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Abstract  
 
The aim of this paper is to present the antibacterial activity of peppermint, basil and rosemary essential oils obtained 
by steam distillation after the preservation period using various methods. The processing methods used for the plant 
materials were natural drying, freezing and gamma ray irradiation. The oils were extracted after certain preservation 
periods from Mentha piperita, Ocimum basilicum and Rosmarinus officinalis aromatic plant materials. The 
antibacterial activity of the studied essential oils was assessed against 8 bacterial strains (Staphylococcus aureus, 
Streptococcus pyogenes, Streptococcus viridans, Enterococcus faecalis, Streptococcus pneumoniae, Escherichia coli, 
Klebsiella pneumoniae and Serratia marcescens). Antibacterial activity of the essential oils was investigated using disc 
diffusion method. The results showed that the antibacterial activity depends on the type of aromatic plant and the type 
of used preservation methods. The most active essential oils against the tested bacteria were, in descending order 
rosemary, peppermint and basil.  
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INTRODUCTION  
 
Rosemary (Rosmarinus officinalis), basil 
(Ocimum basilicum) and peppermint (Mentha 
piperita) are aromatic plants from Lamiaceae 
family (Nutrizio et al., 2020). Rosemary has 
been used for medicinal purposes due to its 
antioxidant and antibacterial properties 
(Babovic et al., 2010; Moore et al., 2016). 
Rosemary has been used as flavouring agent in 
food industry and cuisines (Ali et al., 2019). 
Basil (Ocimum basilicum) has antioxidant 
effects and it has been used for medicinal 
purposes in treating cancer, inflammatory and 
neurodegenerative problems (McCance et al., 
2016). Peppermint (Mentha piperita) has been 
used for its flavoring and fragrance properties. 
Peppermint is effective in aromatherapy, 
relaxing treatments and it reduces headaches 
(Lakhan et al., 2016). 
Volatile constituents of fresh aromatic plants 
are very sensitive after harvesting. Aromatic 
plants need to be preserved immediately after 
the harvesting process. Natural drying, gamma 
irradiation and freezing are the preservation 
method used in this study. Natural drying 

process influences the quantity of the volatile 
content of the treated samples (Chakraborty 
and Dey, 2016). Gamma irradiation is used as a 
safe preservation method in food industry. 
Gamma rays are used to extend the shelf life of 
food products, by inactivate the food pathogens 
(Gerolis et al., 2017). Freezing is influenced by 
the harvesting factors and it is also a 
preservation method (Neri et al., 2020). 
Essential oils are obtained through many 
processes like steam distillation, extractive 
distillation, hydro-distillation, microwave 
distillation etc. Steam distillation is the most 
used method to extract the essential oils. This 
method is used for its highest extractive 
efficiency and its greatest quality of the 
essential oils. Steam distillation uses heat from 
water steam to extract the oil, which is then 
easily separated from the water (Radwan et al., 
2020; Salamon et al., 2019).   
The purpose of this study was to determine 
how preservation methods influence the 
antibacterial activity of Mentha piperita, 
Ocimum basilicum and Rosmarinus officinalis 
extracted essential oils. 
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MATERIALS AND METHODS  
 
Peppermint, basil and rosemary aerial parts 
were procured from an authorized local farmer 
in Tuzla city from Constanta area. The aerial 
parts were harvested early in the morning, 
before the sun rise. Fresh aerial parts were 
quartered - one part remained fresh, one part 
was dried, one part was dried and irradiated and 
the last part was frozen. Fresh aerial parts of 
peppermint, rosemary and basil were stored in 
plastic caskets to prevent the mouldiness.  
The dried plant samples were treated under 
shade, at room temperature (at 22-23oC), for 7 
days. Frozen plants were kept in a freezer 
(Samsung model no. RB31FERNDSA), at -
21oC, for 14 hours. Dried irradiated plants were 
subjected to irradiation in a Gamma Irradiator 
GC5000 with a 60Cobalt source at a dose rate of 
10Gy (Figure 1). 
 

 
Figure 1. Gamma Irradiator GC5000 

 
Following each preservation method, the aerial 
parts were subjected to steam distillation. After 
the distillation process, the essential oils were 
separated and kept in a refrigerator at 4oC until 
analysis. 
This study included 8 bacterial strains from 
National Institute of Military Medical Research 
Cantacuzino Collection - Staphylococcus 
aureus, Streptococcus pyogenes, Streptococcus 
viridans, Enterococcus faecalis, Streptococcus 
pneumoniae, Escherichia coli, Klebsiella 
pneumoniae and Serratia marcescens. The 
bacterial strains were inoculated on TSA 
culture media (Tryptone Soy Agar/Casein soya 
bean digest agar). TSA culture media was 
purchased from Oxoid.  

The most commonly used methods for the 
study of antibacterial activity for essential oils 
is disk diffusion method (Matei et al., 2020). 
The microbial suspensions were prepared in 
normal saline solution. 1 ml of each microbial 
suspension was cultivated on TSA media and 
incubated at 37oC for 24 hours. The incubation 
results are shown in Table 1.  
 

Table 1. Number of CFU after 24 h incubation at 37oC 
(CFU/ml) 

No Bacterial strain CFU/ml 

1. Staphylococcus aureus  1.2 x 108 
2. Streptococcus pyogenes  1.3 x 108 
3. Streptococcus viridans  1.35 x 108 
4. Enterococcus faecalis  1.4 x 108 
5. Streptococcus 

pneumoniae  
1.25 x 108 

6. Escherichia coli 1.35 x 108 
7. Klebsiella pneumoniae  1.45 x 108 
8. Serratia marcescens 1.35 x 108 

 
For an extra verification of the turbidity of the 
microbial suspensions, it was used the 0.5 
McFarland Standard, purchased from Hardy 
Diagnostics. 0.5 McFarland Standard 
correspond to an approximately 1.5 x 108 CFU 
inoculum (Figure 2). 0.1 ml of inoculum was 
spread onto the surface of TSA culture media 
using a sterile bacteriological spreader. After 
the absorption of inoculum, the 6 mm paper 
disks were transferred on the top of the 
inoculated agar surface. 10 μl of each essential 
oil were applied with a micropipette onto the 
sterile paper disks. Samples were prepared in 
triplicates. The agar plates are incubated at 
37oC for 24 hours (Balouiri et al., 2016).  
 

    
Figure 2. 0.5 McFarland Standard from Hardy 

Diagnostics (left), Densitometer (right) 
 
 

 
RESULTS AND DISCUSSIONS  
 
In this study fresh peppermint essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes, Streptococcus 
viridans and Streptococcus pneumoniae. Fresh 
peppermint essential oil has moderate 
antibacterial activity against Klebsiella 
pneumoniae, Escherichia coli and low 
antibacterial activity against Serratia 
marcescens, Enterococcus faecalis and 
Staphylococcus aureus.  
Dried peppermint essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes and Streptococcus pneumoniae. Dried 
peppermint essential oil has moderate 
antibacterial activity against Klebsiella 
pneumoniae, Escherichia coli and low 
antibacterial activity against Streptococcus 
viridans, Serratia marcescens, Enterococcus 
faecalis and Staphylococcus aureus.  
Irradiated and frozen peppermint essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes and Streptococcus 
pneumoniae. Irradiated and frozen peppermint 
essential oil has moderate antibacterial activity 
against Klebsiella pneumoniae, Escherichia 
coli, low antibacterial activity against 
Enterococcus faecalis, Serratia marcescens and 
Streptococcus viridans and no activity against 
Staphylococcus aureus. 
The antibacterial activity of fresh (FP), dried 
(DP), irradiated (IP) and frozen (FRP) extracted 
peppermint essential oils are presented in Table 
2 and Figures 3 and 4. 
 
Table 2. Antibacterial activity of fresh (FP), dried (DP), 
irradiated (IP) and frozen (FRP) extracted peppermint  

(Mentha piperita) essential oils 
 

No Name of 
microorganisms 

Inhibition zone (mm) 

FP DP IP FRP 

1. Staphylococcus 
aureus  3± 0.5 3± 0.2 - - 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  18± 0.5 5± 0.2 2± 0.1 3± 0.1 

4. Enterococcus 
faecalis  5± 0.6 3± 0.3 2± 0.2 3± 0.4 

5. Streptococcus 
pneumoniae  18± 0.7 18± 0.7 15± 0.7 18± 0.7 

6. Escherichia coli 8± 0.5 6± 0.2 6± 0.4 5± 0.1 
7. Klebsiella 

pneumoniae  9± 0.7 7± 0.4 6± 0.6 7± 0.3 

8. Serratia 
marcescens 5± 0.8 3± 0.5 4± 0.5 4± 0.8 

 
 

 

 

 

 
Figure 3. Antibacterial activity of fresh (FP), dried (DP), 
irradiated (IP) and frozen (FRP) extracted peppermint:    

1 - Staphylococcus aureus; 2 - Streptococcus pyogenes;   
3 - Streptococcus viridans; 4 - Enterococcus faecalis;     

5 - Streptococcus pneumonia; 6 - Escherichia coli;         
7 - Klebsiella pneumonia; 8 - Serratia marcescens 

 

 
Figure 4. Antibacterial activity of fresh (FP), 
dried (DP), irradiated (IP) and frozen (FRP) 

extracted peppermint 
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MATERIALS AND METHODS  
 
Peppermint, basil and rosemary aerial parts 
were procured from an authorized local farmer 
in Tuzla city from Constanta area. The aerial 
parts were harvested early in the morning, 
before the sun rise. Fresh aerial parts were 
quartered - one part remained fresh, one part 
was dried, one part was dried and irradiated and 
the last part was frozen. Fresh aerial parts of 
peppermint, rosemary and basil were stored in 
plastic caskets to prevent the mouldiness.  
The dried plant samples were treated under 
shade, at room temperature (at 22-23oC), for 7 
days. Frozen plants were kept in a freezer 
(Samsung model no. RB31FERNDSA), at -
21oC, for 14 hours. Dried irradiated plants were 
subjected to irradiation in a Gamma Irradiator 
GC5000 with a 60Cobalt source at a dose rate of 
10Gy (Figure 1). 
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Fresh and dried basil essential oils exhibited 
strong antibacterial activity against 
Streptococcus pyogenes and Streptococcus 
viridans, moderate antibacterial activity against 
Escherichia coli, low antibacterial activity 
against Serratia marcescens, Klebsiella 
pneumoniae, Enterococcus faecalis, 
Streptococcus pneumoniae and no activity 
against Staphylococcus aureus.  
Irradiated basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, moderate antibacterial activity 
against Escherichia coli, Streptococcus 
viridans, low antibacterial activity against 
Serratia marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis and no activity against 
Streptococcus pneumoniae and Staphylococcus 
aureus.  
Frozen basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Streptococcus pneumoniae, Streptococcus 
viridans and no activity against Serratia 
marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis, Staphylococcus aureus 
and Escherichia coli. The antibacterial activity 
of fresh (FB), dried (DB), irradiated (IB) and 
frozen (FRB) extracted basil essential oils are 
presented in Table 3 and Figures 5 and 6. 
Fresh rosemary essential oil exhibited strong 
antibacterial activity against Staphylococcus 
aureus, Streptococcus pyogenes, Enterococcus 
faecalis, moderate antibacterial activity against 
Klebsiella pneumoniae, Escherichia coli and 
low antibacterial activity against Streptococcus 
viridans, Serratia marcescens and 
Streptococcus pneumoniae. 
Dried rosemary essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Staphylococcus aureus, Enterococcus faecalis, 
Escherichia coli, Klebsiella pneumoniae, 
Serratia marcescens and no antibacterial 
activity against Streptococcus viridans and 
Streptococcus pneumoniae. 
 
 
 
 
 
 
 

Table 3. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil  

(Ocimum basilicum) essential oils 
 

No Name of 
microorganisms 

Inhibition zone (mm) 
FB DB IB FRB 

1. Staphylococcus 
aureus  - - - - 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  12± 0.3 10± 0.3 4± 0.2 2± 0.1 

4. Enterococcus 
faecalis  3± 0.3 1± 0.1 1± 0.1 - 

5. Streptococcus 
pneumoniae  4± 0.2 3± 0.1 - 2± 0.1 

6. Escherichia coli 7± 0.7 5± 0.3 5± 0.5 - 
7.  Klebsiella 

pneumoniae  3 ±0.2 1± 0.2 1± 0.1 - 

8. Serratia 
marcescens 3± 0.6 3± 0.4 2± 0.2 - 

 

  

 

 
 

Figure 5. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil:              

1 - Staphylococcus aureus; 2 - Streptococcus pyogenes; 
3 - Streptococcus viridans; 4 - Enterococcus faecalis;      

5 - Streptococcus pneumonia; 6 - Escherichia coli;             
7 - Klebsiella pneumonia; 8 - Serratia marcescens 
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Figure 6. Antibacterial activity of fresh (FB), dried (DB), 

irradiated (IB) and frozen (FRB) extracted basil 
 
Irradiated rosemary essential oil exhibited 
strong antibacterial activity against 
Staphylococcus aureus, Streptococcus 
pyogenes, moderate antibacterial activity 
against Enterococcus faecalis, low antibacterial 
activity against Streptococcus viridans, 
Serratia marcescens, Streptococcus 
pneumoniae, Klebsiella pneumoniae and 
Escherichia coli. Frozen rosemary essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes, moderate antibacterial 
activity against Staphylococcus aureus, low 
antibacterial activity against Enterococcus 
faecalis, Streptococcus viridans, Serratia 
marcescens, Streptococcus pneumoniae, 
Klebsiella pneumoniae and Escherichia coli. 
The antibacterial activity of fresh (FR), dried 
(DR), irradiated (IR) and frozen (FRR) 
extracted rosemary essential oils are presented 
in Table 4 Figures 7 and 8. 
The results obtained for M. piperita extracted 
oil are in agreement with those reported by 
Salamon et al. (2019), Mattazi et al. (2015), 
Sfeir et al. (2013), Silva et al. (2012), Mello da 
Silveira et al. (2012), Singh et al. (2015), 
Mahboubi & Kazempour (2013). In our study, 
R. officinalis oil exhibited a strong activity 
against S. aureus, Streptococcus pyogenes, E. 
faecalis, S. pyogenes which is consistent with 
other studies results reported by Salamon et al. 
(2019), Fidan et al. (2019), Mattazi et al. 
(2015), Sfeir et al. (2013), Silva et al. (2012), 
Mello da Silveira et al. (2012), Ojeda-Sana et 
al. (2012), Abdullah et al. (2015).  

The results obtained for O. basilicum extracted 
oil are similar with those reported by Semeniuc 
et al. (2016), Fidan et al. (2019), Sfeir et al. 
(2013), Silva et al. (2012), Mello da Silveira et 
al. (2012). 
 
Table 4. Antibacterial activity of fresh (FR), dried (DR), 

irradiated (IR) and frozen (FRR) extracted rosemary  
(Rosmarinus officinalis) essential oils 

 

No Name of 
microorganisms 

Inhibition zone (mm) 

FR DR IR FRR 

1. Staphylococcus 
aureus  18± 0.3 2± 0.5 16± 0.7 8± 0.8 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  2± 0.1 - 1± 0.1 2± 0.1 

4. Enterococcus 
faecalis  17± 0.8 2± 0.6 6± 0.8 3± 0.2 

5. Streptococcus 
pneumoniae  4± 0.2 - 2± 0.1 1± 0.1 

6. Escherichia coli 6± 0.6 2± 0.6 3± 0.6 1± 0.5 
7.  Klebsiella 

pneumoniae  9 ±0.5 2± 0.3 3± 0.2 2± 0.3 

8. Serratia 
marcescens 4± 0.7 3± 0.6 3± 0.3 1± 0.1 

 

 

 
Figure 7. Antibacterial activity of fresh (FR), dried (DR), 

irradiated (IR) and frozen (FRR) extracted rosemary:         
1 - Staphylococcus aureus; 2 - Streptococcus pyogenes;     
3 - Streptococcus viridans; 4 - Enterococcus faecalis;        

5 - Streptococcus pneumonia; 6 - Escherichia coli;           
7 - Klebsiella pneumonia; 8 - Serratia marcescens  
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Fresh and dried basil essential oils exhibited 
strong antibacterial activity against 
Streptococcus pyogenes and Streptococcus 
viridans, moderate antibacterial activity against 
Escherichia coli, low antibacterial activity 
against Serratia marcescens, Klebsiella 
pneumoniae, Enterococcus faecalis, 
Streptococcus pneumoniae and no activity 
against Staphylococcus aureus.  
Irradiated basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, moderate antibacterial activity 
against Escherichia coli, Streptococcus 
viridans, low antibacterial activity against 
Serratia marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis and no activity against 
Streptococcus pneumoniae and Staphylococcus 
aureus.  
Frozen basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Streptococcus pneumoniae, Streptococcus 
viridans and no activity against Serratia 
marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis, Staphylococcus aureus 
and Escherichia coli. The antibacterial activity 
of fresh (FB), dried (DB), irradiated (IB) and 
frozen (FRB) extracted basil essential oils are 
presented in Table 3 and Figures 5 and 6. 
Fresh rosemary essential oil exhibited strong 
antibacterial activity against Staphylococcus 
aureus, Streptococcus pyogenes, Enterococcus 
faecalis, moderate antibacterial activity against 
Klebsiella pneumoniae, Escherichia coli and 
low antibacterial activity against Streptococcus 
viridans, Serratia marcescens and 
Streptococcus pneumoniae. 
Dried rosemary essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Staphylococcus aureus, Enterococcus faecalis, 
Escherichia coli, Klebsiella pneumoniae, 
Serratia marcescens and no antibacterial 
activity against Streptococcus viridans and 
Streptococcus pneumoniae. 
 
 
 
 
 
 
 

Table 3. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil  

(Ocimum basilicum) essential oils 
 

No Name of 
microorganisms 

Inhibition zone (mm) 
FB DB IB FRB 

1. Staphylococcus 
aureus  - - - - 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  12± 0.3 10± 0.3 4± 0.2 2± 0.1 

4. Enterococcus 
faecalis  3± 0.3 1± 0.1 1± 0.1 - 

5. Streptococcus 
pneumoniae  4± 0.2 3± 0.1 - 2± 0.1 

6. Escherichia coli 7± 0.7 5± 0.3 5± 0.5 - 
7.  Klebsiella 

pneumoniae  3 ±0.2 1± 0.2 1± 0.1 - 

8. Serratia 
marcescens 3± 0.6 3± 0.4 2± 0.2 - 

 

  

 

 
 

Figure 5. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil:              

1 - Staphylococcus aureus; 2 - Streptococcus pyogenes; 
3 - Streptococcus viridans; 4 - Enterococcus faecalis;      

5 - Streptococcus pneumonia; 6 - Escherichia coli;             
7 - Klebsiella pneumonia; 8 - Serratia marcescens 
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Figure 6. Antibacterial activity of fresh (FB), dried (DB), 

irradiated (IB) and frozen (FRB) extracted basil 
 
Irradiated rosemary essential oil exhibited 
strong antibacterial activity against 
Staphylococcus aureus, Streptococcus 
pyogenes, moderate antibacterial activity 
against Enterococcus faecalis, low antibacterial 
activity against Streptococcus viridans, 
Serratia marcescens, Streptococcus 
pneumoniae, Klebsiella pneumoniae and 
Escherichia coli. Frozen rosemary essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes, moderate antibacterial 
activity against Staphylococcus aureus, low 
antibacterial activity against Enterococcus 
faecalis, Streptococcus viridans, Serratia 
marcescens, Streptococcus pneumoniae, 
Klebsiella pneumoniae and Escherichia coli. 
The antibacterial activity of fresh (FR), dried 
(DR), irradiated (IR) and frozen (FRR) 
extracted rosemary essential oils are presented 
in Table 4 Figures 7 and 8. 
The results obtained for M. piperita extracted 
oil are in agreement with those reported by 
Salamon et al. (2019), Mattazi et al. (2015), 
Sfeir et al. (2013), Silva et al. (2012), Mello da 
Silveira et al. (2012), Singh et al. (2015), 
Mahboubi & Kazempour (2013). In our study, 
R. officinalis oil exhibited a strong activity 
against S. aureus, Streptococcus pyogenes, E. 
faecalis, S. pyogenes which is consistent with 
other studies results reported by Salamon et al. 
(2019), Fidan et al. (2019), Mattazi et al. 
(2015), Sfeir et al. (2013), Silva et al. (2012), 
Mello da Silveira et al. (2012), Ojeda-Sana et 
al. (2012), Abdullah et al. (2015).  

The results obtained for O. basilicum extracted 
oil are similar with those reported by Semeniuc 
et al. (2016), Fidan et al. (2019), Sfeir et al. 
(2013), Silva et al. (2012), Mello da Silveira et 
al. (2012). 
 
Table 4. Antibacterial activity of fresh (FR), dried (DR), 

irradiated (IR) and frozen (FRR) extracted rosemary  
(Rosmarinus officinalis) essential oils 

 

No Name of 
microorganisms 

Inhibition zone (mm) 

FR DR IR FRR 

1. Staphylococcus 
aureus  18± 0.3 2± 0.5 16± 0.7 8± 0.8 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  2± 0.1 - 1± 0.1 2± 0.1 

4. Enterococcus 
faecalis  17± 0.8 2± 0.6 6± 0.8 3± 0.2 

5. Streptococcus 
pneumoniae  4± 0.2 - 2± 0.1 1± 0.1 

6. Escherichia coli 6± 0.6 2± 0.6 3± 0.6 1± 0.5 
7.  Klebsiella 

pneumoniae  9 ±0.5 2± 0.3 3± 0.2 2± 0.3 

8. Serratia 
marcescens 4± 0.7 3± 0.6 3± 0.3 1± 0.1 

 

 

 
Figure 7. Antibacterial activity of fresh (FR), dried (DR), 

irradiated (IR) and frozen (FRR) extracted rosemary:         
1 - Staphylococcus aureus; 2 - Streptococcus pyogenes;     
3 - Streptococcus viridans; 4 - Enterococcus faecalis;        

5 - Streptococcus pneumonia; 6 - Escherichia coli;           
7 - Klebsiella pneumonia; 8 - Serratia marcescens  
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Figure 8. Antibacterial activity of fresh (FR), dried (DR), irradiated (IR) and frozen (FRR) extracted rosemary 

 
Table 5. Antibacterial activity of O. basilicum, M. piperita and R. officinalis - comparative study 

Essential oil Microorganisms  Reference 
Ocimum basilicum 

 
Staphylococcus aureus  Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Streptococcus pyogenes Sfeir et al. (2013) 
Ocimum basilicum Escherichia coli Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Enterococcus faecalis Silva et al. (2012); Mello da Silveira et al. (2012) 

Rosmarinus officinalis Staphylococcus aureus  Salamon et al. (2019); Fidan et al. (2019) 
Mattazi et al. (2015); Silva et al. (2012);  

Mello da Silveira et al. (2012) 
Ojeda-Sana et al. (2012); Abdullah et al. (2015) 

Rosmarinus officinalis Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 
Rosmarinus officinalis Escherichia coli Salamon et al. (2019); Fidan et al. (2019) 

Mattazi et al. (2015); Silva et al. (2012) 
Mello da Silveira et al. (2012); Ojeda-Sana et al. (2012) 

Rosmarinus officinalis Enterococcus faecalis Salamon et al. (2019); Silva et al. (2012) 
Mello da Silveira et al. (2012) 

Ojeda-Sana et al. (2012); Abdullah et al. (2015) 
Rosmarinus officinalis Klebsiella pneumoniae Mattazi et al. (2015); Ojeda-Sana et al. (2012) 

Mentha piperita Staphylococcus aureus  Salamon et al. (2019); Mattazi et al. (2015) 
Silva et al. (2012); Mello da Silveira et al. (2012) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Escherichia coli Salamon et al. (2019); Mattazi et al. (2015) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Singh et al. (2015); Mahboubi &  Kazempour (2013) 

Mentha piperita Enterococcus faecalis Salamon et al. (2019);  
Mahboubi &  Kazempour (2013) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Mentha piperita Klebsiella pneumoniae Mattazi et al. (2015); Singh et al. (2015) 

Mahboubi &  Kazempour (2013) 
 
CONCLUSIONS  
 
Results of the disk diffusion method showed 
that the studied extracted essential oils have 
antibacterial activity against the tested 
microorganisms with one exception - basil 

essential oil does not have antibacterial activity 
against Staphylococcus aureus.  
The inhibition zone diameters vary. Peppermint 
has strong antibacterial activity against                 
S. pyogenes, S. viridans, S. pneumoniae,                  
K. penumoniae, E. coli and moderate-low 
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antibacterial activity against S. aureus,                       
E. faecalis and S. marcescens.  
Basil has strong antibacterial activity against    
S. pyogenes, S. viridans and moderate-low 
antibacterial activity against S. pneumoniae,              
K. penumoniae, E. coli, E. faecalis and                       
S. marcescens and no antibacterial activity 
against S. aureus. Rosemary has strong 
antibacterial activity against S. pyogenes,                     
S. aureus, E. faecalis, K. penumoniae and 
moderate-low antibacterial activity against                  
S. viridans, S. pneumoniae, E. coli and                       
S. marcescens.  
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Figure 8. Antibacterial activity of fresh (FR), dried (DR), irradiated (IR) and frozen (FRR) extracted rosemary 

 
Table 5. Antibacterial activity of O. basilicum, M. piperita and R. officinalis - comparative study 

Essential oil Microorganisms  Reference 
Ocimum basilicum 

 
Staphylococcus aureus  Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Streptococcus pyogenes Sfeir et al. (2013) 
Ocimum basilicum Escherichia coli Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Enterococcus faecalis Silva et al. (2012); Mello da Silveira et al. (2012) 

Rosmarinus officinalis Staphylococcus aureus  Salamon et al. (2019); Fidan et al. (2019) 
Mattazi et al. (2015); Silva et al. (2012);  

Mello da Silveira et al. (2012) 
Ojeda-Sana et al. (2012); Abdullah et al. (2015) 

Rosmarinus officinalis Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 
Rosmarinus officinalis Escherichia coli Salamon et al. (2019); Fidan et al. (2019) 

Mattazi et al. (2015); Silva et al. (2012) 
Mello da Silveira et al. (2012); Ojeda-Sana et al. (2012) 

Rosmarinus officinalis Enterococcus faecalis Salamon et al. (2019); Silva et al. (2012) 
Mello da Silveira et al. (2012) 

Ojeda-Sana et al. (2012); Abdullah et al. (2015) 
Rosmarinus officinalis Klebsiella pneumoniae Mattazi et al. (2015); Ojeda-Sana et al. (2012) 

Mentha piperita Staphylococcus aureus  Salamon et al. (2019); Mattazi et al. (2015) 
Silva et al. (2012); Mello da Silveira et al. (2012) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Escherichia coli Salamon et al. (2019); Mattazi et al. (2015) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Singh et al. (2015); Mahboubi &  Kazempour (2013) 

Mentha piperita Enterococcus faecalis Salamon et al. (2019);  
Mahboubi &  Kazempour (2013) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Mentha piperita Klebsiella pneumoniae Mattazi et al. (2015); Singh et al. (2015) 

Mahboubi &  Kazempour (2013) 
 
CONCLUSIONS  
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that the studied extracted essential oils have 
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microorganisms with one exception - basil 
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antibacterial activity against S. aureus,                       
E. faecalis and S. marcescens.  
Basil has strong antibacterial activity against    
S. pyogenes, S. viridans and moderate-low 
antibacterial activity against S. pneumoniae,              
K. penumoniae, E. coli, E. faecalis and                       
S. marcescens and no antibacterial activity 
against S. aureus. Rosemary has strong 
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S. aureus, E. faecalis, K. penumoniae and 
moderate-low antibacterial activity against                  
S. viridans, S. pneumoniae, E. coli and                       
S. marcescens.  
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Abstract 
 
In biological control one of the most common approaches is selecting microorganisms with antagonistic traits. Yet, 
indirect mechanisms of plant growth promotion may give advantages in biotic stress by allowing plants to overcome the 
colonization of the pathogen. Rapid methods of combined antagonistic and plant growth promotion traits are scarce. 
Here we propose a method for screening potentially bioactive fungal endophytes in a tripartite interaction “endophytes 
- Alternaria - tomato seedlings”. Endophytes are known to interact with pathogens chemically inhibiting their growth 
or development by means of specific biologically active metabolites, mycoparasitism, or by competition for nutrients, or 
indirectly by inducing resistance mechanisms in the host. The proposed method here could substitute the conventional 
assays of antagonism in dual culture (i.e. fungus – fungus), having introduced from the beginning the central biological 
actor, the plant. Results indicate that the order of arrival of each actor determines if seedling colonization or 
enhancement of seedling growth occur as the antagonistic interaction between endophyte and pathogen may precede 
the latter beneficial interactions. 
 
Key words: biological control agents, screening, in-planta assay. 
 
INTRODUCTION  

 
The genus Artemisia, with over 400 hardy 
herbaceous plant and shrub species, has gain 
attention over the years, being an important 
resource, contributing to medicine, chemistry, 
agriculture, industry, and ecology.  
The early exploration of the fungal endophytic 
communities indicates an ecological diversity 
with a good prospect for plant protection like 
biological control agents or sources of specific 
metabolites with biological activity (Cosoveanu 
& Cabrera, 2018). Biological activity against 
bacteria and fungi was sought among species of 
Artemisia following the “medicinal plant 
harbouring active fungal endophytes” model 
(Cosoveanu et al., 2019; Cosoveanu & Cabrera, 
2018; Lu et al., 2000; Zhang et al., 2012; Zou 
et al., 2000). The present study was meant to 
obtain an easy, feasible method for screening 
potential bioactive fungal endophytes against 
plant pathogen - Alternaria sp. 

The workflow design (i.e. strategy and 
resources) regarded that laboratories with 
limited resources in terms of equipment, 
reagents and researchers can easily filter the 
active endophytic strains (i.e. seedlings growth 
stimulation and protection against pathogen). 
Therefore, we have proposed the following 
factors: i) instrumental constraints, ii) high 
number of potentially active strains; iii) 
juxtaposed data interpretation (i.e. plant growth 
stimulation and protection against pathogen); 
iv) moment of arrival (i.e. multiple scenarios of 
time shifts for each biological partner and 
duration of interaction). These factors will be 
described elsewhere in this manuscript.  
The study has two objectives: i) to evaluate 
which of the endophytes is the most efficient 
and ii) which of the time scenarios is most 
propitious to give best results.  
The study hypothesis on arrival shifts was that 
if the endophytes are inoculated first on the 
seeds, before the pathogen, results would be 
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