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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 “m can be recommended which will
expand the possibilities of using enzymes in the production of meat products.
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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 oftreating 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 ofthe 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, itis 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 ofthe 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 ofthe 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 ofthis 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 ofthe enzyme (figure 1).

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
liguid 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 liguid 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 ofthe 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 ofthe 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 of2 uT, 4 y4 T and 6 yT. 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 / m2, 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 ofham 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).
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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 %ofthickness
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 ofthe maltodextrin mixture made:

dw = 4,4dn, (1)
where dw- the diameter of the broad cone part of the working chamber, dn- 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).
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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 ~m. 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 u T 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.
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Figure 4 - Dependence of the pepsin activity from pH for the maltodextrin, thickness 4 ~m
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The results indicate that pepsin activity with the thickness maltodextrin of 4 o1 is slightly lower than
microcapsules of 6 oT. In this connection, it is advisable to use pepsin with maltodexrin coating of4 aT.
Therefore, in further experiments, an enzyme with the thickness of 4 o T 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.
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Figure 5- Dependence of the proteolytic activity of the clear pepsin (Row 1) and the immobilised one, the thickness of the
maltodextrin coating 4 4T (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
rnicrocapsules were stored in a dry, dark place at a ternperature not exceeding 2 °C and a relative hurnidity
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).
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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 enzyrne the thickness of the maltodextrin coating 4 AT)

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
ofthe 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 ofthe shear stress ofthe 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 uT, which enables to
broaden the usage ofthe immobilized enzymes during the production of meat products.

Source of funding: Extrabudgetary fund of Ural State Economic University.
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MPOTEOJ/INTT1IK ®EPMEHTTEPA1 BHEPKOCLWTE LONJAHY YW IH MNKPOKANMCYNAAY

AugaTtna. Makana (hepmMeHTKe MasibTOLEKCTPUHHLL, ANddY3nSacbiHa HEM3AeNTeH XanraH KainHaTaTblH KabaTTa
NpOTeOINTTaK (hepMeHTTEPAI MUKPOKancyjay TeXHONOrUACbIH 33ipney bolibiHIWA 3epTTeyMeH TaHbICTbIpagbl, 6yn
(hepMeHTTLL, XXorapbl 6eNCeHALIMNH €T WNLWI3ATbIH Y3aK YaKbIT 60libl cakTayra MyMLWHAK 6epean Mukpokancyngay
Kenea TypAe XXypn3BAr natpybkara epMeHTNeH CbllibIMAbIIbIK FePMETUKAIbIK KOCbl1adbl )X3HE KOMMpeccopaaH
aya 6epweg”™ on TYpni AMamMeTpAi aybiCbIMAbl LIYMEKTEP apKbinbl eTin, 6actankbl 6enwekTepai anagbl. OpaH api
TYpOyneHTTIK arbiHharbl 6enlieKTep KenTipinedi >X3He (hoHTaHJay arblHAapbl Typlufe KaiiHaraH kabatbl 6ap
annapart KopnycbliHa TYcefi. ®epMeHT GeflleKTePiHiH JuaMeTpiHe 6ainaHbICTbl 0Cbl arbiHAAPAbIH Xbl/AaMAbITbIH
JypbIC TaHAay TeCiKTepfiH KaXkeTTa AuameTpi MeH KOHYCTbIK KOPMyCTbiH enwemi (6uikTiri MeH guametpy) 6Gap
WwaribanapmeH KamTamacbI3 eTinedi. benikrepgi naTpybkaga XaHe annapatTbiH QOHTaH4Ay arblHbIHAA aiblH ana
KeNTIpreHHeH KeliiH BEHTW/b awbliadbl X3He aya CyWblK KOMMOHEHTTepre apHairaH aybicnanbl WYmeri 6ap
avcnepratopra TYcegi. LLUYMeKTiH gnameTpi KopnycTbiH TYNTIK 6eniriHiH oHTaHgayLWbl arbiHgapblHa NaTpy6ok
apKbl/bl eHN3LWeTL KaKeTTa Kenemgeri TaMmLblnapiblH AUCNEPrup/ieHyW KaMTaMachbl3 eTedi. Tamwbliap Kenemi
annapaTtTblH (JOHTaHAay arbiHbIHAArbl KaTTbl Ge/llueKTep MOPUMACBIHBIH XMbIHTbIK 6eTiHe KaparaHga TeH Hemece
6ipHelle Y/IKeH CyiblK KOMMOHEHTTeP MOPLMACBIHBbIH XWbIHTbIK 6€MH KamTybl Tic. P epMeHT Tamuwblian >xaby
Ygepici KapKblHAbl X3He XXblngam aragbl. On qoHTaHfay arbiHAapbl, MepMeHTTLY, OenLeKTepiH LWaATbIHAbIKTaH
»KabbiCKaH TaMmLbinapabl KenTipyMeH 6ipre »Ypegi. CyWblK KOMMOHEHTTepPAL, 6apnbiK nopumscbl GepinreHHeH
KeliH BeHTU/b Xabblnagbl. KenTipy y3aKTbirbl 5-8 MUHYTTbI Kypaigbl.
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JKcnepuMeHT YLWiH nencuH epMeHT Taudanabl, KOpraHbiCc KabaTbl penHae 10% - ManbTOLeKCTPUHHIL, Cynbl
epTHAra KonjaHblnabl. KaTTbl 3aTThIl, CylibIKTbIKKa (K/C) apakaTbiHackl 10/1 + 11,5/1 wenHae weigagsl. KYWik
TYcipywi areHT, OHbIL, ilWiHAe KeNTipy pexumiHge 6enme TemnepaTypacbiHfa annapat apKblibl COpblIaTbiH aya
6ongpl.

JKcnepuUMeHT YLWiH 2 MKM, 4 MKM X3He 6 MKM Ma/ibTOAeKCTPUH KabaTbiHbIL KanblLdbirbl 6ap KancynanaHraH
thepmeHTTepaiy, 6ec akcnepumeHTangbl eugenreH Ynrici ganbiHpangbl. Bakbinay peTiHAe Tasa KancynigaH6araH
nencuH anbiHAbl. [encuMHHLYL, 6eNCeHAINITT KaseuH ruApoM3IHIL H3TWXKeaHAe naiiga 6onaTblH TMPO3UH CaHbl
6onbiHWa 1,5-TeH 5,0 6ipnikke aeniHri pH gnanasoHbiHAa aHbiKTangpl. Cy6eTpart peTiHge MammepcTeH 60MbIHLWA
KasenH KongaHblngbl. Tupo3uH Menwepi C®P-46 cneKTPohOTOMETPIHAE TOMKbIH y3blHAbIFbI 280 HM 60nraHaa
CNeKTPOPOTOMETPUANBIK 3/ICNEH aHbIKTa/IraH. O3ip/IeHreH TEXHOMOrMA KancynaiapAblil, KopraHbill KabaTbIHbIL
KanbIUuabirbl TYPAi MUKpoOKancynanapfbl »acayra Mymkwaw 6epegi. byn peTTe, ary y3akTbirbiHa 6aifaHbICTbl
nencuH TYMipuiriHe ManbToAeKCTPUH epTHAFaH Xarydbll, OpTaWa KabllgbIrbiHbIL Chi3bIKTIK T3yeaaLn
(p<0,05) Taxipnbenik >onmeH aHbIKTangbl. ManbTOAEKCTPUH Kancyna KabblpranapbiHbliL, Xorapbl 6epiKTiriH, y3ak
cakTay KesiHfe onapfbll, TyTacTbIrblH KaMTamacbld eTeAr ManbTofeKCTPpUH KabaTbiHbIL Kanblugbirbl 4 MKM
60/1aTbIH MEMCUHHLL 6enCeHW N MasbTOAEKCTPUH KaslbiHAbINbI 6 MKM 60/1aTbiH MercuHre KaparaHga Luamasbl
TeMeH eKeHi aHblkTangbl. OcbiraH 6ainaHbICTbl 4 MKM-fe ManbTOLEKCTPUMHHLL, KOpraHbiC KabaTbl 6ap nemncuHgi
KongaHraH eH. ManbTofeKCTPUH epiTiHAICiHAEe UMMOOGUNLEHTEH MENCUHHLL, NPOTEONUTUKANbIK (PEPMEHTIHIH el
Xorapbl 6enCeHALW N peakuMsAnbiK opTaHbil, pH >korapblnaybl Keswfe CinTiniK XarbiHa XbUnKuabl, 6yn epkLl
thepmeHTKe TaH emec. COHbIMEH KaTap, MMMobunmsaumanaHraH epMeHT 6 ail cakTay Kesllje eswiy, 6enceHginiriH
xorantnagbl, 6yn BeTUMHa KeCLUAOLWLL, KepHey Me/ilepiHil asatoblHaH KepiHedi. Byn fepektep nencuHHIL,
WHaKTUBaLMACbIHA Kefepri KenTipeTiH MasibTOAeKCTPUHHIL, KOopraHbilw 3cepi Typasbl KyanaHfblpadbl X3He Tasa
YK3HE UMMOobUNn3aumanaHraH pepmMeHTTLL, 6e/1CEeHAINITIH aHbIKTay H3TVKeNepL pacTtaliigbl. IMMobunusaymsnaHraH
thepMeHTTI 0 - 20C TemnepaTypafa caktay eufesIMereH HepMeHTMEH CabICTbIPraHa OHbIL, NPOTeoNUT 6enceHpini-
NH 2 ece cakTayra MYMKIiHAiK 6epeTLl aHbIKTangpl.

ANbIHFaH H3TWXenephi eckepe OTbIpbIn, 4-TeH 6 MKM-re AeliHri >kabblH KaMuabirbl KesiH4e MasibTofek-
CTPWHAI NaifanaHa oTbIpbIN MEMNCUHHLL, NPOTEONNTUKANBIK (DEpMEHTLL MMKPOKancyngayabl ycbiHyra 6onagpl, 6yn
eT elIMAepLU eHAIpY KesiHAe hepMeHTTepAi NanganaHy MyMKLUALWH KeleiTyre MYMKIHAIK 6epegi.

TYWiH cesgep: MUKpoKancyngay, nencuH, 6enceHfinik, xxymcapTy, caH eTy BeTUMHa elmaepr
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MWKPOKATCYJ/TMPOBAHWE MPOTEOCTNTUYHECKNX ®EPMEHTOB
AnAa NPOMbIWNEHHOIO MPUMEHEHWA

AHHOTauusa. CTaTbsi 3HAKOMUT C WCCMEeJOBAaHMEM MO paspaboTKe TEXHOMOTMU MUKPOKANCyMpoBaHNs
NPOTEO/IMTUYECKMX (DEPMEHTOB B TCEBAOKMWISILLEM C/I0E, KOTOpasi OCHOBaHa Ha An(dy3um ManbTofeKCTpuHa B
(hePMEHT, UTO MO3BOJISIET COXPAHUTL BbICOKYI aKTUBHOCTb (DepMeHTa B TEUEHWE A/IMTENIbHON0 BPEMEHW B MSICHOM
cbipbe. MuKpoKancyMpoBaHve MPOBOAMIOCH CeAyOLIUM 06pasoM: K MaTpy6Ky FepMeTUUYHO MOACOeAUHSIETCS
eMKOCTb C (JEPMEHTOM 1 MOAAETCSH BO3AYX M3 KOMIMPECCopa, KOTOpbI/i MPOXOAA Yepe3 CMEeHHbIe COMa pasfiMyHbIX
AVMaMeTpoB, 3a6MpaeT UCXOAHbIE YacTuLbl. [lanee yacTuubl B TypGy/IeHTHOM MOTOKE MOACYLUIMBAKTCA Y MOCTyNalT
B KOpMyC arnnapata C MCEBAOOXKWKEHHbIM C/I0eM B BUe (POHTAHMPYOLLKMX MOTOKOB. [lpaBuibHbIA Mog6op
CKOpOCTEl 3TWX MOTOKOB B 3aBMCMMOCTM OT [uameTpa 4acTtuy (epmMeHTa obGecneumBaeTcs Lwaibamu c
Heo6X0AMMbIM UaMeTPOM OTBEPCTUA 1M pasMepoM KOHMYECKOro Kopryca (BbicoTa U pguameTp). [ocne
NpeABapUTE/IbHON MOACYLLIKM YacTuL, B NaTpy6Ke 1 B (hOHTaHMPYIOLLMX NOTOKAxX annaparta 0TKPbIBAeTCs BEHTW/Ib, U
BO34YX MOCTYMaeT B AMUCTEPraTop CO CMEHHbIM COMJIOM [/151 XXUAKUX KOMMOHEHTOB. [lnameTp conna obecreyvBaeT
AVCreprupoBaHve Karesb Heo6X0AMMbIX pasMepoB, KOTOpble Yepes NaTpy60K BBOAATCS B (DOHTAHMPYHOLLME NMOTOKM
[OHHOI YacTu Kopryca. PasMep Kariesib Jo/KeH CO3AaTb CYMMapHYH MOBEPXHOCTb MOPLMN XUAKUX KOMIMOHEHTOB,
paBHYI WM HECKObKO 60/bLUYIO, YeM CyMMapHasi MOBEPXHOCTb MOPLUM TBEPAbIX YacTuL B (DOHTAHUPYHOLLUX
noTokax amnaparta. [lpouecc MOKPbITUS (epMeHTa KanisMu WUHTEHCUMBEH U ckKopoTedeH. OH COMpoBOXZaeTcs
HayasioM CyLUKM NMPWIUMLLIKX Karesb 3a CYeT (DOHTaHVPYOLLUX MOTOKOB, OMbIBAOLLMX YacTULbI (PepMeHTa CO BCEX
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CTOPOH. lMocne Bblgayy BCeli MOPUUM XKXUAKUX KOMMOHEHTOB BEHTUb 3aKpbIBalOT. MPOLOMIKNTENBHOCTD CYLUKM
COCTaB/IAET 5-8 MUHYT.

[nsa skcnepvmMeHTa 6b171 Bbl6paH (hepMeHT MeNcKH, B Ka4ecTBe 3aLMTHOro €10 Mcnonb3osann 10% - BOAHbIN
pacTBop MasbToAeKcTpuHa. COOTHOLWEHMEe TBepAoro BewlecTBa K Xugkomy (T/>K) Bblgepkusanu B npepenax
10/1 ™ 11,5/1. OxmKaloWMM areHToM, B TOM UYUC/IE M B PEXUME CYLUKK, 6bls1 BO3AYX C KOMHATHOW TemnepaTypo,
npokaunBaemblli Yepes annapart.

[na  skcnepMMeHTa  NPUroTaBAMBa/IM  MATb  3KCMEPUMMEHTa/IbHbIX  OTW/IMGOBaHHbIX  06pasuoB
KarncynMpoBaHHbIX ()epMeHTOB C TO/LLMHON CN0A MaNbTOAEKCTPMHA 2 MKM, 4 MKM 1 6 MKM. B KauyecTBe KOHTPONS
6blN B3AT YMCTbI HeKanCy/MPOBaHHbIN NencuH. AKTMBHOCTb MencuHa onpegensann B guanasoHe pH ot 15 pgo
5,0 ef. Mo KoONM4YecTBY TWUPO3MHa, obpasyloLlerocs B pesy/nbTaTe rMAposn3a KasemHa. B KadvecTsBe cybecTparta
ucrnonb3oBann KasevH no MammepcteHy. KonvyecTBo TUPO3UHA OMpPeAensnn CneKTpoPoOTOMETPUYECKUM METOLOM
npw AnnHe BosiHbI 280 HM Ha cnekTpooTomMeTpe CP-46.

Pa3paboTaHHas TexHOMNOrMsA Mo3BOMISET U3roTaB/MBaTb MUKPOKAMCY/bl C Pas/IMYHON TONLMHON 3aLUTHOrO
cnos kKancyn. pu 3TOM, OMNbITHbIM MyTeM BbISiBMeHa fMHeNHas 3aBucumocTb (P<0,05) cpegHeid TONLWMHbI
HaHeCceHVs pacTBOpa MalbTOLEKCTPYHA Ha FpaHy/y nerncuHa B 3aBUCMMOCTU OT MPOAO/HKUTENTbHOCTU HaHeCeHUS.

YCTaHOB/IEHO, YTO MasIbTOAEKCTPUH 06ecrnevymBaeT BbICOKYIO MPOYHOCTb CTEHOK Karcy/bl, UX LIe/IOCTHOCTb
npv ANMTeNIbHOM XpaHeHUN. Bblno BbISIBIEHO, YTO aKTUBHOCTb MEMCUHA C TOLWMHOW C/10A ManibTOAEKCTPUHA 4 MKM
He3HauMTe/IbHO HWXKe, YeM Yy MemncuHa C TONLWMHON ManbToAeKCTpMHa 6 MKM. B cBA3M ¢ 3Tum LenecoobpasHo
NCMOJIb30BaTh MEMCUH C 3aLLUUTHBIM CMI0EM MasibTOAEKCTPMHA B 4 MKM. oKa3aHOo, YTO MakcUMasibHast aKTUBHOCTb
NPOTEO/IUTUYECKOrO (hepMeHTa MerncuHa, MMMO6UIN30BAHHOIO B PACTBOPe MaslbTOAEKCTPUHA, NpY NoBbiweHun pH
peakLVOHHOW Cpefbl CABUraeTca B LLEOYHYIO CTOPOHY, YTO HexapakKTepHO Ans cBo6ofHOro tepmeHTa. B To e
BpeMA UMMOOWIN30BAHHbIN (hepMeHT He Tepsi/l CBOel aKTMBHOCTM B TeueHWe 6 MecsLEeB XpaHeHWs, YTO BUAHO MO
YMEHbLUEHUIO BeIMYMHbI HanpshKeHWs cpe3a BeTUMHbl. OTW [aHHble CBUAETENbCTBYIOT O 3aljMTHOM [AeAcTBUU
MaIbTOAEKCTPUHA, MNPEnATCTBYIOWEM WHaKTMBALMW MEencuHa W MNOATBepPXKAAlT pe3y/bTaTbl  OnpefenieHus
aKTUBHOCTW 4YWUCTOFO0 W MMMOOBUIN30BAHHOIO (PepMeHTa. YCTaHOB/MEHO, YTO XpaHeHue MMMO6GUAN30BAHHOIO
thbepmeHTa npu Temnepatype 0 - 2 oC ro3BONSAET COXPAHATb €ro NPOTEO/IMTUYECKYIO aKTUBHOCTb MO CPABHEHUIO C
HeobpaboTaHHbIM )epMEHTOM NPaKTUYECKN B 2 pasa.

YuuTbiBas MNoMyyYeHHble pesynbTaTbl, MOXHO PeKOMeHoBaTb MWKPOKAarcy/MpoBaHue MpPOTEOIMTUHECKOrO
(hepMeHTa MerncuMHa ¢ UCrosib30BaHWEM MasibTOAeKCTPMHA MPU TOSLWMHE NOKPbLITUA OT 4 A0 6 MKM, YTO MO3BOAUT
pacLIMpuTL BO3MOXHOCTU UCMO/Ib30BaHNSA (PEPMEHTOB MPU NPOU3BOACTBE MACHBIX NMPOAYKTOB.

KntouesBble cnoBa: MUKpPOKancynmposaHue, NencuH, akTUBHOCTb, MArYeHne, OKOPOK, BETYUHHbLIE NPOAYKTbI.
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