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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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CERTAIN PROPERTIES OF B-GLUCOSIDASE FROM YUCCA GLORIOSA FLOWERS
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Abstract.

The search for rational synthetic pathways for steroid drugs
from accessible plant sources represents an important and
relevant objective. Yucca gloriosa presents significant interest
as a source of tigogenin—a valuable sapogenin for steroid
hormonal drug production. Along with traditionally utilized
leaves, the flowers of this plant contain 1.25-1.48% tigogenin
and possess several technological advantages: simpler extraction
of the target product due to lower lipophilic substance content
and softer raw material texture.

Endogenous B-glucosidase plays a key role in the
tigogenin production process, catalyzing the conversion of
oligofurostanoside to oligospirostanoside.

This work investigated the properties of B-glucosidase from
flowers of Yucca gloriosa cultivated in Georgia. Two enzyme
forms differing in substrate specificity were identified. The first
form (30% ammonium sulfate saturation fraction) hydrolyzes
both natural oligofurostanoside and synthetic substrate
4-nitrophenyl-B-D-glucopyranoside, whereas the second form
(80% saturation fraction) cleaves only the synthetic substrate.

For the first B-glucosidase form, which has practical
significance for tigogenin production, optimal operating
conditions were determined: pH6.3 and temperature 47°C.
Notably, the temperature optimum for the flower enzyme
(47°C) proved higher than for the leaf enzyme (37°C). Heating
at 57°C for 10 minutes reduces enzyme activity by 29%, while
at 67°C it reduces activity by 79%.

Key words. p-glucosidase, tigogenin, Yucca gloriosa,
oligofurostanosides, oligospirostanosides.

Introduction.

Steroid hormonal drugs occupy a significant position in modern
medicinal pharmacology, being utilized for treating diverse
pathological conditions including cardiovascular diseases,
neuropsychiatric disorders, inflammatory processes, malignant
neoplasms and as oral contraceptives. This necessitates
increased production and securing of raw materials for synthesis.
While certain categories (estrogens, anabolics) are produced
through total synthesis from simple chemical substances, this
approach has proven economically unfeasible due to process
complexity and multiple synthetic stages. Steroid drug synthesis
is predominantly achieved using natural compounds containing
the perhydrocyclophenanthrene system, primarily of plant
origin: sterols, steroidal alkaloids and spirostanol steroidal
glycosides [1,2].

The search for rational synthetic pathways for steroid drugs
from accessible plant sources represents an important and
relevant objective. In this context, Yucca gloriosa L., cultivated
in Georgia, holds considerable significance as a perennial,
frost- and drought-resistant plant. Tigogenin isolated from this
species has been recognized as a steroid raw material by the I.G.
Kutateladze Institute of Pharmacochemistry [3-5].
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The Institute of Pharmacochemistry has isolated the
steroidal sapogenin tigogenin from Y. gloriosa leaves, which
has proven to be cost-effective raw material for steroid
hormonal drug synthesis [6]. Tigogenin serves as the genin
of the spirostane series and optimal extraction from plant
material requires efficient conversion of oligofurostanoside to
oligospirostanoside, catalyzed by endogenous [-glucosidase.
Two forms of B-glucosidase have been identified in Y. gloriosa
leaves. Form I (molecular mass 32,000 Da) hydrolyzes
both oligofurostanosides, converting them to corresponding
oligospirostanoside and the synthetic substrate 4-nitrophenyl-
B-D-glucopyranoside. Form II (molecular mass 68,000 Da)
hydrolyzes only 4-nitrophenyl-B-D-glucopyranoside and does
not cleave oligofurostanoside [7-9].

Yucca gloriosa is an excellent ornamental plant, reaching
1-2 meters in height with long, abundantly flowering white
flowers and buds in inflorescences. The plant flowers profusely,
forming large inflorescences with numerous flowers. First-time
flowering plants develop one inflorescence, while in subsequent
years 3-4 inflorescences form. Flowering occurs in spring and
autumn. Mass flowering of plants cultivated in Georgia is
observed in late May to early June [11]. Approximately 150
g of air-dried flowers and buds can be collected from one
inflorescence. However, after withering they fall and remain
as unutilized waste. Their tigogenin content ranges from
1.25-1.48%. All parts of the inflorescence possess identical
sapogenin composition. Tigogenin extraction from flowers is
considerably simpler than from leaves due to relatively lower
lipophilic substance content and softer raw material texture.
They are recommended as an additional source for tigogenin
production [12].

Tigogenin, a steroidal sapogenin, represents a promising
multitarget therapeutic compound with potential applications
in metabolic and degenerative diseases, particularly for the
treatment of osteoporosis and diabetes mellitus [13-15].

The present work is dedicated to investigating certain
properties of B-glucosidase from Y. gloriosa flowers.

Materials and Methods.

Flowers of Yucca gloriosa plants growing in open ground
in Thilisi, Georgia, were used for this study. Analysis of
B-glucosidase activity against two substrates—4-nitrophenyl-f3-
D-glucopyranoside and the oligofurostanoside mixture from Y.
gloriosa—revealed the presence of two distinct B-glucosidase
forms in the flowers. Their separation was achieved through
ammonium sulfate salting-out. The first form (30% ammonium
sulfate fractionation) cleaved both oligofurostanoside and the
synthetic substrate 4-nitrophenyl-p-D-glucopyranoside, whereas
the second form (80% salting-out) cleaved only 4-nitrophenyl-
B-D-glucopyranoside and did not hydrolyze oligofurostanoside.
Subsequently, we discuss only the first B-glucosidase form, as
complete enzyme characterization requires natural rather than
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Figure 1. (4) Structure of a spirostanic saponin. (B) C-22 to C-27 carbons of a furostanic saponin.

Fresh Yucca gloriosa flowers

Y
Grinding with liquid nitrogen

Y

Homogenization in 0.05M
citrate-phosphate buffer (1:15, pH 6.)

Y

Centrifugation at 3000g for 15 m

Y
Supernatant

Y

Treatment with ammonium sulfate
to 30% saturation

Y

Centrifugation at 1000g for 30 m

Precipitate (1)

|

Resuspension in 0.05M citrate-phosphate buffer
(pH 6.3) and overnight dialysis

Y

Centrifugation at 1000g for 30 m

Figure 2. Isolation of f-glucosidase from fresh Y. gloriosa flowers.
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Table 1. Enzyme Total Activity Analysis. pH Dependency Study.

pH Mean (U) SD SE CV (%)
5.8 3913.04 195.65 112.96 5.00%
6.3 5739.13 344.35 198.81 6.00%
7.0 5565.22 222.61 128.52 4.00%

Table 2. Enzyme Specific Activity Analysis. pH Dependency Study.

pH Mean (U/mg) SD SE CV (%)
5.8 108.10 8.65 4.99 8.00%
6.3 158.54 9.51 5.49 6.00%
7.0 153.74 10.76 6.21 7.00%

Table 3. Enzyme Total Activity Analysis. Temperature Dependency
Study.

Temperature (°C) Mean (U) SD SE CV (%)
27 10573.91 528.70  305.24  5.00%
37 11686.96  |467.48 269.90 4.00%
47 13078.26 784.70  453.04  6.00%
57 9321.74 466.09  269.10 5.00%
67 2782.61 111.30 64.26 4.00%

Table 4. Enzyme Specific Activity Analysis. Temperature Dependency
Study.

Temperature (°C) Mean (U/mg) SD SE CV (%)
27 137.68 8.26 4.77 16.00%
37 152.17 10.65 6.15 |7.00%
47 170.29 11.92  6.88 |7.00%
57 121.38 9.71 5.61 |8.00%
67 36.23 2.90 1.67 |8.00%

synthetic substrates, which are not present in plants.

The oligofurostanoside mixture from steam-fixed Y. gloriosa
flowers was isolated using established methodology from
aqueous flower extracts [16].

B-Glucosidase activity was determined using established
methodology [17]. Protein was determined by colorimetric
method based on protein precipitation with Amido Black dye
[18].

B-Glucosidase Isolation:

Fresh Y. gloriosa flowers were ground using liquid nitrogen
and homogenized in 0.05M citrate-phosphate buffer at a 1:15
ratio (pH 6.3). The homogenate was centrifuged at 3000g
for 15 minutes. The supernatant was treated with ammonium
sulfate to 30% saturation, then centrifuged for 30 minutes
at 1000g. Precipitate (1) was redissolved in 0.05M citrate-
phosphate buffer (pH 6.3) and dialyzed overnight, followed
by centrifugation for 30 minutes at 1000g. In supernatant (1)
from 1000g centrifugation, proteins were precipitated with
ammonium sulfate (to 80% saturation) and processed as
described above.

The sequence of the B-glucosidase isolation process from fresh
Y. gloriosa flowers is presented in the scheme (Figure 2).

B-Glucosidase Activity Determination:

The rate of oligofurostanoside cleavage was analyzed
by monitoring their depletion in the reaction mixture
using a colorimetric method based on color reaction with
p-dimethylaminobenzaldehyde [19].
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Incubation mixture composition: 0.2 ml cell-free extract was
combined with 0.2 ml 0.05M phosphate-citrate buffer, pH 6.3,
containing 1 mM substrate. The mixture was incubated at 37°C
for 10-15 minutes. The reaction was terminated by adding 2-3
ml of 96% ethanol. In controls, enzymes were inactivated by
boiling for 5 minutes.

One unit of B-glucosidase activity was defined as the amount
of enzyme catalyzing the cleavage of 1 nmol substrate per
minute. Specific enzyme activity was expressed in units per 1
mg protein. Enzyme activities were measured in triplicate.

pH Optimum: To investigate the pH dependence of enzymatic
reaction rates, 0.05M citrate-phosphate buffer mixtures
with various pH values ranging from pH 4.8 to pH 7.0 were
employed. The enzyme activity at pH values below 5.8 was
negligible; therefore, only the range with measurable activity
(pH 5.8-7.0) is reported.

Temperature Effect: The temperature dependence of reaction
rate was investigated at values of 27°C, 37°C, 47°C, 57°C and
67°C.

Results and Discussion.

Cell-free extracts from Y. gloriosa flowers -catalysed
cleavage of both oligofurostanoside and synthetic substrate
(4-nitrophenyl-p-D-glucopyranoside).  Separation of two
B-glucosidase forms was achieved during the initial ammonium
sulfate fractionation stage. The first form (up to 30% saturation)
cleaved both oligofurostanoside and synthetic substrate,
whereas the second form (up to 80% saturation) cleaved only
synthetic substrate. Apparently, the second B-glucosidase form
participates in hydrolysis of glycosides of non-steroidal origin.

pH optimum determination revealed that the enzyme exhibits
maximal activity at pH 6.3. Notably, B-glucosidase in Y.
gloriosa leaves also exhibits maximal activity at pH 6.3 [20,21].

All measurements of enzyme activity were performed using
the natural substrate oligofurostanoside.

The diagrams show that both total and specific activity peak
at pH 6.3. The enzyme appears to have optimal activity in the
slightly acidic range around pH 6.3, with activity declining
slightly at pH 7.0.

The temperature dependence of reaction rate was investigated at
values from 27°C to 67°C. The flower-derived enzyme exhibits
an optimal temperature of 47°C, higher than the leaf-derived
enzyme (37°C) [22]. This difference may reflect biochemical
adaptations of flowers to environmental stress, including higher
temperature exposure during anthesis, or variations in protein
structure between plant organs. Further investigation is required
to elucidate the precise mechanisms. Heating the extract at 57°C
for 10 minutes reduces enzyme activity by 29%, while at 67°C
it reduces activity by 79%.

The visualization clearly shows the temperature-dependent
behavior of the enzyme, with optimal activity around 47°C
before thermal denaturation reduces activity at 57-67°C.
Significant activity loss above 47°C, with only 21% of peak
activity remaining at 67°C, indicating enzyme denaturation.

Conclusion.

Utilizing the optimal conditions identified in this study, highly
efficient tigogenin extraction can be anticipated in the future.



The results demonstrate the potential of Y. gloriosa flowers as a
promising source for further research on tigogenin production -
valuable raw material for steroid hormonal drug synthesis.
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Kparkoe uznoxenne

[Tonck panMOHANBHEIX CHHTCTHYGCKHX MyTeH MHOIydeHUs
CTEPOMIHBIX JICKAPCTBEHHBIX MPEMapaToB U3 JOCTYIHBIX
pPACTUTCNBHBIX ~ HCTOYHHKOB  IIPEJACTaBIICT  BAXKHYIO
U aKTyalnbHyl0 3amady. HOKka ciaBHas IIpEACTaBIsCT
3HAYUTENBHBII HHTEpEC KaK HCTOUYHUK THTOT'€HUHA — IICHHOTO
CallOTeHUHA JUIS TIPOM3BOJCTBA CTEPOMUIHBIX TOPMOHAIBHBIX
npemapaToB. Hapsgy ¢ TpagMIMOHHO — HCIOIB3yEMBIMH
JIUCTBSIMU, 1IBETKM JAHHOTO pacTeHus coxaepxkar 1,25-
1,48% TtHroreHnHa W OOJIAAAIOT PAJOM TEXHOIOTHYCCKHUX
IpenMymiecTs: 6oee MPOCTOe H3BICUCHIE [IEIEBOTO IPOTYKTa
Omaromapsi MCHBIIEMY COACPKAHHIO JIHIO(QUIBHBIX BEIIECTB U
0oee MATKON TEKCTYPE CHIPBSL.
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OHpioreHHas [B-TIIOKO3MIa3a WIrpaeT KIIOYEBYI0 pOib B
Ipolecce NOMy4YeHHs: TUTOT€HIHA, KaTalIu3upys IpeBpaleHne
0JUro()ypOCTaHO3UIOB B OJTMTOCITUPOCTAHO3UIBI.

B nanHoii pabore nccnenoBaHbl CBOWCTBA P-TIIIOKO3UIA3bI
n3 1BeTrkoB IOkku cnaBHOHM, KyapTuBHpyeMod B I'py3un.
BeisiBnensl aBe  QoOpMBI  (epMEHTa,  pa3nuyaroIIuecs
cybcrpatHOl crierpuaHocThiOo. [lepBas dopma (dppaxums
30% mHacelmeHus Ccyab(paToM aMMOHHUS) THIPOJIU3YET Kak
TIPUPOJHBIN  OMUroypoCcTaHO3Ma, TaKk W CHHTETHYECKHN
cyocrpar 4-uHntpodeHun-p-D-riokonupaHo3ua, Torga  Kak
Bropas Qopma (dpakmus 80% HaACHIIIEHUS) pACHICIUIICT
TOJILKO CHHTETHUECKHI CyOCTpar.

Jns mepBodt  ¢dopMel  P-TUIIOKO3MIa3bl,  MMEIOIIEH
IPAKTUYECKOE 3HAU€HHe [UId [OJy4YeHHs TUTOTEHHUHA,
oTIpeJieNIeHbl ONTHMaNbHbIE YCIIOBUS (GpyHKIMOHUpoBaHus: pH
6,3 utemneparypa 47°C. IIpumeuaTtensHo, UTO TEMIIEPATypPHBII
ontuMyM (hepmeHTa u3 IBETKOB (47°C) okazaJics BBIIIE, YEM Y
¢depmenTa u3 smcteeB (37°C). HarpeBanue npu 57°C B TeueHne
10 MUHYT CHIXXaeT akTUBHOCTH (pepmenTa Ha 29%, a mpu 67°C
— Ha 79%.

KaioueBnle ciaoBa: [-rimoko3ugasa, turorenuH, HOkka
ClIaBHas1, OJIMTO(ypOCTaHO3HU b, OTUTOCITUPOCTAHO3UIBI.
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