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RESUMO 

Óleos essenciais de Origanum vulgare, Salvia lavandulaefolia, Salvia officinalis, Salvia 

sclarea e de Rosmarinus officinalis foram avaliados no seu poder antimicrobiano contra 

Listeria monocytogenes, Pseudomonas aeruginosa e Yarrowia lipolytica pelo método de 

microdiluição. 

O óleo mais promissor foi o de Origanum vulgare com uma gama de inibição de 0,006 a 

0,352% (v/v) para as leveduras e de 0,003 to 0,011% (v/v) para as bactérias, sem que haja 

grandes diferenças entre as Gram positivas e as Gram negativas. 

A análise estatística mostrou uma grande variabilidade nos resultados dos óleos de 

Origanum vulgare e Rosmarinus officinalis tanto para o crescimento bactérias como das 

leveduras. Os dados apresentam maior variabilidade, quando a concentração de óleos 

essenciais aumentava. 

O óleo essencial de Origanum vulgare demonstrou ter os melhores resultados e capacidade 

de ser aplicados em vários modelos alimentares para o controlo das espécies microbianas 

Palavras-chave: Lamináceas; óleos essenciais; inibição; Listeria monocytogenes; 

Pseudomonas aeruginosa; Yarrowia lipolytica. 
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ABSTRACT 

 

Essential oils of Origanum vulgare, Salvia lavandulaefolia, Salvia officinalis, Salvia sclarea 

and Rosmarinus officinalis were evaluated for their antimicrobial activity against Listeria 

monocytogenes, Pseudomonas aeruginosa and Yarrowia lipolytica using the microdilution 

method. 

The most promising essential oil showed to be the Origunum vulgare with an inhibition range 

of 0,006 to 0,352% (v/v) for the yeasts and from 0,003 to 0,011% (v/v) for the bacteria 

species, with no significant differences between Gram positive and negative cells. 

Statistical analysis demonstrated a great variability in the Origanum vulgare and Rosmarinus 

officinalis oils results for both bacteria and yeasts growth. Data variability was larger as the 

essential oil concentration increased. 

The Origanum vulgare essential oil demonstrated to have the most promising capacity to be 

applied in food models against the assayed microorganisms in a future work.  

 

Keywords: Laminacea; essential oils; inhibition; Listeria monocytogenes; Pseudomonas 

aeruginosa; Yarrowia lipolytica. 
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RESUMO ALARGADO 

O poder antimicrobiano de óleos essenciais isolados de muitas plantas já era reconhecido, 

embora de forma empírica há muitos séculos. Apenas recentemente, tais propriedades 

foram confirmadas por estudos experimentais. 

Óleos essenciais de Origanum vulgare, Salvia lavandulaefolia, Salvia officinalis, Salvia 

sclarea e Rosmarinus officinalis foram avaliados no seu poder antimicrobiano contra Listeria 

monocytogenes (NCTC 11994, CP6, M12) enquanto espécie Gram positiva, Pseudomonas 

aeruginosa (P2, P6) enquanto espécie Gram negativa e Yarrowia lipolytica (CBS 6659, ISA 

1668, ISA 1708) como a levedura em estudo. 

O efeito antimicrobiano de óleos essenciais tem sido atribuído a um pequeno número de 

compostos fenólicos e terpenoides como o timol, carvacrol e o eugenol. Estes compostos 

atuam diretamente na membrana citoplasmática causando alterações na sua estrutura e 

funções. Os óleos essenciais têm um largo espectro de atuação contra bactérias e 

leveduras. Contudo, as bactérias Gram negativas apresentam menor sensibilidade à 

atividade antimicrobiana dos óleos essenciais devido à camada de lipolissacáridos da 

membrana celular, que restringe a difusão de compostos hidrofóbicos. 

Neste trabalho foi utilizado o método de microdiluição em microplacas de 96 poços, o que 

nos permitiu ter uma grande quantidade de resultados em apenas um ensaio, e também 

porque este método é rápido e expedito. Cada micropoço continha 5% de inóculo, 0,8% de 

Tween 80 e o meio de crescimento de acordo com a espécie utilizada no ensaio, até 

perfazer um volume total de 200 microlitros. A concentração final de inóculo utilizada, foi 

aproximadamente de 5 × 10
�

 UFC/mL; e foi calculada através de uma curva de calibração 

construída previamente. Esta curva confronta UFC/mL com a densidade ótica da suspensão 

de células, lida a 600nm. 

A todas as microplacas foi adicionado um controlo negativo e positivo. O controlo negativo 

foi realizado para assegurar a esterilização correta do meio. O controlo positivo foi 

adicionado de forma a garantir que tanto bactérias como leveduras cresciam na presença de 

Tween 80. Foi também adicionada uma barreia de água, nos poços à volta do ensaio de 

forma a evitar o excesso de evaporação. Os ensaios foram repetidos duas vezes em 

diferentes períodos de tempo representando desta forma dois ensaios diferentes. 

As microplacas foram colocadas em estufa por um período de 24 horas a 37oC para 

bactérias e 48 horas a 25oC para as leveduras. Após incubação em estufa foi avaliada a 
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ação dos óleos essenciais sobre o crescimento, através da leitura da densidade ótica em 

leitor de microplacas.  

O óleo que mostrou ser o mais promissor foi o de Origanum vulgare com uma gama de 

inibição de 0,006 a 0,352% (v/v) para as leveduras e de 0,003 to 0,011% (v/v) para as 

bactérias, sem que haja grandes diferenças entre as bactérias Gram positivas e as Gram 

negativas. 

A análise estatística mostrou uma grande variabilidade nos resultados dos óleos de Salvia 

spp. e Rosmarinus officinalis tanto para bactérias como para leveduras. Uma maior 

variabilidade de dados foi registada quando a concentração de óleos essenciais aumentava. 

Podemos assim concluir que o óleo essencial de Origanum vulgare demonstrou ter os 

melhores resultados e capacidade para ser aplicado em vários modelos alimentares no 

controlo das espécies microbianas testadas. 

A falta de estandardização de metodologias de teste impossibilita a comparação de 

resultados entre trabalhos existentes. A variabilidade dos óleos essenciais devido às 

condições de crescimento (solo, temperatura) assim como a variabilidade nas metodologias 

de extração (método em si e zona da planta utilizada) contribuem para esta dificuldade.   
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1. Introduction 

 

Essential oils 

The antimicrobial activities of essential oils isolated from many plants have been recognized, 

although empirically, for centuries. Only recently have such properties have been confirmed 

by experimental studies (Faleiro et al., 2003). 

The antimicrobial activity of plant oils and extracts has formed the basis of many 

applications, including raw and processed food preservation, pharmaceuticals, alternative 

medicine and natural therapies (Reynolds, 1996; Lis-Balchin and Deans, 1997). In particular, 

essential oils from plants of the Lamiaceae family (e. g. oregano, thyme, basil, mint, 

rosemary, siderites, sage) are recognised as effective inhibitors of some important food 

spoilage microorganisms (Karanika et al., 2000). 

It is important to investigate, scientifically, those plants which have been used in traditional 

medicines as potential sources of novel antimicrobial compounds (Mitscher et al., 1987). 

Also, the resurgence of interest in natural therapies and increasing consumer demand for 

effective, safe, natural products means that quantitative data on oils and extracts are 

required. The increase in antibiotic resistance demonstrated by the microorganisms, both in 

human and in animal therapeutics, is also of major importance in this kind of research. 

For assessing the antimicrobial activity of essential oils, the need for a standard, reproducible 

method has been stressed by several authors (Carson et al., 1995; Mann and Markham, 

1998). In view of this, many methods have been developed, specifically, for determining the 

antimicrobial activity (Remmal et al., 1993; Carson et al., 1995; Smith and Navilliat, 1997; 

Mann and Marham, 1998). 

Essential oil of Rosmarinus officinalis  

The most common form of rosemary is Rosmarinus officinalis L. and it is native in the zone 

around the Mediterranean Sea. The leaves and flowers have an essential oil that has a 

pungent camphor odour, which can be obtained by steam distillation. 

This species belongs to the Lamiaceae (Labiatae) family which have, besides, rosemary a 

very large number of genus. Some examples are: 

R. officinalis L. ssp. Genuine T., found in Madeira and Canaries Islands and some 

Mediterranean countries; 
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• R. officinalis L. ssp. genuina –humilis, found in Italy and Dalmatia; 

• R. officinalis L. ssp. rigidus C., found in the south of France; Italy and Spain; 

• R.officinalis L. ssp. latifolius B., found in Italy and south of France; 

• R. officinalis L. ssp. laxiflorus, found in Spain and North Africa. 

The large number of subspecies remains a problem, from the botanical and chemical studies 

point of view because they present too many differences. In general the composition, 

qualitatively, of the rosemary essential oil, does not change much with different geographic 

origins, although the quantitative composition be not stable (Rodrigues et al., 1998), in the 

main chemical constituents of the essential oil: 

• α-pinene (monoterpene); 

• myrcene (monoterpene); 

• limonene (monoterpene); 

• 1,8 cineol (monoterpene); 

• camphor (ketone). 

The composition of some subspecies essential oils has been determined by several 

organisms.  

The Association Française de Normalization (AFNOR) in 1994, published a standard 

composition for two different subspecies of rosemary essential oil one North African 

(Morocco - 1 and Tunisia - 2) and the other Spanish (3).  Also in France, the French 

Pharmacopeia published the composition on the same essential oils. Portugal, in 1987, 

published a standard (Norma Portuguesa) defining the Portuguese essential oil (NP-549). A 

summary of these publications are exposed in the table below.  
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Table 1 - Comparison of analytical content of Rosmarinus officinalis essential oil by different 

country standardization organisms (adapted from Rodrigues et al., 1998) 

  AFNOR 

(1) 

French 

Pharma.  

(1) 

AFNOR 

(2) 

French 

Phama. 

(2) 

NP-549 

(3) 

α-pinene 9 - 14 9 - 14 18 - 26 18 – 26 12 – 20 

(-)-camphene 2.5 - 6 2.5 - 6 8 - 12 8 - 12 3 – 7 

β-pinene 4 - 9 4 - 9 2 - 6 2 - 6 2 – 6 

β-myrcene 1 - 2 1 - 2 2 - 5 1.5 – 5 15 – 30 

p-cymene 0.8 - 2.2 0.8 - 2.5 1 - 2 1 - 2 2.5 – 6 

(+) limonene 1.8 - 4 1.5 - 4 3 5 2.5 – 5 15 – 24 

1,8 cineol 38 - 55 38 - 55 16 - 25 16 – 25 4 – 19 

γ-terpinene  -  - -  -  0.1 – 1 

Terpinolene  -  - -  -  0.1 - 1.5 

(+) camphor 5 - 15 5 - 15 13 - 21 13 – 21 5 – 20 

terpinene-4-ol  -  -  - -  0.1 – 2 

Borneol 1.5 - 5 -  2.5 - 5 -  0.5 – 4 

Terpineol 1 - 2.6  - 1 - 2  - 0.5 – 2 

Verbenone 0 - 0.4  - 0.4 - 2.5  - 0.2 – 3 

bornyl acetate 0.1 - 1.6 0.1 - 1.5 0.5 - 2.5 0.5 - 2.5 -  

β-caryophyllene  -  -  - -  0.7 - 3.5 

During this work it was used only the Tunisian rosemary essential oil. As we can see in the 

table, this essential oil is characterized for having a medium content in α-pinene, a very low 

content in β-myrcene, very high content in 1,8 cineol and as well a high content in camphor 

(AFNOR (2)). 

R.officinalis spp. is used in different areas, for example, in culinary as a seasoning 

(especially in roasted meat), in pharmacology and natural medicine therapy. The essential oil 

of is produced usually only from the plant leaves. (González-Hernández et al., 2004), and 

use for this plant is the medicinal one. According to Kothe (2009), the EO can be used as an 

herb of relief to surfeit and gastrointestinal problems. If applied as unguent on skin it can act 

as a pain releaser and the leafs in a bath, stimulates the blood circulation. 

According to Sandasi et al. (2009) the essential oil of R.officinalis spp. has strong anti-

infective properties against a range of microorganisms. Also Tomi and Casanova (2006) 

demonstrated that R. officinalis from Corsica and Sardinia have a moderate antibacterial 

activity and that Gram-positive bacteria were more sensitive than Gram-negative bacteria. 

These differences were explained by the variation in composition of essential oils from the 

same species but cultivated at different places. 
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Essential oil of Origanum vulgare 

“Oregano” is a common name of aromatic plants from a numerous set of species and genera 

used all around the world. Usually referred as European Origanum, the name is the 

combination of two Greek words oro, mountain, and ganos, ornament (Ribeiro, 2007). There 

are at least 61 species and 17 different genera belonging to six different families that are 

mentioned under the designation of oregano (Kintzios, 2004, cited by Carvalho, 2009). In 

Portugal, however, there are three main species that can be found in the wild: 

• Origanum virens is the common oregano; 

• Origanum vulgare L. that can be found mainly in the north, near the Minho river (it 

can also be found in England where is called Marjoram); 

• Origanum macrostachym that is considered a subspecies of Origanum virens, grows 

in the wild, mainly in the centre and south of Portugal. 

The essential oils of oregano are used as an aromatic compound in soaps, perfumes and 

also used as an aromatic agent in culinary. Leaves and flowers have anti-microbial 

properties, especially because of its essential oil fraction composition. Sivropoulou et al. 

(1996) reported an elevated activity against Gram positive and negative bacteria, what can 

explain its use in traditional medicine. According to Kothe (2009), since it has antiseptic 

properties it can be used to treat respiratory problems. It also helps in flatulency and 

stimulates the bile secretions, and relief menstrual cramps or teeth and joint pain. 

The data that describes the essential oil of this plant is dispersed. During the antimicrobial 

assays done in this work it was used oregano essential oil, with no reference from the 

manufacturer to the particular genus used. Therefore the oil description presented below will 

be from the species O. vulgare, which is mainly composed by the following compounds: 

• Carvacrol; 

• Phenolic compounds (that can reach a percentage as high as 90%); 

• Monoterpenes (pinene and p-cymene) 

Below (table 2) is presented the composition of the Origanum virens L. essential oil.  
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Table 2 - Composition of the Origanum vulgare essential oil (t-trace) (adapted from Carvalho, 

2009) 

 

Compound Percentage 

α – Tujene 0.3 

α – pinene 0.8 

Canfene 0.2 

Oct-1-en-ol 0.5 

3-octanona 0.2 

β – pinene 0.1 

β – mircene 1.8 

α – felandreno 0.2 

Δ-3-careno 0.1 

α-terpineno 1.5 

p-cimene 9.7 

Limonene 0.3 

β-felandreno 0.3 

Z-β-ocimeno 0.1 

E-β-ocimeno 0.2 

γ-terpineno 5.4 

trans-hidrato de 

sabineno 

0.3 

 

Besides the individual components, the essential oil components grouped by chemical 

families composition are:  monotherpenes hydrocarbons 21.0%, monotherpenes oxygenated 

74.1%, sesquitherpenes hydrocarbons 2.5% and other components 0.7% (Carvalho, 2009). 

Phenolic compounds have been reported as being responsible for the antimicrobial activity of 

the Origanum essential oil (Botre et al., 2010). 

Essential oil of Salvia spp. 

Salvia is the largest genera of the Lamiaceae family that includes about 900 species, spread 

throughout the world. It has also an important economic role, since some Salvia spp. are 

used in a wide range of areas as perfumery, cosmetics, savoury, food flavouring, either as 

dried leaves, essential oil or oleoresin (Perry et al., 1999; Delamare et al., 2005; Miguel et 

al., 2011). The most important species are Dalmatian (common) sage (Salvia officinalis L.), 

Greek sage (Salvia sclarea L.) and Spanish sage (Salvia lavandulaefolia (L.)). S. officinalis L. 

is a perennial woody sub-shrub native in the Mediterranean region (Dalmatia, Albania, 

Turkey, Italy), although in nowadays it is being cultivated all around the world (Mirjalili et al., 

2006). 

Compound Percentage 

Terpinolene 0.2 

Linalool 1.1 

cis-p-Ment-2-en-1-ol 0.1 

Borneol 0.6 

Terpineno-4-ol 0.8 

p-cimeno-4-ol t 

trans-dihidrocarvona 0.1 

α-terpineol 1.8 

Carvacril-metil óxido 0.5 

Timol 2.5 

Carvacrol 66.4 

β-bourbuneno t 

E-cariofileno 1.5 

α-humuleno 0.2 

γ-muruleno 0.1 

β-bisaboleno 0.5 

γ-cadineno t 

δ-cadineno 0.1 
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The analysis of the essential oil composition of several Salvia species indicates that 1,8-

cineol (eucalyptol), and borneol are its main constituents. However, several authors have 

documented significant variations that are species specific, in the concentration of these 

compounds and/or presence of other in higher concentration (Ahmadi and Mirza, 1999; 

Baser et al., 1993; Sivroupoulou et al., 1996). The antimicrobial properties of sage oils have 

been attributed to the presence of 1,8-cineol, thujone and camphor (Delamare et al., 2007; 

Radulescu et al., 2004; Sur et al., , 1991 cited in Miguel et al., 2011). 

The generic composition of S. officinalis L. essential oil is presented in table 3. 

Table 3 - Generic composition of the grouped components of Salvia officinalis L. essential oil 

(t – trace) (adapted from Miguel et al., 2001). The extended table is presented as Annex 1. 

Salvia officinalis  

Compound 30 

min 

1 

hour 

2 

hours 
3 hours 

Grouped components         

Monoterpene hydrocarbons 16.7 17.3 15.8 19.5 

Oxygen containing 

monoterpenes 

79.1 80.1 80.0 78.1 

Sesquiterpene hydrocarbons 2.6 2.1 2.4 2.1 

Oxygen containing 

sesquiterpenes 

0.2 0.1 0.2 T 

Others t t t t 

Oil yield (v/w) 2.1 2.0 2.0 2.1 

 

Salvia has also long been used in folk medicine as medication against fever, rheumatism, 

perspiration, sexual debility and in the treatment of chronic bronchitis, as well as mental and 

nervous diseases (Kamatou et al., 2005). 

 

Antimicrobial Activity of the Essential Oils 

The antimicrobial activity of the essential oils (EO) is mainly attributed to a small number of 

therpenoids and phenolic compounds like thymol, carvacrol, eugenol among others, that in 

their pure form present a strong effect (Oussalah et al., 2006). The other compounds 

presented in small amounts, also contribute for their effectiveness, presumably because they 

create new compounds by synergism (Burt, 2004). 

 



 

Figure  1 - Structural formulae of se
2004). 

There are several different terms to express the different antimicrobial activity of the EO. The 
resume is presented below in the table 4.

Table 4 - Terms and their definition used in the studies of antimicrobial activity of 

oils (Burt 2004). 

Term 

Minimum inhibitory concentration 

(MIC) 
 

Minimum bactericidal 

concentration (MBC) 
 

Bacteriostatic concentration 

 

Bactericidal concentration 

 

Structural formulae of selected components of essential oils (adapted from Burt, 

There are several different terms to express the different antimicrobial activity of the EO. The 
resume is presented below in the table 4. 

Terms and their definition used in the studies of antimicrobial activity of 

Definition 

Minimum inhibitory concentration 

Lowest concentration resulting in 

maintenance or  reduction of 

inoculum viability (Carson et al 1995); 

Lowest concentration required for 

complete inhibition of  test organism 

up to 48h incubation (Canillac and 

Mourey ,2001); 

Lowest concentration inhibiting 

visible growth of test  Organism 

(Delaquis et al., 2002); 

Lowest concentration resulting in a 

significant decrease in inoculum 

viability (>90%) (Cosentino et al., 

1999) 
 

Concentration where 99.9% or more of the 

initial inoculum is killed (Cosentino et al

1999); 

Lowest concentration at which no growth is 

observed after subculturing into fresh broth 

(Onawunmi,  1989) 

 

 Lowest concentration at which bacteria fail 

to grow in broth, but are cultured when 

broth is plated onto agar (Smith-Palmer 

al., 1998) 

Lowest concentration at which bacteria fail 

to grow in broth, and are not cultured when 

broth is plated onto agar (Smith-Palmer 

al., 1998) 
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ils (adapted from Burt, 

There are several different terms to express the different antimicrobial activity of the EO. The 

Terms and their definition used in the studies of antimicrobial activity of essential 

Concentration where 99.9% or more of the 

et al., 

Lowest concentration at which no growth is 

observed after subculturing into fresh broth 

Lowest concentration at which bacteria fail 

to grow in broth, but are cultured when 

Palmer et 

Lowest concentration at which bacteria fail 

to grow in broth, and are not cultured when 

Palmer et 



 

EOs comprise a large number of components and it is likely that their mode of action 

involves several targets in the bacterial cell. Although the method of action of EOs have been 

studied in the past, it has never been in great detail, mainly because that their antimi

activity is not due to one single target in the cell structure but a series of targets (Burt

Carson et al,. 2002). The figure below represents what can be considered the targets of the 

EOs action. 

Figure  2 - Location and mechanisms in the bacterial cell thought to be sites of action for 

essential oils components (Burt

Since the EOs are typical lipophiles, they pass through the cell wall and cytoplasmic 

membrane, disrupt the structure of their different lay

phospholipids and permeabilize them (Bakkali 

means that they are able to penetrate through the mitochondria membrane and cause 

disturbance in their structures (Burt

Physical conditions that improve the action of essential

low oxygen levels. 
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Since the EOs are typical lipophiles, they pass through the cell wall and cytoplasmic 

membrane, disrupt the structure of their different layers of polysaccharides, fatty acids and 
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means that they are able to penetrate through the mitochondria membrane and cause 

disturbance in their structures (Burt, 2004). 
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Characterization of the Microbial Strains 

 

Listeria monocytogenes 

 

Charatecrization 

L. monocytogenes was first described by E.G.D. Murray in 1926 based on six cases of 

sudden death in young rabbits and it has been established as both an animal and human 

pathogen. Murray referred to the organism as Bacterium monocytogenes before J.H. Harvey 

Pirie changed the genus name to Listeria in 1940.  

In our days there are eight different species of Listeria recognized: Listeria monocytogenes, 

L. innocua, L. welshimeri, L.seeligeri, L. ivanovii, L. grayi, L. marthii and L. rocourtii. From all 

of these species Listeria monocytogenes is the one that represents the greater danger to 

humans (Sanders et al., 2012) 

L. monocytogenes is a Gram-positive bacillus non sporulated that do not form a capsule, 

facultatively anaerobic, catalase positive, oxidase negative. Initially, young cultures are 

without exception Gram-positive; however, examination of 2 – to 5- day-old cultures often 

reveals Gram-negative cells which resemble those of Haemophilus influenza. L. 

monocytogenes is morphologically characterized by being regular, short rods, 0,4-0,5 µm in 

diameter and 0,2-2 µm in length with rounded ends. Some cells may be curved. It presents 

an optimum growth temperature between 30-37oC, although it is able to grow in the 

temperature range from 1oC to 45oC. Due to its ability to grow in temperatures below 5 oC it is 

named a psychrotrophic. It is destroyed with heat (60oC for 30min). According to the ninth 

edition of Bergey’s Manual of Systematic Bacteriology L. monocytogenes grows in a range of 

pH 4,9-9,6, with optimal growth occurring  at neutral to slightly alkaline pH values, and that 

some strains have the  ability to survive in a medium of 16% NaCl maximum at pH 6.0. 

(Adams and Moss, 2000). 

It is a bacterium that is motile with the help of 1 to 6 flagella. Tumbling motility is best 

observed in Tryptose Broth cultures incubated at 20oC. It is important that the culture for the 

motility test be incubated at or near room temperature since incubation at 37oC can either 

reversibly damage the one to six flagella.  

Listeriosis 

Due to its ubiquity in the environment suggests that human exposure to L. monocytigenes 

must be frequent. Incidence of infection however is low (Adams and Moss, 2000). There are 
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different types of infection caused by L. monocytogenes. This is demonstrated in the table 

below. 

Table 5 - Illness caused by Listeria monocytogens (adapted from European Commission, 

1999) 

TYPE OF 

LISTERIOSIS 

NATURE OF INFECTION SEVERITY TIME TO ONSET 

Neonatal infection Infection of new-born 

babies from 

infected mother during 

birth or due to 

cross-infection from one 

neonate in the 

hospital to other babies 

Can be extremely severe, resulting 

in meningitis and death 

1-2 days (early onset) 

usually from congenital 

infection prior to birth 

 

5-12 days (late onset) 

following cross infection 

from another infant 

Infection during 

pregnancy 

Acquired following the 

consumption of 

contaminated food 

Mild flu-like illness or 

asymptomatic in the mother but 

serious implications for unborn 

infant including spontaneous 

abortion, fetal death, stillbirth and 

meningitis. Infection is more 

common in third trimester 

 

Infection of non-

pregnant adults 

Acquired following the 

consumption of 

contaminated food 

Asymptomatic or mild illness, 

which may progress to central 

nervous system infections such as 

meningitis. Most common in 

immune-compromised or elderly 

Illness may occur within 

1 day or up to 

several months 

Listeria food 

poisoning 

Consumption of food 

with exceptionally 

high levels of 

L.monocytogenes, > 107 

/g 

Vomiting and diarrhea, sometimes 

progressing to bacteraemia but 

usually self-resolving 

<24h after consumption 

Despite data presented in table 5, however there are groups of more people susceptible to L. 

monocytogenes infection. These people groups are: young, old, pregnant and immune-

compromised (YOPI).  The immune-compromised group is composed by people carrying 

transplant organs, suffering from chronicle diseases, with AIDS or HIV, among other 

situations.   

The young and old groups are very susceptible because of their immune system, elderly 

people are most likely immune depressed. For the young or recently born, it is likely that they 

did not develop a proper immune system yet. In both cases they are at greater risk to be 

infected by L. monocytogenes, mainly through the food chain. 
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According to the EFSA (European Food Safety Authority) report the age distribution of 

listeriosis cases in 2008 for the European Union was similar to that observed in previous 

years. The notification rate was the highest in those aged over 65 (0.95 cases per 100,000 

population) followed by children under the age of five (0.4 cases per 100, 000 population) 

(Figure 3). The majority of cases (78.1%) in the 0-4 year old age range category was in 

newborns (age 0). Overall, the majority of cases were reported in those aged 65 and over 

(representing 55.2% of cases), followed by the age group 0 to 4 (23.7%). 

 

 

Figure  3 - Distribution of known listeriosis cases by age group (from EFSA, 2008) 

YOPI are particularly susceptible because L. monocytogenes is an opportunistic bacterium. 

However it is suggested that 5% of the population presents L. monocytogenes in their faeces 

(EFSA, 2009). 

 Pseudomonas aeruginosa 

The word Pseudomonas means false unit, from the Greek pseudo- (Greek: ψευδο, false) 

and monas (Latin: monas, from Greek: µονος, a single unit). The stem word mon was used 

early in the history of microbiology to refer to germs, e.g., Kingdom Monera. 

The species name Ps. aeruginosa is a Latin word meaning copper rust, as seen with the 

oxidized copper patina on the Statue of Liberty, New York, United States of America. This 

also describes the blue-green bacterial pigment seen in laboratory cultures of this species 

[1].  
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Charaterization 

Pseudomonas aeruginosa is a Gram-negative rod measuring 0.5 to 0.8 µm by 1.5 to 3.0 µm, 

non sporulated, with oxidase and catalase positive. They have mobility thanks to a polar 

flagellum. When they are in a glucose enriched agar they have the ability to ferment glucose. 

They grow in a wide range of temperatures (optimal temperature is 37oC but it is able to grow 

in temperatures up to 42oC). In terms of their nutrition, they are very versatile, and can be 

found in a wide range of places (for example: soil and water). However, Ps. aeruginosa 

occurs regularly on the surfaces of plants and occasionally on the surfaces of animals. They 

are associated to a lot of aerobic decomposition processes [2]. 

 

Pathogenesis and Antibiotic Resistance 

Pseudomonas aeruginosa is an opportunistic pathogen, meaning that it exploits some break 

in the host defenses to initiate an infection. In fact, Ps. aeruginosa is the epitome of an 

opportunistic pathogen of humans. Is armed with many virulence factors such as proteases, 

cytotoxins, phospholipases, neuraminidase, capsular polysaccharides, and 

lipopolysaccharides, contributing to its ability to colonize, penetrate, and survive against host 

immunedefense (Unhwan and Shouguang, 2001). The bacterium almost never infects 

uncompromised tissues. The pathogenesis of Pseudomonas can be divided into two main 

categories: acute infection and chronic persistence (Clinical Correlations, 2007). 

There are various types of infections caused by Ps. aeruginosa and they can be: pulmonary 

infections, urinary tract infections and infections in immune compromised patients with 

Acquired Immunedeficiency Syndrome (AIDS) and cancer (Akanji et al., 2011). Patients with 

cystic fibrosis are also particularly affected by this pathogen. 

Ps. aeruginosa is a notoriously difficult organism to control with antibiotics or disinfectants 

(Lambert, 2002), because of the intrinsic resistance to antibiotics of the species and its 

remarkable ability to acquire further resistance mechanisms to multiple groups of 

antimicrobial agents, including β-lactams, aminoglycosides and fluoroquinolones (Strateva 

and Yordanov, 2009). 

Another important characteristic is its ability to form an extracellular biofilm when exposed to 

adverse surroundings. This biofilm is an exopolysaccharide (EPS) called alginate, that 

serves to protect the bacteria (Boyd and Chakrabarty, 1995; Unhwan and Shouguang, 2001).  
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Its general resistance is due to a combination of factors: it is intrinsically resistant to 

antimicrobial agents due to low permeability of its cell wall, it has the genetic capacity to 

express a wide repertoire of resistance mechanisms, it can become resistant through 

mutation in chromosomal genes which regulate resistance genes, it can acquire additional 

resistance genes from other organisms via plasmids, transposons and bacteriophages 

(Lambert, 2002). 

 

Yarrowia lipolytica 

 

Characterization 

The ascomycetous yeast Yarrowia lipolytica is a natural dimorphic fungus, which forms yeast 

cells, pseudohyphae and septate hyphae. The morphology is determined both by growth 

conditions (aeration, carbon and nitrogen sources, pH) and by the genetic background of the 

strain (Barth and Gaillardin, 1997).  

Y. lipolytica is one of the more intensively studied non-conventional yeast species (Barth and 

Gaillardin, 1997 and Coelho et al., 2010), although  it was firstly named  as Candida lipolytica 

(Carreira, 2000).With the observation of the ascospores, it was reclassified Endomucopsis 

lipolytica, Sacharomycopsis lipolytica and finally Yarrowia lipolytica (Martins et al., 2009 e 

Bankar et al., 2009). 

This yeast specie is characterized by forming white or cream colonies, is a non fermentative 

yeast and its ascospores are Saturn- or walnut shaped (Suzzi et al., 2001). It is an obligate 

aerobic yeast with the ability to degrade efficiently hydrophobic substrates such as n-alkanes 

(or paraffins or saturated hydrocarbons), fatty acids, fats and oils for which it has specific 

metabolic pathways (Coelho et al., 2010). Due to its ability to degrade several sources of 

carbon, Y. lipolytica is not only a microorganism of interest for fundamental research, but 

also for biotechnological applications (Barth and Gaillardin, 1997). 

It is considered as nonpathogenic and several industrial processes based on this organism 

were classified as generally recognized as safe (GRAS) by the Food and Drug 

Administration (FDA, USA) (Coelho et al., 2010), this fact is also stated by Barth and 

Gaillardin. Therefore is used in various industrial applications (protein and citric acid 

production or as flavoring agents synthesis or catalysis) [3]. Some of these application 

examples can be found in the official web site of Repositório da Universidade do Minho. 
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It can be isolated from food stuffs (sausage, cheese), although it is not considered to be a 

spoilage yeast, there are reports of its involvement in undesirable browning reactions 

(Carreira,  2000), the most affected are cheeses of semi-soft paste cheeses. It can also be 

found in natural environments like oil fields [3].  

2. Objectives of this work 

 

This work had the purpose of testing the efficacy of the EOs against the microbial strains 

described above. We decided to do this work because of the necessity of substitute the 

traditional antibiotics used to prevent the growth of unwanted microorganisms in several 

kinds of foods. 

We selected the EOs based on results previously seen in other works. 
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3. Material and Methods 

 

Bacterial and yeast strains 

The reference strains used in the antimicrobial assays were Listeria monocytogenes NCTC 

11994 (serovar 4b),gently supplied by the National Collection of Type Cultures, London, 

United Kingdom, L. monocytogenes CP6  (cheese rind isolate, PFGEtype 11), L. 

monocytogenes M12 (cheese cream, PFGEtype 3), gently supplied by Escola Superior 

Agrária de Castelo Branco (ESACB), Castelo Branco, Portugal,  Pseudomonas aeruginosa 

P2 (cheese rind isolate), Ps. aeruginosa P6 (raw ewe’s milk) kindly supplied by ESACB;  

Yarrowia lipolytica CBS 6659, supplied by Centralbureau voor Schimmelcultures, Delft, the 

Netherlands, Y. lipolytica ISA 1668 and Y. lipolytica ISA 1708 that belong to the collection of 

Instituto Superior de Agronomia (ISA), Lisboa, Portugal. 

Origin of the yeasts strains utilized 

In the yeast category we decided to use only one species of yeast with three different strains. 

We used a reference strain from Centralbureau voor Schimmelcultures, Delft, the 

Netherlands and two strains isolated from a previous work done in this laboratory of Instituto 

Superior de Agronomia (ISA). The reason for this choice was because the two 

strainsbelonged to different groups within the same species (Carreira, 2000) and resulted in 

the admission of  different results possibility from these two isolates. In order to have a basis 

of comparison we used the reference strain, assuming that its behavior would be the most 

common behavior expected. 

 

Media Preparation 

 

Growth medium for bacteria  

Bacteria were grown in a Tripticase Soy Agar with 0,6% of Yeast Extract (TSA-YE) and 

incubated at 37oC for 24 hours.  

The TSA-YE was prepared using Triptone Soy Broth (Biokar Diagnostics, Beauvais, France), 

supplemented with 6g l-1 of  Yeast extract (Oxoid, Hampshire, England) and 18 g l-1 of agar-

agar (Dário Correia, Portugal). Then, it was sterilized at 121oC for 20 minutes. The medium 

was then distributed in plates (approx. 15 mL) and stored at 2o – 8oC. 
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Growth medium for yeasts 

Yeasts were grown in a Glucose Yeast Peptone Agar (GYP-A) medium and incubated at 

25oC for 48 hours. 

 The GYP-A  medium was prepared using 5g l-1 Yeast extract (Oxoid ,Hampshire, England ), 

5g l-1 Meat peptic peptone (Biokar diagnostics), supplemented with 2g l-1 of Glucose 

(COPAM, Portugal) and 20g l-1 of Agar-agar (Dário Correia, Portugal). It was sterilized at 

121oC for 20 minutes. Medium was then distributed in plates (approx. 15 mL) and stored at 

2o – 8oC. 

Assay Medium for Minimal Inhibitory Concentration  

The broth media for Minimal Inhibitory Concentrations (MIC) were: 

Tripticase soy broth complemented with 0,8% (v/v) of Tween 80 (TSB-YE-T) for bacteria; 

Glucose Yeast Peptone Broth complemented with 0,8% (v/v) of Tween 80 (GYP-T) for 

yeasts. 

The TSB-YE was prepared using Triptone Soy Broth (Biokar Diagnostics, Beauvais, France), 

supplemented with 6g l-1 of  Yeast extract (Oxoid, Hampshire, England) and 18 g l-1. It was 

added Tween 80 (Difco, Becton, Dickinson and Company, Sparks, United States of America) 

at a 0,8% (v/v) concentration. Then it was sterilized at 121oC for 20 minutes. The medium 

was stored at the temperature of 2o – 8oC until necessary. 

The GYP-B  medium was prepared using 5g l-1 Yeast extract (Oxoid ,Hampshire, England ), 

5g l-1 Meat peptic peptone (Biokar diagnostics), supplemented with 2g l-1 of Glucose 

(COPAM, Portugal). It was added Tween 80 (Difco, Becton, Dickinson and Company, 

Sparks, United States of America) at a 0,8% (v/v) concentration. It was sterilized at 121oC for 

20 minutes. The medium stored at 2o – 8oC until necessary. 

Construction of the Calibration Curves 

In order to determine the right inocula concentrations of the microorganisms, to be used in 

assays, it was done a calibration curve, for each one. 

To prepare inocula it was necessary to build our own calibration curves according to the 

experimental conditions used. 
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First the cultures were grown, bacteria for 24 hours in TSA-YE and yeasts for 48 hours in 

GYP and a Ringer Solution (RS) was prepared for dilution purposes. It was used a L. 

innocua for safety reasons, and it was used the Ps. aeruginosa P2 (cheese rind isolate). 

To determine the concentration it was used a Spectrophotometer Spectronic 20D (Milton Roy 

Company, Ivyland, United States of America ) using a wave length of 600nm. The first step is 

to calibrate the initial cell suspension prepared as follows: the growth plated was washed 

with RS, then the content was pipetted and introduced in a sterile tube (4 mL), appropriate to 

the spectrophotometer. After this step the tube was placed in the spectrophotometer and the 

absorbance read. If the absorbance was superior to 0,500 the cell suspension was diluted to 

accomplish the Beer-Lambert law in this reader (abs. between 0,100-0,500). Several 

attempts of serial dilutions were done, of this last step, until the absorbance was maximum 

0,500, and then it was done the following set of dilutions. 

Table 6 - Set of dilutions used for construction of Calibration Curves of all microorganisms 

Cell Suspension 10:0 (mL) Diluent – Ringer Solution (RS) (mL) 

8 2 

6 4 

4 6 

2 8 

1 9 

0,5 9,5 

The numbers in the first column represents the amount, in mL, which was taken from the 

initial cell suspension, prepared as described above, and the second one represents the 

amount of RS that was added to obtain a gradual decrease in cell suspension concentration. 

These curves were done in order to know the right absorbance to use during the assays, 

because we needed to use a certain number of bacteria and yeasts as inoculum (Cosentino, 

et al., 1999) to be able to set the control conditions in respect to number of cells versus 

concentration of inhibitory agents used in these assays.  

The values of the absorbance readings were registered and to construct a graphic, plates 

were inoculated with one hundred microliters of serial dilutions as shown in Fig. 4 to register 

the number of CFU per mL of each one the set given in table 6. 

To calculate the units that form colonies per milliliter (UFC/mL) of each suspension, the 

procedure was to take 100 microliters from the initial suspension into an eppendorf tube and 

add to 900 microliters of RS. This procedure was repeated until we reach a dilution of about 
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10-6. The procedure was the same, as presented in Fig.4, to all microorganisms used in all 

assays: 

 

Figure  4 - Scheme by which the inocula serial dilutions were done 

One hundred microliters were spread on to plates and then incubated, for the bacteria during 

24 hours at 37oC and for the yeasts during 48 hours at 25oC. After the incubation period the 

colonies formed on the plates were counted by hand. 

The number of colonies was registered and presented in the Annex 2, and the counts related 

with the corresponding dilution absorbance (OD). 

The calibration curves are presented, in the Results Chapter, and were obtained by plotting 

CFU/mL against the corresponding OD readings. 

Antimicrobial Assay for Minimal Inhibitory Concentration Evaluation 

Determination of MIC were done using the method described by Cosentino et al. (1999), to 

test the EO extracted from the following plants: 

• Origanum vulgare; 

• Salvia lavandulaefolia; 

• Salvia officinalis; 
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• Salvia sclarea; 

• Rosmarinus officinalis. 

This method with the microplate reader was used because it was simple and a fast way to 

determine bacterial and yeast growth using absorbance to select the inhibitory concentration 

from a wide range of values. 

The EOs were obtained from Polarome International Jersey City, USA, and were the same 

used by Pereira (2005). 

MICs of all the EO’s were determined using a broth microdilution method NCCLS (2002). All 

the determinations were done using TSB-YE-T and GYP-T. 

The determinations were made in 96 wells microtitre plates (NunclonTM∆, Roskilde, 

Denmark) over the range of concentration of 90 – 0,003% of each EO. All the assayed 

microtitre plates were added with a negative and positive control. The negative control was 

done to assure the sterilization of the medium. The positive control was done to ensure that 

there was bacterial and yeast growth in the presence of medium added with Tween 80. Each 

assay was done in two trials at different times representing two independent trials. 

The general dispensable scheme used for the plates dilution is presented in the figures 

below: 

 

Figure  5 - Plates with the range of concentration distribution from 90 – 0,176% of the each 

Essential Oil 
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Figure  6 - Plates with a range of concentration from 0,088-0,003% of the each Essential Oil 

To prepare the inocula bacteria were grown in a TSA-YE plates for 24 hours and yeasts were 

grown for 48 hours in a GYP-A plates. Suspensions of the cultures were prepared using a 

RS and their concentration was adjusted to 5 × 10
�CFU/mL so that we could have a final 

concentration cell suspension. After OD determination and evaluation of cell concentration, 

serial 1:10 dilutions were made, until this amount of CFU/mL was achieved. 

To all the plates was added a water barrier line and row (represented with the blue arrows in 

the figures 5 and 6 in order to prevent excessive evaporation and to keep the oil 

concentration to be assayed preserved. 

The oil dilutions were done in the following order (red arrows): twofolds dilutions were made 

transferring 85 µL into 190 µL from left to right from the highest concentration to the lowest. 

This scheme was done in all the plates because we found easier to work with and for giving 

less mistakes on the long run. 

Positive (+) and negative (-) controls were added to each assay plate.  

The positive control had medium added with Tween 80 and was inoculated with each strain 

that was being used for the assay. This control was done with the same inoculum of bacteria 

and yeast to measure growth in the presence of Tween 80 concentration, that was added to 

medium. The negative control had medium added with Tween 80 and each EO in all the 

concentrations used in the assay but not inoculated. This control was added to confirm that 

the medium and the EO mixture were sterile. The other purpose of this control was to have a 
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600nm adjustments of absorbance values in the microplate reader  that were considered as 

zeros record, to compare with the absorbance values that the assay per si showed. 

All bacterial plates were incubated at 37oC aerobically and yeasts plates were incubated at 

25oC aerobically as well. Bacterial and yeasts growth was determined using a Microplate 

Reader Mode 680 (BioRad, Hemel Hampstead, United Kingdom). 

 

Statistical analysis  

 

Analysis of Variance 

ANOVA is an acronym that stands for analysis of variance, a set of statistical models meant 

to analyze data.  In this case, the numerical results obtained (from a response variable) may 

depend of one or more qualitative (categorical) variables, meaning one or more factors. 

The ANOVA tests assume that data from the different groups come from populations where 

the observations are independent, have normal distribution and the standard deviation is the 

same for each group. 

 

Tukey Test  

Tukey's honestly significant difference (HSD) tests are post-hoc tests, meaning that they are 

performed after an analysis of variance (ANOVA). In statistics, post-hoc tests are used only 

for further data analysis; these types of tests are not pre-planned. 

The test compares the difference between each pair of means with appropriate adjustment 

for the multiple testing. The results are presented as a matrix showing the result for each 

pair, either as a P-value or as a confidence interval. The Tukey multiple comparison test, like 

ANOVA, assumes that the data from the different groups come from populations where the 

observations are independent, have a normal distribution and the standard deviation is the 

same for each group. 

Software  

All the calculations were made with R application version 2.12.1 (R Core Team, 2012).. It 

was also used the Microsoft Excel software of 2007, into a computer, connected to the 

microplate reader equipment used. The OD reads are in transmittance converted into 

absorbance automatically. The output of OD readings is given under an Excel sheet that has 
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all the absorbance readings from all the columns microplates in the assay as presented in 

the printout, plotting results and constructs the calibration curves. 
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4. Results and Discussion 

 

Calibration Curves 

The figures presented below, represent the calibration curves produced per microorganism 

for this work. Based on this curves we were able to approximately know the amount of cells 

present in each mL of suspension assayed for the different microbial species tested just by 

reading their OD. 

Figure  7 - Calibration curve of Yarrowia lipolytica 

 

Figure  8 - Calibration curve of Pseudomonas aeruginosa 
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Figure 9 - Calibration curve of Listeria monocytogenes

 

As can be observed all bacteria calibration curves have a high R2 (superior to 0.9) and this 

means that while executing the assays, the amount of bacterial cells were very approximated 

to the number pretended to use. 

In the case of the yeast calibration curve the R2, is high, but not as high as the obtained for 

the bacterial species, nevertheless, knowing this, is considered statically acceptable. 

 

Results of Minimum Inhibitory Concentration of the Antimicrobial Assays 

 

To finalize the assay and to calculate the essential oils MICs, the process was: 

1. Calculate an average of the four wells tested; 

2. Subtract the average value given in the negative control; 

3. When the subtraction value was negative, the MIC was found. 

These three steps were done in all of the assays. 
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corresponded to lack of growth, meaning that if we had a final values that was negative we 

didn’t had growth in that EO concentration. 

The uninoculated wells calculation had an average variation per row of 0,050 and therefore 

we considered that as our experiment threshold and growth was recorded only for average 

readings above that value. 

All of these procedures were done to all EO and for all the microbial strains that were used in 

this study. 

The table below presents the values of MIC’s that were determined during the assays.  

 

Essential oil Origanum 

vulgare 

Salvia 

sclarea 

Salvia 

lavandulaefolia 

Salvia 

officinallis 

Rosmarinus 

officinalis Microbial strain 

L. 

monocytogenes 

NCTC 11994. 

0.003 -0.006 22.5 – 45 2.813 – 5.63 11.25 – 22.5 2.813 – 5.63 

L. 

monocytogenes 

CP6 

0.006 – 0.11 22.5 – 45 1.406 – 2.813 45 – 90 1.406 – 2.813 

L. 

monocytogenes 

M12 

0.003 -0.006 22.5 – 45 2.813 – 5.63 45 – 90 0.703 – 1.406 

Ps. aeruginosa 

P2 (cheese 

rind) 

0.006 -0.011 90 11.25 – 22.5 22.5 – 45 2.813 – 5.63 

Ps.aeruginosa 

P6 (raw ewe’s 

milk) 

0.006 – 

0.011 

22.5 – 45 11.25 – 22.5 22.5 – 45 45 - 90 

Y. lipolytica ISA 

1668 

 

0.011 -0.022 22.5 – 45 0.703 – 1.406 2.813 – 5.63 2.813 – 5.63 

Y. lipolytica ISA 

1708 

 

0.176 – 

0.352 

11.25 – 

22.5 

0.352 – 0.703 2.813 – 5.63 5.63 – 11.25 

Y. lipolytica CBS 

6659 

 

0.006 – 

0.011 

11.25 – 

22.5 

11.25 – 22.5 0.703 – 

1.406 

1.406 – 2.813 

Table 7 - Resume of all the MIC's of all the strains and Essential Oils tested % (v/v) 

Comparison of the data obtained in this study with previously published results was 

problematic. First, the composition of plant oils and extracts is known to vary according to the 

local climatic and environmental conditions of production (Jansen et al., 1987; Sivropoulou et 
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al. 1995). This fact is also pointed out by Kokkinc, Vokou and Karousou (1989) they stated 

that significant differences in the composition and concentration of the essential oils in plants 

of a given species can arise depending on the environment in which plants are grown. They 

also suggested that these differences reflect the manner in which individual plants relate to 

their environment. Furthermore, some oils with the same common name may be derived 

from different plant species (Windholz et al. 1983; Reynolds 1996). 

The botanical source, provenance, harvest time or development stage, plant material being 

fresh or dried, the extraction technique, test micro-organism(s) and antimicrobial 

methodology used are factors that influence the activity results (Janssen et al. 1987; 

Cosentino et al. 1999). Therefore, must be taken into account whenever antimicrobial assays 

of the oils are performed, but as well when results are compared. 

Five essential oils were used for this work, all belonging to plants from the Labiatea family, 

which will be analysed bellow.  

The microbial species present different MIC values, although the values are approximate for 

the same oil within. 

In terms of effectiveness we can observe that the EO of Origanum vulgare is the most 

effective for all microbial strains. All strains demonstrated the lowest MIC’s with this EO. 

Even the yeasts, which are oleoginosis yeasts, are inhibiting to grow at very low 

concentrations of the EO. 

The Salvia sclarea EO demonstrated a worst effectiveness in terms of inhibition of the growth 

of the microorganisms. Most of the strains were inhibit at concentrations higher than 22.5% 

(v/v).  Within the Sage group of EO’s the effectiveness has a great spam between the 

microbial strains, than was observed with the Origanum vulgare EO. 

Observing the results concerning the Rosmarinus officinalis EO it is obvious that its 

effectiveness was more variable. For example with the two strains of Ps. aeruginosa   tested, 

the results are completely different, and one possibility for these strange results can be 

different the origin of the two strains. One is from cheese rind, the most sensitive to the EO 

and the other is from raw ewe’s milk and it is the less sensitive strain. The origin of the 

microorganism can explain the difference between the two MICs within the same EO. The 

same situation with these two strains was verified in the Salvia sclarea MICs but in the 

inverse situation, meaning the Ps. aeruginosa found in the cheese rind is more difficult to 

inhibit than the Ps. aeruginosa found in the raw ewe’s milk.   
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Concerning the Ps. aeruginosa studied it is also visible that, in most cases they have higher 

MICs than the other microbial species, this can be explained by the fact that Ps. aeruginosa 

being able to produce EPS, which results in a less efficient EOs action. 

This can be explained as well by the fact that this species is Gram Negative, in opposition to 

the L. monocytogenes which is Gram positive. This is relevant, because for the oils to be 

effective they have to penetrate through the cell membrane in order to disrupt a series of 

cellular functions. By being Gram negative means that the oils have to penetrate through a 

more complex wall structure than in a gram positive composed by lipopolysaccharide layer of 

the outer membrane in this group, which restricts diffusion of hydrophobic compounds. 

, and also, this kind of wall structure prevents the entry of toxic substances into the cell.  

In the case of L. monocytogens which are Gram Positive, the MIC’s are much lower than the 

Ps. aeruginosa. This means that the cell membrane is covered with a layer of proteins that 

facilitates the interactions between the cell and the environment surrounding. One hypothesis 

is that the EO’s are able to penetrate into the cell and disrupt the cell functions, and in this 

case they are facilitated by this layer of proteins present in the cell membrane.  

In the case of the Y. lipolytica we can observe that the MIC values are very different between 

the two strains for the same oil. Although it was observed a great homogeneity for the 

Origanum vulgare lower concentrations between the reference strain and the strains 

obtained from Castelo Branco’s cheese, which occurred as well for the highest 

concentrations of Salvia sclarea EO. 

These two strains have very different MICs, and can be explained from their own origins, as 

it is explained in the introduction. The reference strain, CBS 6659, also has different results 

when compared to cheese strains, although in some of the oils, e. g. Salvia sclarea, we can 

observe similarities.  

The most effective oil in the control of yeasts was also, the Origanum vulgare oil, and the 

least effective was the Salvia sclarea. Another interesting fact is that the Rosmarinus 

officinalis EO presents the same range of variability in the yeasts as was seen in the 

bacteria. This can be explained by their origins and this may result in different behaviors in 

the presence of the same inhibitory agent. 

The lack of standardization in the units used to do the assays to determine MIC’s makes it 

difficult to compare with other authors data, due to the variability in the essential used in 

different assays. Once again we start that the lack of standardization in the procedures to 
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extract essential oils and also the soil variability and the geographic location makes the oil 

composition differ. 

 Results of the Statistics Analysis  

In order to understand the MIC results, the first step in the statistics analysis was to perform 

an ANOVA test. In this test we modulate the Absorbance variable (this is the variable that 

allows us to determine if there has been microbial growth in the presence of the antimicrobial 

agent) in relating to the other variables (oil, concentration and strain). 

The first step in the statistical analysis was to grab all the raw data and do an ANOVA 

analysis. In both cases we decided not to include the factor “repetition”. 

Table 8 - Resume table from the Variance Analysis test for the bacteria 

  DF SUM SQ Mean SQ F value P value 

Concentration 15 176,966 11,7980 295,5946 <2,2x10-16 

Oil 4 166,617 41,6540 1043,656 <2,2x10-16 

Strain 4 80,950 20,238 507,056 <2,2x10-16 

Concentration*Oil 60 286,305 4,4213 119,5571 <2,2x10-16 

Concentration*Strain 60 37,726 0,6290 15,7539 <2,2x10-16 

Oil*Strain 16 12,129 0,7580 18,9937 <2,2x10-16 

Concentration*Oil*Strain 240 35,625 0,1480 3,7191 <2,2x10-16 

Residuals 2800 111,753 0,0400 -  -  
 

Table 9 - Resume table from the Variance Analysis test for the yeasts  

 
DF SUM SQ Mean SQ F value P value 

Concentration 15 409,78 27,3188 744,2004 <2,2x10-16 

Oil 4 90,73 22,6816 617,8781 <2,2x10-16 

Strain 2 0,24 0.1194 3,2538 0,0389015 

Concentration*Oil 60 265,28 4,4213 120,4432 <2,2x10-16 

Concentration*Strain 30 3,12 0,1041 2,8347 6,185x10-7 

Oil*Strain 8 2,37 0,2964 8,0746 1,017x10-10 

Concentration*Oil*Strain 120 6,78 0,0565 1,5391 0,0002769 

Residuals 1488 54,62 0,0367  - -  

In the case of the bacteria, we can see that all the factors have a very low p-value, not only in 

the main effects of the factor, but also in the main effects of interaction. In the case of the 

yeasts we can observe that the factor “strain” demonstrates a high p-value. But even with 

this high p-value, we are not able to exclude this factor from the analysis. We were not able 

to exclude this factor, because, it has influence in the interaction cells of the analysis. 
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After analyzing the tables we suspected that the groups had differences between them and 

was because of this that we decided to do a Tukey HSD test for the two different groups 

(bacteria and yeast). 

In both groups we could see that the main differences were seen when the difference 

between concentrations was big. An interesting fact was that, in some cases, mainly in the 

Rosmarinus officinalis EO, there were seen some differences that were not expected. This 

can be explained by the fact that with this EO we were not able to perform an emulsion as 

good as with the Salvia spp. EOs, and since the emulsion is not stable we cannot assure if 

the concentration present is, in fact, the one we expected to be. 

In the case of the Salvia spp. EOs, we were able to see a more uniform behavior when 

compared with them and with the other EOs. Their behavior revealed that they were mainly 

different when the difference of concentrations was big. In some cases, there were some 

unexpected behaviors, we were able to see some unexpected differences in the intermediate 

range of concentrations in the Salvia spp. EOs. This type of behavior was seen in both 

groups once again. 

The Origanum vulgare EO presented the larger set of paired means with significant 

differences when compared with itself.      
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5. Conclusion 

 

After this work as conclusion, we were able to say that all of the three different microbial 

species (Listeria monocytogenes, Pseudomonas aeruginosa and Yarrowia lipolytica) 

presented different MIC values, although the values wee approximate, for the same oil, 

within each one. With this we mean that for same the essential oil, the MIC value is similar 

within the same strain. 

In terms of effectiveness we can observe that the EO of Origanum vulgare was the most 

microbicidal in all microbial strains, for the lowest MIC values, and the EO of Salvia sclarea 

demonstrated a worst effectiveness in terms of inhibition of the tested microorganisms 

Concerning the bacterial species, Ps. aeruginosa, demonstrated a higher MIC value than the 

other specie studied and can be explained by the fact that Ps. aeruginosa is able to produce 

EPS, which resulted in a less efficient action of the EOs. Together with the fact that this 

species is a Gram Negative bacteria, in opposition to the L. monocytogenes which is a Gram 

positive. This is relevant, because for the oils to be effective they have to penetrate through 

the cell membrane in order to disrupt a series of cellular functions. 

In the comparison of the sage EO effect with different L. monocytogenes strains, the 

differences can be explained by the fact that three L. monocytoges have different origins, 

and that may cause the different absorbance results, even when working with just one EO. 

For the two yeasts strains Y. lipolytica obtained from cheese of Castelo Branco we were able 

to conclude that the MIC values are very different between the three strains and for the same 

oil.   This can be explained by their own genetic characteristics, although they were both 

isolated from the same source. Both of them reacted differently to the strain identification 

tests, as was reported in the introduction of the thesis. Although it was observed a great 

homogeneity for the lower concentrations Origanum vulgare and as well for the highest 

concentrations of Salvia sclarea EO. 

Rosmarmarinus officinalis presented a great variability for both the bacterial and yeasts 

strains used and we were not able to explain this. 

We can also conclude that the lack of a standardization system of units used in the assays to 

determine MICs, makes it difficult to compare with other authors data. On the other hand, the 

variability in the essential oils, makes it hard to have equal results in different trials. Once 

again the lack of standardization in the procedures to extract essential oils, makes oils 
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extracted from the same species differ, due to all the set of conditions mentioned in the 

introduction. 

We can also conclude that the statistical analysis provided a different view on the results. We 

were able to see that the differences in the results provided by the MIC assays were not that 

variable as it seemed at the first glance.  
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6. Perspectives of further work 

 

From the great combination of MIC values obtained in this work, we suggest that the 

proceedings of future work should be to determine a minimum bactericidal concentration and 

minimum fungicidal concentration of the Origanum vulgare EO, as it showed to be the most 

promising to continue this field of research. This should include a wider set of 

microorganisms, according to the food model were this data are expected to be applied. 

Another interesting point for future work, would be the standardization of the methods of 

extraction, as well as the adoption of a unit system used to measure the amount of EO used. 
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Annex 1 – Complete tables of the Salvia spp. essential oils composition 

Table 1.1 – Identified volatile components of four kinds Salvia. sclarea L. oil (addapted from Cai et 

al 2005) 

Compound RI A B C D 

β-Pinene 1103 0.0 0.0 0.0 t 

β-Myrcene 1162 0.6 0.5 0.2 0.4 

Limonene 1193 0.3 0.2 0.1 0.1 

1,8-Cineol 1204 0.1 0.1 0.1 0.1 

(Z)-ocimene 1243 0.1 0.1 0.1 0.2 

(E)-ocimene 1250 t 0.2 0.1 0.4 

p-Cymene 1265 0.1 0.0 0.0 0.1 

α-Terpinolene 1278 t 0.0 t t 

3-Hexen-1-ol 1381 t 0.0 0.0 0.1 

(Z)-linalool oxide 1438 0.1 0.2 t t 

Acetic acid 1448 t t t t 

1-Octen-3-ol 1451 0.0 t t t 

Nerol oxide 1464 t t t t 

(E)-linalool oxide 1466 0.1 0.1 0.1 0.1 

α-Copaene 1485 0.2 0.2 0.1 0.1 

β-Bourbonene 1510 t t t t 

β-Cubebene 1533 t 0.1 t t 

Linalool 1549 28.1 17.0 28.8 28.5 

Linalyl acetate 1557 49.8 29.5 51.6 48.2 

Linalyl formate 1579 0.2 0.2 0.3 0.3 

β-Elemene 1582 0.1 t t 0.1 

(E)-β-caryophyllene 1586 0.8 0.6 1.0 1.3 

α-Terpiene 1595 0.0 0.0 t 0.1 

Menthol 1636 0.1 t t t 

Ethyl benzoate 1653 t 0.1 t t 

α-Humulene 1657 t t 0.1 0.0 

Citral 1670 0.2 0.1 0.1 0.1 

α-Terpineol + gernayl formate 1691 5.1 3.2 4.4 5.0 

Germacrene 1695 0.3 0.5 0.6 1.3 

Ledene 1704 t t t t 

Neryl acetate 1720 1.6 1.0 1.3 1.5 

α-Farnesene 1744 t t t 0.1 

δ-Cadinene 1748 t t 0.0 0.0 

Geranyl acetate 1751 2.8 1.7 2.3 2.8 

Dihydro-β-agarofurane 1759 0.1 t t t 

Nerol  1795 0.9 0.6 0.9 1.0 

Geraniol 1844 2.2 1.4 2.1 2.5 

Caryophyllene oxide 1964 0.8 0.5 0.7 0.5 

Spathulenol 2110 0.3 0.1 0.2 0.2 

α-Eudesmol 2205 t t t 0.3 

β-Eudesmol 2213 0.3 0.2 0.1 t 

Scareol oxide 2223 0.2 t 0.1 0.2 

Dimethyl-o-phthalate 2276 t 0.2 t t 

Methyl-ethyl-o-phthalate 2315 t 0.3 t t 

Diethyl-o-phthalate 2355 t 34.9 t t 
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Table 1.2 – Range of the identified compounds (% of essential oil) in the prospected wild populations of S. 

lavandulifolia (addapted from Herraiz-Peñalver et al 2010) 

Component RI Min Max 

Tricyclene  915  0.1  0.1 

α-Thujene 920  0.1 0.9 

α-Pinene  926 6.7 23.2 

Camphene  942 1.4  4.6 

Sabinene 966 0.1  2.7 

β-Pinene  971 3.8 19.2 

Myrcene  974 0.9 2.4 

3-Octanol  982 0.0 0.1 

2-Octanol  986 0.0 0.2 

α-Phellandrene  994 0.0 0.3 

α-Terpinene  1008 0.1 1.2 

p-Cymene  1017 0.8 5.2 

Limonene 1021 0.8 16.6 

1,8-Cineol  1023 6.4 34.5 

(Z)-β-Ocimene  1029 0.1 1.2 

(E)-β-Ocimene  1040 0.0 0.2 

γ-Terpinene  1053 1.1 6.9 

(E)-Sabinene 

hydrate  

1053 0.1 0.5 

Terpinolene  1077 0.2 0.7 

(Z)-Sabinene 

hydrate 

1086 0.1 0.1 

Linalool  1089 0.1 0.3 

endo-Fenchol 1100 0.0 0.1 

β-Thujone  1103 0.0 0.2 

α-Campholenal  1114 0.0 0.1 

(E)-Limonene 

oxide 

1124 0.0 0.3 

Camphor  1133 0.0 15.4 

Borneol  1154 1.4 8.7 

Terpinen-4-ol  1166 0.5 1.0 

p-Cymen-8-ol  1172 0.0 0.2 

α-Terpineol  1178 0.3 1.0 

Dihydrocarvone 1183 0.1 0.8 

Verbenone 1194 0.0 0.4 

Component RI Min Max 

Nerol  1217 0.0 0.1 

4-Isopropylbenzyl 

alcohol  

1220 0.1 0.4 

Myrtenyl acetate  1225 0.0 0.1 

Carvone  1231 0.0 0.0 

Geraniol  1245 0.0 0.1 

Geranial 1259 0.0 0.0 

Bornyl acetate  1274 0.2 2.0 

Sabinyl acetate  1280 0.0 0.5 

3-methyl-4-

isopropylphenol  

1283 0.1 0.3 

Carvacrol  1287 0.0 0.2 

Terpinyl acetate  1338 0.0 0.7 

α-Cubebene  1341 0.0 0.5 

Eugenol  1346 0.0 0.1 

Geranyl acetate  1372 0.0 0.1 

(Z)-Jasmone  1384 0.0 0.0 

α-Gurjunene 1399 0.0 0.3 

(E)-β-

Caryophyllene  

1407 1.5 8.1 

Aromadendrene  1428 0.0 0.8 

α-Humulene 1444 0.1 3.9 

Allo-

Aromadendrene  

1451 0.0 0.8 

γ-Selinene  1459 0.1 0.2 

γ-Muurolene 1466 0.1 0.3 

β-Ionone  1474 0.0 0.2 

Bicyclogermacrene  1483 0.2 1.4 

α-Muurolene  1488 0.0 0.2 

δ-Cadinene  1513 0.1 1.7 

Spathulenol  1565 0.1 2.4 

Caryophyllene 

oxide  

1570 0.4 5.6 

Viridiflorol 1579 0.1 9.7 
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Table 1.3 – Generic composition of Salvia officinalis L. essential oil (adapted from Miguel et al 

2001) .  

Salvia officinalis  

Compound RI 30 

min 

1 

hour 

2 

hours 
3 hours 

α-Thujene 924 t 0.1 t 0.1 

α-Pinene 930 7.3 7.6 6.5 8.2 

Camphene 938 2.4 2.6 2.5 2.9 

Sabiene 958 t t t t 

1-Octen-3-ol 961 t t t t 

β-Pinene 963 3.1 3.2 2.8 3.4 

Mircene 975 2.0 2.0 2.0 2.1 

α-Phellandrene 995 0.1 0.1 0.1 0.1 

α-Terpinene 1002 0.1 t 0.1 t 

p-Cymene 1003 1.5 1.6 1.6 1.7 

1,8-Cineol 1005 66.3 67.1 64.3 64.6 

Limonene 1009 t t t 1.0 

γ-Terpinene 1035 0.2 0.1 0.2 t 

α-Thujone 1073 1.2 1.2 1.4 1.3 

Linalool 1074 0.3 0.2 0.4 0.2 

β-Thujone 1081 2.3 2.5 2.8 2.6 

α-Campholenal 1088 t t 0.1 t 

Camphor 1095 5.3 5.5 6.1 5.8 

trans-Pinocamphone 1116 0.2 0.1 0.2 t 

δ-Terpineol 1134 0.6 0.6 0.8 0.7 

Borneol 1134 0.6 0.6 0.8 0.7 

Terpinen-4-ol 1148 0.4 0.4 0.5 0.4 

α-Terpineol 1159 1.0 1.0 1.2 1.2 

Myrtenol 1168 0.1 t 0.1 t 

Linalyl acetate 1245 0.2 0.1 0.2 t 

Bornyl acetate 1265 0.3 0.3 0.4 0.3 

Carvacrol 1286 t 0.2 0.3 0.3 

α-Terpenyl acetate 1334 0.3 0.2 0.4 T 

α-Copaene 1375 0.2 0.2 0.2 0.1 

β-Caryophyllene 1414 1.6 1.4 1.4 1.4 

Aromadrendrene 1428 0.3 0.2 0.3 0.2 

α-Humulene 1447 0.4 0.3 0.4 0.4 

trans-Calamente 1505 t t t T 

δ-Cadinene 1505 0.1 t 0.1 T 

β-Caryophyllene oxide 1561 0.1 t 0.1 T 

Viridiflorol 1569 0.1 0.1 0.1 T 

percentage of identification   98.6 99.6 98.4 99.7 
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Annex 2 – Tables corresponding to the readings used to do the calibration curves 

Table 2.1 – Readings for Yarrowia lipolytica (R1, R2, R3 stand for the number of repetitions 

done for each curve) 

 

Replicate Dilution Absorbance CFU/mL 

R1 01:01 0,45 7,00E+05 

R1 3,5:04 0,26 6,13E+05 

R1 03:04 0,203 5,25E+05 

R1 02:04 0,171 3,50E+05 

R1 01:04 0,02 1,75E+05 

R2 01:01 0,544 1,10E+06 

R2 3,5:04 0,356 9,63E+05 

R2 03:04 0,323 8,25E+05 

R2 02:04 0,292 5,50E+05 

R2 01:04 0,115 2,75E+05 

R3 01:01 0,462 1,10E+06 

R3 3,5:04 0,37 9,63E+05 

R3 03:04 0,289 8,25E+05 

R3 02:04 0,247 5,50E+05 

R3 01:04 0,125 2,75E+05 

 

Table 2.2 – Readings for Listeria innocua (R1, R2, R3 stand for the number of repetitions done 

for each curve 

Replicate Dilution Absorbance CFU/mL 

R1 01:01 0,482 1,19E+09 

R1 3,5:04 0,458 1,04E+09 

R1 03:04 0,4 8,93E+08 

R1 02:04 0,302 5,95E+08 

R1 01:04 0,158 2,98E+08 

R2 01:01 0,526 1,36E+09 

R2 3,5:04 0,48 1,19E+09 

R2 03:04 0,43 1,02E+09 

R2 02:04 0,326 6,78E+08 

R2 01:04 0,233 3,39E+08 

R3 01:01 0,454 1,22E+09 

R3 3,5:04 0,402 1,07E+09 

R3 03:04 0,374 9,15E+08 

R3 02:04 0,275 6,10E+08 

R3 01:04 0,126 3,05E+08 
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Table 2.2 – Readings for Pseudomonas aeruginosa (R1, R2, R3 stand for the number of 

repetitions done for each curve 

Replicate Dilution Absorbance CFU/mL 

R1 01:01 0,508 6,85E+08 

R1 3,5:04 0,484 5,99E+08 

R1 03:04 0,394 5,14E+08 

R1 02:04 0,291 3,43E+08 

R1 01:04 0,134 1,71E+08 

R2 01:01 0,55 8,53E+08 

R2 3,5:04 0,508 7,46E+08 

R2 03:04 0,474 6,40E+08 

R2 02:04 0,339 4,27E+08 

R2 01:04 0,218 2,13E+08 

R3 01:01 0,498 7,27E+08 

R3 3,5:04 0,46 6,36E+08 

R3 03:04 0,4 5,45E+08 

R3 02:04 0,296 3,63E+08 

R3 01:04 0,147 1,82E+08 

 


