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The problem of finding new antimicrobial drugs based on medicinal plant raw materials in modern pharmaceutical practice, 
is still relevant. There are interesting plant objects that have an antimicrobial action due to the content of a complex of bio-
logically active substances in them. Quercus robur L. is a promising plant object, medicinal plant raw materials of which can 
be used for the development of new antimicrobial drugs.
The aim of the study is screening of the antimicrobial activity of water-ethanolic extractions from Quercus robur L. leaves 
and buds.
Materials and methods. The determination of the minimum inhibitory concentration was carried out by the method of 
double serial dilutions in Mueller-Hinton nutrient broth (Bio-Rad, USA). As test cultures, strains of microorganisms of the 
American Type Culture Collection (ATCC) were used: Staphylococcus aureus (ATCC 29213), Escherichia coli (ATCC 25922), 
Pseudomonas aeruginosa (ATCC 27853), as well as Candida albicans (a clinical strain). The incubation was carried out at the 
temperature of 35°C for 24 hours. Simultaneously, an experiment was carried out to establish a “negative” control. The re-
sults were assessed visually by the presence / absence of the growth of microorganisms in test tubes with the corresponding 
dilutions of the test samples.
Results. In the course of the study, it was found out that water-ethanolic extractions of Quercus robur L. leaves have the 
greatest antimicrobial effect against strains of Staphylococcus aureus and Escherichia coli. The water-ethanolic extractions 
of Quercus robur L. buds exhibit a pronounced antimicrobial activity against Pseudomonas aeruginosa and Candida albicans 
strains.
It was revealed that the preparation of Quercus robur L. leaves tincture in the raw material:extractant ratio of 1:5 has a 
pronounced antimicrobial effect on the strains of Pseudomonas aeruginosa, Staphylococcus aureus, and with a higher multi-
plicity of dilution – on the strains of Escherichia coli and Candida albicans. The drug tincture of Quercus robur L. buds in the 
raw material:extractant ratio of 1:5 has a pronounced antimicrobial effect on the strains of microorganisms P. aeruginosa, S. 
aureus, E. coli and C. albicans in an eight-fold dilution. With respect to P. aeruginosa strains, antimicrobial activity was ob-
served in 16-fold dilutions. The most pronounced antimicrobial effect was recorded against the C. albicans strain in a 32-fold 
dilution.
As a result of the study, it can be concluded that to obtain the antimicrobial drugs – tincture of Quercus robur L. leaves and 
buds – is advisable to use the optimal extractant – 70% alcohol in a raw material:extractant ratio of 1:5. With these parame-
ters of extraction, the greatest antimicrobial effect is observed in relation to the studied strains of the microorganisms. 70% 
alcohol has also a better penetrating ability into the deep layers of the epidermis in comparison with higher concentrations.
Conclusion. The results of the screening analysis of the antimicrobial activity will be used as a justification for the introduc-
tion of antimicrobial drugs based on the leaves and buds of the Quercus robur L. in a medical and pharmaceutical practice.
Key words: English oak; Quercus robur L.; leaves; buds; water-ethanolic extractions; tincture; minimum inhibitory concentra-
tion; antimicrobial activity
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Проблема поиска новых противомикробных препаратов на основе лекарственного растительного сырья в современ-
ной фармацевтической практике является по-прежнему актуальной. Интерес представляют растительные объекты, 
обладающие антимикробным действием благодаря содержанию в них комплекса биологически активных веществ. 
Дуб черешчатый – Quercus robur L. является перспективным растительным объектом, лекарственное растительное 
сырье которого может быть использовано при разработке новых антимикробных препаратов. 
Цель. Проведение скрининга антимикробной активности водно-спиртовых извлечений листьев и почек дуба череш-
чатого. 
Материалы и методы. Определение минимальной ингибирующей концентрации проводилось методом двойных 
серийных разведений в питательном бульоне Мюллера-Хинтона (Bio-Rad, США). В качестве тестовых культур были 
использованы штаммы микроорганизмов Американской коллекции типовых культур (АТСС): Staphylococcus aureus 
(АТСС 29213), Escherichia coli (АТСС 25922), Pseudomonas aeruginosa (АТСС 27853), а также Candida albicans (клиниче-
ский штамм). Инкубацию проводили при температуре 35°С в течение 24 часов. Параллельно проводился опыт для 
постановки «отрицательного» контроля. Оценку результатов проводили визуально по наличию/отсутствию роста ми-
кроорганизмов в пробирках с соответствующими разведениями исследуемых образцов.
Результаты. В ходе проведенного исследования установлено, что водно-спиртовые извлечения листьев дуба череш-
чатого оказывают наибольший антимикробный эффект в отношении штаммов Staphylococcus aureus и Escherichia coli. 
Водно-спиртовые извлечения почек дуба черешчатого проявляют выраженную антимикробную активность в отноше-
нии штаммов Pseudomonas aeruginosa и Candida albicans.
Выявлено, что препарат настойка листьев дуба черешчатого в соотношении «сырье – экстрагент» (1:5) обладает вы-
раженным антимикробным эффектом на штаммы Pseudomonas aeruginosa, Staphylococcus aureus, а при большей 
кратности разведения на штаммы Escherichia coli и Candida albicans. Препарат настойка почек дуба черешчатого в 
соотношении «сырье – экстрагент» (1:5) обладает выраженным антимикробным эффектом в отношении штаммов 
микроорганизмов Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli и Candida albicans при восьмикрат-
ном разведении. В отношении штаммов Pseudomonas aeruginosa антимикробная активность наблюдалась при 16 
кратном разведении. Максимально выраженный антимикробный эффект был зафиксирован в отношении штамма 
Candida albicans при 32-кратном разведении.
В результате проведенного исследования можно сделать вывод о том, что для получения противомикробных препа-
ратов – настойки листьев и почек дуба черешчатого, целесообразно использовать в качестве оптимального экстраген-
та спирт 70% в соотношении «сырье – экстрагент» (1:5). При данных параметрах экстракции отмечается наибольший 
антимикробный эффект в отношении изучаемых штаммов микроорганизмов. Также спирт 70% обладает лучшей про-
никающей способностью в глубокие слои эпидермиса по сравнению с более высокими концентрациями.
Заключение. Полученные результаты скринингового анализа антимикробной активности будут использованы в каче-
стве обоснования для внедрения антимикробных препаратов на основе листьев и почек дуба черешчатого в меди-
цинскую и фармацевтическую практику. 
Ключевые слова: Дуб черешчатый; Quercus robur L.; листья; почки; водно-спиртовые извлечения; настойка; мини-
мальная ингибирующая концентрация; антимикробная активность 
Список сокращений: АТСС – Американская коллекция типовых культур (American Type Culture Collection); MRSA – Мети-
циллинрезистентный золотистый стафилококк (Methicillin-resistant Staphylococcus aureus); CLSI – Clinical and Laboratory 
Standards Institute; MRS-штаммы – Метициллин-резистентные стафилококки (Methicillin-resistant Staphylococcus); 
МИК – Минимальная ингибирующая концентрация; ГФ РФ – Государственная Фармакопея Российской Федерации; 
КОЕ/мл – Колониеобразующие единицы / мл; SMR-1547 – Индекс гербария Самарского государственного универ-
ситета, кафедра экологии, ботаники и охраны природы, биологического факультета; МУК – Методические указания; 
Q. – Quercus L. (н-р, Q. robur) 

DOI: 10.19163/2307-9266-2021-9-2-104-113

INTRODUCTION
Currently, obtaining new antimicrobial drugs based 

on plant raw materials is an urgent task of modern phar-
macy. The spread of antimicrobial resistance poses a 
serious danger, which reduces the effectiveness of mea-
sures for the prevention and treatment of human infec-
tious diseases [1, 2].

In terms of the search for new antimicrobial drugs, a 
promising object is a representative of the genus Quer-
cus L. – English oak (Q. robur L.). In the Quercus L. genus, 
there are more than 500 species from the temperate and 
subtropical regions of the Northern Hemisphere. In Rus-
sia, 19 species grow in the wild, about 50 species have 
been introduced [3, 4]. Quercus L.  is one of the most 
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important forest-forming species in Europe and the Eu-
ropean part of Russia [3, 4]. Q. robur L. is rather widely 
used in folk medicine as a remedy for the prevention and 
treatment of diseases of the gastrointestinal tract, gyne-
cological diseases, as well as for otorhinolaryngological 
and dermatological diseases. An official classic medicinal 
product of Q. robur L. is a decoction of the bark as an 
agent with astringent and anti-inflammatory properties 
[5–7]. Recently, a large number of investigations have 
been carried out to study the antimicrobial properties of 
Q. robur L. barks, as well as the preparations based on it 
[8–16]. Q. robur L. bark is a part of many complex prepa-
rations, such as «Stomatofit», «Tonsilgon N», «Dentos», 
etc., and it is also used to obtain extracts for medical and 
cosmetic purposes1. In addition to tannins, Q. robur L. 
bark contains triterpenes (Fridelin, Fridelinol, 3-Fridela-
nol), flavonoids such as quercetin, quercitrin, leukoan-
thocyanidin, etc. [13, 17–19]. As a group of biologically 
active compounds, flavonoids have a number of valu-
able pharmacological properties, such as anti-inflam-
matory, diuretic, choleretic, antispasmodic, antiviral, 
antimicrobial, etc.2 [18–20]. Earlier, in order to search 
for new antibacterial agents, a study of Quercus incana 
species was carried out. During it, two substances were 
isolated: 4-hydroxydecanoic acid and 4-hydroxy-3-(hy-
droxymethyl) pentanoic acid. The isolated compounds 
were tested for the antifungal activity against Aspergil-
lus niger and Aspergillus favus. The antibacterial activity 
of the isolated compounds was determined by diffusion 
into agar wells. The compound 4-hydroxydecanoic acid 
exhibited a great antimicrobial activity against Bacillus 
subtilis, Staphylococcus aureus and Micrococcus luteus 
(gram-positive). 

The obtained compounds showed an antibacterial 
activity against Staphylococcus aureus with an inhibi-
tion zone of 16 mm and 13 mm. The compound 4-hy-
droxy-3-(hydroxymethyl) pentanoic acid was moderately 
active against Bacillus subtilis and Micrococcus luteus 
with the inhibition zone of 5 mm and 9 mm. Both com-
pounds were inactive against Escherichi coli and Shigella 
fexneri [11].

A profile of polyphenols in extracts obtained from 
the bark of Q. robur, Q. macrocarpa and Q. Acutissima 
was studied. As a result of it, antioxidant, antibacterial, 
antifungal and antitumor activities were revealed. In 
comparison with extracts of other species, Q. robur ex-
hibited a significant antimicrobial activity against Pseu-
domonas aeruginosa [13].

A study to determine the antimicrobial activity of 
a Q. robur bark methanol extract (a solution of 80% 
methanol in water) was carried out. It was tested by dif-
fusion in agar for Staphylococcus aureus, Enterobacter 

1 State Register of Medicines. Available online: https://www.rlsnet.ru/
tn_index_id_6283.htm 
2 Assessment report on Quercus robur L., Quercus petraea (Matt.) 
Liebl., Quercus pubescens Willd., cortex EMA/HMPC/3206/2009. 
Available online: https://www.ema.europa.eu/en

aerogenes, and Candida albicans strains [14]. As a result 
of the study, the possibility of using oak bark extracts 
as a bactericidal agent against Staphylococcus aureus 
strains and a bacteriostatic agent against Enterobacter 
aerogenes was determined [14]. Lipophilic extracts were 
active against the strains of Staphylococcus aureus, En-
terobacter aerogenes, and Candida albicans [14].

In addition to water-ethanolic extractions of the Q. 
robur L. barks, water-ethanolic extractions from other 
types of this plant raw materials such as oak leaves and 
buds, are of interest. At the moment, a sufficient number 
of studies have been carried out to investigate Q. robur 
L. leaves by both Russian and foreign scientists, whose 
attention was mainly focused on the study of morpho-
logical and anatomical features, a chemical composition 
and antimicrobial properties [21–24]. The leaves of the 
Quercus representatives are promising objects for ob-
taining drugs with antimicrobial properties [21–24]. In 
the authors’ opinion, the study of Q. robur L. buds, along 
with leaves, is also an urgent direction, because the buds 
of some plants are capable of exhibiting an antimicrobial 
activity and have a valuable chemical composition [25, 
26].

One of the serious factors in the successful treat-
ment of the infectious diseases, is a decrease in the 
resistance of pathogenic microorganisms to antimicro-
bial drugs [9, 27]. Staphylococci or methicillin-resistant 
strains (MRS strains), which are the cause of nosocomial 
and community-acquired infections, are of particular in-
terest. Among the MRS strains, Staphylococcus aureus 
(MRSA) is most often found, its strains are resistant to 
many members of the β-lactam antibiotics group, in-
cluding penicillins, cephalosporins, monobactams, car-
bapenems, etc. [9, 27]. The gram-negative bacterium 
E. coli, which is present in the human intestine and can 
cause various infectious diseases of the gastrointestinal 
tract and genitourinary system, is not a less dangerous 
strain [27, 28]. The study of the antimicrobial properties 
of water-ethanolic extractions and preparations based 
on the leaves and buds of the Q. robur L. will expand the 
spectrum of Q. robur pharmacological activities, and as-
sess the possibilities of using this object in the creation 
of drugs in antibacterial therapy.

For an objective assessment of the antimicrobial ac-
tivity of the studied raw materials, it is necessary to con-
duct a screening analysis of water-ethanolic extractions 
and determine the minimum inhibitory concentration 
(MIC) in relation to the main clinically significant strains 
of the microorganisms. 

THE AIM of the study was to screen the antimicro- 
bial activity of water-ethanolic extractions from the 
leaves and buds of Quercus robur L.

The research tasks included.
1. Screening analysis of the antimicrobial activity 

of water-ethanolic extractions of Q. robur L. leaves and 
buds;

2. Determination of the optimal concentration of 
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the extractant and the conditions for the extraction of 
raw materials for the creation of preparations based on 
Q. robur L. plant raw materials.

MATERIALS AND METHODS
The objects of the study were water-ethanolic ex-

tractions of Q. robur L. leaves and buds at various con-
centrations of a chemically pure ethanol grade (40%, 
70%, 80%, 96%) (alcohol 96%, ZAO “Hippocrat”, Rus-
sia, Samara, series: 360917). The preparations of Q. 
robur L. leaves tincture and Q. robur L. buds tincture 
70% alcohol in the raw materials: extractant ratio of 
1:5, were also obtained by the method of fractional 
percolation. The required alcohol concentration was 
obtained by diluting 96% alcohol according to Table 
No. 5 of the appendix to the State Pharmacopoeia of 
the Russian Federation of the XIV edition [7]. For most 
flavonoid-containing plants, the optimal extractant is 
70% ethanol, since this concentration of ethyl alcohol 
allows the maximum amount of flavonoids in the plant 
to be extracted and has a better penetrating ability into 
the deep layers of the epidermis compared to higher 
concentrations [7, 18, 19].

Analyzed samples of raw materials
The leaves of Q. robur L. were harvested from 

May to July 2020 (Samara region, Pohvistnevsky dis-
trict, Pervomaiskaya Str., 2020). The buds of Q. robur 
L. were harvested from March to April 2020 (Sama-
ra region, Pohvistnevsky district, Pervomaiskaya Str., 
2020). 

The species specificity of the analyzed objects was 
confirmed with the help of the identifiers of the Rus-
sia central zone [3, 4]. In addition to the identifiers, the 
method of comparison with reliably known samples of 
the herbarium fund of Samara University was used. The 
inventory number of the main herbarium specimen is 
SMR-1547 (Herbarium Department for Ecology, Botany 
and Nature Protection Faculty of Biology, Samara Uni-
versity, 2021)3. 

Test cultures
The strains of the American Type Cultures Collection 

(ATCC) were used as test cultures: Staphylococcus au-
reus (ATCC 29213), Escherichia coli (ATCC 25922), Pseu-
domonas aeruginosa (ATCC 27853), as well as Candida 
albicans (clinical strain).

Research methods
The MIC was determined by the method of double 

serial dilutions in broth (a tube test, a macro method) in 
accordance with the methods described in “Guidelines” 
(G) 4.2.1890-04 [27, 29]. The method of double serial 

3 Herbarium Department for Ecology, Botany and Nature Protection 
Faculty of Biology, Samara University. SMR-1547. Available from: 
http://sweetgum.nybg.org/science/vh/collection-index/collection-
index-details/?irn=124749.

dilutions in comparison with diffusion method allows a 
qualitative assessment of the presence of the antimicro-
bial effect by visual assessment in comparison with the 
standard, and determination of the minimum inhibitory 
concentration of the studied sample, which slows down 
the growth of the studied strains of the microorganisms 
[27, 29]. Mueller-Hinton nutrient broth (Bio-Rad, USA) 
was used as a nutrient medium [29].

Methods
Testing of the studied samples was carried out in the 

volume of 1 ml of each sample dilution in water-ethan-
olic extractions.

Preparation of working solution
To determine the sensitivity, the nutrient broth 

was poured 0.5 ml into each tube. In addition to the 
number of tubes required to dilute the sample, one 
tube was used to set up a “negative” control. A work-
ing solution of a test sample was prepared from a stock 
solution using a liquid nutrient medium (Mueller-Hin-
ton nutrient broth). The concentration of the working 
solution was calculated based on the required maxi-
mum concentration in a series of dilutions, taking into 
account the dilution factor of the drug during the sub-
sequent inoculation [27].

Using a micropipette with a sterile tip, the working 
solution in the amount of 0.5 ml was introduced into the 
first tube containing 0.5 ml of broth. Then it was thor-
oughly mixed, and with a new sterile tip, 0.5 ml of the 
test solution in broth was transferred into the second 
tube containing initially 0.5 ml of broth. The procedure 
had been repeated until the entire required dilution se-
ries was prepared. 0.5 ml of broth was removed from 
the last test tube. Thus, a number of test tubes with the 
solutions of the tested samples of the water-ethanolic 
extractions from Q. robur L. leaves and buds were ob-
tained, the concentrations of which differed in the ad-
jacent test tubes by a factor of 2. Simultaneously, addi-
tional series of serial sample dilutions were prepared for 
testing control strains [27].

Inoculum preparation
For inoculation, a standard microbial suspension 

was used. It was equivalent to 0.5 according to McFar-
land’s standard, diluted 100 times in nutrient broth. 
After that, the concentration of the microorganism in 
it would be approximately 10⁶ CFU/ml. 0.5 ml of inocu-
lum was introduced into each tube containing 0.5 ml of 
the corresponding dilution of the test sample, and into 
one tube with 0.5 ml of nutrient broth without a sam-
ple (“negative” control). The final concentration of the 
microorganism in each tube reached the required con-
centration of about 5×10⁵ CFU/ml. The inoculum was 
introduced into test tubes with sample dilutions not 
later than 15–30 min from the moment of its prepa-
ration [27].
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Table 1 – Results of testing extracts from Q. robur L. leaves and buds 

Object / Microorganism
Dilution ratio *

1 2 3 4 5 6 7
1:2 1:4 1:8 1:16 1:32 1:64 1:128

Pseudomonas aeruginosa
Q. robur L. leaves 40% – – + + + + +
Q. robur L. leaves 70% – – – + + + +
Q. robur L. leaves 80% – – – – + + +
Q. robur L. leaves 96% – – – + + + +
Q. robur L. buds 40% – – – + + + +
Q. robur L. buds 70% – – – – + + +
Q. robur L. buds 80% – – – – – + +
Q. robur L. buds 96% – – – – – + +
Tincture of Q. robur L. leaves 70% – – – – + + +
Tincture of Q. robur L. buds 70% – – – – – – +

Staphylococcus aureus
Q. robur L. leaves 40% – – – + + + +
Q. robur L. leaves 70% – – – – – + +
Q. robur L. leaves 80% – – – – + + +
Q. robur L. leaves 96% – – – – + + +
Q. robur L. buds 40% – – – + + + +
Q. robur L. buds 70% – – – + + + +
Q. robur L. buds 80% – – – – + + +
Q. robur L. buds 96% – – – – + + +
Tincture of Q. robur L. leaves 70% – – – – + + +
Tincture of Q. robur L.  buds 70% – – – – + + +

Escherichia coli
Q. robur L. leaves 40% – – – + + + +
Q. robur L. leaves 70% – – + + + + +
Q. robur L. leaves 80% – – – – – – +
Q. robur L. leaves 96% – – – – – + +
Q. robur L. buds 40% – – – + + + +
Q. robur L. buds 70% – – – + + + +
Q. robur L. buds 80% – – – – – + +
Q. robur L. buds 96% – – – – + + +
Tincture of Q. robur L. leaves 70% – – – – – + +
Tincture of Q. robur L.  buds 70% – – – – – + +

Candida albicans
Q. robur L. leaves 40% – – – + + + +
Q. robur L. leaves 70% – – – + + + +
Q. robur L. leaves 80% – – – – + + +
Q. robur L. leaves 96% – – – – + + +
Q. robur L. buds 40% – – – – – + +
Q. robur L. buds 70% – – – – – + +
Q. robur L. buds 80% – – – – + + +
Q. robur L. buds 96% – – – – – + +
Tincture of Q. robur L. leaves 70% – – – – – – +
Tincture of Q. robur L. buds 70% – – – – – + +

Note: + presence of microorganism growth; absence of microorganism growth
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Table 2 – Minimum inhibitory concentrations of ethanol (“negative” control)

Object / Microorganism
Dilution ratio *

1 2 3 4 5 6 7
1:2 1:4 1:8 1:16 1:32 1:64 1:128

Pseudomonas aeruginosa
Ethanol 40% – – + + + + +
Ethanol 70% – – + + + + +
Ethanol 80% – – – + + + +
Ethanol 96% – – + + + + +

Staphylococcus aureus
Ethanol 40% – – – + + + +
Ethanol 70% – – – + + + +
Ethanol 80% – – – + + + +
Ethanol 96% – – + + + + +

Escherichia coli
Ethanol 40% – – – + + + +
Ethanol 70% – – – – + + +
Ethanol 80% – – – + + + +
Ethanol 96% – – + + + + +

Candida albicans
Ethanol 40% – – – + + + +
Ethanol 70% – – – + + + +
Ethanol 80% – – – + + + +
Ethanol 96% – – – + + + +

Note: + presence of microorganism growth; – absence of microorganism growth

Figure 1 – Comparative diagram of antibacterial activity of water-ethanolic extractions of Q. robur L. leaves  
and buds (the abscissa is the serial number of the dilution ratio)
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The tubes were closed with sterile gauze and cotton 
stoppers, and all tubes with the tested strains, except for 
the tube with the “negative” control, were incubated at 
35°C for 20–24 hours. The tube with the “negative” con-
trol was placed in a refrigerator at 4°C, and stored until 
the results were taken into account [27].

Assessment of microorganisms growth
To determine the presence of the microorganism 

growth, the test tubes with crops were viewed in trans-
mission. The growth of the culture in the presence of the 
test sample was carried out by comparison with the tube 
of the “negative” control containing the original inocu-
lum and stored in the refrigerator. MIC was determined 
by the lowest concentration of the test sample, which 
suppresses the visible growth of the microorganism [27].

Assessment of experimental results 
The results were assessed visually by the presence/

absence of the microorganisms growth of in test tubes 
with the appropriate dilutions of the test samples [27]. 
The minimum inhibitory concentration was the lowest 
concentration of the studied sample, which complete-
ly suppressed the growth of the microorganisms strain. 
At the same time, according to the requirements of the 
“Guidelines” (G 4.2.1890-04)4 for determining the sen-
sitivity of microorganisms to the antibacterial drugs, as 
well as the recommendations of the Performance Stan-
dard for Antimicrobial Susceptibility Tests (Clinical And 
Laboratory Standards Institute (CLSI))5, the presence of 
turbidity, and the detection of a small number of the mi-
croorganisms (one colony) were not taken into account 
when registering the experimental result. The experi-
ment was repeated three times [27, 29].

RESULTS AND DISCUSSIONS
During the screening of the antimicrobial activity of 

the extracts from Q. robur L. leaves and buds, the follow-
ing results were obtained.

When testing 40% water-ethanolic extractions of 
Q. robur L. leaves, the antimicrobial activity against the 
P. aeruginosa strain in a four-fold dilution, as well as 
against microorganisms S. aureus, E. coli, and C. albicans 
in an eight-fold dilution, was observed (Table 1). When 
comparing 40% water-ethanolic extractions with the 
“negative” standard (a minimum inhibitory concentra-
tion for 40% water-ethanol), no differences in the anti-

4 Determination of the sensitivity of microorganisms to antibacterial 
drugs. Guidelines. 4.2.1890-04. Clinical microbiology and antimicrobial 
chemotherapy. 2004; 6 (4): 306–359. The guidelines were approved 
and put into effect by the Chief State Sanitary Doctor of the Russian 
Federation – First Deputy Minister of Health of the Russian Federation 
G.G. Onishchenko, March 4, 2004.
5 Clinical and Laboratory Standards Institute (CLSI). Performance Stan-
dards for Antimicrobial Disk Susceptibility Tests. 13th ed. CLSI standard 
M02. Clinical and Laboratory Standards Institute, 950 West Valley 
Road, Suite 2500, Wayne, Pennsylvania 19087 USA, 2018.

microbial activity between the test sample and the refer-
ence sample were observed (Table 2). This indicates that 
there is no contribution of the complex of biologically 
active compounds available in the extract, to the phar-
macological effect at the given extraction concentration.

For 70% water-ethanolic extractions from Q. robur L. 
leaves, the antimicrobial activity was expressed against 
P. aeruginosa in an eight-fold dilution; against S. aureus 
– when diluted 32 times; for the C. albicans strain – in an 
eight-fold dilution. Growth inhibition of the E. coli strain 
was observed in a two-fold dilution (Table 1).

An antimicrobial activity of 80% water-ethanolic ex-
tractions of Q. robur L. leaves was expressed against E. 
coli when diluted 64 times; against S. aureus, C. albicans 
and P. aeruginosa – in a 16-fold dilution (Table 1). For 
water-ethanolic extractions from leaves with 80% eth-
anol, the maximum growth retardation of microorgan-
isms is observed. When compared with the “negative” 
standard of ethanol at the concentration of 80%, a sig-
nificant growth inhibition of microorganisms is observed 
(Table 1; Table 2).

An antimicrobial activity of 96% water-ethanolic ex-
tractions of Q. robur L. leaves was expressed against all 
strains in an eight-fold dilution; for S. aureus, C. albicans 
and E. coli in a 16-fold dilution; with respect to E. coli, the 
highest activity was observed in a 32- fold dilution (Table 
1). The indices of the “negative” control for 96% ethanol 
concentration, were significantly lower compared to the 
test sample (Table 2).

The analysis of 40% water-ethanolic extractions 
from Q. robur L. buds gives less antimicrobial effect in 
comparison with 40% water-ethanolic extractions from 
Quercus robur L. leaves (Table 1; Table 2). In particular, 
the extraction from the buds at the given concentration 
of ethanol is expressed in relation to strains of P. aeru-
ginosa, S. aureus, E. coli and C. albicans in an eight-fold 
dilution; along with other strains, in 32-fold dilution, a 
more pronounced activity was observed against the C. 
albicans strain (Table 1).

During testing of 70% water-ethanolic extractions 
from Q. robur L. buds, a pronounced antimicrobial ac-
tivity was noted against the strains of such microorgan-
isms as P. aeruginosa, S. aureus, E. coli and C. albicans in 
eight-fold dilution. With respect to P. aeruginosa strains, 
an antimicrobial activity was observed in 16-fold dilu-
tions. The most pronounced antimicrobial effect was re-
corded against the C. albicans strain in 32 fold dilutions  
(Table 1).

An antimicrobial activity of 80% water-ethanolic ex-
tractions of Q. robur L. buds was observed against the E. 
coli strain when diluted 32 times, as well as against the 
S.aureus, C. albicans and P. aeruginosa strains when di-
luted 16, 16, and 32 times, respectively (Table 1). When 
compared with the “negative” standard of ethyl alcohol at 
the concentration of 80%, a significant growth inhibition 
of microorganisms is observed (Table 1; Table 2).

The study of the antimicrobial activity of 96% wa-
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ter-ethanolic extractions from Q. robur L. buds gave the 
following results: a distinct antimicrobial activity against 
all strains in a 16-fold dilution; against P. aeruginosa and 
C. albicans, the activity was also observed in 32 – fold 
dilutions (Table 1).

During the screening analysis of water-ethanolic ex-
tractions of Q. robur L. leaves and buds, the conditions 
for obtaining the dosage form of the tincture were de-
termined. 70% ethanol was chosen as an extractant for 
the manufacture of tincture from Q. robur L. leaves and 
tincture from Q. robur L. buds, since this concentration 
is the optimal extractant for raw materials containing a 
complex of biologically active substances of the flavo-
noid group that provide an antimicrobial effect of the 
drug [15, 20].

The tested tincture from Q. robur L. leaves in 70% 
ethanol showed the following results. The antimicrobial 
effect was observed for all of these strains. In particular, 
in a sixteen-fold dilution, the antimicrobial activity is ob-
served against the P. aeruginosa strain and the S. aureus 
strain; when diluted 32 times – against E. coli, and when 
diluted 64 times – against C. albicans (Table 1).  

In the course of testing the preparation of Q. robur 
L. bud tincture in 70% ethanol, the following results 
were obtained: the antimicrobial effect was observed 
against the P. aeruginosa strain when diluted 64 times; 
at sixteen-fold dilution, is observed against the S. aureus 
strain in a sixteen-fold dilution; the antimicrobial activity 
against E. coli and C. albicans took place when diluted 32 
times (Table 1).

Thus, a screening study was carried out to research 
the antimicrobial activity of water-ethanolic extractions 
from Q. robur L. leaves and buds, as a result of which 
an antimicrobial effect on a number of pathogenic mi-
croorganisms strains (P. aeruginosa; S. aureus; E. coli; C. 
albicans) was found out in vitro:.

According to the results of the work performed, it 
established that all the studied samples of water-ethan-
olic extractions from Q. robur L. leaves and buds, give a 
stable antimicrobial effect against S. aureus and C. albi-
cans strains.

The water-ethanolic 80% extract from Q. robur L. 
leaves and buds in the raw material:extractant ratio of 

1:50 and preparations of tincture of from Q. robur L. 
leaves and buds in 70% alcohol in the raw material:ex-
tractant ratio of 1: 5, are the most effective objects, and 
give the maximum growth retardation of the microor-
ganisms when diluted 32 and 64 times. 

A sophisticated action with the maximum antimicro-
bial effect on C. albicans is provided by the preparation 
of a tincture from Q. robur L. leaves in the raw materi-
al:extractant ratio of 1: 5; for S. aureus strains – 70% wa-
ter-ethanolic extractions in the raw material:extractant 
ratio of 1: 50 (Fig. 1). Water-ethanolic extractions from 
Q. robur L. buds have a similar stable maximum antimi-
crobial effect against C. albicans. For P. aeruginosa, S. 
aureus and E. coli strains, the maximum antimicrobial 
effect is noted in the extractant concentration of 96% 
ethyl alcohol. 

The minimum antimicrobial activity is noted for 70% 
water-ethanolic extractions from the leaves of Q. robur 
L. in the raw material:extractant ratio of 1: 50 for E. coli 
strains, as well as for 40% water-ethanolic extractions 
from the Q. robur L buds in the raw material:extractant 
ratio of 1: 50 for P. aeruginosa strains (Fig. 1).

The choice in favor of 70% alcohol concentration as 
an extractant for obtaining tincture from the oak leaves 
and buds was made on the basis that for dosage forms 
with these extraction parameters, the greatest antimi-
crobial effect is observed against the studied strains of 
microorganisms (Fig. 1). Also, extracts at a given alcohol 
concentration have a better penetrating ability into the 
deep layers of the epidermis in comparison with higher 
and lower alcohol concentrations6. It should be noted that 
the leaves have a large phytomass in comparison with the 
buds, their collection can be carried out in a longer period 
of time than for the buds, the collection time of which, as 
a rule, falls in the winter-spring period [7].

CONCLUSION
All the results obtained in the course of the study, 

can serve for the creation of new antibacterial drugs 
based on Q. robur L. leaves and buds, as well as for the 
introduction of tincture preparations from Q. robur L. 
leaves and buds in 70% alcohol into medical and phar-
maceutical practice. 

6 State Register of Medicines. Available from: https://www.rlsnet.ru/
tn_index_id_6283.htm.

7 State Register of Medicines. Available from: https://www.rlsnet.ru/
tn_index_id_6283.htm.
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