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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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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,

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
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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
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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
%‘;Zp‘gf‘: 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.
that

characterise the effectiveness of various en-

The most important indicators

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.

Enzyme activity, units/hour

3||“|E

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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Enzyme activity, units/hour

Temperature, °C

Figure 2. Effect of temperature on papain activity

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.
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Enzyme activity, %
of the original value

Concentration of NaCl, %

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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3acrocyBaHHs (pepMeHTY nanaiHy B TEXHOJIOTil M>SICHUX BUPOOiB

BanenTnHa MuxkosnaiBHa IcpaensH, Hatanist Bonogumupisaa l'oiemMG0BCbKa,
Harasnisa MuxaiiniBHa C1000IHIOK

HarmionanpHuit yHiBepcuTeT 6iopecypciB i mpupomoKkopmcTyBaHHS YRpainu
03041, By:n. l'epoiB O60poun, 15, M. Kuis, Ykpaina

AHoranis. BupobHunTBo pepMeHTHUX MpernapariB 3aiiMae ogHe 3 MPOBiIHUX MICIb Y CyJaCHiii
6ioTexHONOril i HAIEKUTb OO Taly3eif, o6CIT MPOAYKIii SKMX IOCTiifHO 3pocTae, a cdepa
3aCTOCYBAaHHS PO3MIMPIOETHCSI. ToMy depMeHTM IOLITBHO BUKOPUCTOBYBATU [JISI TTPOBEIEHHS
pi3HUX MPOMMUCIOBUX IPOIIECIB, SIK 3 €eKOHOMIUHO1, TaK i 3 TeXHOJOTiUHOI TOUOK 30py. OCHOBHA
MeTa poGOTM CIpSIMOBAHA Ha JOCTiIKEHHi XiMiUHOTO CKJIagy Ta aKTUMBHOCTI (hepMeHTHOrO
npernapary Tarnaid i3 MoJaJbIIMM BUKOPUCTAHHSIM Y TEXHOJIOTii BUPOOHUIITBA M>SICHUX BUPOOiB
IJIST THOBUINEHHS OiosoriuHoi I[iHHOCTI Ta TIOKpalleHHs (YHKIIOHAJIbHO-TEXHONOTIYHMUX
BJIACTMBOCTE} FOTOBOTO MPOAYKTY. /s BUPillleHHs TOCTaBIeHNUX 3aBJaHb BUKOPUCTOBYBaIM TaKi
MeTOAV AOCTiIKeHb: BMICT BOJIOTM — METOAOM BUCYIUIYBaHHS 3pa3ka A0 MOCTiliHOI Macu; BMicCT
Kupy — MmeTofiom CokcieTa; 30/IbHICTh — 3aTaJIbHOMPUITHSITAM BaroBMM MeETOOM; BU3HAUEHHS
BMicTy 6inka — MmeTogom K'esbaasist; akTMBHICTh ManaiHy BU3HAYAIM 38 METOIOM, 3ACHOBAHUM Ha
crieKTpooToOMeTPUUYHOMY BM3HAUEHHi KiJTbKOCTi IMPOAYKTIB IMPOTEOJi3y TIif, [i€lo dhepMeHTy. 3a
pesyabTaTaMy aHaJli3y JIiTepaTypHUX JixKepes Ta BAaCHUX AOCTiIyKeHb ITOKa3aHO MTepCIIeKTUBHICTh
JIOC/TiIKEHHS Ta BUKOPUCTaHHS (hepMEeHTIB i ofiepskaHuX Ha iXHilt OCHOBi (hepMeHTHMX IperapaTiB
y TaTy3i Xap4uoBOi MPOMMCIOBOCTi, OCKIJIBKU 1ie CIIpUSIE€ MiJABUILIEHHIO SIKOCTi TOTOBOI MPOOYKIIil
Ta piBHS eKosori3alii BUPOOHMIITBA, OibII paliOHATbHOMY BUKOPMUCTAHHIO CUMPOBMHHMX Ta
MaTepiaTbHUX PecypciB. Y pe3yabTaTi JOCTiIsKeHHS XiMiYHOTO CK/Iay BCTAHOBJIEHO, 10 (GepPMEHT
maraid Ma€ BUCOKMIT BMicT 6inky 87,44 %, 3aBASIKM YOMY BOJIOMi€ GibIll IIMPOKUM BIUIMBOM
Ha 6inky M’sca. ITim vac mootigkeHb Oysa BMBUEHA 3aJIEKHICTh aKTMBHOCTI marainy Big pH
cepenoBUINA, TEMITEPATypPH, KOHIIEHTPAIlii XJIOpu Iy HATPito i KOHIeHTpallii depmeHTy. Pe3yabTaT
BUKOHAHUX MOCTiIKeHb MOKa3an, 1[0 Hai6iblly aKTMBHICT MamaiH MposBIIsIe B Aiama3oHi 3a
pH 5,5-6,0. ®epMeHT Mae MaKCMMaJIbHY KO/UTareHa3Hy akTuBHicTb pH 6,0 Ta 3a Temrieparypu 50-
60 °C. OTpuMaHi pe3yabTaTy JOCTiIKEeHb JAI0Th 3MOTY PO3IIMPUTI ACOPTUMEHT M 'SICHUX BUPOGiB,
MiABUIIVTY XapyoBy i 6i0OriuHy I[iHHICTh CUPOBMHM, OTPUMATHM TOTOBMUIT TTPOAYKT 3 BUCOKUMU
OpraHoJIENTUUHMMU TTIOKa3HUKaAMU

KirouoBi cioBa: epmeHTHMIT IIperapar, narnaid, pepmMeHT, 6i0TexXHOJIorisI, 6e3MeuHiCTh
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