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Introduction

It is known that stabilized enzyme preparations are widely used in various areas
of the food industry. Stabilized enzymes provide the required indicators and
properties for the product and reduce the amount of losses at various technological
stages of production.

It is known that the convenience and economic efficiency of using stabilized
enzymes on an industrial scale compared to native enzymes. However, obtaining
stabilized enzymes and finding convenient, ecologically clean and economical ways
to implement the process is one of the urgent tasks of modern biotechnology [1].
These processes are important for their stable and long-term operation.

Application of stabilized enzyme preparations for the food industry has its own
challenges. It is necessary to determine the optimal parameters of a bioreactor
operating on an industrial scale and to maintain this regime until the end of the
process. Taking into account the above-mentioned problems and the wide range of
applications of stabilized enzymes, this thesis describes the problem of purification of
alcohol from toxic alcohols by yeast invertase and esterase enzymes.

Main body

In the production of alcoholic beverages, activated charcoal of the BAU brand
obtained from a birch tree is mainly used. This coal is activated by secondary thermal
treatment. Coal-sirs holds in its fragments a significant amount of tar and other
pyrolysis products. In the process of activation, these substances are burned [2], and
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the inner surface of the coal expands several times. The structure of wood activated
carbon consists of very small graphite lattice crystals. According to V.S. Veselovsky,
there are 200 carbon atoms in activated carbon crystals burned at a temperature of
1000°C, and it is impossible to measure their size. In coal burned at 1000°C, the size
of the approximate crystallites is equal to 10, and the boundary atoms of the
crystallites have saturable free valence and bind oxygen well.

A number of scientists have conducted a lot of scientific work on activated
carbon and note that activated carbon consists of three different types of fragments-
macro, permeable and micro-fragments. Macro fragments have an outer radius of
2000 nm and an inner radius of 100 nm, permeable fragments have an outer radius of
100 nm and an inner radius of 1.5 nm, and micro fragments have a radius of less than
1.5 nm.

In litre of BAU brand activated carbon has fragments with a specific capacity of
260g and the total number of fragments is 1.50 of which macro fragments are 1.19,
permeable fragments are 0.08, and micro fragments are 0.23 [3-5]. The specific
surface area of permeable fragments is 52 m/g. BAU brand activated carbon is
chemically bonded with constant oxygen. Therefore, the surface of activated carbon
Is covered with a thin layer of oxygen atoms. At the maximum amount of oxygen, i.e.
at 12% of the total mass, 19% of the coal surface is covered with a thin layer of
oxygen atoms.

In addition, BAU brand activated carbon contains organic substances, of which
carbon is up to 96%, hydrogen is up to 1-2.5%, nitrogen is up to 1.5%, and sulfur is
up to 0-1% and the minerals as iron, aluminum, magnesium, potassium, calcium and
silicon is included.

Despite the extent to which BAU brand activated carbon has been studied, its
adsorptive properties have not been fully studied. Only a few of research have been
done. Among them, M.S. Shulman studied the adsorption properties of BAU brand
activated carbon more than the other. It completely adsorbs acetic aldehyde, acetic
ethyl ether, and isoamyl alcohol in aqueous medium compared to water-alcohol
medium when examining the adsorption properties of acetic aldehyde, acetic ethyl
ether [6-9], and isoamyl alcohol from water and 50% water-alcohol media in the
presence of BAU brand activated carbon and the water-alcohol mixture adsorbs up to
12-17% of the total mass of the three additives. However, there is no enough data and
studies conducted on this manner, it will be applicable to conduct many more studies
on this BAU brand activated carbon.

The development of nanotechnology at the end of the 20th century and the
beginning of the 21st century brought about a big change in the field of sorbents. As a
result, new age sorbents were developed. Among them, STRG (thermally
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decomposed graphite) and USVR (highly reactive carbon mixture) are currently
considered sorbents in great demand all over the world [10].

At the beginning of the 21st century, these sorbents obtained on the basis of
nanotechnology created by Russian scientists were called the miracle of the 21st
century. They have a high adsorption capacity and have the ability to adsorb organic
and inorganic substances mixed with water, as well as radioactive elements. STRG
sorbent is mainly considered a sorbent discovered at the end of the 20th century, and
its application dates back to the beginning of the 21st century. This sorbent is
obtained by thermal decomposition of natural graphite. Graphite is first oxidized with
concentrated sulfuric and nitric acids, and then thermally decomposed at high
temperature [11]. Oxidation of graphite is already known, but much work has been
done on thermal decomposition. During thermal decomposition of oxidized graphite,
free radicals of sulfur and nitrogen were preserved in graphite. Therefore, special
equipment was created by the Russian company Nordragment, and graphite is
thermally decomposed at a temperature of 1250°C, as a result, free radicals of
nitrogen and sulfur are significantly reduced.

STRG sorbent is a sorbent mainly used for cleaning oil and organic synthesis
waste from water. It has not yet been used in the alcohol industry, but it is considered
a new sorbent in this field. If you talk about the properties of STRG sorbent, the
specific density of this sorbent is very small, it occupies a volume of 1 kg and 22 m.
Depending on the structural grid of graphite, it holds organic compounds such as
oxygen, sulfur, nitrogen, tar residues, and holds heavy metals such as iron, copper,
lead, arsenic from minerals, and is a sorbent consisting mainly of macro fragments
and micro fragments. The adsorption capacity of STRG sorbent is 6-7 times greater
than that of activated carbon, and 1 kg of sorbent can absorb 30 kg of acetone in
water, 35 kg of benzene, 20 kg of butyl alcohol, 20 kg of methanol, and up to 100 kg
of 96% sulfuric acid. have In the conducted studies, it was shown that 1 g of sorbent
has the ability to absorb 88 grams of oil in 10 seconds [12-17]. Many aspects of the
sorbent solution have not been opened and it is considered a new sorbent for the field
of alcohol, and we think it is appropriate to conduct many scientific studies on its
adsorption capacity and processing capacity, activity and technological indicators. In
addition, there are other parts of the sorbent where the fragments are not deep and
open. USVR is a high-reactivity carbon mixture, which is considered a high
innovation of the 21st century. The author of this sorbent is the Russian Academy of
Sciences Victor Ivanovich Petrik, and the sorbent is considered a product of the
perfect technology of modern nanotechnology.

Graphite is an inorganic substance found in nature. Graphite and diamond are
allotropic products of carbon. The graphite grid is connected by covalent bonds with
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10-9 meter carbon atoms and has a strong structure. It is very difficult to break it up,
and it requires a fusion explosion to break it apart.

V.l.Petrik was the first to separate the carbon atoms in graphite using
nanotechnology and separate the carbon powder in its individual state. For this
innovation, V.I.Petrik won 6 international patents. Academician Petrik was the first to
prove that when graphite decomposes, its volume increases 5000 times, and
developed a USVR sorbent with different characteristics.

According to USVR, it is hydrophobic, electrically conductive, chemically inert,
stable in aggressive environments, an environmentally friendly sorbent and contains
99.4% carbon, the specific density is 0.01-0.001 g/cm3, the specific surface area of 1
gram of sorbent is 2000 m?, internal temperature from 60°C to Q 3000°C. It has the
ability to re-desorb 98% of adsorbed substances. Today, this sorbent is used to clean
the world's oceans from oil and other organic compounds, to clean wastewater from
radioactive isotopes and radicals, and to clean waste water from nuclear reactors to
the level of drinking water. The most demanding countries are the USA, European
countries, Japan and Russia. As a result of the demonstration of the sorbent, many
ecologically threatening situations were eliminated. In addition, the possibilities of
the sorbent began to be widely used in medicine, pharmacology, food industry,
production of drinking water and other fields [18-25].

S.Kh.Abdurazagova was the first to put forward the information that sivukh
alcohols contained in wine, cognac and liqueurs are transformed into alkylfructosides
under the influence of B-fructofuranosidase enzyme of yeasts. According to this idea,
it was confirmed in practice that yeast conducts various reactions with -
fructofuranosidase and produces ethers, antioxidants, and enzyme-saccharide
compounds in the environment. As a result of the research, the scientists explained
that it is possible to activate sivukha alcohols in the enzyme system through
biochemical processes, reduce the toxic activity of sivukha alcohols, and obtain
various pharmacological and perfume products from them [26-30]. By the 21st
century, the work in this field has intensified, and great steps have been taken in the
purification of sivukha spirits. One of them is the work done by
D.T.Mizarakhmetova. D.T.Mirzarakhmetova isolated and immobilized the yeast b-
fructofuranosidase enzyme in her scientific research and was the first to show that the
transferase functions of yeast invertase can be used to convert toxic and bitter
alcohols into alkyl fructosides. Currently, he proved that invertase can be effectively
used in its immobilized state and studied its conversion of alcohols into
alkylfructosides. D.T.Mirzarakhmetova studied the hydrolytic and transferase
functions of immobilized and native invertase from a kinetic point of view, developed
optimal parameters of biochemical purification, and they allowed to remove 87% of
isoamy!| alcohol contained in brandy alcohol [31-33].
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These scientific innovations will pave the way for the creation of the most
advanced theoretical and practical technology for the purification of sivukh alcohols
contained in alcohol, and will create wide opportunities for the use of sivukh alcohols
in pharmacology, the food industry, and the perfumery industry.

Conclusion

1. Invertase was covalently immobilized on chemically modified capron and
activated carbon. The immobilization process was carried out in the presence of
sodium borohydride under conditions of pH 7.6 for 24 hours (40C) in a medium with
an initial enzyme amount of 1.2 mg per 1 g of carrier. In this case, 50% of the total
amount of the enzyme was bound to the carrier, and the activity of 1 g of
immobilized invertase drug was 225.5 units [34-35]. Esterase is covalently
immobilized on chemically modified oak granules. Enzyme immobilization was
carried out at the ratio of 30 mg of enzyme per 1 g of carrier for 24 hours (40C) in the
environment with pH value of 7.5. In this process, 56% of the total amount of the
enzyme was bound to the carrier, and the activity of 1 g of the immobilized esterase
drug was 16 units.

2. Studying the properties of native and immobilized invertase enzymes in water
and water-organic medium, the water-organic medium changed the transferase
properties of enzymes. Although immobilization did not affect the optimal substrate
concentration (62.5 mM) of the enzyme in the aqueous medium, the optimal
alcoholic substrate (isoamylol) of the enzyme in the transferase reactions was 30 mM
for the native enzyme and 70 mM for the immobilized enzyme. It was determined
that the KM index for transferase reactions of the immobilized enzyme was three
times higher, 30Mm [36-39], and the optimal time duration for transferase reactions
of the drug increased by 2 times to 12 hours. For the native enzyme, the maximum
conversion of isoamylol (26%) was observed in 40% ethanol medium, while for the
immobilized enzyme it was 40% in 60% ethanol medium.

3. The optimal conditions for immobilized esterase to convert higher alcohols
into esters in the ethanol-water model system are as follows: pH-optimum-6.0,
optimal concentration of alcohol (isoamylol) substrate -30 mM, optimal
concentration of acidic (caproic acid) substrate -30 mM, optimal incubation time for
enzyme - 48 hours. Maximum (48%) conversion of isoamylol alcohol was observed
in 40% volume ethanol medium. In the ethanol-water model system, the optimal
concentration of ethyl ether (ethylbutyrate) for the enzymatic transesterification
reaction using yeast esterase was 30 mM.

4. The substrate specificity of the enzymes was determined, according to which
invertase and esterase were active against alcohols with the ON-group in o-state.
Spatial location of the ON-group on the first carbon atom, branching of the carbon
chain and separation of the secondary carbon atoms from the alcohol hydroxyl group
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were considered criteria for the enzyme to "recognize" the substrate. Esterase showed
high activity and specificity for isoform alcohols such as isoamyl (42.4 units/mg) and
isobutyl (24 units/mg) alcohols. It is observed that the high activity of the enzyme in
the medium of volatile acidic substrates such as oil (36 units/mg), isovalerian (30
units/mg), capron (16 units/mg) and caprylic (8 units/mg) is important in the
formation of the enzyme brand bouquet.

5. A method of synthesizing boiling esters at a high temperature was developed
as a result of treatment of higher alcohols contained in the sorting with the presence
of immobilized invertase into alkylfructosides and brandy with the help of
immobilized esterase. Optimum kinetic indicators for the operation of the bioreactor
based on enzymes immobilized in the model system were determined to match the
technological scheme of vodka and brandy production. The laws of transformation of
higher alcohols into alkylfructosides and esters were consistent with the results of the
practical samples and the model system.

6. The expected economic efficiency of production of 100,000 dal brands based
on immobilized esterase will be 168 million soums per year by reducing the shelf life
of cognac spirits.

References

1. Petropavloskiy G.A. Gidrofilnie chastishno zamechennie efiri sellyulozi i ix
modifikatsiya putyom ximicheskogo schivaniya. — L.: Nauka. 1988. — 295 s.

2. Xodjimurodova N.R., Xakimova N.X., Togaeva M.V. Buxoro voxasi
sugoriladigan o‘tloqi allyuvial tuproqlarida mikroorganizmlar faolligi // Respublika
ilmiy-amaliy anjumani materiallari tuplami.Guliston, 2020. 166 b.

3. M.B. Togaeva, Z.T.Safarova, N.A.Azizova. Main sources of increasing the
productivity of alluval soils of medium salt grazine of bukhara region // JournalNX. —
T. 6. — Ne. 06. p. 88-93.

4. Xodjimurodova N., Xakimova N., Tagaeva M. Biologicheskaya aktivnost
pochv Buxarskogo oazisa v zavisimosti ot stepeni. Toshkent, 2020, c. 1061-1064.

5. Agafonov, E.V. Vliyanie mineralnsix i bakterialneix udobreniy na urojaynost
goroxa na obsiknovennom karbonatnom chernozeme [Tekst] / E.V. Agafonov,
M.YU. Stukalov, L.N. Agafonova // Referativnsiy jurnal (biologiya). — 2002. — Ne 2.
—S. 50.

6. Aderixin, P.G. Azot v pochvax Sentralno-CHernozemnoy poloser [Tekst] /
P.G. Aderixin, A.P. Illerbakov. — VVoronej, 1974. — S. 6-150.

7. Toxirov B.B., Shamsiyev N.A., Baxshullayeva G.V. Usloviya razmnojeniya
nekotorerx promeisloveix vidov reib ozera Ayakagitma // Uchensrty XXI veka,
mejdunarodnsry nauchnery jurnal—2016. — Ne. 5-1.

WWW.OPENSCIENCE.UZ / ISSN 2181-0842 534 (o) R



"SCIENCE AND EDUCATION" SCIENTIFIC JOURNAL / IMPACT FACTOR 3.848 APRIL 2023 / VOLUME 4 ISSUE 4

8. Tokhirov B. B., Sayfiyev T. F., Hakimova N. K., Rakhmatova Z. B.
Dynamics of enzyme activity in salted soils // DINAMIKA. — 2020. — T. 6. — Ne. 10.

9. Khusenov B.K., Tokhirov B. B., Turaev M. M. Biotechnology of biological
and chemical treatment of water from the factory of bukhara oil refinery// Sentr
nauchneix publikatsiy (buxdu. Uz). —2020. — T. 1. — Ne. 1.

10. Dastlabki patent IN DR 9300391.1 S 08 V 11/12 UZ(1l) 2005 Alimov A A.,
Muinov B.X., Abdullaev B.A.

11. Brilev A.N., Kamaliddinova N.V., Sadovskaya I.I. Modifitsirovannie
polufabrikati dlya polucheniya bumagi na osnove mestnix odnoletnix rasteniy.//
Materiali n/t konf. posvyash. k 10 letiyu nezavvis.RUz. Institut ximii i fiziki
polimerov AN RUz. Tashkent 2001. — S.78

12. M.M.Muradov, Sh.S.Arslanov, M.T.Muxamedjanova, G.R.Raxmanberdiev
Nadmolekulyarnaya struktura i kachestvennie pokazateli sellyulozi razlichnogo
proisxojdeniya, //j. Kompozitsionnie materiali, 2006, Ne2, S.16-18.

13. Muinov B.X., Alimov A.A., Axmedov K.S. Kinetika ingibirovaniya
termookislitelnoy destruksii vodorastvorimogo polimera. // Dokladi AN UzSSR.
1985. Ne3. S. 34-35.

14. M. Asqarov, B.Oyxo‘jaev, A.Alovuddinov. «Polimerlar ximiyasi» Tashkent.
1981.

15. Raxmanberdiev G.R., Muradov. M.M. «Polucheniya sellyulozi iz otxodov
drevesini topolya sredneaziatskogo regiona» Tezisi dokladov mejdunarodnoy
konferensii po ximicheskoy texnologi. —Moskva, 2007. Tom 5. -S. 166-167.

16. Mikrokristallicheskaya sellyuloza v nachestve sredi dlya lekarstv. Takogo
Ximixiko. Aoyanagi Tesuya, Tamada Akimitsu. Zayavka 54-20126 (Y Aponiya). —
Opubl. 15.02.79. RJ ximiya, 1980, -P. 283.

17. Sposob polucheniya mikrokristallicheskoy sellyulozi, ispolzuemoy dlya
izogotovleniya nazkakaloriynix pishevix produktov i spershiy. Matella V, Dousova J,
Vondakova S, Tichka T, A. 182527. Jpusob vyroby mikrokrystallike ellulozy, vhodne
zejmene pro pripravu potravin s nizkou energetikou vydatnosti a jinych potravin a
pachution. —Opubl. 15.04.80. Ximiya, 1981, -T.4. —P. 299.

18. Sposob poluchenie mikrokristallicheskoy sellyulozi. Koch S, Zalewski S,
Sledleka P, Skorak Z, Gruduk R, Pam 112067. Sposob wytwarzanta sellulose
mikrokristallize. —Opubl. RJ ximiya, 1982, T.22. —P. 28.

19. P.Tojiev., M.Murodov. «Isledovanie svoystv voloknistix polufabrikatov
prednaznachennix dlya polucheniya Na-KMS» // Kimyo va kimyo texnologiyasi
jurnali. — Toshkent, 2010. -Ne2. — S. 55-58.

20. b.b.ToxupoB. buorexHomoruss OMOTOTHYECKON M XUMHYECKOW OYHCTKU
BOABI 3aBoAa byxapckoro HedTenepepabarbiBatomiero 3aBoja //LleHTp HaydHBIX
nyOmukaruit (buxdu. Uz). — 2020. — T. 1. — Ne.

WWW.OPENSCIENCE.UZ / ISSN 2181-0842 535 (o) R



"SCIENCE AND EDUCATION" SCIENTIFIC JOURNAL / IMPACT FACTOR 3.848 APRIL 2023 / VOLUME 4 ISSUE 4

21. B.b.Toxupos., /[.P.TemaeBa. XapakTepucTuka pacTeHHUM, OOOroOIIAIONINe
¢duTocanuTapHoe cocrosiHue pKainay  Kebuikyma  /Bompochl  Hayku U
oOpazoBanus. — 2018. — Ne. 10 (22). — C. 21-22.

22. b.b.Toxupos., 3.b. PaxmartoBa. AKBaKyJbTypa pPacTUTEIbHO-PHIOHOTO
OTKOpMa ¥ BbIpammBaHus //MEXIyHApOIHBIA KypHal [0 MapKETHHTY U
texHonorusim. — 2020. — T. 10. — Ne. 9. — C. 5-9.

23. B. B. Toxirov. IIpaktndeckas 3HaY4UMOCTb YUCTON XJIOPEIUIbI JIJIsT PHIOHOTO
xo3stiicTBa //Yuensiit XXI Beka, MexayHapOaHbINA Hay4HbIH KypHant — 2017. — T. 1.
—Ne. 1. - C. 28.

24. M. O. Mamurova, B. B. Tokhirov, M.B.Tog’aeva, Z. Rakhmatova. The role
of enzymes in biotechnology //International Journal of Marketing and Technology. —
Ne. 09. - C. 14-17.

25. B. B. Toxirov, B.F.Aripov, N.N.Tolibova. Determination Of Zooplanctons
In Dengizkol Lake And Their Use In Fishing //JournalNX. — T. 6. — Ne. 10. — C. 310-
311.

26. b. Bb.ToxupoB, H. A. Ilamcues, I'. B. baxmynnaiieBa. VYcioBus
Pa3MHOXXEHUS HEKOTOPBIX MPOMBICIOBBIX BHUJIOB PBIO o3epa Asikarutma //Y4eHbIi
XXI Beka, MeXIyHApPOIHbIN HayuHbIH KypHaI. — 2016. — Ne, 5-1.

27. b. b. ToxupoB. buorexHosoruss 6GMOJOrMYECKOM U XMUMHUECKOW OYUCTKU
BOJbI 3aBoAa byxapckoro HedtenepepabarsiBaromiero 3aBoga //LleHTp HaydHBIX
nyomukaruii (buxdu. Uz). —2020. — T. 1. — Ne. 1.

28. b. b. Toxupos. [IpakTndyeckoe 3HaUCHHE MUKPOCKOIMTUYECKIX BOJOPOCIEH B
cenbckoM xo3stiicTe //Yuensiit XXI Beka. — 2017. — C. 32.

29. b. b. ToxupoB. m coaBr. MHKyOamus pacTHTETbHO-PHIOHBIX PBIO U
3¢ (PEeKTUBHOCT, HX KOpMJICHHUS //MeXAyHapOOHBI KypHAJI O MapKETHHTY U
texHosorusim. — 2020. — T. 10. — Ne. 9. — C. 10-13.

30. b. b. ToxupoB u coaBT. J[uHaMuKa akKTUBHOCTH (DEPMEHTOB B 3aCOJCHHBIX
nouBax // JUHAMUKA. — 2020. — T. 6. — Ne. 10.

31. B. B. Toxirov. Dorivor o’simliklarning o’ziga xos xususiyatlari haqida yangi
ma’lumotlar //Science and Education. — 2022. — T. 3. — Ne. 1. — C. 112-118.

32. B. B.Toxirov, S. R. Raxmatov. O’simliklar morfologiyasi //Science and
Education. —2022. — T. 3. — Ne. 1. — C. 98-104.

33. b.b.ToxupoB. Hapomii Bumostugaru Tygakya cyB  oMOopu
300IJIAHKTOHJIApH Xakujaa Mabiymotiap //Science and Education. — 2022. — T. 3. —
Ne. 1. - C. 105-111.

34. Bb.b.Toxupor, IlIllykypora. (2022). Knaccudukamus GepMeHTOB.
EBpomneiickuii >xypHan Ou3Hec-CTapTamoB U OTKpbiToro obOmiectBa 2 (5), 37-39.
[Tonydeno ¢ http://www.inovatus.es/index.php/ejbsos/article/view/823.

WWW.OPENSCIENCE.UZ / ISSN 2181-0842 536 (o) R



"SCIENCE AND EDUCATION" SCIENTIFIC JOURNAL / IMPACT FACTOR 3.848 APRIL 2023 / VOLUME 4 ISSUE 4

35. b.b.Toxupos, M.b.Taraea. Poib MukpoOuosoruueckux OUOmpemnapaToB B
cenbckoM xo3siiictBe //Hayka u uaHoBanuu. — 2022, — T. 1. — No. 8. — C. 271-279.

36. b.b.ToxupoB u coaBt. [Ipon3BOACTBO HATypalbHBIX KOPMOB JISi PHIO H
MOJITOTOBKa PBIOOBOAHOTO Oacceiina //EBporeiickuii )KypHan OuW3HeC-CTapTarioB U
oTkpbITOro obmectBa. — 2022, — T. 2. — No. 5. — C. 43-45.

37. b.b.Toxupog, JI. PozukoBa. O0mire cBeaeHUS] O CTPYKTYpe M XMMHUYCCKOM
cocTtaBe Ouojoruueckod MemOpanbl //EBporneickuil xypHan OHW3HEC-CTapTamnoB U
oTkpbIToro obmectna. — 2022, — T. 2. — Ne 5. — C. 27-30.

38. b. b.Toxupos, ®@.boitmyponoBa. buoskonorus psid cemMmeicTBa
KapICUMOHOBBIX //EBpomelickuii xxypHan OM3HEC-CTapTaroB U OTKPHITOTO OOIIECTBA.
—2022. - T.2.—Ne. 5. —C. 9-10.

39. B.b.ToxupoB, M.MyponoBa. (2022). JleyeOHnie cBoMCTBa apabCKOro
¢unuka. EBponeiickuii »ypHan OM3HEC-CTapTamnoB M OTKpHITOro odmiectna , 2 (5),
25-26.

WWW.OPENSCIENCE.UZ / ISSN 2181-0842 537 (o) R





