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Abstract. A large amount of fatty waste from food enterprises accumulates in Ukraine, which represents a number of problems in their 
disposal. The main ones are formed during the production and processing of vegetable oils. Fat conversion usually occurs at high 
temperatures and pressures, while enzymatic hydrolysis is an energy-saving process. 

Work highlights the main factors for obtaining immobilized biocatalysts, the conditions and methods for determining the activity 
and stability of immobilized enzymes. The work is devoted to the study of the physical and chemical properties of the immobilized 
lipase Rhizopus japonicus, namely the influence of the pH of the medium (pH optimum pH stability) and temperature (thermal opti-
mum, thermal stability). The objects of study were immobilized lipase Rhizopus japonicus, waste from the stage of demetalization of 
hydrogenated fat and activated carbon with a grain size of 2.0-2.8. It was revealed that for the immobilized lipase Rhizopus japonicus, 
the pH optimum value expanded with a shift from 7.0 to 6.5, and a significant increase in pH stability was observed during prolonged 
incubation of the immobilized preparation. It was established that lipase immobilization leads to an expansion of the thermos-optimum, 
as well as stabilization of the enzyme during prolonged incubation at a temperature of 40°C and at higher temperatures (60-80°C). 
The experimental results obtained indicate a higher stability of the immobilized lipase Rhizopus japonicus compared to native. The 
high activity and stability of immobilized lipase make it possible to recommend for bioconversion of oil and fat waste.

Keywords: immobilization, enzyme, lipase, waste, hydrogenated fat, waste sorbent, ecological biotechnology, oil and fat production, 
fat waste, pH stability, thermal stability.

ids and related substances and are a valuable raw mate-
rial for many industries. The process of hydrogenation of 
vegetable oils in oil and fat production is accompanied by 
the formation of large-scale waste, the main of which are 
spent sorbent from the stage of additional bleaching and 
spent catalyst, the fat content of which can reach more 
than 50%. The hazardous properties of the waste are that 
the clay is able to ignite spontaneously upon contact with 

1. Introduction

The production of oil and fat products in Ukraine is a sig-
nificant sector of the agro-industrial complex. The main 
type of oil in the Ukrainian market remains sunflower – 
60% of the total market turnover. At different stages of 
the processing of plant materials, waste and by-products 
are generated that contain a significant amount of fatty ac-
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air. The simplest and most basic way to solve the problem 
of disposal of spent bleaching clay is a technology that in-
volves their removal to landfills of solid waste. The most 
resource-efficient and environmentally friendly method 
is recycling with the production of a number of technical 
products, the technology of which uses the biotechnologi-
cal method (Sklyar et al., 2019).

In the modern world, thanks to the rapid development 
of biotechnology, a scientific discovery in the field of en-
zymology, enzyme preparations have become widely used 
in many industries. Immobilized lipases can be used in al-
most all biotechnological processes to produce valuable 
products. In our case, this is the processing of hydrogena-
tion waste from vegetable oils, namely the stage of demet-
alization.

Industrial processes increase the tendency to destabi-
lize enzymes, reducing industrial life. The technology of 
enzyme immobilization is an effective way to overcome 
problem by increasing the catalytic properties of enzymes 
and improving the stability of the work (Keleti, 1990; Paiva 
et al., 2000). However, for the efficiency of enzymatic hy-
drolysis with already immobilized lipase, its physical and 
chemical properties should be investigated.

In this regard, an urgent problem is to increase the sta-
bility and effectiveness of lipase by immobilizing enzyme 
preparations, which increases the number of enzyme mol-
ecules per unit area, increasing the efficiency of enzymatic 
hydrolysis.

Oils contained in the waste products of the production 
of vegetable oils, is a low-calorie fuel. The disposal of such 
waste is accompanied by an active course of oxidation. In 
the hot season, they can spontaneously ignite, decay, emi-
tan unpleasant smell of rancid oxidized fat. Methods for 
utilizing bleached clay involve its use in the production of 
bricks, expanded clay, cement, drying oil, aerated concrete, 
soap pastes, etc. The use of bleached clay is also possible 
as an additive in road bitumen, as well as in animal feed. 
A line for the production of biological products based on 
technic wastes of the oil and fat industry, a technology for 
controlled combustion using the received heat for techno-
logical needs is proposed. But the main way to utilize this 
waste is to bury solid waste at landfills (Krussir, 2010; Nur 
Royhaila Mohamad et al., 2015).

The feasibility of introducing technologies is deter-
mined by choosing the best economically viable technolo-
gies from the point of view of ecology, taking into account 
both economic and social aspects. Enzymatic hydrolysis 
technology is just such a technology. Most enzymes are 
quite unstable and industrial applications often impede the 
long-term operational stability and technically difficult 
process of restoration and reuse of the enzyme (Saifuddin 
& Raziah, 2008).

The results of the studies (Sklyar et al., 2019) showed 
the effectiveness of the use of the enzyme lipase Rhizopus 

japonicus for hydrolysis of hydrogenated fat, and the phys-
ical and chemical properties of native lipase were studied 
(Skliar et al., 2019).

 Immobilization of the enzyme was carried out, as low 
pH and thermal stability of the native enzyme were de-
termined.Immobilization ensures rapid separation of the 
enzyme from the reaction mixture, the reaction is quickly 
stopped by removing the enzyme from the reaction solu-
tion, and the stability of the enzyme to temperature, sol-
vents, and pH is improved (Cherno et al., 2009). The most 
effective method of stabilizing biologically active sub-
stances is immobilization on carriers of various nature, 
namely alumina, silica, porous glass, cellulose, zeolites, 
polyethylene, polypropylene, polystyrene, nylon, as well 
as activated carbon (Ramani et al., 2012). In our case, ac-
tivated carbon, clays, and biopolymer matrices became the 
most effective matrix for immobilizing lipase. Activated 
carbon is resistant to bacterial, mechanical, chemical ef-
fects, has a developed surface, does not swell in liquids, the 
surface of activated carbon can be modified (Thakur, 2012; 
Hrydziuszko et al., 2014). An analysis of the works de- 
voted to the study of biocatalysts based on activated carbon 
and lipase shows that the activity of the created samples is 
higher than for the native enzyme (Kumar & Ray, 2014).

The method of physical adsorption has proven effective 
in applying lipase in continuous reactors to mesoporous 
activated carbon. Mesopores create a space for the enzyme 
that prevents lipase desorption from the surface of acti-
vated carbon and at the same time maintains activity.

In the course of previous studies, optimal conditions 
for sorption immobilization were selected: the carrier was 
impregnated with a 10% solution of the enzyme in 0.1 M 
phosphate buffer solution, pH 7.0. pH at 23°С using hy-
dromodule (GM) 3 for agar-agar and karaginan, GM 1 – 
for various clays (kieselguhr, ascanite, bergmeal) and GM 
1.5 – for activated carbon and chitosan, the preparation was 
dried at a temperature of 40°С.

It is shown that the use of activated carbon with a grain 
size of 2.0-2.8 as a carrier for lipase immobilization leads 
to the maximum preservation of the initial lipolytic activ-
ity. The optimal carrier: enzyme weight ratio was 1 g of 
biopolymer carrier per 500 mg of lipase. From the obtained 
experimental data it follows that the rational conditions 
for the immobilization of Rhizopus japonicus are GM 1.5, 
temperature 25°C, the duration of immobilization 15 min-
utes, the grain size of activated carbon, as a matrix is 2.0-
2.8 mm.

After immobilization, the enzyme undergoes changes 
in physical and chemical properties, depending on the 
choice of immobilization method. The physical and chem-
ical characteristics of an immobilized enzyme are stabil-
ity – the ability to maintain catalytic activity under certain 
conditions. The stability is determined by the structure of 
the enzyme, as well as by the nature of its interaction with 
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surrounding particles. The stability of the enzyme is also 
inferred from residual activity after incubation for a certain 
time, at a certain temperature and pH.

Researchers are paying close attention to the effect of 
pH and temperature on lipase stability. Moreover, these 
two factors are of great practical importance and must be 
taken into account. For each enzyme, there are optimal 
values   of quantities at which it exhibits maximum activity. 
The optimal pH and temperature of lipases from different 
sources vary within a fairly wide range. Despite the com-
plex organization of the structure, lipases belong to stable 
enzymes and retain their activity in the temperature range 
of 30-60°C at pH from 4.0 to 8.0. Some of the lipases act 
at sufficiently high temperatures – 55-70°C. There are li-
pases known to be stable and active at -20°C (Polygalina, 
2003; Joseph et al., 2007; Singh & Mukhopadhyay, 2012).

In previous studies, the lipolytic activity of the enzyme 
is retained by more than 30% compared to native, which is 
a high rate of activity conservation. However, for a more 
efficient implementation of the process of enzymatic con-
version of waste by immobilized lipase, it is necessary to 
study the conditions under which the maximum enzymatic 
activity is manifested. 

2. Materials and methods

The purpose of the work is to study the physical and chem-
ical properties of the immobilized lipase Rhizopus japoni-
cus for utilization of the fat fraction of waste.

The task of the work is to determine the pH-optimum, 
pH-stability and thermo-optimum, thermos-stability of the 
immobilized lipase.

The objects of study were waste of hydrogenation 
of vegetable oils, namely the waste of the stage of 
demetallization. As a substrate, a 40% emulsion of 
hydrogenated fat (PJSC Vinnitsa OFP) was used, which is 
the main component of these wastes, Rhizopus japonicus 
lipase produced by Enzim enterprise (Ladyzhyn, Vinnytsia 
region, Ukraine) and activated carbon with a grain size of 
2.0-2.8 (First Gas Industrial Company LLC).

To provide the characteristics of the enzyme as 
a substrate, hydrogenated fat was used, which is the main 
component of its production waste.

Lipolytic activity was determined by the titrometric 
method of Ota and Yamada (Polygalina, 2003), which is 
based on the calculation of the amount of fatty acids formed 
during substrate hydrolysis. As a substrate 40% emulsion 
of hydrogenated fat, stabilized with polyvinyl alcohol was 
used. The amount of enzyme releases 1 μM of acid from 
a 40% emulsion of hydrogenated fat at 37°C for 1 hour 
was taken per unit of activity. To a test tube containing 
8-15 mg of the sample, 1 cm3 of water, 0.1 cm3 of 0.1% 
solution of immobilized lipase, 0.8 cm3 of phosphate buf-

fer (pH of the medium corresponded to the pH-optimum 
of lipase) was added and thermo-stated for 5 min at 37°C. 
Then 1.0 cm3 of 40% emulsion of hydrogenated fat and 
polyvinyl alcohol thermo-stated under the same conditions, 
was added. Exactly after 1 h of incubation, the reaction 
was interrupted by the addition of 5 cm3 of 96% ethanol. 
In the control sample, an emulsion of hydrogenated fat was 
added after ethanol. Three drops of phenolphthalein solu-
tion were added to the control and experimental samples 
and titrated with 0.05 M sodium hydroxide solution until 
light pink. The level of activity of the immobilized lipase 
was evaluated in conventional units by the difference in the 
amount of alkali, which went to the titration of the test and 
control samples during the hydrolysis of 40% emulsion of 
hydrogenated fat.

The activity of lipase was calculated by the formula:
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The pH optimum of the immobilized lipase was deter-
mined in such a way that a buffer solution with different 
pH values in the range of 2.5-12.0 was added to enzyme 
samples of equal activity and the enzymatic activity was 
determined. 

The thermo-optimum of the immobilized enzyme was 
determined by studying for the same enzyme activity sam-
ples at a temperature of 20-80°C in the appropriate buffer 
corresponding to the pH optimum of enzyme.

To determine the pH stability, enzyme samples of equal 
activity were incubated at various pH values of 2.5-12.0 
for 0-360 minutes, then the pH of the solution was ad-
justed to the optimum value and the enzymatic activity 
was determined 

The thermal stability of the immobilized lipase was 
studied in such a way that the enzyme samples equal in ac-
tivity in the corresponding buffer solution, which corre-
sponds to the pH optimum, were incubated at 20, 37, 45, 
and 60°C for 0-360 min, then the temperature was brought 
to 37°C and enzyme activity was determined.

3. Results and discussion

In previous works, the efficiency of the use of Rhizopus 
japonicus lipase in the hydrolysis of hydrogenated fat was 
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shown (Sklyar et al., 2019), a technological scheme for the 
production of hydrogenated fat with the release of waste 
generated during its production (Skliar et al., 2019) was 
provided.

Figure 1 shows the scheme of processing waste with 
immobilized lipase.
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Figure 1.  Schematic diagram of waste treatment with activated 
carbon immobilization

In order to optimize the conditions of fermentation of 
hydrogenated fat by immobilized lipase, a study of physi-
cal and chemical properties was carried out.

The nature of the carrier surface, depending on the con-
tent of the acidic or basic groups that are ionized, affect the 
pH-optimum value of the immobilized enzyme. In this re-
gard, there may be some degree of shift in the pH-optimum 
value of the immobilized enzyme into the acidic or alkaline 
pH area, as well as expansion of the observed pH-optimum 
area of the immobilized enzyme.

The pH-optimum and pH-stability of the immobilized 
lipase were studied under conditions similar to those of the 
native enzyme (Figs. 2 and 3)

The pH optimum of the native enzyme was about 7. 
As a result of immobilization, pH optimum expands and 
is in the pH range from 6.5 to 8 (Fig. 2).
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Figure 3. pH stability of the lipase Rhizopus japonicus (at 40°C)

Increase in pH stability compared to native was noted 
during prolonged incubation of the immobilized prepara-
tion with alkaline and acidic pH (Skliar et al., 2019). This 
allows us to predict effective functioning under real diges-
tive conditions (Fig. 3), which may be due to the stabiliza-
tion of the native conformation of the protein globule under 
the action of sorption forces, as well as the partial sup-
pression of autolysis processes. In acidic medium (pH 2.5), 
the activity of the immobilized enzyme is maintained from 
50 to almost 100% for 25 minutes. In an alkaline me- 
dium (pH 9), the activity of the immobilized enzyme in the 
complex is significantly reduced after 150 min. incubating 
it under these conditions.

Immobilization of enzymes usually leads to an increase 
in thermo-optimum and thermos-stability due to varying 
degrees of strong fixation of the native conformation of 
the protein molecule and, accordingly, the difficulty of de-
naturing it with increasing temperature.
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The thermal optimum and thermo-stability of the im-
mobilized preparation were studied under conditions simi-
lar to the native enzyme (Figs. 4, 5).
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As can be seen from the above data, immobilization of 
the lipase leads to expansion of the thermal-optimum com-
pared to the native enzyme (Skliar et al., 2019) (Fig. 4).
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Immobilization of the lipase leads to stabilization of 
the enzyme during prolonged incubation at physiological 
temperature (40°C) and at higher temperatures (Fig. 5).

It was found that under such conditions, 80% of the 
activity of the immobilized enzyme persists for 50 minutes, 
whereupon value gradually decreases and after 150 min-
utes it is 50%. The activity of the immobilized enzyme 
in 175 minutes is completely lost at 80°C. The total loss 
of activity at 100°C is 100 minutes. 

4. Conclusions 

The study shows that the selection of conditions contribut-
ed to the improvement of the process of enzymatic hydro-
lysis of the waste of hydrogenation of vegetable oils with 
immobilized lipase. Thus, the feasibility of immobilizing 
lipase on activated carbon has been proven. It is shown 
that immobilization contributes to the expansion of pH and 
thermal optimum. 

It was determined that for the Rhizopus japonicus im-
mobilized lipase, the pH optimum increased with a shift 
from 7.0 to 6.5, and there was an increase in pH stability 
during prolonged incubation of the immobilized enzyme 
for alkaline and acidic pH. This is due to the partial inhi-
bition of the processes of autolysis and stabilization of the 
native conformation of the protein globule under the action 
of sorption forces.

It has been established that lipase immobilization leads 
to expansion of the thermo-optimum, as well as stabiliza-
tion of the enzyme during long-term incubation at 40°C 
and at higher temperatures (60-80°C).

It is established that at 40°C 80% of the activity of the 
immobilized enzyme persists for 50 min., value gradually 
decreases and after 150 min. is 50%. Further use of hydro-
lyzed waste will make it possible to obtain new products, 
namely, an additive to rubber products.
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