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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MICROENCAPSULATION OF PROTEOLYTIC ENZYMES
FOR INDUSTRIAL APPLICATION

Abstract. The aim of the present study was to develop the technology of microencapsulation of proteolytic
enzymes in the pseudo-boiling layer which based on the diffusion of maltodextrin into an enzyme, which allows
maintaining high enzyme activity for a long time in meat products. It was found that maltodextrin provides high
strength capsule walls their integrity during long-term storage. It was shown that the maximum activity of the
proteolytic enzyme pepsin immobilized in a maltodextrin matrix shifts to the alkaline side with increasing pH of the
reaction medium, which is not typical for a free enzyme. The results of determining the cutoff voltage of ham from
pork ham confirmed that the immobilized enzyme remained active for 6 months of storage. While pure pepsin after
3 months of storage noticeably lost its proteolytic effect. Considering the results obtained microencapsulation of the
proteolytic enzyme pepsin using maltodextrin with a coating thickness of 4 to 6 pum can be recommended which will
expand the possibilities of using enzymes in the production of meat products.

Key words: microencapsulation, ham products, pepsin, activity, immobilized enzyme, maltodextrin.

Introduction. The modern food industry aims to increase the biological value of food products. In
relation to ham products the scientific and technological problem is to accelerate the ripening and bating
of meat which can be solved by the use of proteolytic enzyme preparations.

There are various methods of treating meat with enzyme preparations. The most common are aerosol.
It means immersion of portioned meat pieces in an enzyme solution or injection of the drug by syringing.
Due to the modern food science it possible to use microencapsulation of enzymes. Microcapsules are
made with enzymes that have a directed effect on muscle and connective tissue proteins.

Given these circumstances, researchers have been searching for effective methods of capsulation
[1,2,3,4,5]. Often, an extrusion method is used for the production of microcapsules which involves the
external gelation of hydrocolloids using various gelling agents (calcium chloride solution for alginate,
potassium chloride for carrageenan and tripolyphosphate for chitosan, transglutaminase for caseinate). The
suspension of the biologically active substance and the hydrocolloid solution is extruded in separate drops,
which are collected in a container for thermal gelation. Then using pressing it can be possible to produce
capsules of various diameters [6]. Extrusion technology is recommended for encapsulation of living cells
— probiotics [6,7,8].

Encapsulating food substances is proposed using hydrolyzed and modified starches [9]. At the same
time, it is noted in the work that hydrolyzed starch does not always ensure the stability of taste. The use of
starch modified with octenyl succinate increases the stability of the emulsion.

Studies often come down to finding a protective substance for encapsulation which should have high
rheological properties and be easily processed during encapsulation. Also, the protective substance must
have emulsion and dispersion properties with high stability, they must be inert with respect to the
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encapsulated substance during use and during storage of capsules; have good solubility; be affordable and
affordable. It should also be taken into account that the use of the protective substances used in the
encapsulation of food ingredients must be approved by state authorities.

The protective substances used for encapsulation cannot always combine all these characteristics, in
some cases several substances are used for this, for example, modified cellulose, which has high
emulsifying and mechanical properties [10].

A promising method of microencapsulation of enzymes is the application of a protective coating on
them in a pseudo-boiling layer of a dispersion of maltodextrin. This treatment allows you to evenly
distribute the film-forming substance over the entire surface of the enzyme.

Lipin et al. [11] propose a number of designs of technological devices for gushing action, which
make it possible to ensure a uniform carrier gas velocity for stable gushing. The data obtained can be used
in the development of industrial plants.

Modern research often boils down to the use of micro-capsules to add value to foods, primarily
dietary supplements. In relation to meat products, studies are aimed at increasing their shelf life [12,13,14,
15]. While the use of microcapsules for the tendering of meat products is not well understood. This
actualizes the problem of the possibility of using microcapsules for softening ham products.

In this regard, the aim of this study is to develop a technology for microencapsulation of proteolytic
enzymes in a pseudo-boiling layer and to evaluate their tendering effect in the production of ham products.

To achieve this goal, the following tasks were set:

- to develop own technology and device for microencapsulation of pepsin in maltodextrin;

- to evaluate the effect of microcapsules of different diameters and thicknesses of the coating on the
activity of pepsin;

- to determine the tendering effect of microencapsulated pepsin on samples of ham products.

Organization and research methods. Encapsulation was carried out in a specially designed glass
apparatus by applying a pseudo-boiling layer (PBL) to the surface of the enzyme (figure 1).

vessel

Pseudo-boiling layer

maltodextrin

air washer

pump

. . source . . .

.. .product |
- ::pa:['tt.cl.es.: . e e s e a

Figure 1 — Scheme of the device for microencapsulation of enzymes
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Microencapsulation on the apparatus included the modified of known technology. A container with
an enzyme was hermetically connected to the pipe, air was supplied from the pump, which, passing
through interchangeable nozzles of various diameters, takes the initial (source) particles. Then, the
particles in the turbulent flow are dried and enter the casing of the apparatus with pseudo-boiling layer in
the form of gushing flows in the vessel. The correct selection of the velocities of these flows, depending
on the properties of the enzyme particles, is ensured by washers of the required hole diameter and the size
of the conical body of vessel (height and diameter). After preliminary drying of the particles in the nozzle
and in the gushing flows of the apparatus, a washer was opened, and the air entered the dispersant for
liquid components, previously filled with a portion of them. The dispersant is equipped with a replaceable
nozzle. The choice of nozzle diameter provides dispersion of droplets of the required size, which are
introduced through the nozzle into the gushing flows of the bottom of the vessel.

The size of the drops should create the overall surface of liquid components, on a par or even bigger
than the consummate surface of the hard particles in the spouted layer of the apparatus. Covering the
enzyme with drops should be intensive and fleeting, it comes in hand with the beginning of the desiccation
of the glued drops by the spouted layer, which flush the particles from all sides. After all the required
components are received, the nozzle is closed. After the desiccation has been made, the bottom throat
section is occluded by the batch gate with flapper and the potion of the encapsulated enzyme falls freely in
the storage vessel. Drying time was lasted from 5 to 8 minutes. Then the flapper is opened, and the cycle
with hard and liquid particles is rehearsed in the same manner.

For the present experiment pepsin was used; as a protective layer, a 10% aqueous solution of
maltodextrin obtained by the acid or enzymatic method from corn starch as a result of its partial hydrolysis
and equivalent dextrose weight. When heated to 100 °C and a pH of 4.0-5.0, corn starch breaks down,
resulting in maltodextrin and corn syrup.

The ratio of solid to liquid (S/L) was kept within 10/1 + 11.5 / 1. The fluidizing agent including in the
drying mode was room temperature air pumped through the apparatus.

For the experiment, five polished samples of encapsulated enzymes were prepared with a
maltodextrin layer thickness of 2 um, 4 um and 6 um. Pure unencapsulated pepsin was taken as a control.

Pepsin activity was determined in the range of pH between 1.5 to 5.0 by the amount of tyrosine as a
result of the hydrolysis of casein. Casein was used as a substrate with Gamersten method according to
Anson’s work [16-19]. The amount of tyrosine was determined by the spectrophotometric method at a
wavelength of 280 nm on an SF-46 spectrophotometer.

The object of the study was the rear ham of lean, boneless pork from chilled half-carcasses with
6.1 pH. The gammon was injected with brine in an amount of 15% by weight of the raw material with a
density of 1077.7 kg / m’, containing salt, sodium nitrite, the enzyme pepsin in an amount of 0.15% and
granulated sugar. Raw meat filled with brine, was kept in salting for 5 hours. Then the salted samples were
molded, poured and heated in accordance with the technology for the ham production. After cooling the
shear stress was determined on an Instron 1022 testing machine.

Five groups of ham were developed. Each experimental study was performed in 5 times replicate.
Statistical data processing was performed using Statistica 9 software package. The confidence level was
0.95 (p=<0.05).

Results and discussion. The duration of the processing of maltodextrin in the apparatus for micro-
encapsulation determined the thickness of the protective layer of the capsules. It is defined that the
thickness of the defensive coating from maltodextrin linear depends (p<0.05) on the duration of its
processing in the apparatus for microencapsulation (figure 2).

10

A, um

O—= N WhA WU DO

T, min

Figure 2 — Layer thickness maltodextrin and its duration on pepsin
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After 2 min of processing by the maltodextrin mixture (figure 2) there was more than “of thickness
of the surface layer from its average size on the pepsin grain at the end of the experiment, and after 6 min
of depositing was 70%. And the rating speed of the air flow with the maltodextrin mixture in the bottle
neck of the cone of the working chamber was on a par with the marginal terminal velocity of the large
pepsin particles and was about 0,17 m/sec. Due to the equation of the flow continuity and in unison with
the terminal velocity and pepsin particle entrainment there was a theoretical size of the belly of the
apparatus cone during the depositing of the maltodextrin mixture made:

dy =4,4-d,, Q)
where d,, — the diameter of the broad cone part of the working chamber, d, — the diameter of the narrow
cone part of the working chamber.

The analysis of the pepsin activity and the coating thickness of the maltodextrin enzyme showed that
the thicker the maltodextrin coating was, the longer the initial pepsin activity lasted (figure 3).

pure enzyme

110

1T R

90 A\ A

80 AN S el the thickness

S
70 \\ ~ "-\......' Of
60 \ >N T maltodextrin
50 -~ :
S~ S - - - R
40 e e thickness
\ ~ el .
30 =~ -~ DI Of
20 \ -

Pepsin activity %

~— maltodextrin
10 is 4 um
0 . . . . i e tfle #uckness
0 10 20 30 40 50 60 of
Duration of the fermentation, minutes maltodextrin
is 6 um

Figure 3 — The impact of the thickness of the maltodextrin on pepsin activity

The coating thickness of maltodextrin affects the activity of pepsin. The pepsin activity was the most
stable when the thickness of the maltodextrin coating was 6 um. As the thickness of the defensive coating
decreases, the enzyme quickly loses its initial activity.

It was established that the activity of pepsin in microcapsules with a layer thickness of more than
6 um was not investigated.

As can be seen in figure 4, maximum activity of the pepsin immobilized in the maltodextrin mixture
moved roughly for 2 units pH in the acid direction compared with the free enzyme. It apparently can
happen due to the limitation of the initial substance diffusion, when there is a lack of proton dispensation
and limitations in diffusion as well.

_

' \
} /\( o~ enzyme, the
h thickness is 4 pm

>
35 100 /\ I’\ clear enzyme
5 80 A

I [\

5

Ex 60 .

é 40 / \ .’ \ - = —immobilized
=

3

)

o

2 3 4
Value of pH

Figure 4 — Dependence of the pepsin activity from pH for the maltodextrin, thickness 4 um
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The results indicate that pepsin activity with the thickness maltodextrin of 4 um is slightly lower than
microcapsules of 6 pm. In this connection, it is advisable to use pepsin with maltodexrin coating of 4 pm.
Therefore, in further experiments, an enzyme with the thickness of 4 um was used.

The experiment of the pepsin proteolytic activity depended on the length of the conservation period
under the temperature 0-2 °C revealed (figure 5) that immobilization of the enzyme with the maltodextrin
made its activity much more stable practically for 6 months, whereas clear enzyme already started to lose
its activity after 3 months.

105,

pure pepsin

100,

\ h = = = immobilized
pepsin, the
\ thickness is 4

| B R B N N N R R R R E— | le
o 1 2 3 4 5 6 7 8 9 10 11 12

Time of the enzyme storage, months

©
=

Enzyme activity, %
Nel
N

(o]
Nt

Figure 5 — Dependence of the proteolytic activity of the clear pepsin (Row 1) and the immobilised one, the thickness of the
maltodextrin coating 4 um (Row 2) on the length of conservation

During the experiment there were researches conducted on the connection between the length of the
pure and encapsulated pepsin conservation and the structure and physical qualities of the ham. Enzymes
microcapsules were stored in a dry, dark place at a temperature not exceeding 2 °C and a relative humidity
of not more than 75% in compliance with the technical conditions. The shelf life of pepsin did not exceed
10 months. The immobilized enzyme for 6 months showed a great proteolytic activity (figure 6).

130,
125, pickle water with
K 120, clear pepsin
~ 115,
@
g 110,
@ 105,
]
% 100, - - - pickle-water with
2 95, immobilized
90, enzyme, the
85, 1 thickness is 4 pm
80’ T T T T T T 1

Brine storage, months

Figure 6 — The impact of the pepsin length of the storage on the structural-physical qualities of the ham pepsin (Row 1- pickle
water with clear pepsin, Row 2- pickle-water with immobilized enzyme the thickness of the maltodextrin coating 4 pm)

It should be noted that within 1 month of storage, the proteolytic effect of pure and immobilized
enzymes remained almost at the same level, as can be seen from the results of determining the stress value
of the slice of ham. At the same time, pure pepsin noticeably lost its activity after 3 months and its
proteolytic effect on the product was significantly reduced. This is evident by comparing the stress values
of a slice of ham treated with an enzyme stored for up to 3 months and pure pepsin. At the same time, the
immobilized enzyme did not lose its activity during 6 months of storage, which is evident from the
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decrease in the voltage value of the ham cut. These results indicate the protective action of maltodextrin,
preventing the inactivation of pepsin.

In accordance with the experiments upshots there was a way of making pepsin enzyme
immobilization based on the annexation of the maltodextrin to the inert matrix. The impact of the
thickness of the maltodextrin coating on the enzyme activity was proven; also, it is shown that
immobilization of the pepsin by maltodextrin pushed the maximum activity roughly for 2 units in the
alkali direction.

It was also proven that the conservation of the immobilized enzyme under the temperature 0-2 °C
saved its proteolytic activity 2 times better compared with the clear enzyme.

Conclusion. As a result of the present research the technology for microencapsulation of proteolytic
enzymes in a pseudo-boiling layer was developed and it was established:

- the efficiency of the developed microencapsulation technology is ensured by the diffusion of
maltodextrin into the enzyme which allows to maintain high long-term activity of the enzyme in meat
products;

- maltodextrin provides high hardness of the walls of the capsule during long-term storage the
integrity is not broken;

- the maximum activity of pepsin immobilized in a maltodextrin solution, with an increase in the pH
of the reaction medium, shifts to the alkaline side, which is not typical for a free enzyme;

- the results of determining the cutoff voltage of the ham confirm that the immobilized enzyme
retains its activity for 6 months of storage. While pure pepsin after 3 months of storage had a less
proteolytic effect, as evidenced by the magnitude of the shear stress of the finished product;

- Encapsulating the pepsin enzyme can be an effective way to ensure the quality of ham.

Bearing in mind the received outcomes, it is recommended the microencapsulation of the proteolytic
pepsin enzyme with the use of maltodextrin with a coating thickness of 4 to 6 um, which enables to
broaden the usage of the immobilized enzymes during the production of meat products.

Source of funding: Extrabudgetary fund of Ural State Economic University.
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MMPOTEOJIUTTIK ®EPMEHTTEPI OHEPKOCIITE KOJJAHY YIINIH MUKPOKAIICYJIJAY

AnpaTna. Makana ¢epMeHTKe MalbTOAEKCTPUHHIH An(dy3nsICcChIHA HETi3eNTeH jKalFaH KalfHaTaThlH KabaTTa
NPOTEOJHTTIK (pepMEeHTTEpAI MUKPOKAIICYJjay TEXHOJIOTUSCHIH 33ipiey OOWBbIHINIA 3epTTEYMEH TaHBICTBIPAAbI, Oyl
(hepMeHTTIH XOFapbl OSJICEHAIIITIH €T MNKI3aThIH Y3aK yaKbIT 00ibl cakTayra MYMKiHAIK Oepeni. Mukpokarcyiiay
KeJleci TypHe Xypri3iunmi: matpyOkara (epMeHTICH CHIHBIMABLIBIK TePMETHKAIBIK KOCBUIAIBI JKOHE KOMIIPECCOpIaH
aya Oepiieni, 01 TYpil AWAMETPIi aybICBIMABI ITYMEKTEp apKbUIBI OTill, OacTankel OemmexTepai ananel. OmaH opi
TypOyJeHTTIK aFblHIAFbl O6JIIIeKTep KenTipineai jxoHe (OHTAHIAy arblHAApbl TYpiHIEe KaiiHaraH KabaTel Oap
ammapar KopiycblHa Tyceni. @epMeHT OenueKTepiHiH quaMeTpiHe OaiIaHBICTBI OCHI aFBIHIAPABIH KbUIIaMIbIFbIH
JIYphIC TaHJAy TECIKTepAiH KAKETTi JUaMeTpi MeH KOHYCTBIK KOPITyCTBIH eJjmemMi (OWIKTIri MeH auamerpi) Oap
maiibanapMer Kamramachi3 etieni. benikrepai narpyOkana oHe anmnaparThlH (OHTAHAAY aFbIHBIHIA ajJbIH ajla
KENTIPreHHEeH KeWiH BEHTHIb AalllbUIaJbl JKOHE aya CYHBIK KOMIIOHEHTTEPre apHaJFaH aybICHallbl IIyMeri 0ap
mucnepratopra Tyceni. llIyMekTiH guameTpi KOpPIYCTHIH TYNTIK OeJiriHiH (OHTaHIAyIIbl aFbIHAApbIHA MATPYOOK
apKBUTBI CHTI31IETIH Ka)XeTTi KOJeMJEri TaMIBUIAPIbIH ITUCICPTUPIICHYIH KaMTaMackl3 eredi. TaMImpuiap Kejemi
annapartTbliH (OHTaHIAy aFbIHBIHAAFBl KATThl OOIIIEKTEp MOPLMACHIHBIH JKUBIHTHIK O€TiHE KaparaHaa TeH Hemece
OipHemle yJIKeH CYWBIK KOMIIOHEHTTEpP MOPUMUSCHIHBIH XHUBIHTHIK O€TiH KaMTybl THic. DPepMeHTTI TaMIIbLIan xady
yAepici KapKBIHIBI XKoHE XbUImaM aranpl. On ¢GoHTaHImAy arblHAAPH], (PEepMEHTTIH OOIIeKTepiH MAasTHIHIBIKTaH
’KaOBICKaH TaMIIBUTAPABI KenTipymeH Oipre xypeni. CyiBIK KOMIIOHEHTTEpPAIH OapiiblK MOPIHACH OepilreHHEeH
KeliH BeHTWIb xKa0bpansl. KenTipy y3aKTHIFBI 5-8 MEHYTTHI KYpanbl.
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OKCHEeprMeHT YIIiH NerncruH GpepMeHTI TaHIanabl, KopraHbic KabaTsl petinae 10% — ManbTONEKCTPUHHIH CYJIIbI
epitiagici konmaHeuIIel. KaTTel 3aTThiH cyibIKTRIKKA (K/C) apakaremacer 10/1 + 11,5/1 merinae meimanst. Kyiiik
TYCIpYyIIi areHT, OHBIH iMIiHAE KeNTipy peXuMiHme OelMe TeMIepaTypachblHIa ammapaT apKbUIbl COPBUIATHIH aya
OOJIIBI.

DKCHeprUMeHT YIIiH 2 MKM, 4 MKM 9He 6 MKM MaJIbTO/IEKCTPHH Ka0aThIHBIH KAJIBIHABIFBI Oap KarcylalaHraH
(dhepmenTtTepaiy Oec IKCIEpHUMEHTANbl OHJENTreH YJTrici naibiHanasl. bakpuiay perinie Taza KarcyngaHOaraH
nericiH  anbiHApl. [lencuHHiy OesceHaNirT Ka3eMH THIPOJIM3iIHIH HOTIDKECIHAE Malaa OoJIaThIH THPO3WH CaHbl
OoiibiHma 1,5-ten 5,0 Gipnikke aeiinri pH nuanazonsinaa anbikrangsl. Cyoctpar perinne ['ammepcreH OolibiHIIa
KazeuH KoyjaHbulpl. TupozuH Memmepi CD-46 cnekrpooToMeTpiHAe TOJKBIH Y3bIHABIFEI 280 HM OosraHna
CHEKTPO(OTOMETPHSUIBIK OMICIIEH AHBIKTAJIFaH. O3IpJICHI€H TEXHOJIOTHs KarcyJajap/iblH KOPFaHBIII KaOaThIHBIH
KaJIBIHIBIFBl TYPJIi MUKpOKAICYJIANApAbl jkacayFa MYMKIHIIK Oepexai. Byn perre, skary y3akThiFblHA OailJIaHBICTBI
METNCHH TYWIPIIiriHe MadbTOACKCTPHH CPITIHIICIH JKaFyIblH OpTamla KaJbIHABIFBIHBIH CHI3BIKTHIK TOYEJIUTIr]
(p=0,05) ToxipubOemiK >KOIMEH aHBIKTAIIBL. MalbTONEKCTPUH Karcyna KaObIpFalapbIHBIH JKOFAphl OCpIKTITiH, ¥3aK
caKTay Ke3iH/e OJIapJblH TYTACTBHIFBIH KaMTamachl3 ereii. MallbTOAEKCTPHH KaOAThIHBIH KAJIBIHABIFBI 4 MKM
0OJAaTHIH TIETICMHHIH OENCeHIUTIr MaNbTONSKCTPUH KaJBIHIBIFBI 6 MKM OOJATHIH ITIETICHHTE KaparaHja IIaMalibl
TOMEH eKeHli aHbIKTauabl. OchifaH OailyIaHBICTBI 4 MKM-I€ MalbTOACKCTPHHHIH KOPFaHbIC KabaThl Oap MENCHHII
KOJIJaHFaH K6H. MalbTOACKCTPHH CPITIHAICIHAC MMMOOWIACHICH MEIICHHHIH POTEOIMTHKAIBIK (DEPMEHTIHIH ¢H
KOFapbl OEJICEHIUIIr peakIHsIbIK OopTaHblH pH KOFapbuiaybl Ke3iHAE CUITUIK JXKaFblHAa JKbUDKUABL, OYJ epKiH
(depmenTKe ToH emec. COHBIMEH KaTap, IMMOOMIM3aLMsIaHFaH (pepMEHT 6 ail cakray Ke3iHze e3iHiH OeJCeHAlTIriH
KOFaNITHaAbl, Oyl BeTYMHA KECIHIICIHIH KepHey MeJIIEpiHiH a3aloblHaH KepiHeai. bys nepextep merncuHHIH
WHAKTUBALMSICHIHA KEJEPri KENTIPeTiH MalbTOJECKCTPUHHIH KOPFaHBII acepi Typasbl KyaJIaHIBIPaJbl JKOHE Taza
JKOHE MMMOOMIIM3aLsIaHFaH ()epMEHTTIH OeICEHIUNITIH aHbIKTay HOTHOKENEpPiH pacTaiiisl. IMMoOuIM3anusianFan
depmentti 0 — 2°C TemnepaTypazia cakTay oHIeIMEreH ()epMEHTIICH CATbICTHIPFAH/IA OHBIH IPOTEOJIUT OENCEH i
TiH 2 ece cakTayFa MYMKiHIIK OepeTiHi aHbIKTaJIbI.

AJIBIHFAaH HOTWDKEINEpl eCKepe OTHIPHI, 4-TeH 6 MKM-Te NEeHiHTi XKaOBIH KaJBIHABIFBI KEe3iHAE MalTbTOIEK-
CTPUH/I MaiifanaHa OTHIPHIN IETICHHHIH MPOTEOIMTHKAIBIK (PEPMEHTIH MUKPOKAIICYIIayAbl YChIHyFa OoMaabl, Oy
€T OHIMIEPIH OHIIPY Ke3iHae PepMEeHTTEp/Il Nnaijanany MYMKIHAITH KeHeHTyre MyMKIHIIK Oepei.

Tyiiin ce3nep: MUKpOKancyIiaay, MercuH, OeJICeHAUTIK, KyMCapTy, CaH eTi, BETYMHA OHIMIEpI.
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MHUKPOKAIICYJIMPOBAHUE NPOTEOJIMTUYECKUX ®EPMEHTOB
JJIS1 MPOMBIIIJIEHHOI'O TPUMEHEHMSA

AnHorauusi. CTaThs 3HAKOMHT C HCCIEIOBAHHEM II0 pa3pabOTKEe TEXHOJOTHH MHUKPOKAICYIHMPOBAHUS
MPOTEOJIUTHYECKUX (PEPMEHTOB B IICEBIOKHILIIIEM CJIO€, KOTOpas OCHOBaHA Ha AUGQY3uM MajJbTOJEKCTPUHA B
(epMeHT, 4TO MO3BOJISIET COXPAHUTh BBICOKYIO aKTHBHOCTH (DepMEHTA B T€UEHHE JJIUTEILHOIO BPEMEHHU B MSCHOM
ceIppe. MHUKpOKANCyIMpoOBaHUE MPOBOIIIIOCH CICAYIOIMNM 00pa3oM: K HAaTpyOKy TepMETHYHO IOJCOCTMHSETCS
E€MKOCTh C (pEepMEHTOM U MOJAETCsl BO3/AYX M3 KOMIIPECCOpPa, KOTOPBIN MPOXOJs Yepe3 CMEHHbIE COILIa Pa3IMYHbIX
JIMaMETPOB, 3a0UpaeT UCXOIHbIe YacTullbl. /lanee yacTuibl B TypOyJIEHTHOM HOTOKE HOACYIIMBAIOTCS U MOCTYIAIOT
B KOpIYyC ammapara ¢ ICEBIOOXKKEHHBIM CJIoeM B BHIe (DOHTAHHMPYIOLMX IOTOKOB. I[IpaBuibHBIN MOAO0D
CKOpPOCTEeH ATHX MOTOKOB B 3aBHCUMOCTH OT JMaMeTpa 4YacTuill QepMeHTa oOecredyuBaeTcsi maibamMu ¢
HEOOXOAWMBIM IHAMETPOM OTBEPCTHH W pa3MepoM KOHHYECKOTo Kopriyca (BeicoTa W amameTp). Ilocme
NpeBApPUTENHHOM MOJICYIIKH YaCTUI[ B MaTpyOKe ¥ B (POHTAaHUPYIOIIUX MOTOKAaX armapara OTKPhIBACTCS] BEHTHIIb, U
BO3IyX MOCTYIIAET B IUCIEPTaToOp CO CMEHHBIM COIUIOM IS JKUAKHX KOMIOHEHTOB. [lmaMeTp coruia obecrednBaeT
JIICTIEPTUPOBAHUE Kallelib HEOOXOAUMBIX Pa3MEPOB, KOTOPbIE uepe3 narpyOoK BBOAATCS B (POHTAHUPYIOIUE TOTOKH
JIOHHOM JacTH Kopiyca. Pa3mep kamenp JOIDKEH CO3/1aTh CYMMAapHYIO TOBEPXHOCTh HOPLUH KUIKAX KOMIIOHEHTOB,
PaBHYIO WJIM HECKOJbKO OOIIBIIYI0, YeM CyMMapHas MOBEPXHOCTb MOPIMU TBEPIbIX YaCTHUI[ B (POHTAHHPYIOIIUX
norokax ammapara. [Ipouecc mokpeiTus (epMeHTa KalisMH HHTEHCHUBEH U ckoporedeH. OH COIPOBOXKIAETCS
HAYaJIOM CYILIKH MPHUIMIIIIAX Kareib 332 c4eT (DOHTAHMUPYIOIMX NOTOKOB, OMBIBAIOLIMX YaCTUIIbI ()EpPMEHTA CO BCEX
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cropoH. Ilociie BbIaum Bcell MOPHMH KUIKAX KOMIIOHEHTOB BEHTHJIb 3aKPBIBAIOT. [IpOMOIKHUTENFHOCTD CYIIKH
COCTaBIISIET 5-8 MUHYT.

st sxeniepuMenTa ObuT BRIOpaH (DEPMEHT METNCHH, B KaYeCTBE 3alUTHOTO ClIos ucrosb3oBain 10% - BOIHBIM
pactBop ManbrojekctpuHa. CooTHomeHue TBephoro BemectBa Kk skuaxkomy (T/K) BeigepxkuBanu B mpenenax
10/1 + 11,5/1. OxuxKarouM areHToM, B TOM YHCIIE U B PEXKUME CYILIKH, ObLJI BO3IYX C KOMHATHOU TEMIIEPaTypOii,
MIPOKAaYMBAEMBIN depe3 ammapar.

Jdnsi  SKCIepUMeHTa  NPUTOTABIMBAIM  ISTh  OKCHEPUMEHTAIBHBIX  OTHUIM(OBAHHBIX  00pasloB
KarCyJIMPOBaHHBIX (PEPMEHTOB C TOJIIMHOW CJIOS MAJIBTOAEKCTPHHA 2 MKM, 4 MKM u 6 MKM. B kauecTBe KOHTpOJIs
OBLT B3ST YMCTHIM HEKAIICYJIMPOBAHHBIA METICHH. AKTHBHOCTH IIEIICHHA OINpeneisui B nuamasone pH ot 1,5 mo
5,0 ex. Mo KOJMYECTBY THPO3WHA, OOpa3yloIErocs B pe3yibTaTe TMApOJHM3a KaseMHa. B kauectBe cyOctpara
HCTOJIB30BaH Ka3ewH 1o I'ammepcTeHy. KoiamuecTBo THpO3MHA OMpEeAessuid CIEKTPO()OTOMETPHUECKUM METOI0M
npu uirHe BoTHBI 280 HM Ha ciekTpodoToMerpe CD-46.

Pa3zpaboTanHas TEXHOJOTHS MO3BOJSET W3TOTABIMBATH MHUKPOKAICYNBI C Pa3IMIHON TONIIMHON 3aIIUTHOTO
cinosi Karcyn. llpm 3ToM, ONBITHBIM ITyT€M BBISBICHA JHMHEHHas 3aBUCHMOCTH (p<0,05) cpemHeil TOIIIMHBI
HaHECEHHs paCTBOpa MAIBTOACKCTPHHA Ha IPaHyIy HEICHHA B 3aBUCUMOCTH OT IIPOJOJDKUTEIHHOCTH HAHECCHHUS.

YCTaHOBIIEHO, YTO MAaJbTONEKCTPUH O0ECIEYHBaeT BBICOKYIO IPOYHOCTh CTEHOK KAalCyJbl, MX IEIOCTHOCTH
MY [UTUTEIIEHOM XPaHEHHU. BhITO BBISBICHO, YTO aKTUBHOCTH METICHHA C TONIIMHOM CIIOSI MaJbTOAEKCTPHHA 4 MKM
HE3HAYMTENBFHO HW)KE, YeM y TENCHHA C TOJIIMHOW MajbTOAEKCTpHHA 6 MKM. B CBs3M ¢ 3TuM 1enecooOpa3Ho
MCTIOJIH30BATh MENICHH C 3alIUTHBIM CIIOEM MalbToAeKCTpuHA B 4 MkM. IToka3aHo, 4TO MakcCHUMajbHAs aKTUBHOCTH
MPOTEOJIUTHYECKOTO (hPepMEHTA MEeNcrHa, MIMMOOMIN30BAHHOTO B PACTBOPE MaJIbTOJCKCTPUHA, ITpU MoBbImeHur pH
PEaKLMOHHOM cpelbl CABUTAETCS B LICJIOYHYIO CTOPOHY, YTO HEXapaKTepHO uisi cBoOoxHoro depmenra. B To xe
BpeMsI IMMOOMIIN30BaHHBIA (DEPMEHT HE TepsI CBOCH aKTUBHOCTH B T€UCHHE O MecsIeB XpaHEHHs, YTO BUIHO IO
YMEHBIICHUIO BEIWYHHBI HANPSKCHHUS Cpe3a BETUYMHBL. OTH JaHHBIE CBUAETENHCTBYIOT O 3alIUTHOM JEHCTBUHU
MaIbTOJEKCTPUHA, NPENATCTBYIOIIEM WHAKTUBAIlMM TETICHHA W TOATBEP)KTAIOT PE3YJIbTAaThl OIMPEISICHUS
AKTUBHOCTH YHUCTOTO M HMMMOOMJIM30BaHHOIO (pepMeHTa. YCTaHOBIEHO, YTO XpaHEHHEe HMMOOWIN30BaHHOTO
¢depmenTta npu Temneparype 0 - 2 °C 103BOJSET COXPAHAThL €0 MPOTEOIUTHUECKYIO aKTUBHOCTD [0 CPABHEHUIO C
HE0OpabOTaHHBIM (DEPMEHTOM IPAKTHYECKH B 2 pasa.

YunuTeIBasg TONyYEHHBIE PE3yIbTAaThl, MOKHO PEKOMEHIIOBATH MHKPOKAIICYTHUPOBAHHE MPOTEOIUTHIECKOTO
(hepMeHTa TIETICHA C MCIIOIBF30BaHUEM MAaJbTONEKCTPHUHA TPHU TONIIMHE MOKPBHITHSA OT 4 10 6 MKM, YTO IO3BOJIUT
pacmupuTh BO3MOKHOCTH HCIIOIB30BAHUS (PePMEHTOB IIPH ITPOU3BOICTBE MACHBIX MPOIYKTOB.

KiroueBble ¢jI0Ba: MUKPOKAIICYTUPOBAHNE, TIETICHH, aKTHBHOCTb, MATYCHNE, OKOPOK, BETINHHBIE MTPOTYKTHI.
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