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1 Introduction
Nowadays food industry is among a large number of 

modern biotechnological industries the successful development 
of which is in no small way determined by the implementation 
of technology involving enzyme preparations. The creation and 
introduction of innovative technologies has greatly expanded 
the scope of application of enzyme preparations. Today, enzymes 
help improve product quality, increase its safety, boost technical 
efficiency, reduce production costs and human impact on the 
environment (Bobuş, 2010; Spohner et al., 2015).

Proteolytic enzyme preparations are of particular importance, 
since they are associated with the transformation of protein – 
the main component of human constructive metabolism. They 
constitute the largest segment of the world market of enzymes, 
and it is with their use that the search for new sources and 
forms of protein foods is carried out. Proteases catalyze the 
hydrolysis of peptide bonds and, along with their great practical 
significance, play an important role in metabolism, the study of 
which is an important fundamental task (Aylangan & Öztan, 
2008; Vidal et al., 2018).

Given the shortage of raw meat, low-grade meat production, 
limited types of meat resources, the need to involve non-traditional 
sources and combine them, as well as the growing amount of 
PSE, DFD and RSE meat, the importance of enzyme technologies 
associated with the transformation and destruction of complex 
protein systems is increasing significantly. The use of enzymes 
can also solve similar problems in the dairy and fishing industries 
(Ghaffari-Moghaddam et al., 2014).

The world market has a fairly wide range of enzyme 
preparations of animal, plant and microbial origin. However, 

plant and especially microbial preparations, as a rule, require 
deeper purification. Moreover, technological regimes of food 
raw materials at the final production stages do not always ensure 
their complete inactivation, which causes problems associated 
with food safety (Kapreliants, 2009; Kitabatake & Doi, 1992).

In this regard, products of animal origin are more often 
recommended for use in food and other technologies that do 
not involve the removal of enzymes as the most physiological, 
since they have similar properties and conditions of biocatalytic 
processes as enzymes of the digestive tract and cathepsins of 
animal muscle tissue (Kuzelov et al., 2002; Araujo et al., 2018).

Currently, a new enzyme preparation of animal origin, 
Protepsin, has appeared on the market of biologically active 
preparations.

Protepsin belongs to the class of acid proteinases 
(EC number 3.4.23), containing carboxyl groups in the active 
center. The preparation cleaves peptide bonds formed by aromatic 
amino acids (tyrosine, phenylalanine), and does not hydrolize 
esters and amides. Along with the proteolytic complex, Protepsin 
contains collagenase, lipase, and other digestive enzymes 
(Antipova et al., 2008).

The preparation is obtained according to the original 
technology through maceration of animal endocrine raw materials, 
followed by purification, concentration, isolation and freeze 
dehydration of the enzyme complex. Protepsin is characterized 
by proteolytic activity, the level of which begins from 50 units/g at 
pH 5.5 (Dey & Dora, 2011). Protepsin is an enzyme preparation 
of animal origin, containing a complex of acidic proteinases, 
intended for use in the meat industry for processing raw meat. 
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The enzyme composition of the preparation is developed so as 
to have a balanced effect on various proteins of meat and meat 
systems used in the technology of meat processing. Protepsin’s 
action in the meat system is similar to intracellular enzymes 
(cathepsins). It produces a synergistic effect and has additional 
qualities that allow to apply it in a wider range of technological 
parameters, and also to infl uence those protein systems on 
which intracellular enzymes have an insignifi cant effect or do 
not have any effect at all (Ghaffari-Moghaddam et al., 2014).

Papain, ficine, and bromelain are major enzyme preparations 
of plant origin. Papain, produced from the latex of papaya fruit, 
has a broad substrate specificity; hydrolyzes casein, gelatin, 
collagen, elastin, globulin, fibrin, and other plant and animal 
proteins (Bhaskar  et  al., 2008). Papain exhibits the greatest 
activity in relation to actomyosin, at 60 °C hydrolyzes well not 
only muscle proteins but also collagen and elastin (Singh et al., 
2018; Dieterich et al., 2014).

2 Materials and methods
2.1 The study subjects in this paper are

-	 Connective tissue from cattle by-products rich in collagen 
(lips and ears);

-	 Enzyme preparation Protepsin (standard proteolytic activity is 
100 units/g) produced by ZAO Zavod Endokrinnykh Fermentov, 
Rzhavki settlement, Solnechnogorsky district, Moscow 
region, in accordance with TU 9219-005-42789257‑2005, 
Hygiene Certificate No. 50.16.01.000.М.000638.10.07 dated 
October 19, 2007. General characteristics of Protepsin: 
light grey powder; working activity of the preparation is 
manifested at the temperature of 20-45 °С; the recommended 
rate of the preparation is intended for the condition of the 
system with pH 4.5-6.0;

-	 Enzyme preparation “Liquid Papain” produced by Arinor 
Limited, Belfour House 46-54, Great Titchfield Street, 
London;

-	 Enzyme preparation Protosublitin G10х (produced by 
ZAO Enzim);

-	 Protein hydrolyzate.

2.2 The total proteolytic activity

The total proteolytic activity was determined according 
to the requirements of GOST 20264.2-88 using the modified 
Anson method with Hammerstein-grade casein at pH 7.2 
as a substrate (Russian Gost, 1989). One unit of proteolytic 
activity was considered equal to the amount of enzyme which 
per 1 minute at 30 °C turned Hammerstein-grade casein in an 
amount corresponding to 1 μmol of tyrosine into the state in 
which it is not precipitated by trichloroacetic acid.

2.3 Collagenase activity

Collagenase activity was determined by the content of 
oxyproline in the mixture formed as a result of the effect of the 
enzyme on native collagen. For this purpose, an oxidation reagent 

was prepared: 28.2 g of chloramine T was dissolved in 40 cm3 
of water to get a 0.05 M concentration, 60 сm3 of acetate citrate 
buffer with pH 6.0 was added. To 2 cm3 of the sample containing 
oxyproline 1 mL of the oxidation reagent was added, shaken 
and left for 20 minutes at room temperature. Then 1 cm3 of 4 M 
perchloric acid was added to the mixture and shaken. 5 minutes 
later 3 cm3 of a 10% solution of p-dimethylaminobenzaldehyde 
in methyl cellosolve was added. The sample was heated for 
15 minutes in a water bath at 150 °C and after cooling it was 
scanned using a green filter of the photoelectric colorimeter 
FEK-56M (555 nm).

The collagen hydrolysis was carried out under the following 
conditions: 20 mg of native collagen was treated with the enzyme 
preparation in the presence of a buffer system with pH 7.0 so 
that the total volume was 25 cm3. The mixture was incubated 
for 1 hour at 37 °C. The mixture was controlled using samples 
incubated under the same conditions but without the enzyme, 
preliminarily stopping the reaction by adding 0.5 cm3 of ethanol 
and centrifuging the mixture for 15 minutes at 6,000 rpm 
(Skurikhin & Tutelyan, 1998).

2.4 Thermogravimetric analysis

Thermogravimetric analysis was performed on a derivatograph 
according to the recommendations. The change in the substance 
heat content with the change of temperature was recorded with 
Thermoscan-2, measuring the temperature difference in the 
sample and in the reference, which does not undergo any changes 
in the temperature, using two thermocouples connected to the 
recording device in a differential circuit.

The control of the device, temperature conditions, data 
collection and its processing was carried out using “Thermoscan” 
software (part of the supply package; suitable for the Windows 
10 operating system and above). Automatic raising and lowering 
of the heating element. Indication of thermocouple break 
(Leal et al., 2015).

2.5 Experimental design and statistical analysis

All analyses were carried out in triplicate unless otherwise 
stated and the average values were calculated. The results were 
expressed as mean value ± standard deviation. Significant 
differences between mean values at significance level p<0.05 
were established using the One-way analysis of variance and 
Student’s test. Microsoft Excel version 2010 was used as the 
statistical analysis software.

3 Results and discussion
Protepsin, a preparation of animal origin, papain, of plant 

origin, and Protosubtilin G10x, of microbial origin, were the 
enzyme preparations under study (Table 1).

Proteolytic activity determines the degree of impact of any 
proteolytic enzymes on protein molecules, therefore it was necessary 
to determine its level for the selected enzyme preparations. 
In this paper, we studied total and specific proteolytic activity.
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Anson’s method was used to determine total proteolytic 
activity, where catalytic properties are evaluated by the degree 
of reduction of protein substrates to low molecular weight 
products — peptides and amino acids, in particular, by tyrosine 
accumulation. According to this method, the amount of enzyme 
that catalyzes the conversion of 1 μmol of substrate per minute 
at 30 °C is taken as a unit of enzyme activity (Figure 1).

Total proteolytic activity, however, is not an absolute in the 
selection of an enzyme preparation for the treatment of raw 
materials with a high content of connective tissue. It is known 
that different enzymes affect protein substrates in a different 
way. A prepararion with a high proteolytic activity may be inert 
towards collagen, may not be able to cleave this main stroma 
protein. Therefore, a study was conducted to determine the specific 
effect of preparations on collagen (Neklyudov & Ivankin, 2007; 
Khoshnoodi et al., 2006). Bovine tendons collagen was used for 
the comparative study of the dependence of the collagenolytic 
activity of the selected enzyme preparations on the temperature 

of the medium. The increase of protein in the solution was 
considered an indicator of activity. The collagenolytic activity 
was determined at pH 6.8 (natural for raw materials).

The results of the comparative study of the degree of collagen 
proteolysis under the action of Protepsin and Protosubtilin 
G10x, depending on temperature, are illustrated in Figure 2.

As can be seen in the figure, the effect of papain on collagen at 
the temperature of 0-30 °C is low and remains almost unchanged. 
A further increase in temperature leads to a sharp increase in the 
papain activity. At 30-40 °С its activity increases by 5.27 times. 
Such behavior of the enzyme confirms the lack of specificity for 
collagen at temperatures below denaturation.

On the contrary, Protepsin and Protosubtilin G10x cause 
a significant (compared with papain) increase in protein in 
the solution already at low temperatures. A further increase in 
temperature leads to an increase in the activity of the enzyme 
preparations.

Thus, the collagenolytic activity of papain is manifested to 
a greater extent at temperatures close to protein denaturation, 
while Protepsin and Protosubtilin G10x are able to significantly 
hydrolyze native collagen as well.

Studies of the enzyme preparations effect have clearly shown 
that the temperature range of 35-45 °C is optimal from the point 
of enzymes greatest activity and stability.

In general, the results of the study of proteolytic activity 
call for further research of Protepsin, which has a greater 
collagenolytic activity, making it promising for the hydrolysis 
of collagen-containing raw materials (Mandl, 2000).

The change in the substance heat content with the change 
of temperature was recorded with Thermoscan-2, measuring 
the temperature difference in the sample and in the reference, 
which does not undergo any changes in the temperature, using 
two thermocouples connected to the recording device in a 
differential circuit (Saldarriaga et al., 2015).

Figure 3 shows the DTA curves of the native raw material 
and protein hydrolyzate in relation to the reference.

To obtain the curves of differential thermal analysis (DTA), 
a series of experiments was carried out involving an organic 
compound, phenanthrene, as a reference sample. Figure 4 shows 
thermograms of native raw materials and protein hydrolyzate.

Laboratory tests indicate that the DTA curve for untreated 
collagen has two endothermic peaks. Peak 1 indicates the 
process of collagen denaturation in the temperature range of 
60 °C. At 65 °С, the process of collagen denaturation continues 
(peak 2), but becomes less intensive. Peak 1 corresponds to the 
release of free moisture from the collagen fraction of the protein 

Table 1. Biochemical characteristics of enzyme preparations.

Enzyme Preparations Source
Indicators

proteolytic activity Unit/g acidic optimum, pH thremal optimum, °С
Protepsin Birds gastric mucosa 100.0 4.5-6.0 35.0-45.0
Papain Papaya 250.0 5.0-7.0 60.0
Protosublitin G10x Bacillus subtilis 400.0 7.0-7.2 40.0

Figure 1. Comparative Proteolytic Activity of Enzyme Preparations.

Figure 2. Dependence of Collagen Proteolysis on the Temperature of 
the Medium.
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(primarily osmotic and mechanical bound moisture, as well as 
a small part of the weakly bound adsorption moisture of the 
outer molecular layers of collagen) (Margander, 1995). Peak 
2 corresponds to dehydration of protein substances with the 
complete decomposition of their native structure as a result of 
hydrolytic action of the enzyme preparation that is accompanied 
by the release of gaseous products and the removal of the chemical 
bound form of moisture.

A part of the osmotic and immobilized bound moisture is 
retained in closed cells of fibrillar structures, which is subsequently 
released with increasing temperature, and its release occurs at 
the temperature of 30-50 °C.

With the temperature rise to 50 °C, there occurs a sharp 
change in the mass of the test sample, indicating an intense 
release of free moisture and the development of denaturation 
processes. The similar course of the curves on the thermograms 
corresponding to the test and control samples confirms changes 
in the thermophysical characteristics of the collagen fractions.

Such two-stage denaturation process was noted by researchers 
earlier. The process of denaturation of collagen in the protein 
hydrolyzate, as is seen in the curve, begins at 45-55 °C and 
ends at 80 °C. Thus, collagen denaturation after treating the 
collagen-containing raw material with Protepsin shifts to lower 

temperatures, indicating the dispersing effect of the enzyme 
preparation on the native collagen protein.

The change in the mass loss of the native raw material and 
protein hydrolyzate during heat treatment is shown in Figure 5.

The DTA study of samples once again confirmed the depth 
of changes that occurred as a result of the enzymatic processing 
of raw material.

To prepare a protein hydrolyzate, the collagen-containing 
raw materials was washed with running water at 18-20 °С for 
20 minutes and fleshed. Afterwards it was ground on the top with 
a hole diameter of 2-3 mm. The ground material was poured with 
Protepsin, pre-dissolved in water. The amount of water necessary 
was determined in an empirical way, so that the treated raw 
material was completely covered with the liquid. The mixture 
was heated to 40-45 °С. Protepsin was introduced in the amount 
of 0.1% by weight of the raw material; the hydrolyzation was 
carried out during 1.5-2 hours. After being hydrolized, the mixture 
was heated to 80-90 °C for 15-20 minutes in order to inactivate 
the enzyme preparation. Excess moisture was removed using 
a sieve. The mixture was ground and homogenized (Figure 6).

Organoleptic evaluation of protein hydrolyzate is given in 
Table 2.

Figure 3. DTA Curves of Native Raw Material and Protein Hydrolyzate.

Figure 4. Thermograms of Native Raw Materials and Protein Hydrolyzate.
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the greatest collagenase activity in the biomodification of native 
collagen-containing raw materials. The perfect hydrolysis 
temperature of collagen-containing raw materials is 30-45 °C.

To prepare a protein hydrolyzate, the collagen-containing 
raw materials was washed with running water at 18-20 °С for 
20 minutes and fleshed. Afterwards it was ground on the top with 
a hole diameter of 2-3 mm. The ground material was poured with 
Protepsin, pre-dissolved in water. The amount of water necessary 
was determined in an empirical way, so that the treated raw 
material was completely covered with the liquid. The mixture 
was heated to 40-45 °С. Protepsin was introduced in the amount 
of 0.1% by weight of the raw material; the hydrolyzation was 
carried out during 1.5-2 hours. After being hydrolized, the 
mixture was heated to 80-90 °C for 15-20 minutes in order to 
inactivate the enzyme preparation.

We also carried out the differential thermal analysis of 
native raw materials and protein hydrolyzate. The results of 
the DTA study of samples once again confirmed the depth of 
changes that occurred as a result of the enzymatic processing of 
raw materials. The obtained organoleptic indicators of protein 
hydrolyzate indicate the possibility of its use in the food and 
pharmaceutical industry, for the production of sports nutrition 
and biologically active preparations.
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