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1. Introduction 

 

The use of antimicrobials is a common practice for preservation of foods. Incorporation, in a food recipe, of 

chemical antimicrobials towards inhibition of spoilage and pathogenic micro-organisms results in the compositional 

modification of food. This treatment is nowadays undesirable for the consumer, who likes natural products. 

Scientific community reflecting consumers demand for natural antimicrobials has made efforts to investigate the 

possibility to use natural antimicrobials such us essential oils of plant origin to inhibit microbial growth. In addition, 

to the compositional modification of a food, antimicrobials are also used for a food surface treatment or for 

incorporation in the packaging material. This is especially important for cooked meat products, to decontaminate 

them from post-thermal processing cross-contamination. Antimicrobial substances are also used in certain stages of 

food process corresponding to critical control points; their presence contributes to the safety design of a food with 

other existing hurdles of microbial growth.  

This report is mainly focused on natural antimicrobials and specially the use of essential oils as food additives, 

providing in parallel basic information on their mode of action and their antimicrobial activity against selected 

foodborne pathogens. 

 

1.1. Essential oils as natural antimicrobials 

 

Since ancient times (with the earliest report in 1550 BC), spices and herbs have been used for their perfume 

and flavor as seasoning additives and as preservatives due to their strong antimicrobial and antioxidant properties 

(Tassou, Lambropoulou, & Nychas, 2004; Coma, 2008). The antimicrobial activity of spices and herbs is primarily 

attributed to the phenolic component of their essential oil fraction (phyto-phenols; Davidson & Naidu, 2000). 

Although EOs usually contains more than sixty individual components, the phenolic components are chiefly 

responsible for their antibacterial properties (Cosentino et al., 1999). More specifically, essential oils mainly consist 

of terpenes (e.g. mono terpenes, sesquerpitenes), terpenoides and other aromatic compounds (e.g. simple phenols, 

such as eugenol and thymol, aldehydes, esters and alcohols) (Figure 1) (Burt, 2004; Davidson, 1997; Smid & 

Gorris, 1999; Bakkali, Averbeck, Averbeck, & Idaomar, 2008). Other plant extracts include isothiocyanate 

derivatives (e.g., found in cabbage, horseradish, mustard, broccoli) and phenolic compounds, such as di- or tri-

phenols, phenolic acids, such as hydroxucinnamic acid, and flavonoids (Davidson, 1997).  Based on toxicological 

studies, the majority of active components of herbs and spices are considered as food-grade or generally recognized 

as safe (GRAS) (Smid & Gorris, 1999). 
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Figure 1:  Structural formulae of selected components of EOs (Adapted from Burt, 2004) 

 

1.1.1. Mode of Action of EOs 

The mechanisms of action of essential oils have not been clearly identified but it seems to be related with their 

hydrophobic nature (Nazzaro et al., 2013; Khorshidian et al., 2018; Swamy et al., 2016). In fact, the lipophilic 

nature of the hydrocarbon skeleton and hydrophilic nature of functional groups of EOs (Figure 1) has been 

suggested of having substantial role in the antimicrobial effects of these compounds.  

 

Figure 2:  Antimicrobial mechanisms of essential oils (Adapted from Swamy et al., 2016) 
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Table 1 illustrates some examples of different mechanisms of action found to be used by different EOs and 

their compounds.  

 

Table 1: Different mechanisms of the antimicrobial action of some essential oils and their active compounds 

Essential Oil- Active 

Compound 

Mechanism of Antimicrobial Action 

Tea tree oil  Alter cell permeability, increase the leakage of intracellular 

K+ ions and disrupt cell respiration. 

Thymol, menthol, and linalyl 

acetate  

Cause perturbation of the lipid fractions of bacterial plasma 

membranes 

Carvacrol   Alter the composition of fatty acids which then affects the 

membrane fluidity and permeabiblity 

 Deplete the internal ATP 

 Induced the leakage and loss of ATP from bacterial cells 

 Abolish the enterotoxin production of  S.aureus 

 Disturb the insertion and folding of proteins such as DnaK 

and GroEL 

Methyl carvacrol, menthol, 

citronellol, and thymol  

Cause an enlargement of the cell membrane that leads to 

passive diffusion of ions between the expanded 

phospholipids 

Trans-cinnamaldehyde Enters the periplasm of the cell and disrupts cellular 

functions 

p-cymene Disturb the membrane integrity 

Phenylpropene, eugenol,  

 

Modify the fatty acid outline to alter the cytoplasmic 

membrane of different bacteria. In addition, they can destroy 

various bacterial enzymes such as ATPase, amylase, 

histidine carboxylase, and proteases 

Vanillin  

 

Obstruct the pathways of bacterial respiration and disrupting 

the flux of K+ ions and pH gradient 

 



ArtiSaneFood – D4.1 MIC and MBC of natural antimicrobials 
 
 

5 
 

Generally, the ability of EOs to damage structural and functional properties of bacterial membranes is probably 

the main mechanism of inhibition (Nazzaro et al., 2013). It has been suggested that EOs disrupt the    proton 

pumps, the arrangement of dissimilar fatty acids, phospholipids bilayers and polysaccharides molecules (Swamy et 

al., 2016).  EOs deplete ATP, may cause cascade effect, and finally lead to the coagulation of inner cellular 

components in the cytoplasm and ultimately cell-death. Additionally, some EOs have been found to inhibit the 

quorum sensing communication network between cells which is mediate by different bacterial signal molecules 

(Figure 2) (Swamy et al., 2016). 

Moreover, recent research has shown that essential oils may not cause cell death but instead may cause damage 

to cells by turning them into a Viable But Non Culturable (VBNC) state, a microbial response to stress conditions 

(Paparella et al., 2008).  The later was also shown in a recent research were Origanum vulgare L. and Rosmarinus 

officinalis L. essential oils caused loss of culturability in Listeria monocytogenes cells in Phosphate buffer solution 

(PBS) and meat broth, forcing L. monocytogenes to enter a VBNC state (Barbosa et al., 2020). 

Although the results of most in vitro assays suggest that essential oils have a substantial antimicrobial 

effectiveness, several factors may limit their commercial application in foods. More specifically, studies have 

shown that factors such as  

i) the intrinsic properties of foods (such as fat, pH, salt, water and proteins, which determine the solubility of 

EOs in the water phase) ;  

ii) the structure and viscosity of the foods (solid vs. liquid foods) (Skandamis et al., 2000);  

iii) the decomposition of some EOs constituents (e.g. allyl isothiocyanate) in aqueous face and/or their 

interaction with certain hydrophilic substances, such as thiols, and sulphydryl or terminal amino groups of 

proteins (Ward, Delaquis, Holley, & Mazza, 1998); and 

iv)  factors affecting the physiology of the micro-organisms, such as composition of bacterial membranes, 

availability of nutrients, oxygen tension and incubation temperature (Kabara, 1991; Juven et al., 1994; 

Smid & Gorris, 1999; Gill, Delaquis, Russo, & Holley, 2002; Nychas & Skandamis, 2005),  

may affect the antimicrobial efficacy of EO in foods.   

To overcome the above-mentioned limitations on the application of EOs in foods, researchers have focused 

on the inclusion of EOs in formulations (emulsions, powders) which will protect essential oil. In such formulations 

the EO (core material) is being encapsulated in a carrier material (wall material) (Sagalowicz & Leser, 2010) to 

form a colloidal dispersion.  Commercially colloidal dispersions (nanoemulsions and microemulsions) are 

produced to encapsulate lipophilic compounds to be dispersed into an aqueous medium, the so-called Oil-in-

Water (O/W) type system. Reverse type systems, Water-in-oil (W/O) type systems, may also applied in certain 
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industries (McClements, 2012). Droplet size of these encapsulation systems are of importance as it affects the 

antimicrobial activity of the system. Specifically, the strength of the net attractive forces acting between droplets 

usually decreases with decreasing droplet diameters, reducing aggregation phenomena in nanoemulsions. As 

droplets’ size decreases, the antimicrobial activity of encapsulated lipophilic compound increases because the ratio 

surface area/volume increases. That improves the reactivity of the compound with the microbe as it enhances the 

transport of active molecules (Donsì and Ferrari, 2016). Droplet size is highly related to the delivery system 

(carrier) (Table 2) and the method of encapsulation applied (such as molecular inclusion, spray drying, liposome 

encapsulation etc)  (Sagalowicz & Leser, 2010). 

 

Table 2: Size of Different Oil-in-Water Systems 

Delivery System Size 

Powder particles 

(glass encapsulation, core-shell capsules, matrix capsules) 

10μm-1mm 

Emulsions 

(ordinary emulsions, multilayered emulsions, double 

emulsions, nanoemulsions, Solid Lipid Nanoparticles -SLNS) 

100nm-10μm 

Liposomes, Vesicles 20nm-100μm 

Microemulsions 5-100nm 

Dispersed reversed surfactant systems 

(Cybosomes, hexosomes, Dispersed reversed 

Microemulsions, Micellosomes 

100nm-1μm 

 

 

Liposomes and nanoliposomes are attractive encapsulation systems for the delivery of both lipophilic and 

hydrophilic functional compounds. They are spherical-shell structures consisting of a phospholipid bilayer (or more 

such bilayers) enclosing a liquid core. They can be categorized according to their lamellarity and their size. Small 

Unilamellar Visicle (SUV) is between 20-100nm, Large Unilamellar Vesicles (LUV) are >100nm and the size of 

Giant Unilamellar Visicle (GUV) is >1000nm. As it has already been mentioned, essential oils are able to be 

entrapped in liposomes. There are many methods which are used to formulate these liposomes, such as the thin-film 

hydration, Extrusion, Sonication, Melting, Freezing- thawing etc. (Emami et al., 2016). 
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1.2. In vitro tests of antibacterial activity of EOs 

Several methods can be applied to determine the antibacterial activity of compound; however, for EOs   most 

commonly applied methods are:  

a) The agar diffusion methods (disk diffusion or agar well) (qualitative method)  

b) Τhe dilution methods (agar dilution method or broth dilution) (quantitative method) (Kalemba & Kunicka, 2003; 

Burt, 2004).  

Both type of methods aim to determine the Minimum Inhibitory Concentration (MIC) as a measure of the anti-

bacterial performance of EO. However, as there is no standardized method or definition for MIC, variations between 

the applied methodologies exist. Moreover, Minimum Bactericidal Concentration (MBC) or the bacteriostatic 

concentration is also stated in many research studies, both terms agreeing closely with the MIC (Burt, 2004).  

To avoid confusion, for the purposes of the current review the following definitions (defined by EUCAST) will be 

adapted:  

“Minimal Inhibitory Concentration (MIC) is the lowest concentration of an antimicrobial agent that completely 

inhibits the growth of the organism (EUCAST, 2000) whereas, 

“Minimum Bactericidal Concentration (MBC) is the lowest concentration of a compound that under defined in 

vitro conditions reduces by 99.9% (3 log units) the number of organisms in a medium containing a defined inoculum 

of bacteria, within a defined period of time”. 

 

a) Antimicrobial Activity of Essential Oils and Active Compounds against Selected Pathogens -  

Literature Review 

 

During the past decades, extensive documentation on the antimicrobial activity of different essential oils and 

their constituents against foodborne pathogens such as Listeria monocytogenes, Escherichia coli, Salmonella spp., 

Staphylococcus aureus has been carried out (Table 3a, 3b, 4, 5, 6, 7 & 8). Due to the use of many different 

microbiological methods for susceptibility testing and different definitions of antimicrobial activity, the 

comparability of studies on essential oils is often critical as   variation in the method applied may result in variation 

in the expression of results (mg/ml, μg/ml, %v/v, %w/w, etc.).  For ease of comparison, in the current review, all 

the results have been converted to %v/v. More specifically, several studies have been focused on the determination 

of antimicrobial activity of essential oils against foodborne pathogens. It is generally shown that Gram-positive 

bacteria are more sensitive to essential oils or antibacterial compounds than Gram-negative bacteria (Table 3a, 

3b). This resistance is usually ascribed to the structure of the cellular walls of Gram-negative bacteria, mainly with 

regards to the presence of lipoproteins and lipopolysaccharides that form a barrier to restrict entry of hydrophobic 

compounds. Differences between the antimicrobial activity of different EOs can also be attributed to differences on 

their structure and polarity (Budiati et al., 2020, Takayama et al., 2016, Carolina et al., 2003).  
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Table 3a: MIC and MBC of different essential oils against selected foodborne pathogens 
 

Essential oil or active substance Strain Identification MIC (% v/v)
¥
 MBC (% v/v)

¥
 Method Applied Reference 

Orange peel (Citrus sinensis) L. monocytogenes 3.13 nd Broth Dilution Budiati et al.,  2020 

Lemon oil (Cymbopogon 

citratus) 

L. monocytogenes 0.32 nd Broth Dilution Budiati et al.,  2020 

Salmonella ATCC 14030 6.25 nd Broth Method Budiati et al. 2018 

Lemon peel (Citrus lemon) 

Staphylococcus aureus 2.5 

nd Micro-dilution Otang and Afolaya, 2016  Escherichia coli 2.5 

Bacillus cereus 0.02 

Juniperus communis 

L. monocytogenes ATCC 19111 

0.5 2 

Micro-dilution Nikolic et al., 2019 

L. monocytogenes isolated from salmon 

(LMS) 

L. monocytogenes from slaughterhouse 

water drainage tunnel (LMT) 
0.5 1 

L. monocytogenes from beef carcass 

(LMB) 
1 4 

Tarragon 

E. coli ATCC 25922 
0.00008 

0.00001 Broth Dilution Akarca et al., 2019 
St. aureus ATCC 6538 

S. typhimurium ATCC 14028 
0.00004 

L. monocytogenes ATCC 51774 

Salvia 
St. aureus ATCC 12600 

0.05120 nd Micro-dilution Bhavya et al., 2020 
L. monocytogenes ATCC 13932 

Mentha  

St. aureus ATCC 29213 
0.25 0.25 

Micro-dilution Chraibi et al (2017) 

B. cereus 

E. coli ATCC 25922 
0.5 1 

S. typhi 

Pseudomonas  aeruginosa ATCC 27853 8 >8 

Listeria monocytogenes 0.5 0.5 Micro-dilution Bouyahya et al., 2017 

Listeria monocytogenes 15.3 nd Micro-dilution Teixeira et al. 2012 

Lavandula mairei 
L. monocytogenes CECT 4032 0.008 0.01 

Macro-dilution A. El Hamdaoui et al., 2018 

S. aureus CECT 976 0.012 0.012 

¥ For ease of comparison different MIC and MBC units (i.e., ppm, mg ml−1,  μl l−1 and μg ml−1) have been converted to % (v/v)   values 
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Table 3b: MIC and MBC of different essential oils against selected foodborne pathogens 

Essential oil or active substance Strain Identification MIC (% v/v)
¥
 MBC (% v/v)

¥
 Method Applied Reference 

Date (Phoenix dactylifera L.) 

B. cereus ATCC 11778 1.56 3.13 

Broth Dilution El Arem et al., 2013 

St. aureus ATCC 25923 0.78 1.56 

L. monocytogenes ATCC 19115 0.09 0.19 

E. coli ATCC 35218 12.50 25 

Sesame seeds (Sesamum indicum) 

Bacillus subtilis 0.092 nd 

Streak method  Sandeep et al., 2014 

E. coli 0.095 nd 

Oleuropein (olive leaves) 

P. aeruginosa 0,10 nd 

Micro-dilution Djenane et al., 2012 St aureus 0.05 nd 

S. enterica 0.1 nd 

Hesperidin (orange byproduct) 

Aeromonas hydrophila ATCC 7966 3125 12500 Broth micro-dilution Abuelsaad et al., 2013 

B.subtilus 45 nd 

Agar diffusion Abass et al., 2014 

E. coli 75 nd 

S. typhi 175 nd 

St. aureus  175 nd 

Garlic 

St.aureus 0.00016 0.00064 

Tube-dilution Elsom et al., 2000 

E/.coli 0.0032 0.0032 

Salmonella 1 - 1.25 1.3 - 1.5 Broth Dilution Belguith et al., 2010 

L. monocytogenes CECT 4032 0.01 nd Tube Dilution Somrani et al., 2020 

L. monocytogenes 0.4 >0.8 Micro-dilution S. Pedrós-Garrido et al., 2020 

S. enterica ATCC 25957 0.2 nd 

Broth Dilution H. Al-Talib et al., 2015 

E. coli ATCC 43889 0.1 nd 

St. aureus 0.8 nd Agar Dilution S. Sethi et al., 2013 
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Fennel seeds (Foeniculum 

vulgare) 

L. monocytogenes 15.3 nd 

Broth Dilution Sayed Ahmad et al., 2017 

St. aureus 0.13 0.13 

Corriander  (EO) 

L. monocytogenes <0.01 nd Broth Dilution Delaquis et al., 2004 

E. coli 25922 0.2 0.2 Broth Dilution Casetti etal., 2012 

St. aureus ATCC 25923 0.2 1.6 Broth Dilution Silva et al., 2011 

Salmonella ATCC 13311 0.4 0.8 Broth Dilution Silva etal., 2012 

Red pepper 

L. monocytogenes 0.40 nd 

Micro-dilution Omolo et al., 2014 

E.coli 0.06 nd 

¥ For ease of comparison different MIC and MBC units (i.e., ppm, mg ml−1,  μl l−1 and μg ml−1) have been converted to % (v/v)  values 
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Table 4: MIC and MBC values (%v/v)   of the active compound ´Carvacrol´ against different pathogenic microorganisms 

Essential oil or active substance Strain Identification MIC (% v/v)
¥
 

MBC (% 

v/v)
¥
 

Method Applied Reference 

Carvacrol 

L. monocytogenes 10403S 

0.025 0.05 Micro-dilution Churklam et al., 2019 

L. monocytogenes DMST17303 

L. monocytogenes CM2-BM–HF–Black 

L. monocytogenes CM8-ISO–HF–Blac 

L. monocytogenes CM9-ISO–HF–Black 

L. monocytogenes CM11-ISO–HF–Black 

L. monocytogenes CM12-ISO–HF–Black 

L. monocytogenes CM13-ISO–HF–Black 

L. monocytogenes CM15-ISO–HF–Black 

L. monocytogenes CECT 4032 0.01 nd Tube-dilution  Somrani et al., 2020 

Salmonella  SP 11 0.03 

nd Micro-dilution  Gomez-Garcia et al. 2019 

Salmonella  SP 28 0.06 

Salmonella CECT 443 

0.03 
Salmonella  CECT 700 

Salmonella  CECT 915 

Salmonella  CECT 4300 

S. Enteritidis SE86 

0.0331 nd Micro-dilution  Both Engel et.al., 2017 
S. Τyphimurium isolated from pork feces 

S. Newport 

S. Saint Paul isolated from meat 

Escherichia coli 60 0.03 nd 

microdilution  Gomez-Garcia et al., 2019 

Escherichia coli 61 0.03 nd 

Escherichia coli  67 0.06 nd 

Escherichia coli 96 0.015 nd 

Escherichia coli  107 0.06 nd 

Escherichia coli 115 0.03 nd 

E. coli O157:H7 (ATCC 35150) 0.25 nd  microdilution Yuan et al., 2019 

Staphylococcus aureus 4668/03 0.0662 nd 

Micro-dilution Both Engel et.al., 2017 
Staphylococcus aureus S6 0.0662 nd 

Staphylococcus aureus  S8 0.0662 nd 

Staphylococcus aureus ATCC 2998 0.0662 nd 

Staphylococcus aureus isolated from meat 0.2 0.4 Micro-dilution Gochev&Girova, 2009 
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Table 5: MIC and MBC values (%v/v) of ´Oregano essential oil´ against different pathogenic microorganisms 

Essential oil or active substance Strain Identification MIC (% v/v)
¥
 MBC (% v/v)

¥
 Method Applied Reference 

Oregano oil 

L. monocytogenes ATCC 13932 
0.000052 nd Micro-dilution Hulánková and Bořilová, 2011 

L. monocytogenes ATCC 13932 

L. monocytogenes ATCC 7644 0.000125 nd Tube-dilution  Azeredo et.al., 2011 

L. monocytogenes ATCC 7644 

0.0025 nd Micro-dilution Barbosa et al., 2020 L. monocytogenesATCC 19112 

L. monocytogenes ATCC 19117 

S. Typhimurium 0.04 0.04 Micro-dilution  Mogan et al,  2020 

Salmonella SP 11 0.06 

nd Micro-dilution  Gomez-Garcia et al. 2019 

Salmonella  SP 28 0.12 

Salmonella  CECT 443 0.06 

Salmonella CECT 700 0.06 

Salmonella  CECT 915 0.06 

Salmonella  CECT 4300 0.06 

Salmonella ATCC 13076 0.0005 nd Micro-dilution  Hulánková&Bořilová, 2011 

Salmonella  entericakasenyi 0.001 

nd Micro-dilution  Rossi et al. 2019 

Salmonella enterica Veneziana 0.0005 

Salmonela enterica Derby 0.0002 

Salmonella enterica Thomson 0.0005 

Salmonella enterica Napoli 0.0005 

Escherichia coli 60 0.06 nd 

Micro-dilution Gomez-Garcia et al., 2019 

Escherichia coli 61 0.03 nd 

Escherichia coli  67 0.06 nd 

Escherichia coli 96 0.03 nd 

Escherichia coli  107 0.12 nd 

Escherichia coli 115 0.03 nd 

Escherichia coli O157:H7 ATCC 700728 0.000051 nd 
Micro-dilution Hulánková&Bořilová, 2011 

Staphylococcus aureus ATCC 25923 0.05% nd 

Staphylococcus aureus isolated from 

meat 
0.05 0.05 Micro-dilution Gochev&Girova, 2009 
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Table 6: MIC and MBC values (%v/v) of ´Cinnamon essential oil  ́against different pathogenic microorganisms 

 

 

 

  

Essential oil or active substance Strain Identification MIC (% v/v)¥ 

MBC (% 

v/v)¥ Method Applied Reference 

Cinnamon oil (C. cassia, EOC) 

L. monocytogenes train- FSL 

0.078 0.078 Micro-dilution Paudel et al., 2019 
L. monocytogenes N1-017, LMI 

L. monocytogenes strain- FSL J2-064, LMII 

L. monocytogenes strain- FSL N3-165, LMIII 

Salmonella  entericakasenyi 0.0002 

nd Micro-dilution  Rossi et al. 2019 

Salmonella enterica Veneziana 0.0001 

Salmonela enterica Derby 0.0001 

Salmonella enterica Thomson 0.000125 

Salmonella enterica Napoli 0.0001 

S. Typhimurium T123 

0.1 0.2 Micro-dilution  Al-Nabulsi et al., 2020 
S. Aberdeen T069, 

S. Cubana T109 

S. Paratyphi A T193 

SalI (Salmonella enterica) 

0.039 0.078 Micro-dilution  Paudel et al. 2019 SalII (Salmonella enetrica subspecies enterica serovar Newport) 

SalIII (Salmonella choleraesuis subsp. Choleraesuis) 
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Table 7: MIC and MBC values (%v/v) of ´Rosemary essential oil  ́against different pathogenic microorganisms 

 

 

 

 

 

 

 

 

 

Essential oil or active substance Strain Identification 

MIC (% 

v/v)¥ 

MBC (% 

v/v)¥ Method Applied Reference 

Rosemary oil  

L. monocytogenes 3.13 nd Broth Dilution Budiati et al.,  2020 

L. monocytogenes ATCC 
7644 

0.002 nd Tube-dilution  Azeredo et.al., 2011 

L. monocytogenes ATCC 
7644 

0.0005 nd Micro-dilution Barbosa et al., 2020 
L. monocytogenes ATCC 
19112 

L. monocytogenes ATCC 
19117 

Salmonella  entericakasenyi 

>0.004 nd Micro-dilution  Rossi et al. 2019 

Salmonella enterica 

Veneziana 

Salmonela enterica Derby 

Salmonella enterica 
Thomson 

Salmonella enterica Napoli 

Esherichia coli ATCC 8739 0.30 0.50 Microdilution  Jiang et.al., 2011 

Staphylococcus aureus 
MRSA 53 

0.03 0.1 Micro-dilution 
Jiang et.al., 2011 
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Table 8: MIC and MBC values (%v/v) of ´Thyme essential oil & Thymol´ against different pathogenic microorganisms 

Essential oil (EO) or active substance (AS) Application Strain Identification 
MIC % 

(v/v) 

MBC 

%(v/v) 
Method Applied Reference 

Thyme  EO 

E. coli ATCC 25922 4.0 4.0 Agar Dilution Moghimi et al., 2016 

Staphylococcus aureus isolated from 
meat 

0.1 0.2 Micro-dilution Gochev&Girova, 2010 

E. coli O157:H7 (NCCP 11090) 0.01 0.03 
Microbroth 

diltion 
Sadekuzzaman et al., 2018 

S. Typhimurium T123 

0.1 0.2 Micro-dilution  Al-Nabulsi et al., 2020 
S. Aberdeen T069, 

S. Cubana T109 

S. Paratyphi A T193 

S. ser Enteritidis ATCC13076 0.03 0.07 
Microbroth 

dilution 
Sadekuzzaman et al., 2018 

L.monocytogenes ATCC19113 0.06 0.12 
Microbroth 
diltion 

Sadekuzzaman et al., 2018 

Thymol AS 

Salmonella SP 11 0.06 

nd Micro-dilution  Gomez-Garcia et al. 2019 

Salmonella  SP 28 0.12 

Salmonella  CECT 443 

0.03 
Salmonella CECT 700 

Salmonella  CECT 915 

Salmonella  CECT 4300 

S. Enteritidis SE86 

0.0331 nd Micro-dilution  Both Engel et.al., 2017 

S. Τyphimurium isolated from pork 
feces 

S. Newport 

S. Saint Paul isolated from meat 

Staphylococcus aureus 4668/03 0.0662 nd Micro-dilution 

Both Engel et.al., 2017 
Staphylococcus aureus S6 0.0662 nd Micro-dilution 

Staphylococcus aureus  S8 0.0662 nd Micro-dilution 

Staphylococcus aureus ATCC 2998 0.0662 nd Micro-dilution 

Staphylococcus aureus isolated from 

meat 
0.2 0.4 Micro-dilution Gochev&Girova, 2009 

Escherichia coli 60 0.12 nd 

Broth 
microdilution  

Gomez-Garcia et al., 2019 

Escherichia coli 61 0.06 nd 

Escherichia coli  67 0.06 nd 

Escherichia coli 96 0.06 nd 

Escherichia coli  107 0.12 nd 

Escherichia coli 115 0.06 nd 

E. coli O157:H7 (ATCC 35150) 0.063 nd  microdilution Yuan et al., 2019 
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However, other experimental factors such as the choice of bacterial strains and their sensitivity, volume of 

inoculum, incubation time, and temperature may also be related to the variation in the antimicrobial activity presented 

among studies.  

Essential oils of cinnamon, oregano, thyme and rosemary are found to exhibit promising antimicrobial effects 

against foodborne pathogens (Table 5, 6, 7, 8), that can be attributed to the presence of their principle bioactive 

constituents, such as  carvacrol (Table 4) and thymol (Table 8). As such it has been suggested that  the MICs of 

oregano EOs can be set as the benchmark for other Eos (Thielmann et al., 2019).  

However well EOs perform in antibacterial assays in vitro, it has generally been found that a greater 

concentration of EO is needed to achieve the same effect in foods (Burt 2004). The later forced researchers to focus 

on the antimicrobial effects of encapsulated essential oils. 

 

b) Antimicrobial Activity of Essential Oils and Active Compounds against Selected Pathogens- In-Vitro 

Screening of natural extracts  

The In-Vitro screening of the MIC values of selected antimicrobials was determined against number of indicator 

(spoilage and pathogenic) organisms, such as E. coli O157:H7, Salmonella spp., L. monocytogenes, S. aureus. From 

the stock solution of each antimicrobial, nine principal dilutions (i.e. fractional dilutions from 1 to 0.2) were prepared 

in TSB and 300 µl of each dilution was added into the wells of the first row of a microplate. The remaining wells 

were filled with 150 µl of TSB. Two-fold dilutions follow, from the 1st to the 4th row, transferring 150 µl from one 

well to the next, across the same column. Culture suspension (50 µl) was added to each well, containing 10
5
CFU/ml 

of the target strain. Negative control wells contained only TSB. Microplates were incubated in Bioscreen C at the 

optimum temperature (from 25 to 37 °C) and incubation period per indicator organism. OD600 nm measurements 

were recorded every 30 min and MIC was determined as the minimum concentration of the antimicrobial solution at 

which no increase in OD was observed.  For MBC determination, aliquots of 100 µl culture suspension (CFU/ml) 

were added into each microplate well, except for the negative control wells, which contain only TSB. Microplates 

were incubated under static conditions at optimum conditions per microorganism. The wells of a separate microplate 

weree filled with various concentrations of each antimicrobial according to fractional and twofold dilutions. Dilutions 

of the antimicrobial took place in TSB or in dH2O: ethanol mixture at ratio 70:30. An aliquot of 200 µl antimicrobial 

from each concentration was transferred to the respective well of the microplate with the culture. The antimicrobial 

solution was left in contact with cells for 5 min at 25°C. Then, cells were transferred to Eppendorf tubes with 300 µl 

of neutralizing broth (Dey-Engley neutralizing broth, Fluka Analytical) and incubated at 25°C for 30 s. Finally, 400 

µl TSB were added to each well and the treated microplate was incubated at the optimum conditions per organism. 

Control wells were not be subjected to the antimicrobial treatments. After incubation, turbidity (OD) of TSB was be 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Thielmann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31194064
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measured at A =600 nm. MBC was determined as the antimicrobial concentration for which no regrowth is observed. 

Tables 9, 10 and 11 show the in vitro screening of MIC & MBC values of selected essential oils against foodborne 

pathogens.  

 

Table 9: MIC and MBC values (%v/v) of extracts against different pathogenic microorganisms, tested by partners 

UCO and UIZ 

Partner Essential oil or active substance Strain Identification 
MIC  

(% w/v)
¥
 

MBC  

(% w/v)
¥
 

UCO 

(Spain) 

Thymus vulgaris (thyme) Salmonella Enteritidis ATCC13076 0.0625 nd 

Cymbopogon martinii (palm rose) Salmonella Enteritidis ATCC13077 0.125 nd 

Cymbopogon citratus (lemongrass) Salmonella Enteritidis ATCC13078 0.25 nd 

Ocimum gratissimum (african basil) Salmonella Enteritidis ATCC13079 1 nd 

UIZ 

(Morocco) 
 

 

 

 

 

Thymus satureioides-E.O.- 

L. monocytogenes CECT 4032 0.032 0.032 

L. innocua CECT 4031 0.032 0.032 

S. aureus CECT 976 0.04 0.125 

B. subtilis DSM 6633 0.25 0.25 

P. aeruginosa CECT 118 1 >1 

P. vulgaris CECT 484 >1 >1 

Thymus satureioides-Eth.Ext.- 

L. monocytogenes CECT 4032 0.5 1 

L. innocua CECT 4031 0.5 >1 

S. aureus CECT 976 >1 >1 

B. subtilis DSM 6633 >1 >1 

P. aeruginosa CECT 118 >1 >1 

P. vulgaris CECT 484 0.5 0.5 

 

Table 10: MIC and MBC values (%v/v) of extracts against different pathogenic microorganisms, tested by 

partner IPB 

 

Partner Essential oil or active substance Strain Identification 
MIC  

(% w/v)
¥
 

MBC  

(% w/v)
¥
 

IPB  

(Portugal) 

Rosemary L. monocytogenes WDCM 00019 2 nd 

Lemon balm L. monocytogenes WDCM 00019 > 2 nd 

Basil L. monocytogenes WDCM 00019 > 2 nd 

Tarragon L. monocytogenes WDCM 00019 > 2 nd 

Salvia L. monocytogenes WDCM 00019 2 nd 

Mentha spicata L. monocytogenes WDCM 00019 > 2 nd 

Rosemary L. monocytogenes WDCM 00019 1 nd 

Lemon balm L. monocytogenes WDCM 00019 > 2 nd 

Basil L. monocytogenes WDCM 00019 > 2 nd 

Tarragon L. monocytogenes WDCM 00019 > 2 nd 

Salvia L. monocytogenes WDCM 00019 1 nd 

Mentha spicata L. monocytogenes WDCM 00019 1 nd 

Rosemary L. monocytogenes WDCM 00019 2 nd 

Lemon balm L. monocytogenes WDCM 00019 > 2 nd 

Basil L. monocytogenes WDCM 00019 0.5 nd 

Tarragon L. monocytogenes WDCM 00019 1 nd 

Salvia L. monocytogenes WDCM 00019 0.125 nd 

Mentha spicata L. monocytogenes WDCM 00019 1 nd 

Rosemary 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
2 nd 

Lemon balm 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Basil 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Tarragon Salmonella enterica subsp. Enterica serotype Typhimurium > 2 nd 
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Specifically, Partner UCO (Spain) determined the MIC of thyme, palm rose, lemongrass and African basil 

essential oils against Salmonella Enteritidis ATCC3076. Partner UIZ (Morocco) tested the antimicrobial activity (MIC 

& MBC values) of thyme essential oil and thyme in hydroalcoholic extraction against L. monocytogenes, L. innocua, S. 

aureus, B. subtilis, Pseudomonas aeruginosa and P. vulgaris. Partner IPB (Portugal) determined activity (MIC 

values) of rosemary, lemon balm, basil, tarragon, salvia and Mentha spicata essential oils against L. monocytogenes 

WDCM 00019, Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971 and S. aureus WDCM 00032 

(=ATCC 6538).  

 

 

 

ATCC 43971 

Salvia 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Mentha spicata 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Rosemary 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
2 nd 

Lemon balm 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Basil 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Tarragon 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Salvia 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Mentha spicata 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Rosemary 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Lemon balm 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Basil 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Tarragon 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Salvia 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Mentha spicata 
Salmonella enterica subsp. Enterica serotype Typhimurium 

ATCC 43971 
> 2 nd 

Rosemary S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Lemon balm S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Basil S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Tarragon S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Salvia S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Mentha spicata S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Rosemary S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Lemon balm S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Basil S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Tarragon S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Salvia S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Mentha spicata S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Rosemary S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Lemon balm S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Basil S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Tarragon S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Salvia S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 

Mentha spicata S. aureus WDCM 00032 (=ATCC 6538) > 2 nd 
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Table 11: MIC and MBC values (%v/v) of extracts against different pathogenic microorganisms, tested by AUA 

 

Partner 
Essential oil or 

active substance 
Strain Identification 

MIC  

(% w/v)
¥
 

MBC  

(% w/v)
¥
 

AUA 
(Greece) 

Carvacrol 

L. monocytogenes C5 (4b, surface isolate from dairy farm enviroment) 0.04 0.08 

Salmonella enterica subsp. enterica (ex Kauffmann and Edwards) Le 
Minor and Poppof serovar Typhimurium 4/74 

0.06 0.05 

Escherichia coli O157:H7 NCTC 12079 0.08 0.15 

Staphylococcus aureus subsp. aureus Rosenbach ATCC 6538 0.035 0.08 

Cinnamon oil (C. 

cassia, EOC) 

L. monocytogenes C5 (4b, surface isolate from dairy farm enviroment) 0.115 0.3 

Salmonella enterica subsp. enterica (ex Kauffmann and Edwards) Le 
Minor and Poppof serovar Typhimurium 4/74 

0.225 0.225 

Oregano oil 

L. monocytogenes C5 (4b, surface isolate from dairy farm enviroment) 0.13 0.37 

L. monocytogenes 6179 (1/2a) 0.21 0.45 

Salmonella enterica subsp. enterica (ex Kauffmann and Edwards) Le 
Minor and Poppof serovar Typhimurium 4/74 

0.15 0.225 

Salmonella enterica subsp. enterica serovar Agona 23 0.3 0.3 

Escherichia coli O157:H7 NCTC 12079 0.115 0.3 

Escherichia coli O157:H7 NCTC 13127 0.3 0.3 

Staphylococcus aureus subsp. aureus Rosenbach ATCC 6538 0.15 0.26 

Staphylococcus aureus NCBF 1499 0.15 0.3 

Rosemary oil  

L. monocytogenes C5 (4b, surface isolate from dairy farm enviroment) 0.9 2.35 

L. monocytogenes 6179 (1/2a) 0.9 3.5 

Salmonella enterica subsp. enterica (ex Kauffmann and Edwards) Le 

Minor and Poppof serovar Typhimurium 4/74 
0.6 1.2 

Salmonella enterica subsp. enterica serovar Agona 23 0.6 1.2 

Escherichia coli O157:H7 NCTC 12079 0.9 0.9 

Escherichia coli O157:H7 NCTC 13127 0.45 2.05 

Staphylococcus aureus subsp. aureus Rosenbach ATCC 6538 1.2 3.5 

Staphylococcus aureus NCBF 1499 1.2 1.2 

Orange peel 

(Citrus sinensis) 

L. monocytogenes C5 (4b, surface isolate from dairy farm enviroment) 0.6 4.25 

L. monocytogenes 6179 (1/2a) 0.9 3.5 

Salmonella enterica subsp. enterica (ex Kauffmann and Edwards) Le 
Minor and Poppof serovar Typhimurium 4/74 

0.9 1.475 

Salmonella enterica subsp. enterica serovar Agona 23 0.9 3.5 

Escherichia coli O157:H7 NCTC 12079 1.2 1.475 

Escherichia coli O157:H7 NCTC 13127 0.45 1.2 

Staphylococcus aureus subsp. aureus Rosenbach ATCC 6538 1.2 2.125 

Staphylococcus aureus NCBF 1499 1.2 4.2 

Lemon oil 

(Cymbopogon 

citratus) 

L. monocytogenes C5 (4b, surface isolate from dairy farm enviroment) 1.475 4.2 

L. monocytogenes 6179 (1/2a) 0.9 5 

Salmonella enterica subsp. enterica (ex Kauffmann and Edwards) Le 
Minor and Poppof serovar Typhimurium 4/74 

1.2 5 

Salmonella enterica subsp. enterica serovar Agona 23 1.2 >5 

Escherichia coli O157:H7 NCTC 12079 1.65 >5 

Escherichia coli O157:H7 NCTC 13127 0.9 5 

Staphylococcus aureus subsp. aureus Rosenbach ATCC 6538 3 4.25 

Staphylococcus aureus NCBF 1499 3.5 3.5 

Aloe vera oil 

L. monocytogenes C5 (4b, surface isolate from dairy farm enviroment) 0.525 1.05 

Salmonella enterica subsp. enterica (ex Kauffmann and Edwards) Le 
Minor and Poppof serovar Typhimurium 4/74 

1.05 1.2 

Escherichia coli O157:H7 NCTC 12079 2.1 2.1 

Staphylococcus aureus subsp. aureus Rosenbach ATCC 6538 2.1 4.2 
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Finally, partner AUA (Greece) tested the antimicrobial activity (MIC & MBC values) of the essential oils of 

Cinnamon, Oregano, Rosemary, Orange peel, Lemon, and aloe vera as well as the active compound of Carvacrol 

against 2 strains of  L. monocytogenes, Escherichia coli O157:H7, Salmonella enterica subsp. Enterica and St. aureus. 

Task 4.2 has been completed by IPB, UCO and AUA. Based on the screening results from both the in-vitro testing and 

literature review, the aforementioned partners selected the natural extracts (or essential oils), according to region (Table 

12). The extracts currently studied by UIZ and ISBST/UMA – and listed in Table 12 – are subject to confirmation 

when in-vitro testing is completed by April 2021. The in-situ antimicrobial capacity of the extracts or essential oils 

shown in Table 23 will be assessed in the target artisanal foods. 

 
Table 12: Natural extracts selected to be assessed in the target artisanal foods (*: to be confirmed) 

Country Extracts Type To be tested in 

IPB Lemon balm Extraction in water Alheira sausage 

 Bixa orellana Extraction in oil Alheira sausage 

 

Spearmint Hydroalcoholic extraction Goat milk cheese 

 

Salvia Hydroalcoholic extraction Goat milk cheese 

UCO Thyme Extraction in water Goat milk cheese 

 Thyme Extraction in water Salchichón sausage 

 

Palm rose Extraction in water Salchichón sausage 

 

Lemongrass Extraction in water Salchichón sausage 

  African basil Extraction in water Salchichón sausage 

AUA Oregano essential oil Pure essential oil Katiki 

 

Oregano essential oil Encapsulated in liposomes Katiki 

 

Oregano essential oil Encapsulated in β-cyclodextrins Katiki 

 

Rosemary essential oil Pure essential oil Noumboulo sausage 

 

Rosemary essential oil Encapsulated in liposomes Noumboulo sausage 

 

Rosemary essential oil Encapsulated in β-cyclodextrins Noumboulo sausage 

UIZ* Thyme Hydroalcoholic Extraction Jben cheese 

 

Oregano Essential oil Jben cheese 

 

Rosemary Hydroalcoholic Extraction Merguez sausage 

 

Oregano Essential oil Merguez sausage 

ISBST/UMA* Lemon peel Extraction in hydroethanolic solution Leben milk 

 

Date Extraction in hydroacetone solution Leben milk 

 

Sesame seeds Extraction in hydroethanolic solution Leben milk 

 

Hesperidin Extraction in hydroethanolic solution Leben milk 

 Fennel seeds Extraction in hydroethanolic solution Dry merguez sausage 

 

Mint Extraction in hydroethanolic solution Dry merguez sausage 

 

Red pepper Extraction in hydroethanolic solution Dry merguez sausage 

 

Coriander Extraction in hydroethanolic solution Dry merguez sausage 

 

Oleuropein Extraction in hydromethanolic solution Dry merguez sausage 

 

Garlic Extraction in water Kaddid sheep meat  

  
Mint 

Pure essential oil / extraction in 

methanolic solution 
Kaddid sheep meat  
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Annexes 

 

MIC and MBC values of plant-based extracts or essential oils pre-selected by partners IPB, UCO, AUA, UIZ and ISBST/UMA 
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Partner Essential oil or active substance Strain Identification MIC (% w/v)
¥

MBC (% w/v)
¥ Method Applied Reference

IPB Rosemary L. monocytogenes WDCM 00019 2 nd Micro-dilution Own experiments

IPB Lemon balm L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Basil L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Tarragon L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Salvia L. monocytogenes WDCM 00019 2 nd Micro-dilution Own experiments

IPB Mentha spicata L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Rosemary L. monocytogenes WDCM 00019 1 nd Micro-dilution Own experiments

IPB Lemon balm L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Basil L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Tarragon L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Salvia L. monocytogenes WDCM 00019 1 nd Micro-dilution Own experiments

IPB Mentha spicata L. monocytogenes WDCM 00019 1 nd Micro-dilution Own experiments

IPB Rosemary L. monocytogenes WDCM 00019 2 nd Micro-dilution Own experiments

IPB Lemon balm L. monocytogenes WDCM 00019 > 2 nd Micro-dilution Own experiments

IPB Basil L. monocytogenes WDCM 00019 0.5 nd Micro-dilution Own experiments

IPB Tarragon L. monocytogenes WDCM 00019 1 nd Micro-dilution Own experiments

IPB Salvia L. monocytogenes WDCM 00019 0.125 nd Micro-dilution Own experiments

IPB Mentha spicata L. monocytogenes WDCM 00019 1 nd Micro-dilution Own experiments

IPB Rosemary Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 439712 nd Micro-dilution Own experiments

IPB Lemon balm Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Basil Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Tarragon Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Salvia Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Mentha spicata Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Rosemary Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 439712 nd Micro-dilution Own experiments

IPB Lemon balm Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Basil Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Tarragon Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Salvia Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Mentha spicata Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Rosemary Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Lemon balm Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Basil Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Tarragon Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Salvia Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Mentha spicata Salmonella enterica subsp. Enterica serotype Typhimurium ATCC 43971> 2 nd Micro-dilution Own experiments

IPB Rosemary S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Lemon balm S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Basil S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Tarragon S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Salvia S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Mentha spicata S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Rosemary S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Lemon balm S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Basil S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Tarragon S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Salvia S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Mentha spicata S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Rosemary S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Lemon balm S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Basil S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Tarragon S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Salvia S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Mentha spicata S. aureus WDCM 00032 (=ATCC 6538) > 2 nd Micro-dilution Own experiments

IPB Tarragon E. coli ATCC 25922 7.50E-05 6.20E-06 Broth Dilution Akarca et al., 2019

IPB Tarragon S. aureus ATCC 6538 7.50E-05 3.10E-06 Broth Dilution Akarca et al., 2019

IPB Tarragon S. typhimurium ATCC 14028 3.75E-05 6.20E-06 Broth Dilution Akarca et al., 2019

IPB Tarragon L. monocytogenes ATCC 51774 3.75E-05 6.20E-06 Broth Dilution Akarca et al., 2019

IPB Salvia S. aureus ATCC 12600 5.12E-02 nd Micro-dilution Bhavya et al., 2020

IPB Salvia L. monocytogenes ATCC 13932 5.12E-02 nd Micro-dilution Bhavya et al., 2020

IPB Rosemary P. aeruginosa 50 nd Broth Dilution AbdEl-Aziz et al., 2019

IPB Rosemary S. typhimurium 50 nd Broth Dilution AbdEl-Aziz et al., 2019

IPB Rosemary E. coli ATCC 8739 50 nd Broth Dilution AbdEl-Aziz et al., 2019



ArtiSaneFood – D4.1 MIC and MBC of natural antimicrobials 
 

27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Partner Essential oil or active substance Strain Identification MIC (% v/v)
¥

MBC (% v/v)
¥ Method Applied Reference

UCO Thymus vulgaris (thyme) Salmonella Enteritidis ATCC13076 0.0625 nd Micro-dilution Own experiments

UCO Cymbopogon martinii  (palm rose) Salmonella Enteritidis ATCC13077 0.125 nd Micro-dilution Own experiments

UCO Cymbopogon citratus (lemongrass) Salmonella Enteritidis ATCC13078 0.25 nd Micro-dilution Own experiments

UCO Ocimum gratissimum  (african basil) Salmonella Enteritidis ATCC13079 1 nd Micro-dilution Own experiments

UCO Thymus vulgaris (thyme) Staphylococcus aureus ATCC6538 0.3013 nd Micro-dilution Zhang (2019)

UCO Thymus vulgaris (thyme) Staphylococcus aureus ATCC25923 0.062 0.062 Micro-dilution Veloso (2019)

UCO Thymus vulgaris (thyme) Staphylococcus aureus  STA32 0.25 nd Micro-dilution Pellegrini (2018)

UCO Thymus vulgaris (thyme) Staphylococcus aureus STA47 0.125 nd Micro-dilution Pellegrini (2018)

UCO Thymus vulgaris (thyme) Staphylococcus aureus STA39 0.125 nd Micro-dilution Pellegrini (2018)
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Partner Essential oil or active substance Strain Identification MIC (% v/v)
¥

MBC (% v/v)
¥ Method 

Applied
Reference

L. monocytogenes 10403S

L. monocytogenes DMST17303

L. monocytogenes CM2-BM–HF–Black

L. monocytogenes CM8-ISO–HF–Blac

L. monocytogenes CM9-ISO–HF–Black

L. monocytogenes CM11-ISO–HF–Black

L. monocytogenes CM12-ISO–HF–Black

L. monocytogenes CM13-ISO–HF–Black

L. monocytogenes CM15-ISO–HF–Black

L. monocytogenes CECT 4032 0.01 nd Tube Dilution Somrani et al., 2020

L. monocytogenes train- FSL

L. monocytogenes N1-017, LMI

L. monocytogenes strain- FSL J2-064, LMII

L. monocytogenes strain- FSL N3-165, LMIII

AUA Galangal (Alpinia galanga ) L. monocytogenes 2.6 nd Broth Dilution Budiati et al.,  2020 

AUA Garlic L. monocytogenes CECT 4032 0.01 nd Tube Dilution Somrani et al., 2020

AUA Ginger (Zingiber officinale ) L. monocytogenes 1.56 nd Broth Dilution Budiati et al.,  2020 

AUA Heracleum persicum  L. monocytogenes PTCC1165 0.00025 0.00025 Micro-dilution Eshani et al., 2019

L. monocytogenes ATCC 19111

L. monocytogenes  isolated from salmon (LMS)

L.monocytogenes from slaughterhouse water drainage tunnel (LMT) 1

L.monocytogenes from beef carcass (LMB) 1 4

AUA Lemongrass (Cymbopogon citratus ) L. monocytogenes 0.32 nd Broth Dilution Budiati et al.,  2020 

AUA Mentha viridis L. monocytogenes4b CECT 4032 0.25 0.25 Micro-dilution Bouyahya et.al., 2020

AUA Onion L. monocytogenes CECT 4032 0.0025 nd Tube Dilution Somrani et al., 2020

AUA Orange peel (Citrus sinensis ) L. monocytogenes 3.13 nd Broth Dilution Budiati et al.,  2020 

L. monocytogenes ATCC 13932

L. monocytogenes ATCC 13932

L. monocytogenes ATCC 7644 0.000125 nd Tube Dilution Azeredo et.al., 2011

L. monocytogenes ATCC 7644

L. monocytogenesATCC 19112

L. monocytogenes ATCC 19117

L. monocytogenes 3.13 nd Broth Dilution Budiati et al.,  2020 

L. monocytogenes ATCC 7644 0.002 nd Tube Dilution Azeredo et.al., 2011

L. monocytogenes ATCC 7644

L. monocytogenes ATCC 19112

L. monocytogenes ATCC 19117

L. monocytogenes ATCC 19111 0.5

L. monocytogenes  isolated from salmon (LMS)

L.monocytogenes from slaughterhouse water drainage tunnel (LMT)

L.monocytogenes from beef carcass (LMB)

AUA Turmeric (Curcuma longa ) L. monocytogenes 12.5 nd Broth Dilution Budiati et al.,  2020 

1 Micro-dilution Nikolic et al., 2019
1

AUA Satureja montana

0.0025 nd Micro-dilution Barbosa et al., 2020

AUA

0.0005 nd Micro-dilution Barbosa et al., 2020

AUA

0.000052 nd Micro-dilution Hulánková and Bořilová, 2011

Oreganum vulgaris

Rosmarinus officinalis L.

AUA
0.5

2

Micro-dilution Nikolic et al., 2019Juniperus communis

AUA
0.025 0.05 Micro-dilution Churklam et al., 2019

Carvacrol

AUA 0.078 0.078 Micro-dilution Paudel et al., 2019Cinnamon oil nanoemulsion
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Partner Essential oil or active substance Strain Identification MIC (% v/v)
¥

MBC (% v/v)
¥ Method Applied Reference

L. monocytogenes CECT 4032 0.032 0.032 Micro-dilution

L. innocua CECT 4031 0.032 0.032 Micro-dilution

S. aureus CECT 976 0.04 0.125 Micro-dilution

B. subtilis DSM 6633 0.25 0.25 Micro-dilution

P. aeruginosa CECT 118 1 >1 Micro-dilution

P. vulgaris CECT 484 >1 >1 Micro-dilution

L. monocytogenes CECT 4032 0.5 1 Micro-dilution

L. innocua CECT 4031 0.5 >1 Micro-dilution

S. aureus CECT 976 >1 >1 Micro-dilution

B. subtilis DSM 6633 >1 >1 Micro-dilution

P. aeruginosa CECT 118 >1 >1 Micro-dilution

P. vulgaris CECT 484 0.5 0.5 Micro-dilution

L. monocytogenes NCTC 11994 0.05 0.05 Broth Dilution

S. typhimurium ATCC 14028 0.1 0.1 Broth Dilution

E. coli ATCC 35150 0.05 0.1 Broth Dilution

S. aureus ATCC 25923 0.78 1.56 Broth Dilution M. Carvalho et al., 2018

S. aureus MBLA  0.125 0.125 Micro-dilution

S. aureus CECT 976  0.25 0.25 Micro-dilution

S. aureus CECT 994  0.125 0.125 Micro-dilution

P. aeruginosa IH 2 2 Micro-dilution

L. monocytogenes CECT 4032 0.5 0.5 Micro-dilution

E. coli K12  0.25 0.25 Micro-dilution

S. aureus CECT 239 1.5 >3 Tube Dilution

L. monocytogenes EGD-e 0.5 1 Tube Dilution

L. monocytogenes CECT 935 3 >3 Tube Dilution

S. enteritidis CECT 4155 1.5 >3 Tube Dilution

E. coli O157:H7 CECT 4267 >3 >3 Tube Dilution

P. aeruginosa CECT 110 >3 >3 Tube Dilution

S. aureus ATCC 29213 0.25 0.25 Micro-dilution

B. cereus 0.25 0.25 Micro-dilution

E. coli ATCC 25922 0.5 1 Micro-dilution

S. typhi 0.5 1 Micro-dilution

P. aeruginosa ATCC 27853 8 >8 Micro-dilution

L. monocytogenes CECT 4032 0.01 nd Tube Dilution Somrani et al., 2020

L. monocytogenes 0.4 >0.8 Micro-dilution S. Pedrós-Garrido et al., 2020

S. enterica ATCC 25957 0.2 nd

E. coli ATCC 43889 0.1 nd

S. aureus 0.8 nd Agar Dilution S. Sethi et al., 2013

L. monocytogenes CECT 4032 0.008 0.01

Salmonella nd nd

E. coli nd nd

S. aureus CECT 976 0.012 0.012

H. Al-Talib et al., 2015

Macro-dilution

Thymus satureioides-E.O.-

Garlic

Lavandula mairei A. El Hamdaoui et al., 2018

Mentha 

Bouyahya et al (2017)

Ait-Ouazzou et al (2011)

Chraibi et al (2017)

H. Mith et al., 2014

Own experiments

Own experiments

Rosmarinus officinalis

Oreganum compactum

Thyme

Thymus satureioides-Eth.Ext.-

UIZ

Broth Dilution
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Partner Essential oil or active substance Strain Identification MIC (% v/v)
¥

MBC (% v/v)
¥ Method Applied Reference

Staphylococcus aureus 2.5 nd

Escherichia coli 2.5 nd

Bacillus cereus 0.02 nd

Bacillus cereus ATCC 11778 1.56 3.13

Staphylococcus aureus ATCC 25923 0.78 1.56

Listeria monocytogenes ATCC 19115 0.09 0.19

Escherichia coli ATCC 35218 12.50 25

Bacillus subtilis 0.092 nd

Escherichia coli 0.095 nd

Pseudomonas aeruginosa 0,10 nd

Staphylococcus aureus 0.05 nd

Salmonella enterica 0.1 nd

Aeromonas hydrophila ATCC 7966 3125 12500 Broth micro-dilution  Abuelsaad et al., 2013

Bacillus subtilus 45 nd

Escherchia coli 75 nd

Salmonella typhi 175 nd

Staphylococcus aureus 175 nd

Staphylococcus aureus 0.00016 0.00064

Escherichia coli 0.0032 0.0032

Salmonella 1 - 1.25 1.3 - 1.5 Broth Dilution Belguith et al., 2010

Mint Listeria monocytogenes 0.5 0.5 Micro-dilution Bouyahya et al., 2017

Escherchia coli 0.13 0.13

Staphylococcus Aureus 0.13 0.13

Mint (Mentha spicata ) Listeria monocytogenes 15.3 Micro-dilution Teixeira et al.  2012

Listeria monocytogenes <0.01 nd Delaquis et al., 2004

Escherichia coli 25922 0.2 0.2 Casetti et al., 2012

Staphylococcus Aureus ATCC 25923 0.2 1.6 Silva et al., 2011

Salmonella ATCC 13311 0.4 0.8 Silva et al., 2012

Listeria monocytogenes 0.40 -

Escherichia coli 0.06 -

Broth Dilution Sayed Ahmad et al., 2017

ISBST/UMA

Broth Dilution

ISBST/UMA Micro-dilution Omolo et al., 2014

Fennel seeds (Foeniculum vulgare )

Corriander  (EO)

Red pepper

ISBST/UMA

ISBST/UMA
Agar diffusion Abass et al., 2014

ISBST/UMA

Tube-dilution Elsom et al., 2000

Hesperidin (orange byproduct)

Garlic

ISBST/UMA
Streak method 

Sandeep et al., 2014

ISBST/UMA Micro-dilution Djenane et al., 2012

Sesame seeds (Sesamum indicum)

Oleuropein (olive leaves)

ISBST/UMA

Micro-dilution

Otang and Afolaya, 2016 

ISBST/UMA

Broth Dilution

El Arem et al., 2013

Lemon peel (Citrus lemon )

Date (Phoenix dactylifera L.)


