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Abstract. The production of enzyme preparations occupies one of the leading places in modern 
biotechnology and belongs to industries whose production volume is constantly growing, and the 
scope of application is expanding. Therefore, it is advisable to use enzymes for various industrial 
processes from an economic and technological standpoint. The main purpose of the study is to 
examine the chemical composition and activity of the enzyme preparation papain with subsequent 
use in the technology of meat products production to increase the biological value and improve the 
functional and technological properties of the finished product. The following research methods 
were used to solve these problems: moisture content – by drying the sample to a constant mass; 
fat content – by the Soxhlet method; ash content – by the generally accepted weight method; 
protein content – by the Kjeldahl method; papain activity was determined by a method based on 
the spectrophotometric determination of the number of proteolysis products under the action of 
an enzyme. Based on the results of the analysis of literature sources and own studies, the prospects 
of the research and use of enzymes and enzyme preparations obtained on their basis in the food 
industry are demonstrated, since this contributes to improving the quality of finished products and 
the level of greening of production, more rational use of raw materials and material resources. As 
a result of a study of the chemical composition, it was determined that the enzyme papain has a 
high protein content of 87.44%, so it has a broader effect on meat proteins. During the studies, the 
dependence of papain activity on the pH of the medium, temperature, sodium chloride and enzyme 
concentrations was investigated. The results of the conducted studies demonstrated that papain 
shows the greatest activity in the pH range of 5.5-6.0. The enzyme has a maximum collagenase 
activity of PH 6.0 and at a temperature of 50-60°C. The obtained results allow expanding the range 
of meat products, increasing the nutritional and biological value of raw materials, and obtaining a 
finished product with high organoleptic parameters
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the specificity of the action of enzymes, and the 
ease of inactivation at conventional tempera-
tures of heat treatment of meat products [6].

Analysis of recent studies and 
papers

Technologies of meat products using biotech-
nology techniques based on enzymatic proteol-
ysis of meat raw materials are widely used in 
international practice. 

Today, the use of biotechnological tech-
niques is a common practice in the United 
States, Canada, England, France, Germany, etc. 
Enzymes of proteolytic and collagenase action, 
in meat and meat systems enable [7], [8]:

- the intensification of autolytic processes 
and acceleration of maturation;

- provision of a high level of juiciness and 
tenderness of meat;

- an increase in the production of 
high-quality natural meat products;

- obtainment of new sources of meat re-
sources in the form of meat pastes, emulsions, 
hydrolysates for enriching various food prod-
ucts with protein, developing therapeutic nu-
trition;

- use of meat products as part of prescrip-
tion and component solutions instead of the 
main raw materials;

- rational and maximum use of meat re-
sources to increase the yield of useful products 
per unit of raw materials.

Enzyme preparations must meet the re-
quirements imposed by specific technologies 
not only for the type of catalysed reaction but 
also for the conditions of their action: pH, 
temperature, stability, the presence of activa-
tors and inhibitors, that is, those factors that 

Relevance

Rational use of meat raw materials and the de-
velopment of new products of high nutritional 
value and quality that are safe for the consumer 
is an urgent task of the meat processing indus-
try in Ukraine and the world [1].

In the modern food industry, the trend of 
finding and developing innovative technolog-
ical solutions for the production of products 
characterised by a high level of quality, envi-
ronmental friendliness, biological safety, and 
functional orientation prevails [2].

Resource-saving food technologies are a 
real source of strengthening the raw material 
base of processing industries. The growing need 
for meat products leads to the need to involve 
raw materials with a high content of connective 
tissue in technological processes and search 
for ways to improve its technological proper-
ties [3], [4].

Today, scientific discoveries in the field of 
enzymology have made enzyme preparations 
an indispensable participant in many food 
technologies. The creation and implementation 
of innovative technologies allowed for substan-
tially expanding the scope of the application 
of enzyme preparations. Today, enzymes help 
to improve product quality, increase the safety 
and efficiency of technological processes, re-
duce production costs and anthropogenic im-
pact on the environment [5]. 

In food technology, enzyme preparations 
with amylolytic, proteolytic, lipolytic, pectol-
ytic, and oxidase activity are used.

Of particular importance is the use of pro-
teolytic enzyme preparations, since they are 
characteristic of high catalytic activity, the 
possibility of implementation without the use 
of extreme temperatures and aggressive media, 
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determine the effectiveness of the preparation in 
this environment and allow correctly determin-
ing the technological modes of its application [9].

Depending on the purpose of the appli-
cation, certain requirements are imposed on 
enzyme preparations not only for the composi-
tion of enzymes and optimal conditions of their 
action, but also for the degree of purification, 
fillers used, cost, and a number of other param-
eters [10], [11].

The purpose of the study. Study the chem-
ical composition and activity of the enzyme 
preparation papain with subsequent use in the 
production technology of meat products to 
increase the biological value and improve the 
functional and technological properties of the 
finished product.

Methods

The research was conducted in the laboratory 
of the Department of Meat, Fish and Seafood 
Technology of the National University of Life 
and Environmental Sciences of Ukraine.

For the research, the enzyme papain was 
selected, which is the most commonly used 
proteolytic enzyme in production, it is pro-
duced from the latex of the melon tree fruit 
(Carica papaya). 

The experimental studies were conducted 
according to the established relevant stand-
ard methods: moisture content – by drying ac-
cording to DSTU ISO 1442:2005 Meat and meat 
products. Method for determining the moisture 
content [12]; the amount of protein was deter-
mined according to GOST 25011-2017 Meat 
and meat products. Methods for determining 
protein [13]; the amount of fat was determined 
by DSTU 8380: 2015 Meat and meat products. 
Method for measuring the mass fraction of 

fat [14]; the mass fraction of ash was determined 
by weight according to DSTU ISO 936:2008 Meat 
and meat products. Method for determining the 
mass fraction of total ash [15]; papain activity 
was determined by a method based on the spec-
trophotometric determination of the number of 
proteolysis products of tyrosine-containing sub-
stances under the action of an enzyme.

Results and Discussion

The practice of using enzyme preparations 
shows that not all drugs have the same effect 
on the muscle and connective tissue proteins 
of meat, including raw materials with abnormal 
autolysis. The same enzyme preparation, de-
pending on the reaction of the meat medium, 
hydrolyses protein macromolecules in differ-
ent ways. Technologists are largely interested 
in questions concerning the effect of enzyme 
preparations on the connective tissue proteins 
of meat. Therewith, an important point is to 
investigate the effect of enzyme preparations 
on the structural and mechanical properties of 
meat raw materials, which ultimately affect the 
quality of the resulting finished products. 

Of particular interest are enzymes that 
contribute to the formation of the structure of 
meat products. In this case, the choice of the 
papain enzyme for softening meat is primarily 
due to the specificity of its effect on connective 
tissue proteins and the fact that it is now pre-
sented on the internal market and is offered for 
use in the meat industry.

Any technological processes are influenced 
by various factors. Therefore, to identify the 
field of practical use of biocatalysts, an impor-
tant aspect is to investigate the behaviour and 
stability of biologically active systems and find 
optimal parameters for their operating mode.
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Based on this, restructuring meat is the pur-
pose of proteolytic enzymes. Softening of meat 
is effective under the action of endogenous 

proteases, especially neutral ones. The total 
chemical composition of the enzyme papain is 
presented in Table 1.

Table 1. Chemical composition of the enzyme papain, (n=3, pJ0,95)

Indicator Content, %

Moisture Protein Fat Ash

Enzyme 
Papain 10, 86 ± 0,85 87, 44 ± 2,76 0,61 ± 0,05 0,87 ± 0,02

According to Table 1, the enzyme papain 
has a high protein content of 87.44%, so it has 
a broader effect on meat proteins. The enzyme 
papain is a tested preparation that has proven 
itself to accelerate the maturation and tender-
isation of meat with a high content of connec-
tive tissue.

The most important indicators that 
characterise the effectiveness of various en-
zyme preparations on meat raw materials are 

structural and mechanical properties, which, 
in the end, characterise the tenderness of the 
finished product.

The dependence of papain on the pH of the 
medium was investigated to clarify the activity 
of the enzyme used in the study. The results of 
the conducted studies showed (Fig. 1) that the 
greatest proteolytic activity of papain is man-
ifested at pH 5.5-6.0, and at pH 6, the enzyme 
has the maximum collagenase activity.
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Figure 1. Effect of medium pH on papain enzyme activity

It is known that for the meat industry, the 
activity of the enzyme at temperatures of 2±2°C, 
recommended during salting, maturation of 

meat, and for storing finished products, is of 
practical interest. The effect of temperature on 
papain activity is displayed in Figure 2. 
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Notably, the collagenase activity of pa-
pain in this experiment was recorded after 60 
minutes of hydrolysis and therefore it is nec-
essary to regard the “short-term activity”, that 
is, the highest specific activity of papain at 
each specific temperature. The obtained data 
showed that papain shows maximum activity 
at temperatures of 50-60°C. At t=4°C, the ac-
tivity of papain is 6.0% of the maximum value. 
According to the results of studies, complete 

inactivation of papain occurs at t=90°C. It is 
known from the literature sources that during 
the production of meat products, the matura-
tion of raw materials occurs in the presence of 
sodium chloride, which increases or decreases 
the activity of proteolytic enzymes. In this re-
gard, the effect of sodium chloride on papain 
activity was investigated. The dependence of 
the activity of the papain enzyme on the NaCl 
concentration is shown in Figure 3.

Figure 2. Effect of temperature on papain activity
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Figure 3. Dependence of papain enzyme activity on NaCl concentration
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The results of research suggest that the 
plant enzyme papain can be used to tenderise 
meat. The greatest proteolytic activity of pa-
pain is manifested at pH 5.5-6.0, temperatures 
60-80°C, and NaCl concentrations of approx-
imately 2%, which are used for boiled meat 
products. The use of the enzyme papain for the 
fermentation of ostrich meat will increase the 
production of high-quality whole meat products.

Conclusions and Prospects

The obtained research results allow conclud-
ing that the use of the enzyme papain for the 

production of meat products is promising for 
the rational use of raw materials and the de-
velopment of new types of meat products with 
high quality indicators.

During the studies, the dependence of pa-
pain activity on the pH of the medium, tem-
perature, sodium chloride concentration, and 
enzyme concentration was investigated. The 
results of the conducted studies demonstrated 
that papain shows the greatest activity in the pH 
range of 5.5-6.0. The enzyme has a maximum 
collagenase activity at PH 6.0 and at a tempera-
ture of 50-60°C. Enzyme activity at 2±2°C.
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Застосування ферменту папаїну в технології м›ясних виробів

Валентина Миколаївна Ісраелян, Наталія Володимирівна Голембовська,  
Наталія Михайлівна Слободянюк

Національний університет біоресурсів і природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна

Анотація. Виробництво ферментних препаратів займає одне з провідних місць у сучасній 
біотехнології й належить до галузей, обсяг продукції яких постійно зростає, а сфера 
застосування розширюється. Тому ферменти доцільно використовувати для проведення 
різних промислових процесів, як з економічної, так і з технологічної точок зору. Основна 
мета роботи спрямована на дослідженні хімічного складу та активності ферментного 
препарату папаїн із подальшим використанням у технології виробництва м›ясних виробів 
для підвищення біологічної цінності та покращення функціонально-технологічних 
властивостей готового продукту. Для вирішення поставлених завдань використовували такі 
методи досліджень: вміст вологи – методом висушування зразка до постійної маси; вміст 
жиру – методом Сокслета; зольність – загальноприйнятим ваговим методом; визначення 
вмісту білка – методом К’єльдаля; активність папаїну визначали за методом, заснованим на 
спектрофотометричному визначенні кількості продуктів протеолізу під дією ферменту. За 
результатами аналізу літературних джерел та власних досліджень показано перспективність 
дослідження та використання ферментів і одержаних на їхній основі ферментних препаратів 
у галузі харчової промисловості, оскільки це сприяє підвищенню якості готової продукції 
та рівня екологізації виробництва, більш раціональному використанню сировинних та 
матеріальних ресурсів. У результаті дослідження хімічного складу встановлено, що фермент 
папаїн має високий вміст білку 87,44 %, завдяки чому володіє більш широким впливом 
на білки м’яса. Під час досліджень була вивчена залежність активності папаїну від рН 
середовища, температури, концентрації хлориду натрію і концентрації ферменту. Результати 
виконаних досліджень показали, що найбільшу активність папаїн проявляє в діапазоні за 
рН 5,5-6,0. Фермент має максимальну коллагеназну активність рН 6,0 та за температури 50-
60 °С. Отримані результати досліджень дають змогу розширити асортимент м’ясних виробів, 
підвищити харчову і біологічну цінність сировини, отримати готовий продукт з високими 
органолептичними показниками

Ключові слова: ферментний препарат, папаїн, фермент, біотехнологія, безпечність


