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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 u/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, β-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 № 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 900C 
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 / 
cm2 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 (figure1). 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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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 
activity (PcS), 
unit/g

Polygalactunase 
activity (PgS), 
units/g

Pectinesterase 
activity (PeS), 
units/g

β-glucanase 
activity (β-GсS), 
units/g 

Cellulase 
activity 
(CS), units/g 

Pectinol F-RKM 0719 385000 270000 121000 324000 134000
Pectavamorin G10x 287,5 201,0 245,4 212,4 781,3

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 μl 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 λ = 
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. 

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 λ = 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 λ = 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 = C1×V/m×1000,                                                                                                               (1)
where D is the total content of phenolic compounds in mg/g, in the form of grams of gallic acid equivalents 

(GAE);
C1- concentration of gallic acid, determined from the calibration graph in mg/l;
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 μl of the 
test solution and 5 μl 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.

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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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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ПЕКТИНОЛ F-RKM 0719 ФЕРМЕНТТІ ПРЕПАРАТЫН ҚОЛДАНУ АРҚЫЛЫ 
ЭКСТРАКЦИЯНЫҢ АНАР ҚАБЫҒЫНДАҒЫ ФЕНОЛДЫ ЗАТТАРДЫҢ ШЫҒУЫНА 

ӘСЕРІН ЗЕРТТЕУ

Аннотация. Анар жемісінің (Punica granatum L) қабығында оның биологиялық белсенділігіне жауап 
беретін эллаг қышқылы, лютиолин және басқа фенолдық қосылыстардың едәуір мөлшері бар. Дәстүрлі 
түрде қолданылатын өсімдік шикізатын алу әдістерінің басты кемшілігі – экстракцияның ұзақтығы 
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мен жоғары температурасына байланысты фенолдық қосылыстардың жоғалуы және олардың 
биологиялық белсенділігі төмендеу. Бұл жұмыста М.Әуезов ОҚУ биотехнология кафедрасының 
ғалымдары жасаған Пектинол F-RKM 0719 ферменттік препараттың көмегімен анардың қабығынан 
фенолды қосылыстарды ультрадыбыстық ферментативті алу әдісі ұсынылған. Осы әдіспен алынған 
анар сығындыларындағы фенолды қосылыстардың құрамын зерттеу нәтижелері бақылауғажәне 
Пектаваморин Г10х(Ресей) коммерциялық ферменттік препаратының үлгілерін қолдану арқылы 
алынған үлгілерге қарағандаең жоғары мәндерді көрсетті (сәйкесінше 1,41 және 1,25 есе көп). Мұны 
ұсынылған технология бойынша алынған сығындылардағы экстракция мен құрғақ заттардың жоғары 
шығымдылығына жатқызуға болады. Анар қабығынан бөлінген эллаг қышқылы мен лютиолинді 
идентификациялау нәтижесінде, мысалы, лютиолин ерітіндісі мен зерттелетін ерітіндінің стандартты 
үлгісі үшін Rf мәні 0,76 болды және екі ерітінді де ультра күлгін түсте қызғылт сары түсті екені 
анықталды, ал аммиак буымен өңдеуден кейін олар сары түске ие болды. Осылайша, Пектинол F-RKM 
0719 ферменттік препаратын қолдану арқылы ұсынылған әдіс жоғары тиімділік көрсетті және оны 
әдетте ауылшаруашылық қалдықтары ретінде қарастырылатын анар қабығыныңэкстракциясы үшін 
ұсынуға болады.

Түйінді сөздер: анар қабығы, фенолды қосылыстар, лютиолин, эллаг қышқылы, биологиялық 
белсенділік, экстракция, ферменттік препараттар, Пектинол F-RKM 0719, ультрадыбыстық, экстракция 
өнімділігі.
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ИЗУЧЕНИЕ ВЛИЯНИЯ ЭКСТРАКЦИИ ИСПОЛЬЗОВАНИЕМ ФЕРМЕНТНОГО 
ПРЕПАРАТА ПЕКТИНОЛ F-RKM 0719 НА ВЫХОД ФЕНОЛЬНЫХ ВЕЩЕСТВ КОЖУРЫ 

ГРАНАТА

Аннотация. Кожура плодов граната (Punica granatum L) содержит значительное количество 
фенольных соединений, таких как эллаговая кислота, лютиолин и другие, которые отвечают за ее 
биологическую активность. Основным недостатком традиционно наиболее используемых методов 
экстракции растительного сырья является потеря фенольных соединений и их биологической 
активности за счет длительности и высокой температурой экстракции. В данной работе предложен 
метод ультразвуковой ферментативной экстракции фенольных соединений из кожуры граната с 
применением ферментного препарата - Пектинол F-RKM 0719, разработанной учеными кафедры 
«Биотехнология» ЮКУ им. М. Ауэзова. Результаты исследования содержания фенольных соединений 
в экстрактах граната, полученных данным методом, показали наибольшие значения по сравнению с 
контрольным и с использованием коммерческого ферментного препарата Пектаваморин Г10х (Россия) 
образцов (в 1,41 и 1,25 раз больше соответственно). Это можно отнести к более высокому выходу 
экстракции и сухих веществ в экстрактах, полученных по предлагаемой технологии. В результате 
идентификации выделенных из кожуры граната эллаговой кислоты и лютиолина было установлено, 
к примеру,  значение Rf для стандартного образца раствора лютиолина и испытуемого раствора 
составило 0,76, и  оба раствора ультрафиолетовом свете имели оранжевую окраску, а после обработки 
парами аммиака приобретали желтую окраску. Таким образом, предлагаемая методика с применением 
ферментного препарата Пектинол F-RKM 0719 показала хорошую эффективность и может быть 
рекомендована для экстракции кожуры граната, обычно рассматриваемая как агропромышленные 
отходы.

Ключевые слова: кожура граната, фенольные соединения, лютиолин, эллаговая кислота, 
биологическая активность, экстракция, ферментные препараты, Пектинол F-RKM 0719 , ультразвук, 
выход экстракции.
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Д.х.н., профессор  Нигметова Роза Шукургалиевна

Нигметова Роза Шукургалиевна, которая 18 лет была заведующей лабораторией сверхчистых 
металлов ИОКЭ НАН РК, а затем – главным научным сотрудником этой лаборатории. 

Нигметова Р.Ш. родилась 29 сентября 1932 г. В 1955 г окончила химический факультет Казахского 
Государственного Университета им. С.М. Кирова. В 1955-1958 г. училась в аспирантуре Института 
химических наук АН КазССР под руководством академика Козловского М.Т.  В 1958-1961 гг. - 
старший лаборант лаборатории аналитической химии. 1962-1966 гг. – младший научный сотрудник 
лаборатории амальгамной химии Института химических наук. 1966-1969.гг. - старший научный 
сотрудник лаборатории сверхчистых металлов  Института органического катализа и электрохимии АН 
КазССР. В 1980 г. Р.Ш. Нигметова возглавила эту лабораторию и посвятила ее работе и развитию всю 
жизнь, как крупный специалист в области физико-химии и термодинамики амальгамных систем. Р.Ш. 
Нигметова принимала участие в проведении внедренческих работ на свинцовом заводе им. Калинина, 
г. Чимкент. Диссертацию на соискание степени доктора химических наук «Термодинамические и 
физико-химические исследования жидких сплавов ртути с металлами II-V подгрупп периодической 
системы элементов» Р. Ш. Нигметова защитила в 1984 г. на ученом совете ИОКЭ, г. Алма-Ата.  Р.Ш. 
Нигметовой впервые проведено систематическое изучение термодинамических и физико-химических 
свойств двойных и тройных (22 системы) амальгамных систем с использованием большого количества 
физико-химических методов исследования. Изучены термодинамические свойства разбавленных 
жидких амальгам кадмия, индия, свинца, олова, висмута, цинка  при температурах 25-200оС. 
Установлена зависимость термодинамических и физико-химических свойств жидких амальгам от 
положения металлов в периодической системе элементов, что позволило прогнозировать свойства 
еще неизученных систем. На основании полученных термодинамических данных амальгамных 
систем установлены критерии поведения многокомпонентных амальгам в люминесцентных лампах. 
В 1992 г. Р.Ш. Нигметова получила звание профессора. Р.Ш. Нигметовой опубликовано около 200 
научных статей и подготовлено совместно с д.т.н. Козиным Л.Ф. 7 кандидатов химических наук. Р.Ш. 
Нигметова работала ученым секретарем диссертационного совета ИОКЭ. Коллеги сохранили о ней 
память, как о принципиальном ученом и отзывчивом человеке.

Сотрудники и коллеги.

MEMORY OF SCIENTISTS
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