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Рекомендовано до видавництва Президією громадської наукової організації «Всеукраїнська Асамблея докторів 
наук з державного управління» (Рішення від  16.04.2025 № 6/4-25

Журнал видається за підтримки КНП "Клінічна лікарня No15 Подільського району м.Києва", Центру дієтології 
Наталії Калиновської. 
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механізми формування та функціонування, а, також, інноваційні питання розвитку 

медицини, психології, педагогіки та. Видання розраховано на науковців, викладачів, педагогів-практиків, представників органів державної влади 
та місцевого самоврядування, здобувачів вищої освіти, громадсько-політичних діячів. 

Журнал включено до міжнародної наукометричної бази Index Copernicus (IC), Research Bible, міжнародної пошукової системи Google Scholar. 
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STUDY OF ANTIMICROBIAL PROPERTIES OF ESSENTIAL OILS 

OF EUCALYPTUS, ROSEMARY, JUNIPER, CLOVE, FIR AND 
BASIL 

 
Abstract. This article focuses on the study of the antimicrobial activity of 

essential oils from essential oil-bearing plants - round or ball eucalyptus (Eucalyptus 
globulus), Siberian fir (Abies sibirica), common juniper (Juniperus communis), 
rosemary (Rosmarinus officinalis), sweet cornflower (basil) (Ocimum basilicum), 
clove tree (Eugenia Caryophyllus), which have antimicrobial activity against 
pathogenic and opportunistic microflora. Essential oils (essential oils, volatile oils) 
are organic volatile compounds with numerous components (more than 200 
biologically active substances) consisting of terpenes, alcohols, aldehydes, ketones, 
and hydrocarbons synthesized by essential oil plants in the course of their life. 
Essential oils, as promising antibacterial agents of plant origin, can be an alternative 
to antibiotic drugs, as they are not inferior in terms of antimicrobial effect and at the 
same time they are free from the negative properties and effects that are 
characteristic of the vast majority of antibiotics. Museum cultures of opportunistic 
bacteria were used as test microorganisms in the study: gram-negative Escherichia 
coli (ATCC 25922), Proteus vulgaris (ATCC 4636), and gram-positive 
Staphylococcus aureus (ATCC 25923) and Bacillus subtilis (ATCC 6633). 
Antimicrobial activity was determined by the disc diffusion method. The study was 
conducted qualitatively, using sterile paper discs impregnated with essential oil. This 
method has certain differences compared to the antibiotic susceptibility test. Due to 
the high activity of essential oils to inhibit microflora aerogenously and the possible 
potentiation or synergy of their action, it is advisable to study each essential oil 
separately (i.e., only one disc impregnated with the test essential oil is placed in one 
Petri dish). For control purposes, the same cultures were sown and discs impregnated 
with saline were placed. All crops were kept in a thermostat for 22-24 hours. The 
results of the experiments were evaluated by measuring (mm) the colony growth 
retardation zone (CGR) (including the diameter of the disc itself). By studying the 
sensitivity of isolated microorganisms to essential oils, it was found that almost all 
the essential oils studied (juniper, eucalyptus, fir, clove, cornflower, rosemary) have 
high antimicrobial activity. This is because bactericidal doses of essential oils cause 
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profound morphological, cultural, and biochemical changes in microorganisms, in 
particular, they lead to changes in antigenic properties, and a decrease or complete 
loss of pathogenicity.  Interacting with proteins of microorganisms, essential oils can 
inactivate their enzyme systems, inhibiting oxidative phosphorylation, blocking the 
formation of macroregion bonds, etc.The studied microbiological properties of 
essential oils indicate a wide range of their antimicrobial effects. In particular, about 
cultures of opportunistic and pathogenic bacteria, the highest antimicrobial activity 
is observed in essential oils of common cornflower (Ocimum basilicum) - (E. soli 
(20.2±0.5), Staph. aureus (27.8±0.7), Bac. subtilis (22.3±0.5), Prot. vulgaris 
(31.2±0.3) and Eucalyptus globulus (Eucalyptus globulus) - (E. Soli (17.5±0.7), 
Staph. aureus (22.6±0.4), Bac. subtilis (29.2±0.7), Prot. vulgaris (13.3±0.7).The 
following essential oils had a less pronounced antimicrobial activity against cultures 
of gram-positive and gram-negative bacteria: Juniperus communis - (E. soli 
(13±0.5), Staph. aureus (8.3±0.6), Bac. subtilis (11.5±0.5), Prot. vulgaris (12.5±0.6); 
Siberian fir (Abies sibirica) (E. Soli (10.2±0.6), Staph. aureus (14.5±0.6), Bac. 
subtilis (9.6±0.5), Prot. Vulgaris (no growth retardation zone); clove tree (Eugenia 
Caryophyllus) - E. coli (17.2±0.7), Staph. aureus (14.0±0.7), Bac. subtilis (no growth 
retardation zone), Prot. Vulgaris (16.0±0.5); rosemary (Rosmarinus officinalis) - (E. 
soli (23.5±0.5), Staph. aureus (15.3±0.7), Bac. subtilis (no growth retardation zone), 
Prot. vulgaris (21.5±0.5). 

Keywords: essential oils, antimicrobial properties, growth retardation zone, 
antibiotic drugs, disc diffusion method. 
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ВИВЧЕННЯ АНТИМІКРОБНИХ ВЛАСТИВОСТЕЙ ЕФІРНИХ 

ОЛІЙ ЕВКАЛІПТА, РОЗМАРИНУ, ЯЛІВЦЮ, ГВОЗДИКИ, ЯЛИЦІ 
ТА БАЗИЛІКУ 

 
Анотація. В цій роботі акцентується увага на дослідженні антимікроб-

ної активності ефірних олій з ефіроносних рослин – евкаліпту кругловидного 
або кулькового (Eucalyptus globulus), ялиці сибірської (Abies sibirica), ялівцю 
звичайного (Juniperus Сommunis), розмарину звичайного (Rosmarinus 
officinalis), васильків духмяних (базиліку) (Ocimum basilicum), гвоздичного 
дерева (Eugenia Caryophyllus), які володіють антимікробною активністю по 
відношенню до патогенної та умовно-патогенної мікрофлори. Ефірні олії 
(етерні олії, леткі олії) – це органічні леткі сполуки з численним вмістом 
компонентів (понад 200 біологічно активних речовин), що складаються з 
терпенів, спиртів, альдегідів, кетонів і вуглеводнів, які синтезують ефіроолійні 
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рослини в процесі життя. Ефірні олії, як перспективні  антибактеріальні засоби 
рослинного походження, можуть бути альтернативою застосування 
антибіотичним препаратам, оскільки не поступаються за силою антимікробної 
дії і водночас вони позбавлені негативних властивостей та наслідків, що 
характерні для переважної більшості антибіотиків. В якості тест-
мікроорганізмів в дослідженнях використовували музейні культури умовно-
патогених бактерій: грамнегативних – Escherichia coli (ATCC 25922), Proteus 
vulgaris (ATCC 4636), та грампозитивних культур – Staphylococcus  aureus 
(ATCC 25923) та Bacillus subtilis (АТСС 6633). Антимікробну активність 
визначали диско-дифузійним методом. Дослідження проводили якісним 
методом за допомогою  стерильних паперових дисків, що просочені ефірною 
олією. Цей метод має певні відмінності порівняно з визначенням чутливості 
до антибіотиків. У зв’язку з високою активністю ефірної олії пригнічувати 
мікрофлору аерогенним шляхом та можливим потенціюванням або 
синергізмом їх дії, кожну ефірну олію бажано досліджувати окремо (тобто в 
одній чашці Петрі знаходиться лише один диск просочений дослідною 
ефірною олією). Для контролю робили посіви цих же культур і поміщали 
диски, що просочені фізрозчином. Всі посіви витримували в термостаті 22-24 
години. Результати дослідів оцінювали шляхом вимірювання (мм) зони 
затримки росту колонії (ЗЗР) (включаючи і діаметр самого диска). Вивчаючи 
чутливість ізольованих мікроорганізмів до ефірних олій було встановлено, що 
майже всі досліджуванні ефірні олії (ялівцева, евкаліптова, ялицева, 
гвоздична, василькова, розмаринова) мають високу антимікробну активність. 
Це пояснюється тим, що бактерицидні дози ефірних олій викликають у 
мікроорганізмів глибокі морфологічні, культуральні і біохімічні зміни, 
зокрема вони призводять до зміни антигенних властивостей, зниження або 
повної втрати патогенності.  Взаємодіючи з білками мікроорганізмів ефірні 
олії можуть інактивувати їх ферментні системи, призводячи до інгібіції 
окисного фосфорилювання, блокування утворення макроергічних зв’язків 
тощо.  

Вивчені мікробіологічні властивості ефірних олій свідчать про широкий 
спектр їх антимікробної дії. Так зокрема, по відношенню до культур умовно-
патогенних та патогенних бактерій найбільшу антимікробну активність мають 
ефірні олії васильків звичайних (Ocimum basilicum) – (E. сoli (20,2±0,5), Staph. 
аureus (27,8±0,7), Bac. subtilis (22,3±0,5), Prot. vulgaris (31,2±0,3) та евкаліпту 
кругловидного (кулькового) (Eucalyptus globulus) – (E. сoli (17,5±0,7), Staph. 
аureus (22,6±0,4), Bac. subtilis (29,2±0,7), Prot. vulgaris (13,3±0,7).  

Менш виражену антимікробну активність до культур грампозитивних і 
грамнегативних бактерій мали наступні ефірні олії: ялівцю звичайного 
(Juniperus Сommunis) – (E. сoli (13±0,5), Staph. аureus (8,3±0,6), Bac. subtilis 
(11,5±0,5), Prot. vulgaris (12,5±0,6); ялиці сибірської (Abies sibirica) (E. сoli 
(10,2±0,6), Staph. аureus (14,5±0,6), Bac. subtilis (9,6±0,5), Prot. vulgaris (зона 
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затримки росту відсутня); гвоздичного дерева (Eugenia Caryophyllus) – E. сoli 
(17,2±0,7), Staph. аureus (14,0±0,7), Bac. subtilis (зона затримки росту відсутня), 
Prot. vulgaris (16,0±0,5); розмарину звичайного (Rosmarinus officinalis) – (E. сoli 
(23,5±0,5), Staph. аureus (15,3±0,7), Bac. subtilis (зона затримки росту відсутня), 
Prot. vulgaris (21,5±0,5).  

Ключові слова: ефірні олії, антимікробні властивості, зона затримки 
росту, антибіотичні препарати, диско-дифузійний метод. 

 
Problem Statement. One of the main problems of modern medical science 

and practice is the emergence and spread of multidrug-resistant strains of 
microorganisms, including opportunistic infections, which can lead to a crisis in 
antibiotic therapy. 

Resistant bacteria are the survivors of antibiotic-induced selection, and their 
frequency is increasing in all walks of life and in all population groups around the 
world. The irrational use of antibiotics has resulted in the emergence of not only 
individual strains, but entire new races of highly resistant bacteria. The problem of 
resistance is rightly called the "apocalypse of the twentieth century" .  

Today, despite the urgency of the problem, Ukraine has not developed a 
unified system for monitoring the spread of antibiotic-resistant microorganisms in 
the environment, which is one of the risk factors for human health. Regulatory 
documents governing the use of antimicrobials do not correspond to the current level 
of knowledge, which makes it impossible to develop and implement effective 
measures to combat infections in medical and veterinary practice [1]. 

The formation and spread of antibiotic resistance is primarily associated with 
the widespread uncontrolled use of antibiotic drugs in medical and veterinary 
practice, the food industry and agriculture; over-the-counter sales, the spread of 
acquired immunodeficiency conditions of various etiologies among patients, and 
non-compliance with antimicrobial regimes in healthcare facilities [1-3].  

Of course, antibiotic drugs remain the mainstay in the treatment of acute septic 
conditions, infectious diseases, febrile conditions, etc., but the search for new drugs 
with high bactericidal or bacteriostatic activity for topical use is relevant. All this 
makes it necessary to search for new antibacterial agents of plant origin, which are 
not inferior in terms of antimicrobial action and at the same time lack the negative 
properties characteristic of antibiotics. 

One of these antibacterial agents is essential oils - organic volatile compounds 
with numerous components (more than 200 biologically active substances) 
consisting of terpenes, alcohols, aldehydes, ketones and hydrocarbons synthesised 
by essential oil plants in the course of their life.  

Essential oils are widely used in various fields of biology and medicine, 
pharmacology, cosmetology, and the food industry. They are a highly consumed 
product. At the same time, the biochemical composition and properties, including 
antimicrobial activity, of essential oils vary considerably depending on the place of 
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growth, climatic conditions and plant chemotype. The chemotype of essential oil 
plants is a variety of plants of the same botanical species that are almost identical in 
appearance but produce essential oils with different key components, depending on 
the soil, cultivation conditions and different climates can lead to changes in the 
amount of esters, alcohols and other elements that make up the essential oil [4-6]. 

Scientists are also attracted to medicinal plants whose biologically active 
substances have fungicidal and bactericidal properties. The Ukrainian agriculture 
sector widely uses plant extract-based products that act like fungicides, while 
strengthening the protective properties of plants. They help to increase yields, restore 
tissues, improve the absorption of nutrients by crops and have an antiviral effect [7-10]. 

The common property of most essential oils is their antiseptic activity, which 
applies to almost all groups of microorganisms: gram-positive and gram-negative 
cocci, vibrios, viruses, protozoa. Microorganisms practically do not develop 
resistance to them, even with prolonged use. This is due to the destructive effect of 
essential oils on the cytoplasmic membrane, damage to the defence and adaptation 
mechanisms of the microbial cell. 

The aim of the study was to investigate the antimicrobial properties of 
essential oils in vitro to pathogenic and opportunistic cultures of microorganisms by 
the disc diffusion method.  

Materials and methods. The objects of the study were essential oils of the 
Flora Secret™ trademark, a domestic brand of vegetable and essential oils used in 
the care of the face, hair, body and, in general, the human body and health. We have 
selected the following essential oils for the study: Eucalyptus globulus, Siberian fir 
(Abies sibirica), Juniperus communis, Rosemary officinalis, true cornflowers 
(fragrant) or basil (Ocimum basilicum), clove tree (Eugenia Caryophyllus), which 
have a certain antimicrobial activity against pathogenic and opportunistic microflora. 

The antimicrobial properties of essential oils were studied in vitro by the disc- 
diffusion method. The study was carried out by the qualitative method using sterile 
paper discs impregnated with essential oil.  

This method has certain differences compared to antibiotic susceptibility 
testing. Due to the high activity of essential oils to inhibit microflora aerogenously 
and the possible potentiation or synergy of their action, it is advisable to study each 
essential oil separately (i.e., in one Petri dish there is only one disc impregnated with 
the test essential oil). For control purposes, the same cultures were sown and discs 
impregnated with saline were placed. All crops were kept in a thermostat for 22-24 
hours. The results of the experiments were evaluated by measuring (mm) the colony 
growth retardation zone (CGR) (including the diameter of the disc itself). 

The test microorganisms used were museum cultures of opportunistic 
bacteria: gram-negative Escherichia coli (ATCC 25922), Proteus vulgaris (ATCC 
4636), and gram-positive Staphylococcus aureus (ATCC 25923) and Bacillus 
subtilis (ATCC 6633) [6,7]. One-day suspensions of bacterial microorganisms in 
physiological saline were used in the experiments. The microbial load was 105 CFU 
(colony-forming units of microorganisms in 1 ml) (CFU/ml). 
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Initially, six essential oils were tested - juniper, eucalyptus, fir, clove, 
cornflower and rosemary. It is well known that these essential oils have pronounced 
bacteriostatic, bactericidal and fungicidal activity, as well as antioxidant, anti-
inflammatory and immunostimulatory effects 

In accordance with the SFC recommendations, soya casein agar for bacteria 
was used for the study. The culture media met the requirements for growth, 
inhibitory and indicative properties, and passed the sterility test in accordance with 
the requirements of 1.4 of the SPS. Under sterile conditions, paper discs (6.0 mm in 
diameter) were impregnated with essential oil for several minutes to ensure reliable 
impregnation of the disc, and then placed on the surface of the culture medium. The 
cups were left at room temperature for 30 minutes to stabilize the disc with essential 
oil, and then placed in a thermostat and incubated at 32.5±2.5 °C for 18-20 hours. 
After incubation against a background of a uniform bacterial lawn, zones of 
complete and partial growth inhibition were formed around the discs. The results 
were recorded by measuring the zone of inhibition of microbial growth (in mm), 
including the diameter of the disc impregnated with essential oil.  

Presentation of the main material. The results of the study of the 
microbiological properties of essential oils in relation to cultures of gram-positive 
and gram-negative bacteria by the disc diffusion method are given in Table 1. 

The antimicrobial activity of essential oils was studied with the aim of creating 
complex plant-based herbal preparations (phytocompositions) for local 
antimicrobial and wound healing effects.  

The results of testing the EO by the disco-diffusion method are given in             
Table 1. 

 
Table 1. 

Study of the antimicrobial activity of essential oils  

Microorga
nisms 

 
Zone of inhibition of microbial colonies growth by essential oils, mm 

 
Juniper Eucalyptus 

 
Fir Clove Cornflowers 

 
Rosemary 

E. coli 
13,2±0,5 17,5±0,7 10,2±0,6 17,2±0,7 20,2±0,5 23,5±0,5 

Staph. 
aureus 8,3±0,6 22,6±0,4 14,5±0,6 14,0±0,7 27,8±0,7 15,3±0,7 

Bac.  
subtilis 11,5±0,5 29,2±0,7 9,6±0,5 – 22,3±0,5 – 

Prot. 
vulgaris 12,5±0,6 13,3±0,7 – 16,0±0,5 31,2±0,3 21,5±0,5 

Notes: (–) - no antibacterial effect was observed  
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As can be seen from Table 1, almost all the studied essential oils have high 
antimicrobial activity. Eucalyptus and cornflower essential oils have the most 
pronounced bactericidal activity, while fir, juniper, rosemary and clove essential oils 
have a less pronounced effect.  

When studying the sensitivity of isolated microorganisms to essential oils, it 
was found that almost all the essential oils studied (juniper, eucalyptus, fir, clove, 
cornflowers, rosemary) have high antimicrobial activity. This is due to the fact that 
bactericidal doses of essential oils cause profound morphological, cultural and 
biochemical changes in microorganisms, in particular, they lead to changes in 
antigenic properties, a decrease or complete loss of pathogenicity.  

Interacting with proteins of microorganisms, essential oils can inactivate their 
enzyme systems, leading to inhibition of oxidative phosphorylation, blocking the 
formation of macroergic bonds, etc.  

The studied microbiological properties of essential oils indicate a wide range 
of their antimicrobial action. In particular, as can be seen from Table 1, , in relation 
to cultures of opportunistic and pathogenic bacteria, essential oils of cornflower 
(Ocimum basilicum) - (E. coli (20.2±0.5), Staph. aureus (27.8±0.7), Bac. subtilis 
(22.3±0.5), Prot. vulgaris (31.2±0.3) and Eucalyptus globulus (Eucalyptus globulus) 
- (E. coli (17.5±0.7), Staph. aureus (22.6±0.4), Bac. subtilis (29.2±0.7), Prot. 
vulgaris (13.3±0.7).  

The following essential oils had a less pronounced antimicrobial activity 
against cultures of gram-positive and gram-negative bacteria: juniper (Juniperus 
communis) - (E. coli (13±0.5), Staph. aureus (8.3±0.6), Bac. subtilis (11.5±0.5), 
Prot. vulgaris (12.5±0.6); Siberian fir (Abies sibirica) (E. coli (10.2±0.6), Staph. 
aureus (14.5±0.6), Bac. subtilis (9.6±0.5), Prot. vulgaris (no growth retardation 
zone) ; clove tree (Eugenia Caryophyllus) - E. coli (17.2±0.7), Staph. aureus 
(14.0±0.7), Bac. subtilis (no growth retardation zone), Prot. vulgaris (16.0±0.5); 
rosemary (Rosmarinus officinalis) - (E. coli (23.5±0.5), Staph. aureus (15.3±0.7), 
Bac. subtilis (no growth retardation zone), Prot. vulgaris (21.5±0.5).  

Conclusions. The obtained results of experimental studies have shown that 
all the studied essential oils have antimicrobial activity, which is most pronounced 
in eucalyptus and cornflower essential oils, less pronounced in fir, juniper, rosemary 
and clove essential oils. 

The most pronounced antimicrobial activity against cultures of gram-positive 
and gram-negative bacteria was observed in essential oils of common cornflower 
(Ocimum basilicum) - (E. coli (20.2±0.5), Staph. aureus (27.8±0.7), Bac. subtilis 
(22.3±0.5), Prot. vulgaris (31.2±0.3) and Eucalyptus globulus (Eucalyptus globulus) 
- (E. soli (17.5±0.7), Staph. aureus (22.6±0.4), Bac. subtilis (29.2±0.7), Prot. vulgaris 
(13.3±0.7).  

Thus, the study of the antimicrobial properties of essential oils is a promising 
area for the development and implementation of new antimicrobial drugs for the 
rehabilitation of local inflammatory processes.  
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