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STUDY OF THE EFFECT OF EXTRACTION USING ENZYME PREPARATION - PECTINOL
F-RKM 0719 ON THE YIELD OF PHENOLIC SUBSTANCES IN POMEGRANATE PEEL

Abstract. The peel of the pomegranate (Punica granatum L) peel contains a significant amount of phenolic
compounds such as ellagic acid, luthiolin and others, which are responsible for its biological activity. The main
disadvantage of the traditionally most used methods of extraction of plant raw materials is the loss of phenolic
compounds and their biological activity due to the duration and high temperature of extraction. This work
proposes a method of ultrasonic enzymatic extraction of phenolic compounds from pomegranate peel using
an enzyme preparation - Pectinol F-RKM 0719, developed by scientists of the Auezov University Department
of Biotechnology. The results of studying the content of phenolic compounds in pomegranate peel extracts
obtained by this method showed the highest values compared to the control and using the commercial enzyme
preparation Pectavamorin G10x (Russia) samples (1.41 and 1.25 times more, respectively). This can be
attributed to the higher yield of extraction and solids in the extracts obtained by the proposed technology. As a
result of the identification of ellagic acid and luthiolin isolated from the pomegranate peel, it was established,
for example, that the Rf value for the standard sample of the luthiolin solution and the test solution was 0.76,
and both solutions had an orange color under ultraviolet light, and after treatment with ammonia vapor they
acquired a yellow color. Thus, the proposed method with the use of the enzyme preparation Pectinol F-RKM
0719 has shown good efficiency and can be recommended for the extraction of pomegranate peel, which is
usually considered as agricultural waste.

Key words: pomegranate peel, phenolic compounds, luthiolin, ellagic acid, biological activity, extraction,
enzyme preparations, Pectinol F-RKM 0719, ultrasound, extraction yield.

Introduction. Plant raw materials contain a broad spectrum of nutrients, especially secondary metabolites
(SM), which have high biological activity that is essential for humans [1]. For example, phenolic compounds,
one of the most important secondary metabolites, are one of the most abundant biologically active ingredients,
which are considered a natural nutritional antioxidant due to their potential health benefits and availability of
raw materials [2].

Over the past few years, natural antioxidant phenol compounds obtained from edible secondary products
and by-products have gained scientific interest as they can be reprocessed for further use as food or
pharmacological medication ingredients [3].

The pomegranate peel that makes up 49 to 55% of the fruit mass, depending on its variety [4], may
demonstrate health benefits if used as a nutritional supplement or innovative product, and meet the needs of
the growing healthcare market.

The pomegranate peel is rich in phenol compounds such as hydrolyzable tannins (punicalin, punicalagin,
ellagic acid and gallic acid), flavonoids (anthocyanins and catechins) and other nutrients that are accountable
for its biological activity [5-7].

The main disadvantage of the conventional extraction methods is the loss of phenol compounds and their
biological activity as a result of oxidation, ionization and hydrolysis due to long extraction time and high
extraction temperature [8,9]. Hence, new extraction methods like ultrasonic extraction, microwave extraction,
pressure extraction and enzymatic extraction have been developed [10,11].

It is noteworthy that recently, the development of innovative vegetable raw materials processing
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technologies based on the development and employment of high efficiency biotechnological methods of
raw materials processing to obtain biologically active compounds is gaining more and more attention. The
extraction with the enzyme utilization is a potential bioprocess for the production or extraction of phenol
compounds with high stability and antioxidant activity for pharmaceutical and food application. Furthermore,
the enzymatic extraction (EE) enables the use of agro-industrial production by-products, providing a new
way of efficiently utilizing these usually unused residues and increase their industrial value.

According some authors [12], the mechanism of enzyme-assisted extraction of phenol compounds from
the plant raw materials processing secondary products is based on cell wall destructing enzymes that weaken
or destroy the cell wall and leave the intracellular materials more accessible for extraction.

EE is considered to be an efficient and ecologically friendly extraction technology, and is proved to be
highly efficient in yielding the target compounds [13]. However, EE has a longer extraction duration which
increases the processing expenses [14]. Enzymatic extraction of polyphenol compounds with the use of
ultrasound has shown to be a fast, efficient, simple and inexpensive alternative, which can provide a higher
reproducibility, higher extraction yield, cleaner final product with insignificant effect on a biological activity
of products [15,16].

Thus, the purpose of this research is to study the opportunities of ultrasound enzymatic eztraction of phenol
compounds from the pomegranate peel using the commercial enzymatic preparation (EP) Pectavamorin G10x
(Russia) and EP — Pectinol F-RKM 0719 with a high level of purity by its chromaticity - 99%, specific activity
- 525,0 w/ml of protein, high yield of enzymes by pectinase activity 385000 u/g, polygalacturonase — 270000
u/g, pectinesterase — 121000 u/g, cellulose — 134000 u/g, B-glucanase activity — 324000 u/g, developed by
the scientists of “Biotechnology” department of Auezov University [17]. The research was controlled using
a sample of extract obtained using a similar scheme without EP.

Materials and methods. 1. Plant material.

The pomegranates were bought from a local store. The peels were dried in at 50°C temperature for 24
hours in an oven with hot air and ground into a powder in a grinding machine and sieved with a sieve Ne 45.

2. Ultrasound enzymatic extraction of phenol compounds.

The pomegranate powders were fermented for 210 minutes using enzymatic hydrolysis in accordance with
the instruction. Preliminary processing of pomegranate peel with enzyme preparations using commercial EP
Pectavamorin G10x (Russia) and highly purified EP Pectinol F-RKM 0719 (5 g/ 100 kg of product), which
is used once and added to the prepared mass. EP Pectavamorin G10x (Russia) and EP Pectinol F-RKM 0719
are recommended for use at pH 4.0-5.0 and temperature 45-50°C. Then the samples were heat treated at 90°C
for 1 min to inactivate the enzymes and, after filtration, were dried to remove moisture at 60°C.

After, the processed powders were subjected to extraction with a 40% aqueous-alcoholic solution in a ratio
of 1:10 for 2 h at a temperature of 40°C.

Then the extractant was treated with ultrasonic at a temperature of 38-40°C (35 kHz frequency, 70 W /
cm? intensity) in vacuum (residual pressure P =76 mm Hg) for 15 minutes. The extraction was performed on
a low-frequency vacuum-ultrasonic installation according to the methodology proposed by the scientists of
the “Department of Technology and Food Safety” of Auezov University [18].

For the ultrasonic treatment, a conical flask KN-1-100-19 / 26 with a ground-in stopper with the sample
raw material in it is placed in an isothermal bath (1) preheated to a temperature of 38-40°C (figurel). Then,
by opening the tap of the water supply network, the water refrigerator (4) is turned on.

After closing the vacuum, the throughput valve (6) activates the work of the vacuum pump (7). After
measuring the residual pressure in the system (5) and setting the duration of the processing of raw materials
with ultrasound, the low-frequency ultrasonic apparatus (3) is turned on.

Upon reaching the specified time of ultrasonic treatment of the raw materials under study, while the
vacuum pump (7) is turned off and the vacuum throughput valve (6) is opened, the glass container with the
extract (2) is taken out. Then the extract is filtered through a sieve and the remaining raw material is squeezed
out. The resulting extract is sent for the further research.
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Figure 1- Low-frequency vacuum-ultrasonic experimental setup.

During the experiment, two enzyme preparations were used: commercial EP Pectavamorin G10x (Russia)
and highly purified EP Pectinol F-RKM 0719. For comparison, the preparation of the process of extracting the
peel of pomegranate fruit without pretreatment with enzyme preparations was carried out. The comparative
characteristics of these enzyme preparations are presented in Table 1 [19].

Table 1 - Comparative characteristics of enzyme preparations Pectinol F-RKM 0719 and Pectavamorin

G10x.
Sample Characteristics of enzyme preparations activity
Pectolytic Polygalactunase | Pectinesterase | B-glucanase Cellulase
activity (PcS), |activity (PgS), |activity (PeS), |activity (B-GcS), |activity
unit/g units/g units/g units/g (CS), units/g
Pectinol F-RKM 0719 |385000 270000 121000 324000 134000
Pectavamorin G10x |287,5 201,0 2454 2124 781,3

3. The liquid part was analyzed for the extract yield and the total content of phenolic substances.

The total content of phenolic compounds was determined by the modified Folin — Ciocalteu method
with some additions. A stock solution of gallic acid was prepared by dissolving 5 mg of gallic acid in 10 ml.
Various concentrations of gallic acid were prepared from the stock solution. A calibration graph was plotted
by mixing 0; 12.5; 25.0; 37.5; 50 pl from the stock solution of gallic acid with the corresponding volume of
80% ethyl alcohol, 1.25 ml of Folin-Chocalteu reagent (previously diluted 10 times) and 1 ml of 7.5% sodium
carbonate solution. After exposure, the optical density of the solution was determined in the solution at A =
540 nm, the length of the cuvette was 10 mm on a KFK-2MP photoelectric colorimeter [20].

An experimental calibration graph of the dependence of optical density (D) on the amount of gallic acid
is shown in Figure 2.

12 -
1
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0.6

Optical density
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0
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Gallic acid, mgl
Figure 2 - Calibration graph of the dependence of optical density (D) on the amount of gallic acid in the

spectrophotometric solution (C).
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For the analysis, 0.25 ml of the extract was measured into a volumetric flask, then 1.25 ml of the Folin-
Chocalteu reagent (previously diluted 10 times) and 1 ml of a 7.5% sodium carbonate solution were added.
After exposure, the optical density of the solution was determined in the solution at A = 540 nm, the length of
the cuvette was 10 mm on a KFK-2MP photoelectric colorimeter. After exposure, the optical density of the
solution was determined in the solution at A = 540 nm, the length of the cuvette was 10 mm on a KFK-2MP
photoelectric colorimeter.

The optical density of the prepared solutions was measured separately to determine the total amount of
phenolic compounds in complex extracts with different ratios of components according to the following
formula (1):

D = C xV/mx1000, (1
where D is the total content of phenolic compounds in mg/g, in the form of grams of gallic acid equivalents
(GAE);

C,- concentration of gallic acid, determined from the calibration graph in mg/I;

V - the volume of the extract in ml;

m - the mass of the raw material extract in g.

4. Isolation and identification of substances from pomegranate peel that have the greatest antioxidant and
anti-inflammatory effect - the polyphenolic component lutiolin, ellagic acid.

Determination of polyphenolic compounds in pomegranate peel extracts obtained by the proposed method
using EP Pectinol F-RKM 0719 was carried out by thin layer chromatography (TLC). To do this, 10 pl of the
test solution and 5 pl of a solution of a standard sample of ellagic acid and luthiolin are applied to a Silufol
plate with a thin layer of a porous carrier. After drying the spots, the plate is placed in a chromatographic
chamber, at the bottom of which there is a solvent - 15% acetic acid. After chromatography, the plates are
dried and developed in UV light and, with the help of developers, in ammonium hydroxide vapors [21].

Results and Discussion. The results of studying the extract yield and total solids content in pomegranate
peel extracts obtained by enzymatic extraction using ultrasound were presented in the form of a comparative
diagram with a control sample (Figures 3, 4). The results of the study of the total content of phenolic substances
are presented in Figure 5.

The analysis of the data presented in Figures 3,4 shows that the preliminary processing of the feedstock
with the use of enzyme preparations can increase the yield of the final extract by increasing the dry matter.
The greatest increase in the yield of dry substances and extract in comparison with the control sample occurs
when using the EP Pectinol F-RKM 0719: 1.41 times and 1.25 times, respectively. It can be assumed that it
is the increase in dry substances in the extracts when using EP Pectinol F-RKM 0719 that contributes to the
increase in the content of phenolic substances in the extracts obtained by the proposed technology.

37 Contentsof dry matters, Yo
I 258
“ 212 .
20 ]
Control 1 sample 2 sample

Figure 3 - The content of dry matter in the samples of pomegranate peel extracts obtained by the method
of ultrasound enzymatic extraction
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Figure 4 - Weight of extracts from 100 g of pomegranate peels obtained by the method of ultrasound
enzymatic extraction

134



Reports of the Academy of Sciences of the Republic of Kazakhstan

The total content of phenolic compounds in mg/g, in the form of
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grams of gallic acid equivalents (GAE)
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Figure 5 - The content phenolic compounds in the samples of pomegranate peel extracts
obtained by the method of ultrasound enzymatic extraction.

The highest content of phenolic compounds in comparison with the control sample and the sample using
the commercial EP Pectavamorin G10x (Russia) occurs when using the EP Pectinol F-RKM 0719: 1.63 and
1.42 times, respectively. This can be attributed to the higher extraction yield and solids in extracts when
using EP Pectinol F-RKM 0719 contribute to an increase in the content of phenolic substances in the extracts
obtained by the proposed technology.

The results of identification of phenolic compounds of pomegranate peel by the proposed method using
EP Pectinol F-RKM 0719 are shown in the table 2.

Table 2 - Phenolic compounds of pomegranate peel according to the proposed method using EP Pectinol
F-RKM 0719, determined by TLC

Standard samples | Rf in solvent (acetic acid 15%) Developers (coloring)

uv UV light + ammonium hydroxide vapor
Ellagic acid 0,33 blue-violet yellow
Luthiolin 0,76 orange brown

Thus, it was found that, for example, the Rf value for the standard sample of the luthiolin solution and the
test solution was 0.76 and both solutions had an orange color under ultraviolet light, and after treatment with
ammonia vapor they acquired a yellow color.

Conclusion. Thus, ultrasonic enzymatic extraction of pomegranate peel has shown itself to be one of
the effective methods with an increased content of secondary metabolites (SM), which have high biological
activity. From three samples: a control variant without the use of EP, two samples obtained by the proposed
method using Pectinol F-RKM 0719 and Pectavamorin G10x, the sample after preliminary processing of the
starting material EP Pectinol F-RKM (0719 had the highest efficiency.

The samples obtained by the proposed method using FP Pectinol F-RKM 0719 showed increased indicators
in terms of the mass of the finished extract, the content of dry substances and the total content of phenolic
compounds. Therefore, it is recommended to use the above mentioned FP in the extraction of pomegranate
peel, which is usually considered as agro-industrial waste.
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projects for 2021-2023 with a period of implementation of 12 months (MES RK) (Grant No. AP09563292).
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HEKTHUHOJI F-RKM 0719 ®EPMEHTTI INTPEITAPATBIH KOJIIAHY APKbIJIbI
IKCTPAKIIMSHBIH AHAP KABBIFBIHIAFBI ®EHOJIAbI 3ATTAPABIH IIBIF'YBIHA
O9CEPIH 3EPTTEY

AnHoTamus. AHap xxeMiciHiH (Punica granatum L) KaObIFbIH/Ia OHBIH OMOJIOTHSUIBIK OCJICCHIITITIHE Kayar
OepeTiH 2/1ar KbIIIKBUTBL, TFOTHOIHMH jKoHe OacKa (PeHOIBIK KOCBUIBICTAP/IBIH eYip Memiuepi 6ap. actypii
TYpJe KOJJIaHBLIATHIH ©CIMJIIK IIUKI3aThIH aJIy 9JIICTEPiHIH 0ACThl KEMIIUTITT — 3KCTPAKIUSHBIH Y3aKTHIFbI
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MEH JKOFapbl TeMIlepaTypachlHa OalylaHBICTBI (EHONIBIK KOCBUIBICTAPIABIH JKOFAIYbl OHE OJapAblH
OuonorusiblK Oescenainiri Temenaey. byn xymeicta M.Oye3oB OKY Ouorexnonorus xadeapacblHbIH
FasbIMIapbl xkacaran [lexkmunon F-RKM 0719 dhepMeHTTIK npenaparTblH KOMETiMEH aHap/IbIH KaObIFbIHAH
(eHoN B! KOChUIBICTAP/b! YABTPAALIOBICTHIK (pepMeHTaTHBTI any 9ici ychiHbUFaH. OChl 9fiCcIIeH aJlbIHFaH
aHap CBIFbIHABUIAPBIHAAFEI (PEHONABI KOCBUIBICTAPABIH KYPaMbIH 3€pTTEY HOTHIKEJIEPl OakblIayFayKoHe
Illexmasamopun ['10x(Peceit) koMMepIHsUIBIK (PEPMEHTTIK IMperaparbiHbIH YITUIEPiH KOJIaHy apKbLIbl
aJIBIHFaH YJITUIepre KaparaHJaeH >KOFapbl MOHEPl kepceTTi (colikecinme 1,41 xone 1,25 ece ko). MyHbI
YCBIHBUIFaH TEXHOJIOTHsI OOMBIHILA aJIbIHFAH CHIFBIHABUIAPAAFB] SKCTPAKLUS MEH KYPFaK 3aTTapblH JKOFaphl
LIBIFBIM/BUIBIFBIHA JKAaTKbI3yFa OOnajbl. AHAp KaOBIFbIHAH OeJIIHIE€H 3JUIar KhIIIKbUIBI MEH JIIOTHOJIMHAIL
uaeHTU(QUKAUsIAY HOTHKECIHIE, MBICAJIbI, JIIOTHOJIHMH EPITIH/ICI MEH 3€pPTTENETIH epPITIHAIHIH CTaHAaPTThI
yirici ymin Rf moni 0,76 Gonabl xoHe €Ki epiTiHAl A€ yAbTpa KYJriH TYCTE KBI3FBUIT capbl TYCTI €KeHi
AHBIKTAJIBI, 2] aMMHUaK OybIMEH OHJICY/ICH KeliH onap capsl Tycke ue oonasl. Oceinaitma, [lexmurnon F-RKM
0719 GepMeHTTIK NpemapaTbiH KOJIJaHy apKbUTBl YCHIHBUIFAH 9JIiC JKOFaphl THIMIIIIK KOPCETTI KOHE OHBI
OZIeTTE aybUILIAPYAIIBIIBIK KAIIBIKTaphl PETIHAEC KapacThIPbUIATHIH aHAp KaOBIFBIHBIHAKCTPAKIMACH YIIiH
YCBIHYFa OONaabl.

Tyiiinai ce3nep: aHap KaObIFbl, (EHONABI KOCBUIBICTAP, JIOTHOJMH, 3JUIar KbIIIKBUIBI, OHOJIOTHSUIBIK
OeNCceH ik, SKCTpaKIus, GepMeHTTIK npenapartap, [ lekmunon F-RKM 0719, ynbTpaabIObICTHIK, SKCTPAKIIHS
OHIMILTITI.
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MN3YYEHME BJIUAHUSA DKCTPAKIHNHN NCITOJIB30OBAHUEM ®EPMEHTHOI'O
HPEINTAPATA IIEKTHHOJI F-RKM 0719 HA BbIXO/Jl ®EHOJIBHBIX BEIIECTB KOKYPbI
I'PAHATA

Annoranusi. Koxypa miuonoB rpanara (Punica granatum L) CONEPX HUT 3HAYUTEIBHOE KOJIMYECTBO
(CHONIBHBIX COCTMHEHUH, TAaKUX Kak 3JUIaroBas KHCJIOTA, JIOTHOJIMH U IpyTHe, KOTOpbIe OTBEYAIOT 3a ee
OMONIOTMYECKYI0 aKTUBHOCTb. OCHOBHBIM HEIOCTATKOM TPAaJMIMOHHO HanOoJee HMCIOIb3yeMbIX METOIOB
9KCTPAKIHMK PACTUTEIBHOTO CHIPbsSI SBJSIETCS TOTEPsT (DEHONBHBIX COCAMHEHMH M HX OMOJOTHYECKOM
aKTMBHOCTH 3@ CUET JJMTEIBHOCTH M BBICOKOM TeMIIEpaTypoil 3KcTpakuuu. B nanHoi paboTe mpenioxeH
METOJl YABTPa3ByKOBOH (PepMEHTATUBHON SKCTpakIMU (EHONBHBIX COCAMHEHMH M3 KOXYpPbl I'paHaTta ¢
MpUMEHEHUEM (epMeHTHOTO mpemapara - [lekmurnon F-RKM 0719, pazpaboTaHHON y4eHBIMU Kadeapsl
«buorexnonorus» FOKY um. M. Ays3oBa. Pe3ynbrarsl ncciienoBanust cofepkanust eHONbHBIX COSTNHEHNH
B 9KCTpPaKTax rpaHara, NOJXy4YEeHHBIX JJaHHBIM METOIOM, ITOKa3aJd HauOOJbIINe 3HAYCHHUS 110 CPAaBHEHUIO C
KOHTPOJIBHBIM U C HCIIOIb30BaHUEM KOMMEpUecKoro GpepMenTHoro npenapara [lexmasamopun I'10x (Poccust)
obpasuos (B 1,41 u 1,25 pa3 Oombllie COOTBETCTBEHHO). DTO MOKHO OTHECTH K 0Ojiee BHICOKOMY BBIXOIY
9KCTPAKLMK M CyXUX BEIIECTB B DKCTPAKTaX, MOJYUYECHHBIX 10 NpeagaracMoil TexHojoruu. B pesynbrare
WACHTU(HKALMY BBIACICHHBIX U3 KOXKYPbI TPaHaTa 3JJ1aroBOi KMUCIIOTHI M JIIOTHOJIMHA OBIJIO YCTaHOBIICHO,
K npuMepy, 3HadeHue Rf nns cranmaprHoro oOpasma pacTBopa JIIOTHOJNMHA W HCIBITYEMOIO pacTBopa
cocrasmiio 0,76, 1 06a pacTBopa yiabTpaduoIETOBOM CBETE NMEITH OPAHKEBYIO OKPACKY, a 1ociie 00paboTKH
napamu aMMHuaKa IpuoOpeTay JKeNTyIo okpacky. Takum o0pa3zoM, npeanaraeMasi METOIUKa C IPUMEHEHHEM
(depmentHoOTO Tpenapara [lekmunon F-RKM 0719 mnokaszana xopouryto 3(pQeKTHBHOCTh U MOXET OBITH
PEKOMEHI0BaHa JUIsl SKCTPAKIMK KOXKYpBI TpaHaTa, OOBIYHO paccMaTprBacMas KakK arporpOMBIIIICHHBIC
OTXOZBI.

KiroueBble ciioBa: Kokypa rpaHata, ()EHONbHBIC COCIMHCHUS, JIOTUOJMH, 3JJIaroBasl KHCJIOTa,
Omosiornyeckasi akTHBHOCTb, SKCTPAKIHs, pepMeHTHbIe ipenapatsl, [lekmunon F-RKM 0719 , ynbTpa3ByK,
BBIXO/]] 9KCTPAKLIUH.

Information about the authors:
Kantureyeva Gulzhan Orynbasarovna — 2-d year PhD student, Biotechnology department, M. Auezov
South Kazakhstan University; kantureeva.g@mail.ru; https://orcid.org/0000-0002-3844-2635;

136



Reports of the Academy of Sciences of the Republic of Kazakhstan

Saparbekova Almira Amangeldievna — Candidate of Biological Sciences, Associate Professor, M.
Auezov State University; almira.saparbekova@mail.ru; http: //orcid.org/ 0000-0002-5630-7402;

Giovanna Lomolino — Professor of DAFNAE Department, University of Padova; giovanna.lomolino@)
unipd.it; https://orcid.org/0000-0001-8083-8003;

Kudasova Dariha Yeradilovna — teacher of the Department of “Biotechnology” M. Auezov State
University; dariha uko@mail.ru; http: //orcid.org/0000 0002-8530-3443.

REFERENCES

[1] Pagare S. Secondary metabolites of plants and their role: Overview / Pagare S., Bhatial M., Tripathi
N., Pagare S., Bansal Y.K. // Current Trends in Biotechnology and Pharmacy. — 2015. — Vol. 9(3). — P. 293-
304. — Pexxum noctymna: https://www.researchgate.net/publication/283132113.

[2] Ghasemzadeh A. Flavonoids and phenolic acids: Role and biochemical activity in plants and human /
Ghasemzadeh A. Ghasemzadeh N. // Journal of Medicinal Plants Research. 2011.- Vol. 5(31), P. 6697-6703.
DOI: 10.5897/JMPR11.1404.

[3] Sadh P.K. Agro-industrial wastes and their utilization using solid state fermentation: a review. / Sadh
PK., Duhan, S., Duhan, J.S. // Bioresour. Bioprocess. —2018.-Vol. 5(1). https://doi.org/10.1186/s40643-017-
0187-z.

[4] Magangana T.P. Processing Factors Affecting the Phytochemical and Nutritional Properties of
Pomegranate (Punica granatum L.) Peel Waste: A Review./ Magangana T.P, Makunga N.P, Fawole O.A,
Opara U.L Molecules.- 2020.- Vol. 25(20). P. 4690 -4711. https://doi: 10.3390/molecules25204690.

[5] Turrini E. Potential Effects of Pomegranate Polyphenols in Cancer Prevention and Therapy / Turrini
E., Ferruzzi L., Fimognari C. // Oxidative Medicine and Cellular Longevity. - 2015. — Vol. 3.- P.1-19.
DOI:10.1155/2015/938475.

[6] Walid E. Total phenolic contents and antioxidant activities of pomegranate peel, seed, leaf and flower.
/ Walid E., Hannachi H., Tlili N., Yahia Y., Nasri N., Ferchichi A. // Journal of Medicinal Plants Research. —
2012.- Vol. 6(xx).- P. 4724-4730. DOI: 10.5897/JMPR11.995.

[7] Setiadhi R. 2019. Identification of active component in red pomegranate (punica granatum [.) seeds
ethanolic extract./ Setiadhi R., Sufiawati 1., Hidayat W. // Journal of Dentomaxillofacial Science.- Vol. - 4(2).-
P. 83-86. DOI:10.15562/ jdmfs.v4i2.934.

[8] Feng L. Optimization of Ultrasonic-Assisted Enzymatic Extraction Conditions for Improving Total
Phenolic Content, Antioxidant and Antitumor Activities In Vitro from Trapa quadrispinosa Roxb. Residues
Feng L./Yi-Dan M., Yi-Fan W., Aun R., Li-Peng Q.. Xiu-Quan X. // Molecules.- 2017.- Vol. 22.- P. 396-413.-
doi:10.3390/molecules22030396.

[9] Odabas H.I. Application of response surface methodology for optimizing the recovery of phenolic
compounds from hazelnut skin using different extraction methods. / Odabas. H.I., Koca L. / Ind. Crops Prod.
—2016.- Vol. 91.- P. 114-124. https://doi.org/10.1016/j.indcrop.2016.05.033

[10] Muiiiz-Marquez D.B., Martinez-Avila G.C., Wong-Paz J.E., Belmares-Cerda R.; Rodriguez-
Herrera R.; Aguilar C.N. Ultrasound-assisted extraction of phenolic compounds from Laurus nobilis
[. and their antioxidant activity. // Ultrason. Sonochem. 2013, 20, 1149-1154.https://doi.org/10.1016/].
ultsonch.2013.02.008.

[11] Wu T. Optimization of microwave-assisted extraction of phenolics from potato and its downstream
waste using orthogonal array design. / Wu T., Yan J., Liu R., Marcone M.F., Aisa H.A., Tsao R. // Food Chem.
-2012.- Vol. 133.- P.1292-1298.

[12] Li B.B. Extraction of phenolics from citrus peels: II. Enzyme-assisted extraction method. / Li B.B.,
Smith B., Hossain M.M. // Sep Purif Technol. -2005.- Vol. 48. - P.189-196.

[13] Lin J.A. A novel enzyme-assisted ultrasonic approach for highly efficient extraction of resveratrol
from polygonum cuspidatum. / Lin J.A., Kuo C.H., Chen B.Y., LiY., Liu Y.C., Chen J.H., Shiech C.J. //
Ultrason. Sonochem. -2016.- Vol. 32,- P. 258-264.

[14] Sit N. Optimization of ultrasound assisted enzymatic extraction of polyphenols from pomegranate
peels based on phytochemical content and antioxidant property September / Sit N., Nag S. // Journal of Food
Measurement and Characterization.- 2018.- Vol.12(3).- P. 1734-1743. DOI:10.1007/s11694-018-9788-2.

[15] Qian S.Ultrasonic-assisted enzymatic extraction of a water soluble polysaccharide from dragon fruit
peel and its antioxidant activity / Qian S., Fang X., Dan D., Diaoa E., Lud Z. // RSC Adv.- 2018.- Vol. 8-
P.42145-42152. DOI: 10.1039/c8ra06449k.

[16] Zibareva L.N., Filonenko Ye.S. (2018) Vliyaniye ul’trazvukovogo vozdeystviya na ekstraktsiyu

137



ISSN 2224-5227 6.2021

biologicheski aktivnykh soyedineniy rasteniy semeystva Caryophyllaceae [Influence of ultrasonic treatment
on the extraction of biologically active compounds of plants of the Caryophyllaceae family] Chemistry of
plant raw materials, Ne20.- pp. 145-151. DOI:32036258/lerto02238225925.

[17] Dzhakasheva M.A., Kedel’bayev B.SH., Libertsayt P. (2017) Novyy otechestvennyy fermentnyy
preparat dlya vinodeliya. [New domestic enzyme preparation for winemaking] Proceedings of universities.
Applied chemistry and biotechnology,T. 7, Ne 3. pp. 46-53.DOI: 10.21285/2227-2925-2017-7-2-46-53.

[18] Shingisov A.U., Kantureyeva G.O., Yerkebayeva S.U. (2014) Issledovaniye mineral’nogo sostava
i fiziko-khimicheskikh pokazateley slivy sorta «Vengerka domashnyaya», kul’tiviruyemoy v yuzhnykh
regionakh Kazakhstana [Investigation of the mineral composition and physicochemical parameters of the
plum variety “Vengerka home” cultivated in the southern regions of Kazakhstan] Successes of modern natural
science , — Ne 12 (chast’ 1), pp. 141-146.

[19] Dzhakasheva M.A. (2017) Tekhnologiya polucheniya pektoliticheskogo fermentnogo preparata,
primenyayemogo dlya uluchsheniya organolepticheskikh pokazateley krasnykh stolovykh vin. [The
technology of obtaining a pectolytic enzyme preparation used to improve the organoleptic characteristics
of red table wines.] Almaty:183p. Rezhim dostupa: https://www.kaznu.kz/content/files/pages/folder17928/
Hucceprauus %20 [Ixakamesa %20 M.A. pdf.

[20] Shingisov A.U., Kantureyeva G.O., Yerkebayeva S.U. (2014) Issledovaniye mineral’nogo sostava
i fiziko-khimicheskikh pokazateley slivy sorta «Vengerka domashnyaya», kul’tiviruyemoy v yuzhnykh
regionakh Kazakhstana [Investigation of the mineral composition and physicochemical parameters of the
plum variety «Vengerka home» cultivated in the southern regions of Kazakhstan] Successes of modern
natural science , — Ne 12 (chast’ 1), pp. 141-146.

[21] Sokolova O.A., Kotov A.G., Gontovaya T.N., Kotova E.E (2018) Razrabotka metodiki identifikatsii
fenol’nykh soyedineniy v tsvetkakh i list’yakh podsolnechnika odnoletnego [Development of a procedure for
the identification of phenolic compounds in flowers and leaves of annual sunflower] Bulletin of Pharmacy,
Ne2 (80), pp. 18-23. — Rezhim dostupa: ttps://elib.vsmu.by/bitstream/123/19007/1/vf 2018 2 18-23.pdf.

138



MEMORY OF SCIENTISTS

29.09.1932 r. -16.09.2021 r.
J.x.H., npoeccop Hurmerona Poza Lllykypraiuesna

HurmeroBa Poza IllykypramueBHa, kotopas 18 meT ObLia 3aBeAyromIel JrabopaTopueil CBEPXYMCTHIX
metamoB MOKD HAH PK, a 3atem — maBHBIM Hay9HBIM COTPYIHHUKOM 3TOH T1a00paTOpHH.

Hurmerosa P.I1I. pomunack 29 centaopst 1932 1. B 1955 r okonumnna xumudeckuit paxynsrer Kazaxckoro
TocynapcrBennoro Yuusepcutera um. C.M. Kupopa. B 1955-1958 r. yuunace B acnupantype MHcTuTyTa
xumuyeckux Hayk AH Ka3CCP mon pykoBoxnctBom akanemuka Kosznosckoro M.T. B 1958-1961 rr. -
cTapmuii 1abopaHT JabopaTopuy aHATMTHIECKON XuMHH. 1962-1966 TT. — MIaAmuil HAyIHBIH COTPYIHUK
nabopaTopuu amManbraMHoOW XUMUU MHCTHTyTa XUMHUYecKHX HayK. 1966-1969.rr. - crapmmii HaydHBIH
COTPY/AHUK J1a00paTOPUU CBEPXUYHUCTHIX METaJUIOB VHCTUTYyTa OpraHU4ecKoro Karaiusa 1 anekrpoxumun AH
Ka3CCP. B 1980 r. P.I1I. HurmeroBa Bo3mitaBmia 3Ty J1a00OpaTOpHUIO U MOCBATHIIA €€ paboTe U Pa3BUTHIO BCIO
KH3Hb, KAK KPYIHBIH CIIEUAIUCT B 00JIACTH (PU3UKO-XMMHUH U TEPMOANHAMMKH amMajibraMHbIx cuctem. P11
HurmeroBa npuHrMaa ydyacTye B IPOBEACHUH BHEIPEHUYECKUX PadOT Ha CBUHLIOBOM 3aBozae UM. Kannnuna,
. UuMkeHT. JluccepTannio Ha COUCKaHME CTENEHU JIOKTOpa XMMHUYECKHX HayK «TepMoguHamMuueckue u
(U3UKO-XMMHUYECKHIE HCCIEIOBAaHNS )KUAKUX CIUIABOB PTYTH ¢ MeTaiuiamu [I-V moarpynn nepuonuueckoi
cuctemsl 3nemenToB» P. III. Hurmerona 3anmutiiia B 1984 r. Ha yueHom cosere MOKD, . Anma-Ara. P.II.
HurmeTtoBoii BriepBble IPOBEAECHO CUCTEMATUYECKOE N3YUEHUE TEPMOIUHAMUYECKUX U (PU3NKO-XUMHUYECKHX
CBOMCTB JIBOWHBIX M TPOHHBIX (22 cHCTEMBI) aMaJIbTaMHBIX CUCTEM C UCIIOIb30BaHUEM OOJIBIIOTO KOJUYECTBA
(U3UKO-XMMHUYECKUX METOJOB HcCcienoBaHus. V3ydeHbl TepMOOMHAMHYECKUE CBOMCTBA pa30aBICHHBIX
KUJKUAX aMalibraM KaJMMs, WHOUSl, CBUHIIA, OJIOBA, BUCMYTAa, LMHKAa Ipu Temmeparypax 25-200°C.
YcraHoBIEHA 3aBHCUMOCTh TEPMOJMHAMHUYECKUX M (PU3MKO-XMMHUYECKHUX CBOWMCTB JKUAKHMX aMallbl'aM OT
MOJIOKEHHUS METAJIOB B IEPHOAMYECKON CHUCTEME 3JIEMEHTOB, YTO MO3BOJMJIO NMPOrHO3MPOBATh CBOICTBA
elle HEeM3yYeHHbIX cHUcTeM. Ha OCHOBaHMH MNOJIyYEHHBIX TEPMOAMHAMHMYECKHX IaHHBIX amajiblaMHBIX
CHCTEM YCTaHOBJICHBI KPUTEPHHU MOBEJCHNUS MHOTOKOMIIOHEHTHBIX aMajblaM B JJIOMUHECLEHTHBIX JIaMIlax.
B 1992 1. P1I. HurmeroBa momyumia 3Banue npodeccopa. P.II. Hurmerooit omybmmukoBano oxono 200
Hay4yHBIX CTaTei U MOATOTOBJIECHO COBMECTHO C I.T.H. Kozunbim JI.®. 7 kanauaaroB xumuueckux Hayk. P.III.
HurmeroBa paborana ydeHbIM cekpeTapeM aucceprarmonHoro copera MOKD. Komnern coxpanunm o Heit
aMsITh, KaK O MPUHLIUIINAIBHOM YYCHOM U OT3bIBUNBOM UEIIOBEKE.
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