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Abstract. The increase in oxidative stress is an important factor of the occurrence of many 
diseases. Antioxidants are substances that slow down or prevent oxidative processes in small 
amounts. Propolis is a leader in antioxidant activity and bioflavonoid content among foods 
consumed. It supports the immune system and helps protect cells from damage by free radicals. 
Therefore, the study of the antioxidant properties of propolis and propolis extracts is relevant. 
The article studies propolis extracts obtained by different methods. It establishes content of 
extractives, flavonoid compounds, unsaturated compounds, substances with reducing 
properties. The article also develops the most effective methods for producing aqueous extracts 
of propolis. 

1. Introduction 
Beekeeping products - royal jelly, pollen, bee bread, propolis, bee morbidity, wax moth are promising 
products for healing people and their functional nutrition. 

Propolis is a multicomponent system, it represents a natural combination of biologically active 
compounds of plant and animal (bee) origin. 

Propolis ensures the sterility of a bee nest. Propolis and its fractions have pronounced antibacterial 
properties, both in relation to gram-positive and gram-negative bacteria. A small part of the substances 
is extracted from propolis with water, mainly 2-4%, with long-term extraction up to 11% [1]. 
Nevertheless, aqueous propolis extracts have bactericidal and bacteriostatic properties. A propolis 
aqueous extract is active on Mycobacterium tuberculosis [2, 3], and it has been established that only a 
cold propolis extract has an effect on Mycobacterium tbc. The active substance of propolis is 
thermostable but remains active during lyophilization (4). In bacteriological studies of propolis, it was 
not possible to identify forms of bacteria resistant to it.  

The content of free acidic compounds is much higher in the aqueous extract than in alcohol, ether 
and acetone, if they were isolated at a temperature of 40° C or higher. In the extracts obtained at a 
room temperature, there are more unsaturated compounds in the alcohol extract, but in this case the 
aqueous extract has the advantage of the content of free acidic compounds [1]. 

Water-soluble fractions of propolis, which contain carboxylic and phenolic acids, amino acids, 
vitamins, some flavonoids, organomineral compounds, are characterized by pronounced biologically 
active properties and are of some practical interest [5, 6]. 
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Aqueous propolis solutions (1:10) have a protective effect on the red blood cells of ionizing 
radiation at doses of 5, 10 and 15 g, at a dose of 0.1 mg / kg, an anti-aggregating effect was established 
with respect to blood plates [7]. 

Propolis is a leader in antioxidant activity and bioflavonoid content among foods consumed. It 
supports the immune system and helps protect cells from damage by free radicals [8, 9]. 

Water-soluble antioxidants: natural polyphenolic compounds, in particular various flavonoids, 
hydroxyaromatic acids, catecholamines, indolamines, coumarin derivatives, phytoestrogens, ascorbic 
acid (vitamin C), thiol compounds (cysteine, homocysteine, taurine, glutathione and others), some 
oligopes, others, endorphins, etc.) [10]. 

According to Yashina, Y.I. (2009) native propolis has the highest antioxidant activity from 
beekeeping products, 3800 mg / 100g (standard is quercetin) [11]. 

 The aim of the work was a comparative analysis of promising technologies for obtaining propolis 
extracts with a high content of biologically active substances, assessment of the antioxidant activity of 
propolis aqueous extracts.  
 
2. Materials and methods 
Object of the study - extracts of propolis, which were obtained by maceration (with heating and 
without heating) and ultrasonic extraction. Water extraction at t = 20 ± 2 ° C was carried out on a 
magnetic stirrer, as well as at t = 93 ± 2 ° C in a water bath using a reflux condenser (to preserve 
volatile compounds). 

Ultrasonic extraction was performed on an ultrasonic unit HD 2070, GmbH & Co, Germany. The 
extraction temperature was used t = 20 ± 2 ° C, and t = 93 ± 2 ° C. 

Purified water was used as an extractant. The ratio of raw materials: extractant in all cases was 1:10 
(by weight). Propolis was cooled in the refrigerator at t = -6 ± 2 ° C for 30-60 minutes, and then 
ground in a laboratory mill to a powder state, with a particle size of 1 to 3 mm, and sieved through a 
sieve. 

A portion of propolis powder 10.0 g was placed in a glass and filled with 100 cm3 of extractant 
(purified water). Ultrasound treatment was performed. To conduct ultrasonic extraction, the generator 
nozzle was immersed in a glass. Ultrasonic treatment of propolis powder was carried out at an 
ultrasonic frequency: 20 kHz ± 500 Hz, pulsed ultrasonic mode, for 30-60 minutes. 

Aqueous propolis was extracted in four ways:  
Method 1. Propolis was extracted once, the ratio of water to propolis (powder) 1:10, on a magnetic 

stirrer, for 5 hours. 
Method 2. Propolis was extracted once, the ratio of water to propolis (powder) 1:10, in a water 

bath, for 5 hours, at t = 93 ° C, using a reflux condenser (to preserve volatile compounds). 
Method 3. Extracted propolis once, the ratio of water to propolis (powder) 1:10, ultrasound in 

cavitation mode for 30-60 minutes continuously, at ambient temperature t = 20 ° C. 
Method 4. Propolis was extracted once, the ratio of water to propolis (powder) 1:10, ultrasound in 

cavitation mode for 30-60 minutes continuously, followed by heating in a water bath, t = 93 ° C, for 5 
hours, using a reflux condenser (to preserve volatile compounds). 

The yield of extractive substances (mass fraction of solids) was determined by drying to constant 
weight according to GOST 28886-90 [11]. 

Determination of unsaturated compounds was performed according to GOST 28886-90 [11]. 
Determination of the hydrogen index (pH) was performed according to the Pharmacopoeia (1987) 

in our modification (GOST 28886-90) [11]. 
Flavonoid and other phenolic compounds were determined by photometry according to GOST 

28886-90 (general flavonoid compounds) [12]. 
Determination of flavan, flavanones, flavonols was performed according to the methodology 

presented in the "Guide to methods for monitoring the quality and safety of biologically active food 
additives. P 4.1.1672-0, 2004” (in terms of rutin) [13]. 
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Evaluation of the antioxidant activity of aqueous propolis extracts was carried out by a method 
based on the reaction of KMnO4 in the presence of 0.24 M H2SO4 with the studied propolis solution, 
followed by conversion to quercetin in 1 ml or 1 g of the drug (patent 2170930) [14]. 

3. Research results and discussion 
The study of the phenolic complex of propolis extracts showed that the total content of phenolic 
compounds is in the range from 0.06 to 0.18%. The content of flavonoid compounds at an extraction 
temperature of t = 20oC without the use of ultrasound is 40% higher than with extraction using 
ultrasound. During extraction at t = 93°C, the content of flavonoid compounds in the aqueous solution 
is higher by 23.9% when using ultrasound. 

The study of flavonoid compounds in terms of rutin in aqueous extracts of propolis showed that the 
maximum value of rutin (7.31 ± 0.89 mg / g) was obtained in the extract prepared by method 2 (t = 
93°C), with the method of extraction 4, the content of flavonoid compounds is less 69.1%, with 1 
method of extraction less by 72.3%, with 3 method of extraction less by 91.7%. 

The yield of extractive substances by weight ranged from 0.2 to 0.59%, depending on the method 
of obtaining aqueous extracts of propolis. 

The solids content during the extraction of propolis at t = 20 oC using ultrasound is 13.1% higher 
than without using ultrasound. 

The solids content during extraction at t = 93°C without the use of ultrasound is higher by 6.8% 
than with the use of ultrasonic treatment of propolis. 

Table 1. Indicators of extracts in various modes of extraction 

Extraction method Mass fraction of 
flavonoid 

compounds, 
according to GOST 

28886090,% 

Mass fraction of 
flavonoid compounds 
(in terms of rutin) in 
propolis according to 

GOST R 55312, mg / g 

Anti-
oxidative 
activity, 
mg / g 

Oxidation, 
s 

Mass 
fraction 

of solids, 
% 
 

1. Extraction with 
water on a 
magnetic stirrer at 
t = 20 ° C 

0.1±0.02 2.032±0.33 
0.056± 
0.005 

4.34±0.51 
0.2±0.4

4 

2. Extraction with 
water at t = 93 ° C 
with reflux 
condenser 

0.18±0.01 7.31±0.89 
0.126± 
0.01 

0.8±0.1 
0.55±0.

05 
 

3. Ultrasonic 
extraction at t = 
20 ° C 

0.06± 
0.017 

0.61±0.21 
0.07± 
0.007 

5.6±0.67 
0.23±0.

02 

4. Ultrasonic 
extraction with 
heating at t = 93 ° 
C 

0.137± 
0.04 

2.26±0.28 
0.118± 
0.02 

0.2±0.1 
0.59±0.

03 

 
The research results showed that water extracts at various extraction temperatures t = 20 oC 

(method 1) and t = 93oC (method 2) contain 0.056 and 0.126 mg / g, respectively, of biologically 
active substances of a reducing nature. The aqueous extracts obtained by ultrasonic extraction contain 
0.07 (t = 20 oC, method 3) and 0.118 (t = 93 oC, method 4) mg / g of biologically active substances 
with reducing properties. 

Unsaturated compounds, mainly free fatty acids, are classified as bee products. Most of these acids 
dissolve well in water; these include carboxylic acids, phenolic acids, amino acids, vitamins, and some 
flavonoids. 
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The oxidation of aqueous propolis extracts obtained at t = 93°C is 5.42-28 times lower than the 
extracts obtained at t = 20°C. This indicates a high biological activity of aqueous propolis extracts, 
since the lower the oxidation index, the more unsaturated compounds are contained in the extract. 

Subsequently, samples of the propolis aqueous extract were studied after storage in the refrigerator 
(t = 4 ... 6°C) for 1 and 2 months. 

 

Figure 1. The content of flavonoid compounds in aqueous extracts of propolis prepared in different 
ways 

The content of flavonoid compounds of propolis aqueous extracts after storage for 2 months 
decreased by 30% (0.06 to 0.042%) (method 1), by 14.3% (0.14 to 0.12%)) (method 2); 20% (from 0.1 
to 0.08%) (method 3) and 15.8% (0.19 to 0.16%) (method 4).  

 
Figure 2. The content of flavonoid compounds, in terms of rutin, in aqueous extracts of propolis 

prepared in different ways during storage 
The maximum number of flavonoid compounds, in terms of rutin, was extracted from propolis at t 

= 93°C, without using ultrasound, (2 methods), (7.31 ± 0.89) during storage for 3 months, reduced by 
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58.4%. Upon extraction with t = 93°C using ultrasound and at t = 20°C without ultrasound, 2.26 ± 
0.28% and 2.032 ± 0.33% of flavonoid compounds (in terms of rutin) were recovered, for 3 months 
storage their number decreased 18.31 and 25.7%, respectively. The minimum number of flavonoid 
compounds was extracted by extraction in 3 ways, t = 20 oC with ultrasound (0.61 ± 0.21%). 

Figure 3. The effect of shelf life on antioxidant activity in aqueous propolis extracts prepared in 
different ways 

An equivalent assessment of the biochemical activity of extracts is the determination of their total 
antioxidant activity (AOA). An indicator of relative AOA is the volume of extract in milliliters spent 
on titration of 1 ml of a 0.05 N potassium permanganate solution. The smaller the volume of the drug 
spent on titration, the higher the antioxidant activity of the drug. 

 

Figure 4. The effect of shelf life on oxidizability in aqueous propolis extracts prepared in different 
ways 
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During storage of aqueous propolis extracts obtained in different ways, the amount of substances 
with reducing properties changed as follows: method 1- decreased by 47.3%; method 2 - decreased by 
37.3%; method 3 - the amount is unchanged; method 4 - increased by 41%. 

The least oxidizability was determined in extracts obtained at t = 93°C for 0.2 and 0.8 s (method 4 
and 2). During storage in the extract obtained by the 4th method, oxidizability increased 2 times, up to 
0.4 s. When storing the extract obtained by the 2nd method, oxidizability increased by 2.9 times. 

The oxidation of extracts obtained at t = 20 oC is 21.7-28 times higher than that of extracts obtained 
at t = 93°C. 

 

Figure 5. The solids content in aqueous extracts of propolis, prepared in different ways 

The number of solids during storage in an aqueous extract of propolis (method 1) decreased from 
0.23 to 0.15%; in the aqueous extract prepared using ultrasound (method 3) increased from 0.21% to 
0.23%. The number of solids in aqueous extracts of propolis prepared by the 2nd and 4th method 
decreased during storage from 0.55 to 0.49% (method 2) and from 0.6 to 0.59% (method 4). 

4. Conclusion 
A comparative analysis of promising technologies for producing propolis extracts showed that 
according to the content of flavonoid compounds in terms of rutin (7.31%) and the content of total 
flavonoid and phenolic compounds (0.18%), method 2 (extraction at t = 93°C) turned out to be most 
effective. 

According to the solids content (0.59 ± 0.03%); unsaturated compounds (oxidizability, 0.2±0.1 s); 
substances with reducing properties (antioxidant activity, 0.126 ±0.01), the most effective was the 4 
extraction method (t = 20oC, using ultrasound). 

The greatest stability was shown by the aqueous propolis extracts prepared by the 2nd and 4th 
methods at t = 93°C and at t = 93°C using ultrasound. 
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