshly prepared enzyme solution. 

The drawings show that when stored for 2 weeks (336 hours), the residual 
activity of the native lipase is 32.5%, and when the immobilized lipase is stored for 
4 weeks (720 hours), the residual activity of the immobilized lipase is 67%. One of 
the most important characteristics of enzymes is their operational stability, which is 
understood to be the ability to maintain enzyme activity over an extended range of 
operating temperatures and pH. 

Therefore, the next stage of the work was to study the effect of the temperature 
and pH of the environment on the operational stability of the received 
microcapsulated form of lipase, which was evaluated by hydrolysis of olive oil at 
the values of temperature and pH of the environment, excellent optimal. 

 

Fig. 4. Changes in enzymatic activity in the storage of the drug native lipase (1) 
and lipase included in carbonate microparticles (2) 

The experiment was carried out under the following conditions: the 
concentration of the enzyme drug - 10.7 units/ml, the concentration of the substrate 
- 20 % (mass.), the incubation time - 60 minutes. Temperatures ranged from 25-75 
degrees Celsius to an optimal pH value of 8.0 (phosphate buffer). The effect of the 
pH of the environment on the specific activity of lipase was investigated in the range 
of values 5.0-11.0 at an optimal temperature of 37 degrees Celsius. The results of 
the change in specific activity of microcapsulated and native lipase are given in Fig. 
5. 
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Fig. 5. Definition of temperature (a) and pH (b) optimums of bacterial lipase: 1 
- microcapsulated, 2 - native 

Analyzing experimental data, we can conclude that the operational 
thermostability of immobilized lipase in comparison with the native lower in the 
interval of temperatures above the optimal . It is evident that the temperature 
optimum for both native and microcapsulated lipase is 37 degrees Celsius. It should 
be noted that the activity of the immobilized lipase is slightly higher in the area of 
temperatures below the optimal, i.e. operational stability has increased in the area 
of lower temperatures. There was no temperature optimization, it remained at 37 
degrees Celsius. 

The data obtained indicate that the pH of the optimum immobilized lipase is 
7.0, which indicates that pH optimum has shifted from low-alkaline (pH 8.0) 
towards neutral.Analyzing the results of the experiment, it can be concluded that in 
a wide range of pH the operating pH stability of the immobilized lipase increases 
very significantly, especially in the alkaline area: residual activity in the reaction in 
the environment with pH 11.0 is 51%.  

Thus, as a result of studies, it was found that microcapsulation of bacterial 
lipase into carbonate microparticles leads to an increase in the effectiveness of the 
enzyme drug by increasing its operating stability, as well as stability in storage. All 
this makes promising the use of this form of microbial lipase for hydrolysis of fat-
containing substrates. 

CONCLUSION  

In this work, a comparison was made of two methods of incorporating protein 
molecules into carbonate microparticles: adsorption in the pores (pre-received 
microparticles of the carrier are added to the protein solution) and microcapsulation 
(microparticle formation occurs at the same time as the inclusion of protein 
molecules). For both methods, the capacity of calcium carbonate microparticles on 
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bacterial lipase is determined and the maximum capacity equal to 0.2 mg/mg is 
achieved by using the method of adsorption in the pores. The specific activity of 
lipase in this case is 5.21 units/mg. The dynamics of the release of bacterial lipase 
from carbonate microparticles have been investigated. It has been established that 
during 90 minutes the degree of release of lipase from microparticles does not 
exceed 28%, while the decrease in its specific activity does not exceed 10%. This 
fact suggests a higher prolongation of the lipase, included in the microparticles of 
calcium carbonate in comparison with the native. The operational stability of 
bacterial lipase, included in calcium carbonate microparticles, was assessed in 
comparison with the native one. It was established that there was no temperature 
optimization, it remained at 37oC, but operational stability increased in the area of 
lower temperatures. PH optimum has shifted from low-alkaline (pH 8.0) towards 
neutral (pH 7.0), with the operational stability of microcapose in the alkaline pH 
values significantly increasing. It has been shown that microcapsulation of bacterial 
lipase into carbonate microparticles leads to an increase in stability in storage twice 
as compared to native. 
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