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Abstract 
 

In food industry, essential oils (EOs) have been traditionally used as flavouring agents 

although their antimicrobial properties against foodborne and spoilage microorganisms 

increase their utilization as natural preservatives. Nowadays, consumers demand 

minimally processed product without addition of chemical additives, easily prepared, 

and ready-to-eat. These consumers´ trends represent a challenge for food industry that 

need develop new strategies to comply the consumers´ requirements without 

compromising the safety and quality of foodstuffs. Dry-cured meat products are 

considered safe products mainly by the low water activity and pH that acts as hurdles 

that delay the growth of foodborne and spoilage pathogens. The occurrence of 

foodborne outbreaks in both Europe and United States have put the spotlight onto the 

safety of meat products. Because manufacture of meat products admits a large variety of 

seasonings, the objective of the current study consists on the chemical characterization 

and antimicrobial determination of EOs of herbs and spices commonly used on 

manufacture of dry-cured meat products against foodborne a spoilage bacteria. 

Antimicrobial effect of combination of EOs were assessed by checkerboard while the 

influence of culture media composition (fat and protein content) pH, aW and food 

additives (sodium nitrite, phosphates and sodium lactate) on the antimicrobial properties 

of EOs was studied. At last, to shed light onto the scarce information about utilization of 

EOs in meat products, the antimicrobial effect against foodborne pathogens and sensory 

assessment were determined. 

 

Results showed that in vitro antimicrobial activity of EOs was variable. According to 

the potency of inhibitory action, the EOs can be ordered, from the highest to the lowest, 

as follows: thyme and cinnamon, rosemary and cumin, garlic, bay, black pepper, lemon, 

parsley and nutmeg. The EOs of orange, basil and tarragon were considered as non-

inhibitory. 

 

Combination of selected EOs displayed a synergic effect against foodborne pathogens 

and also an important decrease of their individual minimal inhibitory concentration 

(MIC). Essential oils of thyme and cinnamon presented the largest antibacterial activity 

against foodborne pathogens. Moreover, the utilization of cinnamon EOs also improved 

the reduction of the individual MIC of EOs of cumin and parsley. Thus, combinations 



 xx 

of selected EOs inhibit foodborne pathogens, improving their performance to be used in 

the manufacture of meat products avoiding their potential organoleptical rejection. 

 

The influence of food composition on the antimicrobial effect of EOs showed that fat 

has a negative effect probably due to its dilution on the lipid phase. The level of protein 

does not influence the inhibitory effect of EOs although slightly reduction was observed 

in the lowest protein level tested.  The pH and aW not appear influence the 

antimicrobial effect of EOs. With regards of food additives, the addition of nitrite and 

sodium lactate did not influence the inhibitory effect of EOs. However, the current 

study revealed that a possible interaction of food phosphates with EOs leading to its 

progressive inactivation. The in vitro study of the influence of food characteristic on the 

antimicrobial effect of EOs are an important step to address the behaviour of EOs 

against specific foodborne pathogens previously its application in foodstuff. 

 

Utilization of EOs in manufacture of chouriço resulted in a natural strategy to improve 

its safety against Salmonella spp, L. monocytogenes and S. aureus. Although, EOs 

possess antibacterial properties in vitro, their utilization as food antimicrobial agents 

must be assessed in the food product. The antibacterial effect varies according to the 

EOs, concentration and drying period. Among them, EOs of rosemary, oregano and 

thyme presented the highest inhibition properties. Regarding Salmonella spp. and L. 

monocytogenes counts, drying period could be shortened to 15 days in the presence of 

EOs, being interesting for meat industry to increase the yield production 

 

Because the sensorial impact of EOs in foodstuff has been described as a constrain, the 

current work studies the sensory impact of several EOs at three levels (0.005%, 0.05% 

and 0.5%) in dry-cured chouriço by overall acceptability, just-about-right scale, 

consumption trend and potential purchase. Results showed that chouriço made with the 

lowest EO concentration, presented the best performance. Moreover, the increase of the 

EO concentration showed a negative impact on the acceptance of the meat products. 

Among the EOs tested, essential oils of garlic and oregano, used in the manufacture of 

chouriço at 0.005%, were the most appreciated by consumers.  

 



 xxi 

Thus, the results of the current study may help the food industry to select the more 

appropriate EOs to guarantee the food safety of meat products maintaining the 

compromise of manufacture of natural, healthy and ready-to-eat meat products 

according to the consumers´ demands.   

 

 

Keywords: essential oils, antimicrobial, chemical characterization, foodborne 

pathogens, dry cured chouriço, sensory analysis
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Resumo 

 

Os óleos essências (OEs) tem sido utilizados na industria alimentar como aromatizantes. 

As suas características antimicrobianas sobre microrganismos patogénicos alimentares 

e/ou deteriorativos tem aumentado o seu interesse como conservantes naturais. As 

novas tendências dos consumidores representam um desafio para a indústria alimentar, 

sendo estas as responsáveis pelo desenvolvimento de novas estratégias para satisfazer os 

seus requisitos sem comprometer a segurança e qualidade dos produtos.  

 

No âmbito dos produtos cárneos, a sua segurança é garantida por uma baixa atividade 

agua e baixo pH, os quais actuam como barreiras que dificultam o desenvolvimento de 

microrganismos patogénicos e/ou deteriorativos. No entanto, a ocorrência de surtos de 

toxinfeções alimentares associados ao consumo de produtos cárneos curados na Europa 

e nos Estados Unidos tem colocado em dúvida a sua segurança. Devido à grande 

variedade de temperos utilizados na elaboração de produtos cárneos, o objectivo deste 

estudo consiste na determinação do efeito antimicrobiano de OEs de especiarias 

utilizadas no fabrico deste tipo de produtos contra microrganismos patogénicos e/ou 

deteriorativos. 

 

Os OEs de pimenta negra, limão, laranja, salsa, estragão, canela, noz-moscada, 

rosmaninho, loureiro, cominho, alho e tomilho foram caracterizados por cromatografia 

gasosa – espectrometria de massas. As suas propriedades antimicrobianas foram 

determinadas in vitro tanto de forma individual como em combinação. Foi ainda 

estudada a influencia da composição do alimento (gordura e proteína), pH, aW e 

aditivos (nitratos, fosfatos e acidificantes) sobre as suas propriedades antimicrobianas. 

Por último, foi objecto de estudo o efeito antimicrobiano dos OEs em chouriço 

inoculado com Salmonella spp., L. monocytogenes e S. aureus. 

 

Os resultados in vitro demonstraram que o efeito antimicrobiano é variável em função 

da composição do OE, sendo de maior a menor na seguinte ordem: tomilho e canela, 

rosmaninho e cominho, alho, loureiro, pimenta negra, limão, salsa e noz-moscada.  

 

A combinação dos OEs resultou num efeito antimicrobiano sinérgico, obtendo uma 

diminuição da concentração mínima inibitória individual. A concentração mínima 
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inibitória do OE de tomilho é semelhante, tanto na utilização individual como em 

combinação com outros OEs. A presença do OE de canela em combinação com os OEs 

de cominho ou salsa também diminui a concentração mínima inibitória destes últimos. 

Os resultados da combinação de OEs mostraram, de uma forma geral, um efeito 

sinérgico com uma diminuição da CMI, sendo de especial interesse na utilização no 

fabrico de produtos cárneos sem potencial compromisso das suas características 

sensoriais.  

 

Relativamente à composição do meio de cultura, a gordura exerce um efeito negativo no 

efeito antimicrobiano dos OEs associado à sua diluição na fase lipídica enquanro a 

concentração de proteína não influencia o seu efeito antimicrobiano. O pH, aW, nitrito 

de sódio ou lactato de sódio não parecem influenciar o efeito antimicrobiano dos OEs. 

No entanto, observou-se uma possível interacção entre os fosfatos e os OEs devido ao 

progressivo aumento das contagens bacterianas. Os resultados do estudo in vitro da 

influência das características do meio de cultura sobre o efeito antimicrobiano é 

fundamenta para determinar o comportamento dos OEs contra microrganismos 

patogénicos previamente à sua aplicação em alimentos.  

 

A utilização de OEs no fabrico de chouriço pode ser considerada como uma estratégia 

natural para incrementar a sua segurança contra Salmonella spp., L. monocytogenes e S. 

aureus. Embora foram demonstradas as propriedades antimicrobianas dos OEs, a sua 

utilização como substancias antimicrobianas devem ser avaliadas em alimentos. De 

forma geral, a sua adição na elaboração do chouriço mostrou uma inibição dos 

microrganismos patogénicos embora esta inibição varia em função do tipo de OE, 

concentração e fase de cura. Entre os OEs estudados, o rosmaninho, o tomilho e o 

oregano apresentaram as maiores inibições. De acordo com as contagens de Salmonella 

spp e L . monocytogenes, o período de cura pode ser reduzido a 15 dias na presença de 

OEs.  

 

Devido a que impacto sensorial dos OEs tem sido descrito como um dos seus 

inconvenientes, foi estudado o impacto de vários OEs em três concentrações (0.005%, 

0.05% e 0.5%) em chouriço. Foi avaliado o impacte geral, a adequação à intensidade 

assim como as tendências de consumo e compra. Os resultados mostraram que os 

chouriços com a menor concentração de OEs apresentaram uma maior aceitabilidade. 
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Verificou-se que o aumento da concentração do OE tem um impacto negativo na 

aceitabilidade do produto. Entre os OEs estudados, chouriços elaborados com OEs de 

alho e orégano a 0.005% foram os mais valorados pelos consumidores.  

 

Os resultados do presente estudo podem ajudar à indústria alimentar a seleccionar os 

OEs mais adequados no fabrico dos produtos cárneos garantindo  a segurança alimentar 

sem compromiso das suas características naturais, saudáveis e prontos para consumo de 

acordo com as tendências dos consumidores 

 

Palavras-chave: óleos essenciais, efeito antimicrobiano, caracterização química, 

microrganismos alimentares patogénicos, chouriço, análise sensorial 
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1.1. Dry cured meat products 

1.1.1. Characteristics 

Meat fermentation is a low-energy, biological acidulation, preservation method, which 

results in unique and distinctive meat properties, such as flavour and palatability, 

colour, microbiological safety, tenderness, and a most of other desirable attributes of 

this specialized meat item. Changes from raW meat to a fermented product are caused 

by “cultured” or “wild” microorganisms, which lower the pH (Toldrá et al., 2008). 

Contrary to unwanted spoilage or toxin production, fermentation is regarded as a 

desirable effect of microbial activity in foods (Nout, 2001). Fermented sausages were 

traditionally produced by chance contamination of sausages with local microorganisms. 

In modern practice, however, starters are usually added to comminuted meat and fat in 

order to produce a more uniform product. RaW fermented sausages are prepared from 

unheated raW meat, which is fermented and then held at a controlled temperature and 

relative humidity until the desired degree of dryness is obtained.  

 

1.1.2. History 

Fermented foods were originated several thousand years ago, in different parts of the 

world, when microorganisms were introduced incidentally into local foods. It is 

believed more than 10 millennia ago, in the Middle East, discover of fermented foods 

was made trough the keeping milk in animal skins produced pleasant fermented milk 

drinks and yoghurts (Campbell-Platt, 2000). Traditionally, fermented meat process has 

been one of the most utilized conservation food methods. Drying of foodstuff was 

probably the first development previously to meat fermentation (Zeuthen, 2007) and 

smoking and salting were observed effective too. The early manufacturing of these 

products most certainly occurred as a results of accidents (Hutkins, 2006). Records 

show that Greeks and Romans used this technique thousands years ago (Caplice et al., 

1999, Janeiro 1948, Hugas et al., 1997, Hutkins, 2006). Initially, fermented meat 

products were produced empirically (Zeuthen, 2007) but only in the 50´s the 

industrialization and the developments in the field of microbiology, discovered how the 

process happens (Caplice et al., 1999). Initially, fermented meat products were 

homemade. Nowadays, the most of fermented meat products are produced industrially 

but, there still are regions where these products has processed traditionally and 

representing a significant economical impact on the rural areas (Teixeira et al., 2007). 
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1.1.3. Processing 

Dry cured meat products consists in a mixture of comminuted meat and fat, salt, 

nitrates/nitrites, sugar and spices that are stuffed into casings and subjected to a drying 

process (Hugas et al., 1997) that contributes to its sliceness, firmness and flavour 

(Schiffner et al., 1996; Ordoñez et al., 1999). Each ingredient has a special role along 

the drying process. Salt solubilises the proteins of the muscle, increases the osmotic 

pressure such that spoilage by bacteria is suppressed and enhances its flavour 

characteristics. Sodium nitrite, which promotes the typical colour of preserved meats, is 

associated to the formation of nitric oxide compounds by reaction with the haem group 

of myoglobin. In addition, it contributes to flavour as well as inhibiting the development 

of pathogens such as Clostridium botulinum. Seasoning with herbs and spices (Melo et 

al., 1991) were developed in order to serve as flavouring agents and also to its 

antimicrobial properties (Tajkarimi et al., 2010). Other ingredients like binding agents 

or emulsifiers may be used to improve stability (Bamforth, 2005). The proportion of 

meat and fat, the size of the pieces of meat, the type of meat used and the kind and the 

concentration of additives, contribute to the definition of the product (Montel, 2004). 

Briefly, manufacture of dry cured meat products is as follows: comminuted meat and fat 

is mixed with salt, nitrate/nitrite and spices and then is stuffed into casing. Then, the 

stuffed sausages are held under appropriate conditions to promote the curing process. At 

least, sausages are subjected to a drying process. During this process, several changes 

occur regarding its physical, chemical and microbiological composition, leads to acquire 

the final organoleptic characteristics of the product (Hutkins, 2006). 

 

1.2. Food safety of meat products 

Foodborne outbreak is defined by the Directive 2003/99/EC, as “an incidence, observed 

under given circumstances, of two or more human cases of the same disease and/or 

infection, or a situation in which the observed number of human cases exceeds the 

expected number and where the cases are linked, or are probably linked, to the same 

food source”. Dry cured meat products are considered as safe products due to the 

development of unfavourable or inhibitory conditions to the growth of spoilage or 

pathogenic microorganisms. Low values of pH and aW, presence of salt, nitrites, spices 

and other ingredients, called hurdle technology, are the responsible for the pathogenic 

and spoilage microorganism inhibition (Ordóñez et al., 1999). During the first day of 

fermentation, microbes use the oxygen mixed into the sausage material during the 
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chopping. Thus, the decrease of the redox potential makes nitrite more effective and 

inhibit the growth of aerobic spoilage bacteria in sausage material (Tyopponen et al., 

2003). However, these hurdles, in some cases, are not enough and foodborne pathogens 

can survive causing outbreaks (Moore, 2004). There are three hypotheses for the 

presence or foodborne pathogens in dry cured meat products: (1) pathogenic 

microorganisms are present on raW meat and/or ingredients and survive along the 

drying process, (2) pathogenic microorganisms are already present in the food industry 

and survive along the manufacture and/or (3) contamination of meat products due to 

slicing process and/or improper handling (Toldrá, 2008). Presence of L. monocytogenes 

in raw cured meat products at retail level has been reported (Uyttendaele et al., 1999). 

Other studies reported several outbreaks associated to Escherichia coli linked to 

consumption of dry cured salami (Conedera et al., 2007) and also to consumption of 

cured mutton sausages (Schimmer et al., 2008), Moreover, Salmonella Typhimurium 

outbreaks has been also associated to consumption of dry fermented sausage (Alban et 

al., 2002, Sauer et al., 1997).  

In the other hand, the new consumers´ demand of minimally processed foodstuffs and 

also the increased concern on safety about chemical food additives make that natural 

methods of preservation and natural preservatives are receiving increased attention by 

food industry (Haugaard et al., 2014). To meet the consumers´ tendencies, 

manufacturers processed meat products with lower salt or lower nitrate contents to 

improve “healthy” or “natural” characteristics (Hospital et al., 2014). In addition, to 

increase the production yield, the length of drying and the water activity (aW) in the 

final product may vary to obtain a juicier product. In consequence, variations of the pH, 

aW and also factors as utilization of poor-quality ingredients, cross-contamination, 

improperly cleaned and sanitized facilities and equipment, incorrect food handling, time 

and temperature abuse, improper manufacturing processes or the absence or inadequate 

implementation of hazard analysis and critical control point plans among others imply a 

risk of foodborne contamination (Fraqueza, 2015, Henriques et al., 2014, Stollewerk et 

al., 2011). 

 

1.2.1. Hurdle technology  

In the point of view of food safety, fermented meat products have a well-founded 

reputation as safe products. The changes in its composition, mainly in the pH and aW, 

are the responsible for the development of hurdles that difficult the growth of foodborne 
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and spoilage pathogens (Hugas et al., 2002). However, traditional production of dry 

cured meat products leads to use ingredients (Díez et al., 2002), facilities, equipments 

and/or food handling responsible for outbreaks (Moore 2004) as previously described. 

Actually, consumers want natural, minimally processed foods with high quality. In 

consequence, meat industry needs to develop novel techniques to guarantee safe 

products (Jofré et al., 2009). In case of meat products, utilization of novel techniques 

like starter cultures, bacteriocins (Jofré et al., 2009), high hydrostatic pressure (Marcos 

et al., 2007), quick-dry-slice (QDS) process (Stollewerk et al., 2012) among others 

improve their safety by inactivating pathogens and spoilage microrganisms. 

The basis of dry cured meat products consists on decrease of pH and aW values. But, 

the food safety of this products is guaranteed not only for this two factors, but due to the 

join action of several of them like nitrites, spices and others additives, decontamination 

techniques, temperature or packaging. All of these factors are called hurdle technology 

(Leistner, 2000). Preservative factors (hurdles) may disturb several or just one of the 

homeostatic mechanisms of microorganisms, and as a result the microorganisms will 

not multiply but instead remain inactive or even die (Leistner et al., 2000).  

 

1.2.1.1. pH hurdle 

The importance of pH on food stability and food preservation is well documented 

(Lucke, 1994). In fermentation, carbohydrates and other reduced substrates are 

incompletely oxidized in the absence of an external electron acceptor. The fundamental 

principle is that all the electrons removed from a fermentable carbon source during its 

oxidation to release energy must be consumed by the reduction of a carbon metabolite 

resulting in the formation of a fermentation product (Petaja-Kanninen et al., 2007).  

The most crucial processing step in sausage fermentation is to timely lower the pH of 

fresh meat (which averages about 5.6 to 5.8 after rigor mortis) so as to curtail the 

growth of spoilage microorganisms. The final pH of fermented sausages typically 

ranges from 4.8 to 5.2, depending on tanginess, firmness, and other product 

characteristics desired (Toldrá et al., 2008). Lactic acid bacteria, which produce lactic 

acid through glycolysis, can be introduced into meat either by natural fermentation or 

by inoculating a starter culture (Bamforth, 2005) and their growth and metabolism 

inhibit the normal spoilage flora of the food material and any bacterial pathogens that it 

may contain (Adams et al., 2001). 
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The production of acid by fermentation plays a significant part in the preservation of 

foods. In the case of meat, it is considered that reduction of pH, and not the production 

of lactic acid, is main responsible for the preserving action (Rahman, 2007).  

The combined inhibitory effects of pH and aW on microrganisms survival are additive. 

In addition to pH, the type of acid also influences the extent of inhibition together with 

aW. Generally, citric and acetic acids tend to be more inhibitory in combination with 

aW reduction (Fisher and Phillips, 2008).  

Low level of pH is an important hurdle for the growth of foodborne pathogens however 

some microrganisms like Listeria monocytogenes or Staphylococcus aureus can survive 

during product manufacturing. During and drying of sausages, L. monocytogenes tends 

to decrease substantially, however the microrganism, which is ubiquitous, 

psychrotrophic and relatively resistant to curing ingredients can be present in the final 

product (Encinas et al., 1999). S. aureus is relatively salt tolerant and will produce toxin 

down to pH values of 4.5. Fermented sausages have been associated with outbreaks, 

although the organism is generally regarded as a poor competitor and its growth in 

fermented foods is generally associated with a failure of the normal flora (Beumer, 

2001). 

 

1.2.1.2. Water activity (aW) hurdle 

Water activity is defined as the ratio of the partial pressure of water vapour to the partial 

pressure of water vapour above pure water at the same temperature. In foods, it 

represents water not bound to food molecules (Belitz et al., 2009). The last hurdle in the 

stabilization of the dry sausages is the reduction of the aW through drying. Rates of 

deteriorative changes and microbial growth at normal food storage conditions often 

depend on water content and aW (Roos, 2001). For most meat spoilage microrganisms, 

aW values above 0.98 are optimal for growth. In consequence, inhibition of microbial 

growth by aW reduction needs to be engineered either by drying and/or by the addition 

of solutes such as salt or sugar. The reduction of water activity (to 0.96-0.86) during 

drying also stabilizes the product, by controlling undesirable bacteria. Dry fermented 

meat products have aW values below 0.85 (Hutkings, 2006), inhibiting the most 

important foodborne pathogens. In general, common spoilage bacteria are inhibited at 

aW about 0.97 (Alzamora, 2003); Salmonella spp; L. monocytogenes and S. aureus are 

unable to growth in aW values below of 0.94 (FSAI, 2007), 0.90 (AFFSA, 2006), and 

0.83 (AFSSA, 2009) respectively. Sausages that have been ripened and dried over 
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longer periods are safer with respect to enterohaemorrhagic E. coli than those driyed for 

shorter periods, because the reduction of aW, has a lethal effect on this bacterium 

(Montel, 2000). 

 

1.2.1.3. Smoking 

Smoking is a heat treatment. It consists in a process that generates some chemicals 

substances with preservative properties. The smoking process decreases the microbial 

population due to heat and the deposits of chemicals that have bacteriostatic action. 

Many of smoke compounds also have bacteriostatic or bacteriocidal properties and 

formaldehyde and phenolic compounds are thought to provide much of this 

effect.(Aberle et al., 2001). The shelf-life of smoked meats depends on the time and 

temperature of heating along the manufacture process, on the decrease of aW and on the 

antibacterial activity of smoke components. Moreover, the temperatures used during 

smoking or the concentration of the smoke may influence its antimicrobial effect 

(Fretheim et al. 1980). Smoking treatment decreases the number of viable 

microorganisms in the products about one to two log cycles although the antimicrobial 

effect increases as the time-temperature of smoking process increases.  

 

1.2.1.4. Preservative packaging hurdle 

Preservative packaging is characterized by an ability to extend product shelf-life by 

modifying or restricting microbial growth. The most important preservative packaging 

techniques are vacuum packaging and modified atmosphere packaging (MAP) although 

other novel preservative packaging techniques are available (Brody et al., 2001). In 

vacuum packaging, the foodstuff is placed into a bag or pouch where the air is 

evacuated and heat sealed (Bell, 2001). In MAP, the gaseous environment around the 

product is modified before heat sealing, changing gradually as a result of the interaction 

between foodstuff and the packaging (Mullan et al., 2003). Regarding the main 

foodborne pathogens, S. aureus (FSAI, 2007) is an aerobic or facultative anaerobic 

microorganism and Salmonella spp. (FSAI, 2007) and Listeria spp. (AFFSA, 2006) are 

facultative anaerobic. When MAP is applied as a hurdle to extend the shelf-life of a 

specific foodstuff, it is necessary a previously assessment of the types of 

microorganisms of this foodstuff that may cause spoilage and safety problems.  

Then, a suitable gas atmosphere, packaging film, and storage temperature are then 

chosen to stop or slow down the growth of those microorganisms. In MAP, various 
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combinations of CO2, O2 and N2 are usually used as gas atmospheres of choice 

(Ooraikul, 2003).  

 

1.2.1.5. Additive hurdle  

Nitrite constitutes an essential additive for sausage preservation and another hurdle for 

growth of foodborne and spoilage microrganism (Rahman, 2007). Nitrite is a key 

ingredient of the cure being responsible for producing the characteristic red colour in 

cooked cured meat products (Honikel, 2008), and contributes to the typical flavour 

associated with cured meats (Olesen et al., 2004). Sodium nitrite is formulated in a 

curing salt form (Smith et al., 2003). In some cases, potassium nitrate can also be added 

in the formulation when sausages are ripened for a long time. In this case, nitrate acts as 

a reservoir of nitrite. Nitrate is reduced to nitrite by nitrate reductase activity from 

bacteria either naturally present in the mix or added as starter cultures (Honikel, 2007). 

Nitrite is very reactive and interacts rapidly with proteins, such as myoglobin, and 

inhibits the growth of undesirable microrganisms, in particular Clostridium botulinum. 

Despite its effectiveness against pathogens, the amounts of nitrate and/or nitrite added 

to the initial mixture are kept at a low level to keep residues as low as possible in the 

finished product. The reason for this is that nitrites can react with secondary amines, 

producing nitrosamines, which can be toxic. Dimethyl- and diethylnitrosamine are two 

of the most potent carcinogens in this group (Shibamoto, 2003). In consequence, levels 

of nitrites in foodstuff are limited in European Union by laW (Regulation (EC) 

1333/2008). To avoid this problem, with the increasing demand of additive-free 

foodstuffs by consumers, the current research in foods is aimed to decrease the curing 

salt contents without food safety compromising (Hospital et al., 2012, 2014) or the 

utilization of alternative sources of nitrites (Gallego Restrepo et al., 2013, Weiss et al., 

2010). 

In industrially produced meat products, a variable number of other ingredients are 

utilized as herbs and spices, phosphates or acidulants. Food grade phosphates are used 

in meat products for several reasons such as changing and/or stabilizing of pH value, 

increasing water holding capacity in order to lead to higher yields, improving texture 

and sensory properties (tenderness, juiciness, colour and flavor) among others (Lampila, 

2013). Regarding its antimicrobial properties, a number of mechanisms for the 

antimicrobial activity have been suggested. The foremost mechanism suggested is the 

chelation of metal ions in cell membranes which leads to cation deficiency with 
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resulting loss of membrane integrity and inhibition of normal cell division (Prakas, 

2000). Thus, antimicrobial effect against foodborne pathogens as Clostridium. 

botulinun, S. aureus or Bacillus cereus has been described (Lee et al., 1994, Maier et 

al., 1999). However, other studies suggested that phosphates are not considered as direct 

preservatives and acts sinergically with other food components as sodium chloride or 

nitrite.  

Chemical acidulants such as lactic or citric acid or glucono delta lactone may be used in 

meat products manufacture. Its antimicrobial effect against foodborne pathogens in 

cured meat products have been described (Burt, 2004). The antimicrobial activity of 

organic acids is achieved by two primary mechanisms: by cytoplasmic acidification 

with subsequent uncoupling of energy production and regulation, and by accumulation 

of the dissociated acid anion to toxic levels (Mani-López et al., 2012). However, it 

antimicrobial effect depends on it dissociate degree in water so the antimicrobial 

activity of organic acids is enhanced as the pH of the food is lower than the pKa of the 

acid (Mani-López et al., 2012). 

Application of herbs and spices in dry cured meat products are largely utilized as 

ingredients. They show antioxidant activity preserving from oxidative deterioration 

(Nassu et al., 2003), antimicrobial activity or decrease biogenic amine contents 

(Komprda et al., 2004). The use of herbs of spice to improve the safety of meat products 

by their antimicrobial properties is largely discussed in the next section. 

 

1.3. Essential oils of herbs and spices used in food preservation 

1.3.1. Introduction 

Essential oils are volatile, natural liquid extracted from plant material. They are 

characterized by a strong odour and are formed by plants as secondary metabolites 

(Burt, 2004). EOs are extracted from plant material as leaves, roots, bark, seed or the 

entire plant among others. EOs play an important role in the protection of the plant due 

to its several properties as broad-range antimicrobial, antiparasitic, insecticidal, 

antiviral, antifungal or antioxidant. (Amorati et al., 2013, Ellse and Wall, 2014, 

Regnault-Roger et al., 2012, Reichling et al., 2009, Nazzaro et al., 2013).  

In addition, EOs have been referred as growth enhancers for animals and also may 

attract some insect to flavour the dispersion of the pollens and seeds and repels 

undesirable others (Hashemi and Davoodi, 2011).  
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EOs have been traditionally used in medicine, perfumery or cosmetic industry however 

their use as flavouring agents in food industry have been increased. In recent years, 

consumers demand minimally processed foods and the negative perception of 

consumers about chemical food additives make that natural methods of preservation and 

natural preservatives are receiving increased attention by food industry. Thus, the 

antimicrobial properties of EOs represent an interesting source of natural antimicrobials 

for food preservation and thus increasing the shelf-life of foodstuff (Vergis et al., 2013) 

Abundant anecdotal information documents the historical use of herbs and spices for 

their health benefits. Early documentation suggests that hunters and gatherers wrapped 

meat in the leaves of bushes, accidentally discovering that this process enhanced the 

taste of the meat, as did certain nuts, seeds, berries, and bark. Over the years, spices and 

herbs were used for medicinal purposes. Spices and herbs were also used as a way to 

mask unpleasant tastes and odours of food, and later, to keep food fresh. Ancient 

civilizations did not distinguish between those spices and herbs used for flavoring from 

those used for medicinal purposes. When leaves, seeds, roots, or gums had a pleasant 

taste or agreeable odor, it became in demand and gradually became a norm for that 

culture as a condiment (Halberstein, 2005). 

 

1.3.2. Extraction of essential oils 

1.3.2.1. Expression 

Expression extraction, also referred as cold pressing, is a method of extraction specific 

to citrus essential oils. In this method, oil is forced from the material under high 

mechanical pressure. The utilization of mechanical methods is associated to the relative 

thermal instability of the aldehydes contained in citrus (Schmidt, 2009). There are three 

methods that accomplished the expression method: sponge, écuelle á piquer or machine 

abrasion.  

The expression extraction by sponge consists on pressing the rind, breaking the essential 

oil cavities of citrus peels, and absorb the EO. Once the sponge was filled with the 

extraction, it would then be pressed over a collecting container, and there it would stand 

to allow for the separation of the essential oil and water/juice (Schmidt, 2009). In the 

écuelle á piquer extraction method, the fruit is placed into a device and rotated with 

spikes on the side puncturing the oil cells in the skin of the fruit causing the rupture of 

oil cells. Then, the EO and other material such as pigment, run down to the centre of the 

device, which contains a collection area (Doughari, 2012).  
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The extraction of EO by abrasion method is similar to the écuelle à piquer method and 

is mostly used in the manufacturing of citrus EOs. In this method, fruits are subjected to 

an abrasion that strip off the outer peel, which is then removed by running water and is 

then fed into a centrifugal separator (Doughari, 2012). 

 

1.3.2.2. Distillation 

Distillation process consists basically in put the plant material in boiling water or heated 

by steam. Then, the heat applied causing the burst and break down of cell structure of 

plant material. As a consequence, the essential oils from plant material are released 

(Smith, 2010). The advantage of distillation is that the volatile components can be 

distilled at temperatures lower than the boiling points of their individual constituents 

and are easily separated from the condensed water (Tongnuanchan and Benjakul, 2014). 

There are three types of distillation: hydrodistillation, water and steam distillation and 

steam distillation. Although the extraction principle is the same among the three types, 

there are some differences regarding the process and the equipment used. 

In hydrodistillation, the plant material comes into direct contact with the water. This 

method is most often employed with flowers because direct steam causes these flowers 

to clump together making it difficult for steam to pass through (Tongnuanchan and 

Benjakul, 2014). 

Water and steam distillation is used with herbs and leaves. During this process, the 

water remains below the plant material, which has been placed on a grate while the 

steam is introduced from outside the main still (indirect steam) (Smith, 2009). 

Steam distillation is the most commonly used and recommended to temperature 

sensitive material (Reverchon and Senatore, 1992). During this process, steam is 

injected into the still, usually at slightly higher pressures and temperatures than the 

above two methods (Babu and Kaul 2005). However, monoterpenes are well known to 

be vulnerable to chemical changes under steam distillation conditions (Presti el at., 

2005). 

 

1.3.2.3. Solvent extraction 

Solvent extraction is conventionally used for fragile or delicate flower materials, which 

are not tolerant to the heat of steam distillation. Several solvents as acetone, hexane, 

petroleum ether, methanol, or ethanol can be used for extraction (Areias and others 

2000; Pizzale and others 2002). In this method, solvent is mixed with the plant material 
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and heated to extract the essential oil. Then, the liquid mixture is filtrated and 

concentrated by solvent evaporation. The concentrate is then mixed with pure alcohol to 

extract the oil and distilled at low temperatures. Thus, the alcohol absorbs the fragrance 

and when the alcohol is evaporated, the aromatic absolute oil is remained 

(Tongnuanchan and Benjakul, 2014).  

  

1.3.2.4. Other methodologies in EO extraction 

Nowadays, to improve the extraction process. new methodologies have been developed  

as supercritical carbon dioxide, solvent-free microwave extraction or ultrasound 

distillation. In addition, other new extraction methodologies, based on classical 

methodologies with modifications as in situ microwave-generated hydrodistillation, 

microwave steam distillation, microwave hydrodiffusion and gravity or microwave 

steam diffusion have been described (Goodarznia et al., 1998, Delazar et al., 2012, 

Périno-Issartier et al., 2014). Supercritical carbon dioxide is a relatively new and highly 

efficient extraction process that consists of pumping pressurized carbon dioxide into a 

chamber filled with plant matter. When carbon dioxide is subjected to pressure it 

becomes liquid and acts as solvent, pulling the oils from the plant matter. Thus, the 

difference between CO2, or supercritical fluid, extraction and traditional distillation is 

that CO2 is used as a solvent instead of heated water or steam (Goodarznia et al., 1998). 

Microwave extraction consists in a combination of microwave heating of the plant 

material mixed with water and further extracted with dicloromethane (Craveiro et al, 

1989). However, solvent free microwave extraction methodology consists on the direct 

heating of the plant material in modified microwave oven coupled to a cooling system 

outside the microwave oven that condense the distillate continuously (Lucchesi et al., 

2004). Ultrasound-assisted essential oil extraction is based on the action of ultrasonic 

vibrations directed toward an extracted sample, which enhance efficacy of penetration 

of a sample by solvent. This method is characterized by high speed, simplicity, and 

usually takes several minutes. This methodology is also influenced by the type of 

solvent, sample size, pH of extract, temperature and pressure (Arceusz et al., 2013) 

1.3.3. Analysis of EOs  

The earliest analytical methods applied in the investigation of EOs were commonly 

focused on quality aspects, based mainly in their purity. Several test have as been 

described as specific gravity, refractive index, meting and boiling point or evaporation 

residue (Zellner et al., 2010). However, the use of qualitative information alone is not 
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sufficient to correctly characterize an EO and quantitative data are of extreme 

importance mainly when is necessary to fulfil to legal standards of commercial purity, 

while essential oils were included as herbal drugs in pharmacopoeias (WHO, 2007). 

Classical chemical methods are generally focused to determinate the presence of some 

chemical groups. Moreover, the assessment of quantitative information through titration 

was widely applied (Zellner et al., 2010). Nowadays, different methods to analyse EOs 

are used although gas chromatography (GC) has been described as the most suitable 

method to the analysis of EOs (Adams, 2007). GC gives the information about the 

individual components of an EO and its relative amounts (Jalali-Heravi et al., 2010). In 

general, the volatile fraction of an EO is analyzed by GC while the non-volatile by 

liquid chromatography (LC). Briefly, In GC analysis, the compounds to be analyzed are 

vaporized and eluted by the mobile gas phase and the analytes are separated on the basis 

of their relative vapour pressures. In liquid chromatographic analysis, the compounds 

are eluted by a liquid mobile phase consisting of a solvent or a mixture of solvents and 

analytes are separated according to their affinities for the stationary bed. (Zellner et al., 

2010). Considering GC analyses using flame ionization detector, thermal conductivity 

detector or other detectors which do not provide structural information of the analyzed 

molecules and retention data, more precisely retention indices, are used as the primary 

criterion for peak assignment (Zellner et al., 2010). 

The retention index system was based on the fact that each analyte is referenced in 

terms of its position between the two n-paraffins that bracket its retention time. 

Furthermore, the index calculation is based on a linear interpolation of the carbon chain 

length of these bracketing paraffins (Zellner et al., 2010). The most thoroughly studied, 

diffused, and accepted retention index calculation methods are based on the logarithmic-

based equation developed by Kovats in 1958. In the characterization of volatiles, the 

most commonly applied reference series is n-alkanes. The most feasible choice, when 

analyzing volatiles, is to apply reference series as n-alkanes, fatty acid ethyl esters 

(FAEEs), or fatty acid methyl esters (FAMEs), employed according to the stationary 

phase to be used.  

Although GC is the standard for EO analysis, the presence of isomeric forms, cyclic 

compounds or oxygenated analogues makes that total separation of an EO sample may 

be unachievable (Jalali-Heravi et al., 2010). In addition, GC is an expensive and time-

consuming method and only one sample can be analysed taken about, on average, over 

45 minutes. Nowadays, the development of new instruments decrease the analysis time 



 14 

by utilization of fast or ultra fast GC (Mondello et al., 2004) These methods differ than 

traditional GC on modifications on the length and diameter of the column and a larger 

range of temperature along the analysis process (Bicchi et al., 2004). However, its 

utilization in EOs is not fully adequate due to the presence of overlapping peaks. 

To improve the analytical sensitivity of EOs, the multidimensional chromatography 

methodologies has been emerged to improve the separation compounds in EOs as GC-

MS (Dimandja et al., 2000) however, this technique is indicated to analyze a specific 

compound of the EO, not to the analysis of the whole sample.  

Moreover, other techniques have been described to improve the analysis of EOs 

avoiding the limitations of GC-MS. Thus, high performance liquid chromatography-gas 

chromatography (HPLC-GC) has been also described as a suitable analytical method for 

EOs analysis. Studies carried out by Mondello et al. (1995) showed that analysis of 

HPLC-HCGR-MS gives more accurate results than GC-MS 

 

1.3.4. Antimicrobial effect of essential oils 

Plant EOs presented several properties as antiparasitic, insecticidal, antiviral, antifungal, 

citoxic or antioxidant as described above. However, antimicrobial effect of EOs can be 

considered as the most important with application in a wide variety of areas as dental 

products, antiseptics, feed supplements for animal or as food preservatives (Stoeken et 

al., 2007, Franz et al., 2010, Burt, 2004). 

Regarding their utilization in foodstuff as preservatives, antimicrobial activity of EOs 

have been largely studied against a wide range of pathogenic and spoilage bacteria 

(Dussault et al., 2014, Turgis et al., 2012). Nowadays, food additive industry 

commercialized extracts of particular EOs to improve the shelf-life but there are a few 

commercial additives that contain EOs (Burt, 2004).  

The antimicrobial effect is variable among the EOs. These differences in a particular EO 

could be observed associated to differences among their chemical composition that vary 

according to the season of harvest, geographical location of plants and/or the 

methodology used to extract the EO (Hussain et al., 2008). In food industry, the interest 

of utilization of EOs as natural antimicrobial agents has increase in the last years to 

meet the consumers´ trends on natural products, avoiding the use of traditional chemical 

additives. Research about inhibitory properties has been mainly addressed against 

foodborne pathogens although a few reported inhibitory their effect against spoilage 
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bacteria. Studies carried out against foodborne and spoilage bacteria related to foodstuff 

are presented in table 1.1.   

 
Table 1.1. Essential oils with antimicrobial effect against foodborne and spoilage bacteria 
Essential oil  Plant of origin  Main chemical 

compound 
 Reference 

Balm  Melissa officinalis  Citronellal  Frattiani et al., 2010 
    Geranial  Gutierrez et al., 2008 
       
Basil  Ocimum basilicum  Linalool  Gutierrez et al., 2008 
    Eugenol  Lv et al., 2011 
       
Bay  Laurus nobilis  1.8-cineole  Dadalioglu et al., 2004 
       
Black pepper  Piper nigrum  ß-Caryophyllene  Sumathykutty et al., 1999 
    Limonene  Martins et al., 1998 
       
Bergamot  Citrus bergamia  Bergamol  Fv et al., 2011 
       
Cardamon  Amomum subulatum  1.8-Cineole  Kapoor et al., 2008 
       
Cinnamon  Cinnamon casia  Cinnamaldehyde  Turgis et al., 2012,  
    Eugenol  Hili et al., 1997, Goñi et al., 

2009 
       
Cumin  Cuminum cyminum  p-mentha-1,4-dien-7-al  Iacobellis et al., 2005 
    cuminaldehyde   
       
Fennel  Foeniculum vulgare  trans-Anethole  Dadalioglu et al. 2004 
       
Garlic  Allium sativum  Diallyl trisulfide  Razavi Rohani et al 2011 
       
Juniper  Juniperus communis  α-Pinene  Tserennadmid et al., 2011 
       
Jujube  Zizyphus jujuba  Eugenol  Al-reza et al., 2010 
       
Lemon  Citrus lemon  Limonene  Espina et al., 2011, Moufida et 

al., 2003, Tserennadmid et al., 
2011, Settani et al., 2012 

       
Majorman  Origanun majorana  Terpinen-4-ol  Bussata et al., 2008, 

Tserennadmid et al., 2011 
    4-Thujanol  Gutierrez et al., 2008 
       
Nutmeg  Myristica fragans  Myristicin  Choo et al., 1999 
       
Orange  Citrus sinensis  Limonene  Espina et al., 2011. Moufida et 

al., 2003, Lin et al., 2010 
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Table 1. (Continued) 
Oregano  Origanum vulgare  Carvacrol  Carneiro de Barros et al., 2009, 

Turgis et al., 2012, Govaris et 
al., 2009, Gutierrez et al., 2008, 
Karabagias et al., 2011, Lv et 
al., 2011 

    Thymol  Nostro et al., 2007 
    Terpineol  Olmedo et al., 2013 
       
Parsley  Petrosalinum 

crispum 
 Myristicin  Zhang et al., 2011 

       
Perilla  Perilla arguta  2-Pentanoylfuran  Lv et al., 2011 
       
Phlomis  Phlomis grandiflora  ß-Cariophyllene  Demirci et al., 2008 
       
Rosemary  Rosmarinus 

officinalis 
 Eucalyptol  Gutierrez et al., 2008 

      Hosni et al., 2013 
    Verbinone  Okoh et al., 2010 
    Camphor  Olmedo et al., 2013 
       
Sage  Salvia triloba  Eucalyptol  Gutuerrez et al., 2008 
       
Tarragon  Artemisia 

dracunculus 
 Anethole  Kordali et al., 2005 

       
Thyme  Thymus capitatus  α-Pinene  Consentino et al., 1999 
  Thymus vulgaris  o-Cymene  Frattiani et al., 2010 
    Linalool  Turgis et al., 2012 
    Thymol  Gutierrez et al., 2008, 

Karabagias et al., 2011 
    Carvacrol  Hosni et al., 2013, Hosseini 

Behbahani et al., 2013 
       
Wild thyme  Thymbra spicata  Carvacrol  Saidi et al., 2012 
       
Winter savory  Satureja montana  Thymol  Oliveira et al., 2011 

 

1.3.4.1. Antimicrobial compounds in EOs 

The EOs composition vary among the plant that from is obtained and also influenced by 

factors like geographical location, harvest season or extraction method as described 

above. EOs can present more than 50 different chemical compounds. Several EOs 

presented a main component that comprises over 80% of the relative composition while 

others presented two or three main components. Thus, oregano EO is mainly composed 

by p-Cymene (15%) and carvacrol (30%) (Lv et al (2011), EOs of lemon and orange by 

limonene (60% and 85% respectively) (Espina et al., 2011, Teixeira et al., 2013), 

parlsey EO by myristicin (32%) (Zang et al., 2006) or EOs of thyme and coriander by 

linalool (44% and 72% respectively) (Ballester-Costa et al., 2013, Alves-Silva et al., 

2013). In addition, a lot of chemical compounds are presented in EOs as trace elements.  
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The antimicrobial effect of EOs of herbs and spices is associated to several constituents. 

Among them, terpenes, terpenoids or phenylpropenes are the most important. However, 

other constituents as sulphur compounds in garlic EO presented an important 

antimicrobial activity (Hyldgaard et al., 2012). The figure 1.1 listed the main chemical 

compounds of EOs commonly used in food industry  

Terpenes are defined as any of a class of monocyclic hydrocarbons of the formula 

C10H16 obtained from plants. Their name is derived from the word "turpentine" and they 

are syntetized in the cytoplasm of the plant cell. Terpenes and terpenoids are the 

primary constituents of the essential oils of many types of plants and flowers (Espina et 

al., 2011). There are composed by several units of isoprene (C5H8 – 2 methyl-butane) 

and according to the number of isoprene units, they are called as hemi- (C5), mono- 

(C10), sesqui- (C15), di- (C20), sester- (C25), tri- (c30), tetra- (C40) or polyterpenes ((C5)n). 

Moreover, the presence of oxygen in their molecule, form their oxygenated derivatives. 

They are syntetized from the Acety-coenzyme A. However, the chemical pathways 

differ according to the final molecule. For example, synthesis of monoterpenes is 

associated to the acetate mevalonic pathway while synthesis of cyclic terpenes are 

linked to the presence of carbenium ions (Dewick, 2002). Presence of terpenes are 

commoly found in the literature as part of the EOs composition however, the study of 

their antimicrobial effect as isolate compounds is scarce (Trombetta et al., 2005). In 

general, terpenes are considered as weak antimicrobials (Cristiani et al., 2007). 

Antimicrobial effect 1.8-cineole, aromadendrene and p-Cymene against S. aureus and L. 

monocytogenes have been described (Ait-Ouazzou et al., 2011). In contrast, Ait-

Ouazzou et al., (2011) reported that α- and ß-Pinene not inhibited S. aureus, L. 

monocytoegenes, Enterococcus faecium, S. enteritidis, E.coli and Pseudomonas 

aeruginosa. Sesquiterpene aromadendrene seems to disrupt of cellular membranes due 

to its high lipophilic properties and also by alkilating proteins disturbing their 

conformation (Hyldgaard et al., 2012). Similar effect have been described to p-Cymene 

where their high affinity for membranes alters their potential and decrease the enthalpy 

and melting temperature of membranes (Ultee et al., 2002, Cristani et al., 2007). 

Among terpenes. terpenoids are molecules synthesized by biochemical modification by 

enzymes that add oxygen molecules and add or remove phenolic groups (Hylgaard et 

al., 2012). Thus, terpenoids can be classified as alcohols, ketones, aldehydes, ethers, 

phenols or epoxides (Breitmaier, 2006).  
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Figure 1.1. Main chemical compounds of essential oils with antimicrobial effect against foodborne pathogens 
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Thymol and carvacrol, are phenolic monoterpenoids presented mainly in EOs of thyme 

and oregano respectively (Hylgaard et al., 2012). Both molecules are isomers and 

presented a large antibacterial effect (Guarda et al., 2011, Pei et al., 2009, Zhou et al., 

2007). Their action mechanism is based on the disruption of the cell membrane 

increasing its permeability (Sikkema et al., 1995) and also by the interactions with 

membrane proteins and enzymes (Juven et al., 1994).  

Phenylpropenes, propenylphenols or allylbenzenes are a class of phenylpropanoids in 

which a benzene ring has an allyl group attached to it. Regarding their antimicrobial 

properties, eugenol and cinnamaldehyde are the most importants. 

Eugenol and cinnamaldehyde are the main constituents of EOs of clove and cinnamon. 

(Chaieb, 2007, Chang et al., 2001). Their antimicrobial activity has been reported 

against several foodborne pathogens (Karapinar et al., 1987, Yossa et al., 2014). 

However, inhibition mechanism is different between them. The antimicrobial effect of 

eugenol is associated by a non-specific permeabilization of the membrane and alteration 

of several proteins (Devi et al, 2010, Gill and Holley, 2006). In contrast, the 

antimicrobial effect of cinnamaldehyde is linked to the establishment of covalent links 

with DNA and proteins which disturbs its function (Feron et al., 1991). However, other 

studies reported that their inhibitory properties are concentration-dependent (Kwon et 

al., 2003)    

Antimicrobial effect of other phenylpropenes as anethole, vanillin or safrole have been 

described although their antimicrobial effect is lower than eugenol and cinnamaldehyde 

(Kubo et al., 2008, Fitzgerald et al., 2004) 

Allicin and allyl isothiocyanate are organoshulphur compounds present in garlic EO 

characterized by a wide antimicrobial effect against a wide range of Gram-negative and 

Gram-positive bacteria (Ankri et al., 1999). Contrary as previously observed for 

terpenes or phenylpropenes, allicin and allyl isothiocyanate diffuses through cell 

membrane and reacts with the intracellular enzymes by interaction with their free SH 

groups (Hyldaagar et al., 2012) However, Lin et al., (2000) showed that allyl 

isotiocyanate also damages the cell membrane in Salmonella spp and E. coli. 

Antimicrobial effect against foodborne and spoilage bacteria have been described in in-

vitro assays (Kumar et al., 1998, Outtara et al., 1997) although their application in 

foodstuff is scarce probably to the differences on the antimicrobial effect in food matrix 

and also to their sensorial impact (Tajkarimi et al., 2010). 

 



 21 

1.3.4.2. Methodologies for antimicrobial testing 

Antimicrobial efficacy of EOs presented a wide range according to the different studies 

(Tajkarimi, et al., 2010, Seow et al., 2014). Although these variations may be associated 

to factors as microbial strains or chemical composition of EOs as previously described, 

the in vitro methodology used to evaluate the antimicrobial effect also influences the 

inhibitory properties of EOs (Zaika, 1988). There are several methods to characterize in 

vitro antimicrobial activity of EOs (Janssen et al., 1987) although agar diffusion tests, 

serial broth or vapour phase test are the most commonly used. 

Agar diffusion tests consist in the utilization of a Petri dish with a specific culture media 

that is previously inoculated with the microorganism to be tested. This technique is one 

of the most used due to the great simplicity and cost-effectiveness (Faleiro, 2011). The 

EO is applied directly to the surface or in a small hole punched into the agar surface 

(agar well diffusion technique) or by the application of the EOs in a paper disk that is 

afterwards placed onto the agar (disk diffusion technique). Thus, the antimicrobial 

activity is based on the size of the inhibition halo (Wanger, 2007). However, the 

inhibitory effect of the oil is dependent to its ability to diffuse trough the agar, the 

nature, composition, thickness and pH of the medium (Zaika, 1988). In addition, other 

factors as volatilization of essential oil or disk or hole sizes may influence the inhibition 

zones. 

Regarding the culture media, several of them as Brain Heart Infusion, nutrient agar, 

tripticase soy agar yeast extract, Mueller-Hinton or Saboraud broth (Espina et al., 2011, 

Moreira et al., 2005; Nanasombat et al., 2005, Okoh, et al., 2010, Souza et al., 2007) 

may influence the size of the halos of the microrganisms tested (Brennet and Sherris 

1972, Huys et al., 2002). Thus, the antimicrobial effect of EOs may be under or 

overestimated. Better diffusion of antimicrobials is just one reason why Mueller Hinton 

agar (MH) is recommended for antimicrobial test (NCCLS, 2010) and also by an 

optimized calcium and magnesium ion concentration that avoid interference of some 

antibiotic in susceptibility test. However, there is still not information regarding is 

recommendation for its use with EOs. Thus, the characteristics and properties of 

Mueller Hinton are considered as the most suitable, by extension, to test the 

antimicrobial properties of EOs. 

In the dilution test, the EO to be tested is incorporated in a semisolid agar medium or 

liquid and absence of growth in agar plates or test tubes is determined with the naked 

eye after incubation The efficacy of the antimicrobial activity when this method is 
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applied both using tubes or microplates is verified by the change on optical density by 

colorimetry or by viable determination (Kalemba et al., 2001). 

The amount of broth media is variable although current tendency is to use reduced 

volumes. Currently, use of microdilutions test is more intense and easy to perform. In 

addition these methods appear to be very appropriate for the determination of the 

minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC). 

MIC is defined as the lowest concentration of essential oil that will inhibit the visible 

growth of a microorganism after overnight incubation (Andrews, 2001) while the MBC 

test determines the lowest concentration at which an EO will kill a particular 

microorganism. In addition, MBC is usually undertaken after the determination of the 

MIC (Burt, 2004). The determination of MIC and MBC is influenced by several factors 

as solvents used or the choice of the microrganism testes. Like the disk diffusion test or 

agar diffusion test, dilution methods differ among the literature but the fact that the 

outcome is quantified in terms of oil concentration rather than zone size, the values 

reported in the literature are easily compared.  

Vapour tests evaluate the activity of EO vapours against selected microrganism. This 

method is applied to study the antimicrobial effect of EO which are to be employed as 

atmospheric preservatives (Zaika et al 1987). In this method, solidified medium was 

inoculated with 100 μl of bacterial inoculums. Then, 10 μl of essential oil were added to 

6 mm diameter sterile blank filter disk and placed in the center of the cover of the Petri 

dish. The Petri dishes were then sealed using sterile laboratory parafilm to avoid 

evaporation of the essential oil. The antimicrobial effect of the EOs was calculated by 

measuring the diameter (in mm) of the inhibition zone above the disk (Nedorostova et 

al., 2008). 

 

1.3.5. Application of essential oils in traditional meat products 

Utilization of EOs to improve both the food safety and shelf-life of foodstuffs have been 

reported mainly in fresh meat of several species as beef, chicken, lamb or rabbit 

(Skandamis et al., 2001, Tsigarida et al., 2000, Fratianni et al., 2010, Karabagias et al., 

2011, Soultos et al., 2009). However, it application in meat products as food ingredients 

is scarce (Dussault et al., 2014, Viuda-Martos et al., 2010a, 2010b). Traditionally, 

antimicrobial effect of EOs is lower in foodstuff compared to in vitro assays. Although 

some of these effect are difficult to explain, several possibilities associated to the 

specific characteristics of these products have been referred to this phenomena. The 
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greater availability of nutrients in foodstuff than in culture media may enhance the 

repair mechanisms of the damage bacteria (Gil et al., 2002). In contrast, fat contents 

may decrease their antimicrobial effect due to dissolution of the EO in the lipid phase 

that made EO less available to act against the foodborne or spoilage bacteria present in 

the aqueous phase (Mejholm et al., 2002). In addition, the low pH presented in 

traditional meat products, seems to enhance the antimicrobial effect of the EOs 

associated to an increase of their solubility (Juven et al., 1994). In addition, the lower 

aW of these products may improve the effect of EOs by reduction of the aqueous phase 

of the foodstuff, increasing the contact of the lipid phase, where there the EO is located, 

with the aqueous phase, where the target microrganism is located (Mejholm et al., 

2002).  

Application of EOs in meat products is scarce and literature available is mainly focused 

on cooked meat products. Thus, Dussault et al., (2014) showed that application of EOs 

of thyme and cinnamon in ham showed significant decreased on a mix of L. 

monocytogenes. Viuda Martos et al, (2010a, 2010b) reported an extension of the shelf-

life on mortadela and bologna sausages using rosemary/thyme and oregano essential oil 

respectively.  

The variation on the antimicrobial effect of EOs both among the foodborne pathogens 

and spoilage indicates that their use must be previously assessed in a specific foodstuff 

against specific microganisms. Because the antimicrobial effect is not only associated to 

the characteristics of the EO and composition of the foodstuff, other factors as heat 

treatments, smoking, presence of chemical preservatives or packaging could enhance or 

decrease the antimicrobial effect of a selected EOs (Burt, 2004).  

 

1.3.6. Organoleptical aspects of essential oils 

Utilization of EOs as natural preservatives in by food industry meets the consumers´ 

tendence by producing “green label” foodstuffs. However, the organoleptic impact is 

considered as their main constrain since their utilization as antimicrobials requires 

higher concentrations than observed at laboratory (Devlieghere et al., 2004), Thus, the 

sensory acceptance and its antimicrobial effect must be assessed product by product. 

Although there is no reference about recommended concentrations in foodstuffs, a limit 

of 5000 ppm has been referred by Dussault et al., (2014). Moreover, the policy about 

food additives considered EOs as flavouring agents except rosemary EOs that presented 

a legal concentration of 100 mg/kg for dry cured meat products (Regulation (EC) 
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1333/2008). Regarding their application in foodstuff, the flavour of oregano EO in 

bologna type conferred a marked aroma that was not considered as unpleasant by 

pannelist (Viuda-Martos et al., 2010). The addition of EOs of rosemary or marjoram 

both at 200 mg/kg in beef patties improves their flavour due to their antioxidant 

properties which reduces the lipid oxidation of the products (Mohamed et al., 2012). 

Similar results have been reported by Lorenzo et al. (2014) in foal meat with actives 

packaging of 2% of oregano or 1% green tea EO in which their acceptance after 10 days 

was associated to the reduction of lipid oxidation due to the lower thiobarbituric acid 

reactive substances (TBARS) values accounted. Moreover, treatments of dry cured 

“salchichón” immersed in oregano EO with lecitin compared than those immersed in 

sorbate potassium did not showed sensory differences when oregano EO is applied as 

surface mould inhibitor (Martin-Sánchez et al., 2011). 

  

1.3.7. Combination of essential oils  

The basis of the EOs combination is to keep the safety of foodstuff avoiding their 

sensory impact by the addition of lower concentrations of those EOs (Tajkarimi et al., 

2010). The antimicrobial effect of combination of EOs has usually been assessed by the 

checkerboard method. This method is usually performed using 96-well microtiter plates 

to obtain the fractional inhibitory concentration (FIC) index (Verman, 2007). The 

microplate assay was arranged as follows: essential oil A (EOA) was diluted two-fold 

along the x-axis, whilst essential oil B (EOB) was diluted two-fold along the y-axis. 

Both EOs were diluted directly on Mueller Hinton Broth to achieve the final 

concentration desired. The MIC (previously described) of each EO was considered as 

the initial dilution. The microorganism tested, is added to all wells. The plates were 

incubated at the optimum growth temperature of the pathogen tested. The fraction 

inhibitory concentration (FIC) index was calculated by adding the FIC values of EOA 

and EOB (FICa+FICb). The FICa and FICb values represented as the lowest 

concentrations of each EO that caused the inhibition of bacterial growth in the 

combination tests. Calculations were performed as follows: FICa = (MIC EOA 

combined/MIC EOA alone); FICb=(MIC EOB/MIC EOB alone); FIC=(FICa+FICb). 

The interpretation of the results was according to Verman (2007) and can be as follow: 

FIC ≤0.5 indicates a synergistic effect, 0.5<FIC≤1 indicates an additive effect, 1<FIC≤4 

indicates the absence or no interactive effect and FIC>4 indicate an antagonistic effect 

between the two EOs tested. Moreover, the occurrence of synergy using the 
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checkerboard technique seems to be dependent on the method of interpretation 

(Bonaparce et al., 2012).  

Regarding combinations of different EOs or their compounds, combination of EOs of 

basil and oregano displayed an additive and synergic effect against L. moncytogenes and 

S. aureus respectively (Lv et al., 2011). In contrast, Gutierrez et al. (2009) observed an 

indifferent effect in the combination of EOs of oregano and thyme against L. 

moncytogenes. The main compounds of EOs of oregano and thyme, carvacrol and 

thymol respectively, displayed an additive effect against E. coli O157:H7 (Burt et al., 

2005) while combination of rosemary and cumin displayed a synergistic effect against 

E. coli (Gibriel et al., 2012). Moreover, combination of cinnamon-cumin EO displayed 

a synergic effect against E. coli in accordance with Pei et al. (2008) although an additive 

effect was observed by Moleyar and Narasimham (1992). On the other hand, 

combinations of EOs of rosemary-cumin or rosemary-thyme displayed a synergistic and 

additive effect respectively against B. cereus (Gibriel et al, 2012). Also combination of 

EOs of oregano and rosemary showed a synergistic effect against L. monocytogenes and 

Yersinina enterocolitica (De Azeredo et al., 2011)  

The synergistic effect of oregano EO and the bacteriocin pediocin was additive against 

L. monocytogenes and antagonistic against E. coli. However, combination of thymus 

EO with pediocin did not showed any synergistic effect against Salmonella spp, L. 

monocytogenes, E. coli or S. aureus (Turgis et al., 2012). The antimicrobial mechanism 

of bacteriocin pediocin is based on pore formation at cell membrane as same as 

observed by EOs (Bauer et al., 2005, Hyldgaard et al., 2012). However, the lower 

antibacterial effect of the bacteriocin against Gram-negative microrganisms (Abee et al., 

1995) and also the higher resistance of those microrganisms to the EOs could explain 

the indifferent effect observed. Thus, the results observed by Govaris et al., (2010) in 

which combination of 0.6% of oregano EO with 1000 IU/g of nisin displayed a better 

reduction against Salmonella spp. that utilization of the EO with 500 IU/g in minced 

sheep meat are in accordance with the limited antimicrobial effect of bacteriocins 

against Gram-negative. 

The study of the interactions of food ingredients with EOs of oregano and thyme by 

Gutierrez et al. (2008) showed that the higher the levels of protein, the lowest the 

growth rate against L. monocytogenes. Although it is difficult to explain, it could be 

associated to the increased ability of L. monocyotgenes to repair the damages caused by 

the EO (Gandhi et al., 2007). In contrast, the same author reported that higher contents 
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of sunflower oil decreases the lag phase of L. monocytogenes, probably associated to the 

solvent effect of the oil which improve the distribution of the EO in the media 

increasing the contact with the pathogen (Burt et al., 2004). This results agree with the 

study of Martin-Sánchez et al., (2011) which showed that combination of oregano EO 

with lecitin as solvent improve their inhibition effect against moulds in dry cured 

“salchichón”. However, other studies suggested that presence of fat decrease the 

antimicrobial effect due to a dissolution of EO in the fat phase with a decrease contact 

with the aqueous phase in which the microrganisms are placed in food matrix (Mejholm 

et al., 2002).  

Successful combination of EOs with other hurdles as thermal treatments, active 

packaging, high hydrostatic pressure or pulsed electric field against foodborne 

pathogens have been reported in the literature (Espina et al., 2013, 2014),   

 

1.4. Objectives 

In order to study the antimicrobial effect of EOs of herbs and spices commonly used on 

seasoning of meat products the current work study the following aspects: 

 Chemical characterization of EOs of black pepper, lemon, orange, parsley, basil, 

cinnamon, nutmeg, rosemary, tarragon, bay, cumin, garlic and oregano by gas 

chromatography - mass spectrometry (GC-MS); 

 Determination of antimicrobial effect those EOs by disk diffusion assay;  

 Determination of the minimum inhibitory concentration and minimum 

bactericidal concentration; 

 Determination of the antimicrobial effect of combination of EOs by 

microdilution checkerboard method; 

 In-vitro influence of fat, protein, aW, pH and food additives (sodium nitrite, food 

phosphates and sodium lactate) on the antimicrobial effect of EOs; 

 Influence of essential oils of herbs and spices on manufacture of dry cured 

chouriço against Salmonella spp., L. monocytogenes and S. aureus;  

Sensory analysis of selected EOs on dry cured chouriço by hedonic evaluation   of 

consumers, just-about-right and “will to consume” and “will to purchase”
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2.1 Introduction 

Dry cured meat products are considered safe products. Their composition, particularly 

the water activity (aW) and pH, and the addition of salt, nitrites, spices, and other 

ingredients, are hurdles that delay the development of foodborne pathogens (García-

Díez and Patarata, 2013). The occurrence of outbreaks in both Europe and United States 

have put the spotlight onto the safety of meat products, in particular cured and 

fermented sausages (Drosinos et al., 2006). Some of the reasons that facilitate the 

survival and/or growth of foodborne pathogens may be related to the poor-quality 

ingredients or the inadequate implementation of hazard analysis and critical control 

points (HACCP) methodology, among others (Fraqueza and Barreto, 2015).  

In Portugal, there is a wide variety of dry cured meat products and its manufacture 

represents an important income in specific regions (Albano et al., 2007). Dry cured 

sausages are generally made from whole pieces or roughly minced pork and fat. They 

admit a large variety of seasonings – herbs, spices, red wine or citric juices, as reported 

by Melo et al. (1991) in a survey made in traditional units of meat products 

manufacture. After the preparation of meat and seasonings, the batch is maintained at a 

low temperature (4-7 ºC) for 24 to 48 h in order to occur seasoning flavors transfer to 

the meat. It is then stuffed into natural pork casings and smoked at a low temperature 

for one to four weeks, until it reaches the aimed dehydration (Colaço do Rosario et al., 

2000). The use of EOs of herbs and spices may be interesting to meat processors since it 

is expected a safety accomplishment of the products due to their antimicrobial 

characteristics. The negative sensory implications of EOs use on final food products 

might restrain its use (Burt, 2004), however the strong aromatization of dry cured 

sausages, resulting from the use of red wine and smoking might disguise the flavour of 

EOs, and its use by dry cured products industry could be an interesting approach 

conducting to a possible successful application. 

Antimicrobial effect of EOs against different microorganisms has been described in 

several foods (Dussault et al., 2014). However, there are strong experimental evidences 

that the antimicrobial activity of some EOs might have a distinct effect related to the 

variation on their chemical composition, mainly due to the botanic variety, geographic 

origin, extraction method (Eisenman et al., 2013) and/or related to the specific 

sensitivity of the target microorganism, which differ even between strains of the same 

species (Nguefack et al., 2004, Tohidpour et al., 2010), reinforcing the need to study the 

microbiota of specific ecosystems. The information related to antimicrobial activity of 
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EOs against strains of foodborne pathogens and spoilage microorganisms isolated from 

dry-cured is scarce. The aim of the present study was to investigate: i) the chemical 

composition of EOs from herbs and spices commonly used in the manufacture of dry 

cured meat products or have a flavouring potential to be introduced, and ii) the 

evaluation of the antimicrobial activity of the selected EOs against several strains of 

foodborne and spoilage microorganisms isolated from these products and/or its 

manufacturing environment, aiming a subsequent optimization of the flavouring 

strategies to accomplish safety and increase the shelf-life. 

 

2.2. Material and methods 

2.2.1. Essentials oils 

The characteristics of EOs used in the study are presented in table 2.1. All EOs were 

kindly provided by Ventós Chemicals (Barcelona. Spain) 

 
Table 2.1. Plant of origin and parts used in the extraction of essential oils used in the study. 

Essential oil Plant of origin Part of the plant  CAS 

Basil Ocimum basilicum L. Leaves and flowering tops 84775-71-3 

Bay Laurus nobilis L. Leaves 84603-73-6 

Black pepper Piper nigrum L. Fruits 84929-41-9 

Cinnamon Cinnamomum zeylanicum Nees C. Leaves 84949-98-9 

Cumin Cuminun cyminum L. Seeds 84775-51-9 

Garlic Allium sativumL. Bulbs 8008-99-9 

Lemon Citrus limonunL. Fruit peels 84929-31-7 

Nutmeg Myristica fragans Nuts 84082-68-8 

Orange Citrus sinensis L.Osberck. Fruit peels 8028-48-6 

Parsley Petroselimum sativum Hoffm. Aerial part of the plant 84012-33-9 

Rosemary Rosmarinus officinalis L. Entire plant excluding 
woody parts 84604-14-8 

Tarragon Artemisa dracunculus L. Flowers and leaves 90131-45-6 

Thyme Thymus capitatus Hoff. et Link Flowering tops 90131-59-2 

 

2.2.2. Gas chromatography/mass spectrometry (GC/MS) analysis 

Components of the EOs were analysed by gas chromatography–mass spectrometry 

(GC-MS) using a Trace GC Ultra gas chromatograph (Thermo Scientific) coupled to a 

PolarisQ ion trap detector mass spectrometer (Thermo Scientific) and equipped with a 

Zebron Inferno ZB-5HT 30m x 0.25mm x 0.25μm capillary column (Phenomenex).  
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The oven temperature for the gas chromatograph was initially maintained at 40 °C for 5 

min, then ramped at 4 °C min−1 to 200 °C, then at 10 ºC min-1 to 260 ºC, and maintained 

at 260 ºC for 24 min. The injector temperature was 250 ºC. The amount of sample 

injected was 1 μl in split mode (split ratio 1:52) and the carrier gas was helium at a flow 

rate of 0.9 ml min−1. The mass spectrometer was run in the electron impact mode with 

electron energy at 70 eV. 

The mass spectrometer was operated in full scan mode between 33 and 300 amu. The 

retention indices were determined in relation to a homologous series of n-alkanes (C10–

C30) under the same operating conditions. Further identification was performed by   

comparing the mass spectra of the components of the EOs with those in the mass 

spectrometry library (The Wiley Registry of Mass Spectra 2001 Library Data, sixth ed.) 

and data from the literature. Relative percentages of the components were calculated 

based on gas chromatography peak areas. 

 

2.2.3. Microorganisms and growth conditions 

Six strains of each microorganism (Salmonella spp., Listeria monocytogenes, 

Staphylococcus aureus, Escherichia coli, Enterobacteriaceae, Enterococcus spp. and 

Pseudomonas spp.) isolated either from traditional dry cured sausages during the 

manufacturing or from the environment of their production. For each foodborne 

pathogen, a strain from culture collection was also included. All strains used in this 

study are presented in table 2.2.  The strains, maintained at -18 ºC, were subcultured 

twice in Brain Heart Infusion (BHI, Biokar. Beauvais, France). Incubation was made at 

37 ºC except for L. monocytogenes (30 ºC) and Pseudomonas spp. (25 ºC).  

Overnight cultures in BHI were streaked in BHI agar and incubated during 18 to 24 

hours. To prepare the inoculum for sensitivity test to EOs, a suspension of isolated 

colonies in BHI agar was made in NaCl 0.85%. The turbidity of the suspension was 

adjusted to a 0.5 McFarland standard (Biomerrieux, Marcy-l'Etoile, France). Adequate 

decimal dilutions were made in NaCl 0.85% to achieve the required inoculation level 

(CLSI, 2012). 
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Table 2.2. Strains used in the experiment. 

Micorganism  Strain  Source1 

Salmonella spp.  ATCC1 49214  American Type Culture Collection 

  MPI-B-S07  Chouriço batter 

  MPI-Mo-S63  Moura at middle of drying process 

  JI-Ca-S63  Natural pork gut after preparation to be stuffed 

  MPI-E-S92  Environment of meat products preparation 

  EDS-E-S02  Environment of meat products preparation 

     

L. monocytogenes  ATCC 35152  American Type Culture Collection 

  EDS-B-LM02  Chouriço batter 

  MPI -SaSk-LM05  Salpicão after smoking 

  JI-Me-LM03  Meat used in meat products preparation 

  EDS-E-LM02;  Environment of meat products preparation 

  MPI-E-LM01  Environment of meat products preparation 

     

S. aureus  ATCC 25923  American Type Culture Collection 

  AI-Me-SA11  Meat used in meat products preparation 

  EDS-ChM-SA01  Chouriço at middle of drying process 

  EDS-E-SA02  Environment of meat products preparation 

  MPI-E-SA01  Environment of meat products preparation 

  MPI-E-SA08  Environment of meat products preparation 

     

E.coli  ATCC 35150  American Type Culture Collection 

  MPI-B-EC01  Chouriço batter 

  MPI -SaSk-EC03  Salpicão after smoking 

  MPI-E-EC01  Environment of meat products preparation 

  MPI-E-EC05  Environment of meat products preparation 

  MPI-E-EC06  Environment of meat products preparation 
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Table 2.2. (Continued) 

Enterobacteriaceae2  MPI-B-EB07  Chouriço batter 

  MPI-SaSk-EB13  Salpicão after smoking 

  JI-Me-EB42  Meat used in meat products preparation 

  EDS-E-EB02  Environment of meat products preparation 

  EDS-E-EB18  Environment of meat products preparation 

  EDS-E-EB24  Environment of meat products preparation 

     

Enterococcus spp.  EDS-Ch-EN01,  Chouriço 

  EDS-Ch-EN44  Chouriço 

  EDS-ChM-EN15  Chouriço at middle of drying process 

  MPI-SaSk-EN02  Salpicão after smoking 

  EDS-E-EN45  Environment of meat products preparation 

  MPI-E-EN27  Environment of meat products preparation 

     

Pseudomonas spp.  JI-Me-LM03  Meat used in meat products preparation 

  EDS-B-PS01  Chouriço batter 

  EDS-ChM-PS01  Chouriço at middle of drying process 

  MPI-SB-PS09  Salpicão meat at stuffing phase 

  EDS-E-PS15;  Environment of meat products preparation 

  MPI-E-PS89  Environment of meat products preparation 
1 Strains isolated from meat products or environment of its production are from our laboratory collection 
2. Not Salmonella sp. and not Escherichia coli, screened in Compass Salmonella (Biokar BM 066) and 
Compass Ecc agar (BiokarBK202), respectively 
 

2.2.4. Disk diffusion assay (DDA) 

The antimicrobial effect of EOs was screened by the disk diffusion assay (DDA) 

basically as described by Zaika (1988). Petri plates prepared with 20 ml of Mueller-

Hinton agar (MHA, Biokar. Beauvais, France) were dried and 100µl of standardized 

inoculum suspension (ca. 8 log CFU/ml) was poured and uniformly spread. Filter paper 

disks (Whatman No. 1, 6 mm diameter, GE Healthcare) were applied to the surface of 

the seeded agar plates and 20 μl of each EO was applied to each disk. The plates were 

kept at 4ºC for 2 h to allow dispersion and were then incubated during 18 to 24 h. The 

antimicrobial activity was visually evaluated as inhibition zone surrounding the disk and 

their diameter, including the disk diameter, was measured in mm. The DDA assay was 

carried out in triplicate The antimicrobial activity of the EOs was classified as not 

inhibitory, according to Espina et al. (2011), when the halos were smaller than 10 mm.  
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2.2.5. Microtiter plate assay (MPA) 

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration 

(MBC) was studied for all EOs. The dilutions of the EOs were established based on the 

inhibitory profile with the DDA. The assay was based on the procedure of CLSI (2012) 

with 96-well microtiter plates. EOs dilutions were prepared directly on the Mueller-

Hinton broth (MHB) to the double of the desired final concentration. The inoculum of 

the target microorganism was prepared also in MHB to the double of the aimed 

concentration (ca. 6 log CFU/ml to result in half of that concentration in the well - 5.7 

log CFU/ml). In each well, it was combined 50 µl of MHB with each EO dilution and 

50 µl of MHB with each target microorganism. The plates were covered, incubated 

during 24 hours and were then checked for visible growth in the wells. The MIC was 

considered the lowest concentration of EO at which bacteria failed to grow, as detected 

by the unaided eye, matching with the negative control without inoculation included in 

the test. Once with some EOs the well presented an ambiguous turbidity, the test was 

complemented with the seeding of a 10 µl loop in MHA to confirm the absence of 

growth. To evaluate the MBC, 10 µl of each well, in which no microbial growth was 

observed, was spread into MHA and incubated for 24 h. The MBC was considered as 

the lowest concentration determining a reduction in the population of 99.9%. 

 

2.2.6. Statistical analysis  

The comparison of the antimicrobial activity detected by DDA of EOs between each 

microorganism was carried out by one-way analysis of variance (ANOVA). The Tukey-

Kramer test was used to determine the significant differences (p<0.05) among group 

means. Statistical analysis was done with SPSS 19.0 software (SPSS Inc., Chicago) for 

Windows 8 (Redmont, USA), considering p < 0.05 as statistically significant. 

 

2.3. Results 

2.3.1. Chemical composition of the essential oils 

The chemical compounds of the 13 EOs are presented in table 2.3. α-Pinene and β-

Pinene were the most common compounds, being present in 79% and 50% of the EOs, 

respectively. In contrast, garlic EO presented unique chemical compounds. Lemon and 

orange EOs presented limonene and nutmeg and parsley presented myristicin as the 

main chemical compounds respectively. In both cases, the relative composition of 

limonene and myristicin was about 90% and 40% respectively. The EO of some plants 
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were quantitatively composed by one major compound, that represented more than 85% 

of the relative composition, such as basil (estragole), cinnamon (eugenol), tarragon 

(anethole), lemon and orange (limonene) and thyme (thymol). On the other hand, the 

main chemical compound was under 60% of the total of the relative composition for the 

garlic (diallyl trisulfide), nutmeg (myristicin), parsley (myristicin), bay (eucalyptol), 

cumin (cuminaldehyde), black pepper (trans-Caryophyllene) and rosemary (camphor) 

EOs.  

Among the EOs studied, 8 of 13 presented sesquiterpenes and 6 of 13 presented 

phenylpropanoids. Sulphur compounds were exclusively present in garlic EO. 

Phenylpropanoids were the main chemical compounds of basil, cinammon, nutmeg and 

parsley. Hydrocarbon monoterpenes were the main chemical compounds of lemon and 

orange EO while oxigenated monoterpenes were the principal chemical compounds of 

EOs of tarragon, basil, oregano and rosemary. Hydrocarbon sesquiterpenes were 

presented in 8 of 13 EO with concentrations lower than 5%, except for black pepper that 

trans-Caryophyllene was present at concentration over 66%. None of the EOs presented 

oxygenated sesquiterpenes. 

 
2.3.2. Antimicrobial activity of essential oils by disk diffusion assay 

The antibacterial activity assessed by DDA of the different EOs against foodborne 

pathogens and spoilage microorganisms isolated from traditional meat products and its 

production environment is presented in table 2.4. The degree of the antimicrobial 

activity of the EOs tested was variable. The EOs that presented a wider inhibition 

pattern were thyme and cinnamon, that inhibited all the seven groups of microorganisms 

tested followed by rosemary and cumin (5 of 7), garlic (4 of 7), bay (3 of 7), black 

pepper (2 of 7), lemon, parsley and nutmeg (1 of 7). The EOs of orange, basil and 

tarragon were considered non inhibitory. Gram-positive microorganisms were generally 

more sensitive to the action of the EOs than Gram-negative ones. L. monocytogenes, S. 

aureus and Enterococcus spp. were inhibited by 10 of 13 EOs tested while Salmonella 

spp., E. coli, Enterobacteriaceae and Pseudomonas spp. were inhibited only by 6 of 

them. The intensity of inhibition, revealed by the mean size of the halos, was also wider 

for Gram-positive bacteria. 
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Table 2.3. Chemical composition of essential oils of basil, bay, blackpepper, cinnamon, cumin, garlic, lemon, nutmeg, 
orange, parsley, rosemary, tarragon and thyme 

Basil  Bay  Blackpepper  Cinnamon 
Compounds %  Compounds %  Compounds %  Compounds % 

Estragole 96.7
1 

 Eucaliptol 58.20  trans-
Caryophyllene 

 
57.59 

 Eugenol 85.31 

Eucalyptol 0.44  ß-Phellandrene 5.01  α-Pinene 4.59  Benzyl benzoate 4.92 
Methyleugenol 0.30  Terpineol 2.38  ß-Pinene 3.02  Eugenol acetate 2.90 
cis-Ocimene 0.28  α-Pinene 2.36  Sabinene 2.41  trans-

Caryophyllene 
 

2.44 
4-Terpineol 0.27  cis-Sabinene 

hydrate 
 

2.01 
 α-Coapene 2.28  Isosafrol 1.44 

α-Pinene 0.10  α-Terpinenyl 
acetate 

 
19.19 

 Cadinene 2.14  Cuminaldehyde 0.68 

Linalool 0.10  trans-Sabinene 
hydrate 

 
1.63 

 α-Humulene 1.41  p-Cymene 0.47 

ß-Bisabolene 0.05  ß-Pinene 1.02  γ-Elemene 1.27  Linalool 0.44 
   Linalyl acetate 0.58  α-Murolene 0.79  α-Phellandrene 0.42 
   α-phelandrene 0.46  γ-terpinene 0.73  Isospathulenol 0.30 
   Eugenol 0.28  Caryophyllene 

oxide 
 

0.73 
 α-Pinene 0.27 

   ß-Elemene 0.26  4-Terpineol 0.60  Camphene 0.10 
   Sabimene 0.20  Linalool 0.35  ß-Bisabolene 0.10 
   Isospathulenol 0.17       
   Methyleugenol 0.12       
           

Cumin  Garlic  Lemon  Nutmeg 
Compounds %  Compounds %  Compounds %  Compounds % 

Cuminaldehyde 47.5  Diallyl trisulfide 33.82  Limonene 84.61  Myristicin 43.35 
γ-Terpinene 18.4

4 
 Diallyl Disulfide 18.86  ß-Pinene 5.02  Sabinene 23.28 

2-Caren-10-ol 12.3
3 

 Diallyl 
tetrasulphide 

10.97  γ-Terpinene 4.71  Terpineol 4.86 

Cymol 8.41  Methyl allyl 
trisulfide 

9.04  ß-Bisabolene 1.29  γ-Terpinene 4.30 

Sabinene 3.35  Diallyl sulfide 8.36  E-Citral 1.08  Safrole 3.74 
ß-Phelandrene 0.95  Methyl allyl 

disulfide 
2.76  Z-Citral 0.6  Eugenol 2.84 

trans-
Caryophyllene 

 
0.28 

 1,3,5-Trithiane 0.75  Lynalyl acetate 0.51  α-Pinene 2.56 

4-Terpineol 0.25  2-Vinyl-1,3-
Dithiane 

 
0.75 

 α-Farnesene 0.48  α-Terpinolene 1.89 

Cyclohexanol 0.25  Hexamethylene 
sulfoxide 

 
0.24 

 α-Pinene 0.45  Elemicin 1.08 

ß-Pinene 0.14        Methyleugenol 0.71 
α-Pinene 0.10        Ocimene 0.49 

         Methoxyeugeno
l 

 
0.44 

         p-Penthylanisole 0.24 
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Table 2.3 (Continued)        

Orange  Parsley  Rosemary  Tarragon 
Compounds %  Compounds %  Compounds %  Compounds % 
Limonene 97.9

2 
 Myristicin 44.88  Camphor 22.4  Anethole 92.73 

ß-Pinene 1.32  Limonene 11.72  Eucaliptol 13.24  cis-Ocimene 4.01 
Sabinene 0.17  α-Pinene 11.35  α-Pinene 10.84  Limonene 2.31 
Nonanal 0.16  Cosmene 9.86  p-Cymene 5.25  Methyleugenol 0.46 

trans-Geraniol 0.15  ß-Pinene 5.38  trans-
Caryophyllene 

 
3.90 

 α-Pinene 0.14 

α-Pinene 0.11  1-Butyin-3-one 3.49  Ocimene 3.47  Estragole 0.10 
Linalool 0.10  ß-Phellandrene 2.00  Endobornyl 

acetate 
 

3.20 
 Eugenol 0.10 

α-Farnesene 0.01  Elemicin 1.96  3-Octanone 2.06  Ocimene 0.06 
   α-Terpinolene 1.71  α-Terpinolene 1.65  α-Terpinolene 0.05 
   Carvyl acetate 0.62  α-Humulene 1.56  α-terpinolene 0.05 
   1.3.8-p-

Methatriene 
 

0.36 
 Linalool 1.20    

   Sabinene 0.33  ß-Myrcene 0.98    
   Verbenyl acetate 0.32  cis-Sabinene 

hydrate 
 

0.53 
   

   Myrtenol 0.16  Curcumene 0.38    
   Anethole 0.15       
   2-Caren-10-ol 0.14       
   trans-Ocimene 0.11       
   trans-

Caryophyllene 
0.11       

   Ocimene 0.08       
   p-Cymenol 0.05       
           

Thyme          
Compounds %          

Thymol 93.9
4 

         

cis-Ocimene 1.29          
p-Cymene 1.16          

trans-
Caryophyllene 

 
0.72 

         

α-Terpinolene 0.34          
Terpineol 0.30          
ß-Pinene 0.27          
Cosmene 0.21          
Borneol 0.19          

Carvacrol 
methyl ether 

 
0.16 

         

α-Humulene 0.13          
ß-Bisabolene 0.05          

Carvacrol 0.04          
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Table 2.4. Zones of growth inhibition (mm; mean ± standard deviation) showing antibacterial activity of tested essential oils (EOs), including the disk diameter 

6.0 mm. 

EOs Samonella spp. E. coli Enterobacteriaceae Pseudomonas spp. L. monocytogenes S. aureus Enterococcus spp. 

Bay 12.5 ± 1.4b NI NI NI NI 37.8 ± 10.1a 11.8 ± 1.9b 

Blackpepper NI NI NI NI 25.0 ± 4.5ª NI 11.5 ± 1.0b 

Cinnamon 13.7 ±1.0 12.2 ± 1.0 10.3 ±.2.6 12.0 ± 1.3 16.3 ± 1.9 14.8 ± 2.2 12.1 ± 2.5 

Cumin NI 12.4 ± 1.4b 11.7 ± 1.7b NI NI 40.5± 10.3a 12.0 ± 1.0b 

Garlic 10.5 ± 1.6c NI NI 16.1 ± 1.3b 15.0 ± 2.6c 41.5 ± 8.6a NI 

Lemon NI NI NI NI 24.3 ± 2.9 NI NI 

Nutmeg NI NI NI NI 15.5 ± 2.4 NI NI 

Parsley NI NI NI NI 20.1 ± 3.3 NI NI 

Rosemary 13.4 ± 3.8c NI NI 11.5 ± 0.9c 23.8 ± 5.4b 33.3 ± 3.2ª 16.5 ± 1.9bc 

Thyme 29.1 ± 9.5c 32.5 ± 7.3c 34.5 ± 2.0c 20.1 ± 2.5d 36.4 ± 6.8bc 45.1 ± 1.9a 45.0 ± 5.3ab 

Essential oils of orange, basil and tarragon were not inhibitory (halo <10 mm.  
a, b, c, d Values in the same line with different superscripts letters are significantly different (p < 0.05). 
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Among Gram-negative bacteria, thyme EO presented the most inhibitory effect. 

Moreover, all of them were inhibited by cinnamon EO, however, the inhibition 

presented was similar as rosemary EO against Salmonella spp. and Pseudomonas spp. 

or by cumin EO against E. coli and Enterobacteriaceae. Among Gram-positive bacteria 

S. aureus and Enterococcus spp. were inhibited by six EOs; both by bay, cinnamon, 

cumin, rosemary and thyme. Garlic EO produced a strong inhibition on S. aureus and 

black pepper inhibited Enterococcus spp.. L. monocytogenes was also inhibited by eight 

EOs. Besides the EOs that inhibited the other Gram-positive bacteria, L. monocytogenes 

was inhibited by EOs of lemon, nutmeg and parsley. These three EOs only have 

inhibitory effect on this microorganism. 

There were observed statistical differences (p<0.05) for each EO that inhibited various 

microorganisms except for cinnamon EO. Generally, the inhibition of those EOs against 

S. aureus was stronger, as revaled by the wider halos observed with the cultures of this 

bacteria. No statistically differences (p>0.05) were observed between the different 

strains tested for each group of microorganisms isolated from meat products or its 

production environment and between these and reference strains for any of the tested 

EOs.  

 

2.3.3. Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) 

Results of MIC and MBC of the tested EOs are presented in table 2.5. MIC and MBC 

values were, on average, higher for Gram-negative microorganisms than for Gram-

positive. The absence of inhibition observed in the DDA for orange and lemon EOs is in 

accordance to the highest MIC and MBC values observed (> 30%). Conversely the 

lowest MIC and MBC values of EOs of thyme and cinnamon are in accordance to their 

previously observed strong antimicrobial activity observed in the DDA. Considering 

only less than 1%, the MICs and MBCs of thyme EO was unequivocally the most 

interesting with MIC between 0.006% for L. monocytogenes and S. aureus and 0.05% 

for Salmonella spp.. EOs of cinnamon and garlic presented MICs between 0.0125% and 

0.5% for Gram-positive bacteria. Rosemary EO inhibited Salmonella spp. and E. coli at 

0.5% and 0.25%, respectively. The relationship between MIC and MBC was variable. 

For thyme EO, the concentration necessary to kill was only the double of that necessary 

to inhibit the growth. That relationship increase up to ten-fold for garlic EO. 
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Table 2.5. Minimal inhibitory concentration (MIC) and minimal bactericide concentration (MBC) of tested essential oils (EOs) (results are expressed in %). 
EOs  Samonella spp. E. coli Enterobacteriaceae Pseudomonas spp. L. monocytogenes S. aureus Enterococcus spp. 

Bay MIC 5 4 10 15 4 8 20 
 MBC 10 8 15 25 10 15 25 

Blackpepper MIC >30 8 >30 10 30 15 8 
 MBC >30 20 >30 25 >30 >30 20 

Cinnamon MIC 10 0.25 0.05 1.5 0.5 0.25 0.05 
 MBC 25 0.5 0.25 2.5 2 1 0.25 

Cumin MIC 5 4 10 15 4 8 20 
 MBC 10 8 15 25 10 15 25 

Garlic MIC 2 4 1 1.5 0.0125 0.25 0.25 
 MBC 4 10 2 4 2 2.5 1.5 

Nutmeg MIC 15 15 >30 8 10 8 8 
 MBC 25 25 >30 20 20 15 20 

Parsley MIC 10 4 10 >30 4 4 >30 
 MBC 15 10 20 >30 10 10 >30 

Rosemary MIC 0.5 0.25 1 8 25 8 8 
 MBC 2 1 2.5 25 30 15 20 
Thyme MIC 0.05 0.025 0.025 0.025 0.00625 0.00625 0.025 
 MBC 0.05 0.05 0.05 0.05 0.05 0.05 0.01 
Results from orange,, basil ans tarragon are not presented due to their absence of inhibitory effect Lemon EO is  not presented due to the MIC and MBC > 30% for all the microorganisms. 
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2.4. Discussion 

Several volatile compounds naturally occurring in various EOs possess an antibacterial 

activity, that may be considered as natural antibacterial agents to inhibit the growth or 

survival of foodborne pathogens (Burt, 2004). The antimicrobial effect of the studied 

EOs showed a greater inhibition activity against Gram-positive microorganisms. The 

mechanism of action of the EOs is associated to its hydrophobicity that results in a 

disruption of the cell membrane permeability and consequent leaking of cell 

constituents. The presence of the outer membrane of the Gram-negative bacteria may 

act as a protective barrier (Hyldgaard et al, 2012).  

Among the studied EOs, thyme EO presented the largest antimicrobial activity for both 

Gram-negative and Gram-positive microorganims. The MIC and MBC values that were 

observed in our study were similar to those previously reported in the literature 

(Cosentino et al., 1999). The main chemical compound observed in thyme EO was 

thymol, that is characteristically its main compound, despite differences observed in the 

chemical composition among botanic varieties (Behbahani et al., 2013). The 

antimicrobial effect of thymol against a wide number of microorganisms has been 

reported (Wattanasatcha et al., 2012). In addition, the presence of its precursor, p-

Cymene and its isomer carvacrol may contribute for the large antibacterial spectrum and 

its lower MIC and MBC. Besides the general effect on cell membrane attributed to EOs, 

the antimicrobial activity of thymol might be related to the interference on proteins 

synthesis and energetic pathways, that may explain the large antimicrobial spectrum for 

both Gram-negative and Gram-positive pathogens (Hyldgaard et al., 2012). 

Cinnamon EO has been described to have an important antimicrobial activity against all 

tested microorganisms (López et al., 2007). However its inhibitory effect was lower in 

the current study than reported by these authors. As observed by López et al., (2007) L. 

monocytogenes was more resistant to cinnamon EO than Enterococcus sp., presenting a 

MIC ten-fold higher. The phenylpropanoid eugenol, the main chemical compound 

observed in cinnamon, has a mechanism of action similar as thymol and carvacrol 

(Hyldgaard et al., 2012). In addition, the presence of other compounds as caryophyllene 

or cinnamaldehyde that targeted other cell functions such as disruption of DNA 

synthesis or ATP synthesis, may improve its inhibitory effect. EOs of cinnamon and 

thyme presented an interesting antimicrobial spectrum, with inhibition of all tested 

microorganisms, but quantitatively the effect of the first was weaker, that may be 

associated to the lower concentration of oxigenated monoterpenes (Bassolé and Juliani, 
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2012). The MIC and MBC of cinnamon EO for Salmonella spp. were higher than those 

of the other studied pathogens, contrary to the observed by other authors where L. 

monocytogenes and S. aureus were the most resistant to the action of the cinnamon EO 

(Turgis et al., 2012) 

Garlic is one of the most important spices used during the seasoning of meat during the 

manufacturing of traditional meat products in Portugal. The antimicrobial effect of 

garlic EO was observed mainly against L. monocytogenes, Enterococcus sp. and S. 

aureus. An inhibitory effect, albeit weaker, was observed also with Gram-negative 

microorganisms. These results are generally in accordance to those reported by 

Benkeblia (2004), except for E. coli that was not inhibited in the current study. While 

the antimicrobial effect of the majority of EOs is based on the presence of active 

compounds as terpenoids or phenylpropanoids, the active chemical compounds of garlic 

EO are organosulphur compounds such as diallyl disulfide, diallyl trisulfide, methyl 

allyl di- and trisulfides, among others (Razavi-Rohani et al., 2011). It is accepted that 

these compounds cross the cell membrane due to its lipophilic character and cause the 

inhibition of the microorganism due to the inactivation of enzymes (Hyldgaar et al., 

2012). The difficulty in penetration the cell due to the presence of the external 

membrane may explain the observed absence of inhibition observed among the Gram-

negative microorganisms. According to Kim et al. (2004), allycin, the main 

antimicrobial compound of fresh garlic, presented a broad range antimicrobial activity. 

However, the instability of allycin, particularly its sensitivity to heat, results in a 

reduction of its antimicrobial activity in the EO, which is usually obtained through a 

hydrodistillation process, involving heat (Raghavan, 2006). The absence of allycin in 

the garlic EO might explain the moderate antimicrobial activity observed in the current 

study. Citrus EOs have been referred as a potential natural preservative due to its broad 

range of antimicrobial activity (Fisher and Phillips, 2008). However in the current 

study, orange EO did not shown any antimicrobial activity against the microorganisms 

tested (Smith-Palmer et al., 1998) whereas lemon EO inhibited only L. monocytogenes. 

However, high MIC and MBC indicates that it is an unuseful inhibition. Hydrocarbon 

monoterpenes have been associated to a low antimicrobial activity (Carson and 

Hammer, 2011). Nevertheless, the antibacterial activity against L. monocytogenes 

showed by lemon EO may be associated to the presence of the oxygenated monoterpene 

citral that was not observed in the orange EO (Saddiq and Khayat, 2010).  
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Utilization of rosemary and cumin EOs as natural antimicrobial agents in food may be 

interesting to control both foodborne and spoilage microorganisms. Although its 

antimicrobial effect has been described (Smith-Palmer et al., 1998), the observed 

variability among the microorganisms studied, implies a previous assessment against 

the microbiota of the foodstuff to be used. Oxygenated monoterpenes in rosemary EO 

accounted almost 50% of the chemical compounds identified but its chemical variability 

composition, mainly in this chemical group as described by Napoli et al., (2010) may 

influence its inhibitory effect. Parsley, black pepper, nutmeg, basil or tarragon are 

seasonings used in Portuguese traditional meat products (Melo et al., 1991) but their 

respective EOs showed a limited antimicrobial activity against foodborne and spoilage 

bacteria in the current study. The antimicrobial effect of EOs of black pepper, nutmeg, 

basil or tarragon against the studied microorganisms has been reported in the literature 

(Hussain et al., 2008, Pundir and Jain, 2010). The differences on the inhibitory effect 

observed in the current study and previous works might be associated to, specific 

sensitivity of the tested strains or to the specific chemical profile of each EO (Verma et 

al., 2010). In the current study, tarragon EO did not presented antibacterial activity. 

Thus, aAnethole, the main compound of this EO, has been considered a weak 

antimicrobial agent (Kubo et al., 2008). EOs of parsley and nutmeg presented 

hydrocarbon monoterpenes and phenylpropanoids, about 30% and 50% for the first one 

and about 40% and 45% for the second one. Although hydrocarbon monoterpenes have 

been referred as inefficient antimicrobials (Carson and Hammer, 2011), its combination 

with phenylpropanoids improves the inhibitory effect (Hyldgaar et al., 2012). However, 

the absence of antibacterial effect of parsley EO in the DDA of the current study 

indicated that the phenylpropanoids myristicin and elemicin presented a low 

antimicrobial activity against the tested foodborne and spoilage bacteria tested.  

The low antibacterial activity showed by black pepper EO in DDA and its high MIC 

and MBC values is determined by its chemical composition, based of hydrocarbon 

monoterpenes. The oxygenated monoterpene eucalyptol present in basil EO has been 

referred as an inhibitory compound (Damjamovic-Vratnica et al., 2011) but in the 

current study the action of this EO was limited against S. aureus, Enterococcus spp. and 

Salmonella spp. Hussain et al. (2008) showed that basil EO, with linalool as main 

chemical compound, inhibited both E. coli and S. aureus contrary to the values 

observed in the current study where estragole was the main chemical compound of basil 

EO. 
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2.5. Conclusion 

Antimicrobial activity of EOs from herbs and spices that are commonly used on the 

manufacture of traditional meat products presented a variable inhibitory profile, 

dependent of their active compounds when tested against pathogenic and spoilage 

microflora isolated from meat products or its environment of production, According to 

the potency of inhibitory action, thyme EO is clearly the most interesting EO, due to 

wide inhibitory effect among different microorganisms, and the low concentrations 

necessary to inhibit. Cinnamon and garlic EOs have potentiality to control mainly 

Gram-positive pathogens. While cinnamon EO has a more limited application due to the 

potential sensory implications, the results observed for garlic EO are promising, once 

this seasoning is commonly used to flavouring these meat products. Rosemary EO is 

inhibitory, but the high MICs observed makes difficult its use to control foodborne 

pathogens and spoilage microorganisms. EOs of cumin, bay, black pepper, lemon, 

parsley and nutmeg presented punctual inhibitions, but the concentrations necessary to 

achieve it are very high. The EOs of orange, basil and tarragon were considered as non-

inhibitory.  

The evaluation of antimicrobial activity of EOs observed against pathogenic and 

spoilage microorganisms isolated from meat products and its production environment 

revealed that several EOs are potentially useful, once they inhibit microorganisms of 

high concern in meat products industry. Some of the tested EOs, albeit the expected 

sensory implications associated to the concentrations necessary to inhibit, might be 

useful in the manufacture of dry cured meat products, once a synergistic effect is 

expected with other hurdles to microbial growth and survival. Additionally, the strong 

traditional aromatisation of these products, due to the use of wine and smoke, might be 

compatible with the aroma of EOs, that must be demonstrated by further studies with 

application in the product manufacture of the more inhibitory EO, aiming an 

equilibrium among the safety, shelf-life and sensory acceptability. 
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3.1. Introduction 

Traditional dry cured meat products are considered safe products due to several factors 

as reduced pH and aW, addition of salt, nitrites, spices and other ingredients, that 

difficult the survival and growth of foodborne microorganisms. (García-Díez and 

Patarata, 2013, Linares et al., 2013).  

In Mediterranean countries there is a large variety of traditional meat products that 

represent an important income in rural areas (Comi et al., 2005, Martin et al., 2011, 

Teixeira et al., 2007, Rantsiou et al., 2006, Rason et al., 2007). Moreover, these 

products are appreciated by consumers being part of daily diet (Hygreeva et al., 2014). 

Consumer’s demand for safer foods has been leading the industry to the use of natural 

preservation methods, namely through the use of natural preservatives (Haugaard et al., 

2014). In addition, to increase production yield, a short drying period of meat products 

may occur with consequent variations of pH, aW and increased probability of 

pathogens development. Also, hygiene factors such as utilization of low quality 

ingredients, poor hygiene, cross-contamination, improperly cleaned and sanitized 

facilities and equipment, incorrect food handling, time and temperature abuse, improper 

manufacturing processes or inadequate implementation of hazard analysis and critical 

control point plans among others imply a risk of foodborne contamination (Fraqueza, 

2015, Henriques et al., 2014, Stollewerk et al., 2011). 

To enhance the safety of meat products, essential oils (EOs) of herbs and spices 

commonly used in meat product as seasoning are receiving increased attention 

(Tajkarimi et al., 2010). Herbs and spices, despite their potential use as preservatives in 

foods, still remain used as condiments generally recognized as safe (Burt, 2004).  

Antimicrobial effect of EOs against foodborne pathogens has been studied in meat 

although research of their application in dry cured meat products is scarce (Martín-

Sanchez et al., 2011, Jayasena and Jo, 2013,). Despite a large variety of herbs and spices 

commonly used on meat products manufacture have been reported (Melo et al., 1991), 

the variations in the inhibitory effect of each EO described in the literature, indicate that 

in vitro assessment must be carried out previously to achieve a successful application in 

foods (Gutierrez et al., 2009). Sensory characteristics are considered a key factor in the 

consumers´ choice (Grasso et al., 2014, Guardia et al., 2006). The organoleptic impact 

of EOs should be carefully optimized, since if high EOs concentrations are required to 

achieve an adequate antimicrobial effect, the consumer will probably reject the product 
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due to its odour and flavour traits (Pietrasik et al., 2013).To overcome that problem, the 

use of EOs combinations to guarantee the antimicrobial activity with lower 

concentrations it is a strategy to reduce the adverse organoleptic effects (Turgis et al., 

2012). Several reports, mainly focused in fresh meat and cooked meat products, 

assessed the combination of EOs in the inhibition of foodborne pathogens (Hayouni et 

al., 2008, Thanissery et al., 2013, Pavelková et al., 2014). The objective of the current 

study was to evaluate the antimicrobial effect alone and in combination of selected EOs 

of herbs and spices commonly used on dry-cured meat products manufacture against 

selected foodborne pathogens: Salmonella spp., E. coli, L. monocytogenes and S. 

aureus. 

 

3.2. Matherial and methods 

3 2.1. Essentials oils 

The EOs (plant of origin – part of the plant which) used in our study were: basil 

(Ocimum basilicum L – leaves and flowering tops), tarragon (Artemisa dracunculus L. – 

flowers and leaves), thyme (Thymus capitatus Hoff. et Link – flowering tops), 

cinnamon (Cinnamomum zeylanicum Nees C. - leaves) , parsley (Petroselimum sativum 

Hoffm. – aerial part of the plant), nugmet (Myristica fragans – nuts), lemon (Citrus 

limonun L.- fruit peels), orange (Citrus sinensis L. Osberck – fruit peels), black pepper 

(Piper nigrum L. - fruits), rosemary (Rosmarinus officinalis L. – entire plant excluding 

woody parts), bay (Laurus nobilis L. - leaves), garlic (Alium sativum L. – bulbs) and 

cumin (Cuminun cyminum L. - seeds). All EOs and their technical characteristics were 

kindly provided by Ventós Chemicals (Barcelona. Spain). 

 

3.2.2. Gas chromatography/mass spectrometry (GC/MS) analysis 

Components of the EOs were analyzed by gas chromatography–mass spectrometry 

using a Trace GC Ultra gas chromatograph (GC/MS - Thermo Scientific) coupled to a 

PolarisQ ion trap detector mass spectrometer (Thermo Scientific) and equipped with a 

Zebron Inferno ZB-5HT 30m x 0.25mm x 0.25μm capillary column (Phenomenex).  

The oven temperature for the gas chromatograph was initially maintained at 40 °C for 5 

min, then ramped at 4 °C min−1 to 200 °C and then at 10 ºC min-1 to 260ºC, and 

maintained at 260ºC for 24 min. The injector temperature was 250ºC. The amount of 

sample injected was 1 μl in split mode (split ratio 1:52) and the carrier gas was helium 
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at a flow rate of 0.9 ml min−1. The mass spectrometer was run in the electron impact 

(EI) mode with electron energy at 70 eV. 

The mass spectrometer was operated in full scan mode between 33 and 300 amu. The 

retention indices were determined in relation to a homologous series of n-alkanes (C10–

C30) under the same operating conditions. Further identification was performed by   

comparing the mass spectra of the components of the EOs with those in the mass 

spectrometry library (The Wiley Registry of Mass Spectra 2001 Library Data, sixth ed.) 

and data from the literature. Relative percentages of the components were calculated 

based on gas chromatography peak areas. 

 

3.2.3. Microorganisms and growth conditions 

Stock cultures (Salmonella spp., E. coli, L. monocytogenes and S. aureus) isolated 

either from traditional dry-cured sausages during the manufacturing or from their 

production environment were identified by a species-specific PCR technique (Patarata 

et al., 2005). Each microorganism was maintained at -18 ºC and subcultured twice in 

Brain Heart Infusion (BHI - Biokar. Beauvais, France). Incubation was made at 37 ºC 

except for L. monocytogenes (30 ºC). Overnight cultures in BHI were streaked in BHI 

agar and incubated during 18 to 24 hours. To prepare the inoculum for sensitivity test to 

EOs, a suspension of isolated colonies in BHI agar was made in NaCl 0.85%. The 

turbidity of the suspension was adjusted to 0.5 McFarland standard (Biomerieux, 

Marcy-l'Etoile, France). Adequate decimal dilutions were made in 9 ml of NaCl 0.85% 

to achieve the required inoculation level (CLSI, 2009). 

 

3.2.4. Disk diffusion assay (DDA) 

The antimicrobial effect of EOs was screened by the disk diffusion assay (DDA) as 

described by Zaika (1987) but with some modifications. Petri plates prepared with 20 

ml of Mueller-Hinton agar (MHA - Biokar, France) were dried and 100µl of 

standardized inoculum suspension (ca. 8 log CFU/ml) was spread. Filter paper disks 

(Whatman No. 1, 6 mm diameter, GE Healthcare) containing 20 μl of each EO were 

applied to the surface of the MHA agar plates. The plates were kept at 4ºC for 2 h to 

allow dispersion and were incubated overnight at the optimum growth temperature of 

each microorganism under study during 24 h. The antimicrobial activity was visually 

evaluated as inhibition zone surrounding the disk and their diameter was measured in 

mm. 
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The results represented the zone of inhibition including the diameter (6 mm) of the 

paper disk. The results presented were the mean of 3 determinations for each strain 

tested. The antimicrobial activity of the EOs was considered as inhibitory when halo´s 

size is >10 mm and non-inhibitory <10 mm when halos presented.  

 

3.2.5. Microtiter plate assay (MPA) 

The minimum inhibitory concentration (MIC) was studied for the EOs that previously 

showed inhibitory effect with the DDA (halo size >10mm). The dilutions of the EOs 

were established based on the inhibitory profile observed in the DDA, The assay was 

based on the procedure of CLSI (2009) with 96-well microtiter plates. EOs dilutions 

were prepared directly on the Mueller-Hinton broth (MHB – Biokar, France) to the 

double of the desired final concentration of the EO. The inoculum of the target 

microorganism was prepared also in MHB to the double of the aimed concentration, (ca. 

5.7 log CFU/ml). In each well, it was combined 50µl of each EO dilution in MHB and 

50µl of each target microorganism suspended in MHB The plates were covered and 

incubated during 24 hours. The plates were then checked for visible growth in the wells.  

The MIC was the lowest concentration of EO constituents at which bacteria failed to 

grow, so, no visible changes were detected in the broth medium. The test was 

complemented with the count of appropriate serial dilutions of the culture in the well 

performed in MHA.  

 

3.2.6. Determination of synergic effects of essential oils using the checkerboard method 

The checkerboard by broth microdilution method was performed using 96-well 

microtiter plates as described by Verma (2007) with some modifications, to obtain the 

fractional inhibitory concentration (FIC) index. The microplate assay was arranged as 

follows: essential oil A (EOA) was diluted two-fold along the x-axis, whilst essential oil 

B (EOB) was diluted two-fold along the y-axis. Both EOs were diluted directly on 

MHB to achieve the final concentration desired. The previously determined MIC of 

each EO was considered the initial concentration, was added to all wells. The plates 

were incubated at 37 ºC for Salmonella spp, E.coli and S. aureus and at 30 ºC for L. 

monocytogenes for 24-48 h.  

The FIC index was calculated by adding the FIC values of EOA and those of EOB 

(FICa+FICb). The FICa and FICb values represented as the lowest concentrations of 

each EO that caused the inhibition of bacterial growth in the combination tests. 
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Calculations were performed as follows: FICa = (MIC EOA combined/MIC EOA 

alone); FICb=(MIC EOB/MIC EOB alone); FIC=(FICa+FICb).  

The interpretation of the results was according to Gutierrez et al. (2009) as follow: FIC 

≤0.5 indicates a synergistic effect, 0.5<FIC≤1 indicates an additive effect, 1<FIC≤4 

indicates the absence or not interactive effect and FIC>4 indicated an antagonistic effect 

between two EOs tested. 

 

3.2.7. Statistical analysis  

The comparison of the antimicrobial activity of EOs against each microorganism was 

carried out by one-way analysis of variance (ANOVA). The Tukey-Kramer test was 

used to determine the significant differences (p<0.05) among group means. Statistical 

analysis was done with SPSS 19.0 software (SPSS Inc., Chicago) for Windows, 

considering p< 0.05 as statistically significant. 

 

3.3. Results 

3.3.1. Chemical composition of the essential oils 

The main chemical compounds of the 13 EOs studied are presented in table 3.1.  

α-Pinene and β-Pinene were the most common compounds, present in 79% and 50% of 

the EOs, respectively. In contrast, garlic EO presented unique chemical compounds. 

Lemon and orange EO presented limonene and nutmeg and parsley presented myristicin 

as the main chemical compound respectively. In both cases, the relative composition of 

limonene and myristicin were similar. The EO of some plants were quantitatively 

composed by one major compound, that represented more than 85% of the relative 

composition such as basil (estragole), cinnamon (eugenol), tarragon (anethole), lemon 

(limonene), orange (limonene) and thyme (thymol). However, the main chemical 

compound of the garlic (diallyl trisulfide), nutmeg (myristicin), parsley (myristicin), bay 

(eucalyptol), cumin (cuminaldehyde), black pepper (trans-Caryophyllene) and rosemary 

(camphor) EOs was under 60% of the total of the relative composition.  

Regarding the chemical groups, all of EOs studied presented monoterpenes, 8 of 14 

presented sesquiterpenes and 6 of 14 presented phenylpropanoids however sulphur 

compounds was exclusively present in garlic EO.  
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Table 3.1. Main chemical composition (%) of essential oils of garlic, basil, cumin, tarragon, lemon, 
orange, cinnamon, bay, thyme, black pepper, parsley, nutmeg and rosemary  
EO  Chemical compound  %  Chemical category  CAS 
Basil  Estragole  96.71  Phenylpropene  140-67-0 
  Eucaliptol  0.44  Hydrocarbon monoterpene  470-82-6 
         
Bay  Eucaliptol  58.20  Hydrocarbon monoterpene  470-82-6 
  α-Terpinenyl acetate  19.19  Oxigenated sesqiterpene  80-26-2 
         

 trans-Caryophyllene  57.59  Hydrocarbon sesquiterpene  87-44-5 Black 
pepper  α-Pinene  4.59  Hydrocarbon monoterpene  80-56-8 
         
Cinamon  Eugenol  85.31  Phenylpropene  8015-91-6 
  Benzyl benzoate  4.92  Benzoic acid  87-44-5 
         
Cumin  Cuminaldehyde  47.5  Benzaldehyde  122-03-2 
  t-Terpinene  18.4  Monoterpene  586-62-9 
         
Garlic  Diallyl trisulfide  33.82  Organosulphur  2179-57-9 
  Diallyl disulfide  18.86  Organosulphur  2444-49-7 
         
Lemon  Limonene  84.61  Hydrocarbon monoterpene  138-86-3 
  ß-Pinene  5.02.  Monoterpene  80-56-8 
         
Nutmeg  Miristicin  43.35  Phenylpropene  607-91-0 
  Sabinene  23.28  Hydrocarbon monoterpene  3387-41-5 
         
Orange  Limonene  97.92  Hydrocarbon monoterpene  138-86-3 
  ß-Pinene  1.32  Hydrocarbon monoterpene  138-86-3 
         
Parsley  Myristicin  44.88  Phenylpropene  607-91-0 
  Limonene  11.72  Hydrocarbon monoterpene  138-86-3 
         
Rosemary  Camphor  22.4  Oxigenated monoterpene  76-22-2 
  Eucaliptol  13.24  Hydrocarbon monoterpene  470-82-6 
         
Tarragon  Anethole  92.73  Phenylpropene  104-46-1 
  cis-Ocimene  4.01  Hydrocarbon monoterpene  502-99-8 
         
Thyme  Thymol  93.94  Monoterpene phenol  89-83-8 
  cis-Ocimene  1.29  Hydrocarbon monoterpene  502-99-8 

 

Phenylpropanoids were the main chemical compounds of EOs of basil, cinammon, 

nutmeg and parsley. In the other hand, hydrocarbon monoterpenes were the main 

chemical compounds of EOs of lemon and orange while oxigenated monoterpenes were 

the principal chemical compounds of EOs of tarragon, basil, oregano and rosemary. 

Hydrocarbon sesquiterpenes were presented only in 8 of 13 EOs with concentrations 

lower than 5% except for black pepper that trans-Caryophyllene was present at 

concentration over 66%. None of the EOs studied presented oxygenated sesquiterpenes. 
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3.3.2. Antimicrobial activity of essential oils by disk diffusion assay 

The antibacterial activity assessed by disk diffusion assay (DDA) of the different EOs 

against foodborne pathogens isolated from traditional meat products and its 

environment is presented in table 3.2.  

 

 

The EOs that presented an inhibition halo over 10mm was thyme, cinnamon, rosemary, 

cumin, garlic, bay, black pepper, lemon, parsley and nutmeg. EOs of orange, basil, and 

tarragon was considered not inhibitory (halo ≤10mm). 

The number of foodborne pathogens inhibited by EOs was as follow: thyme and 

cinnamon (n=4), rosemary and garlic (n=3), cumin and bay (n=2), black pepper, lemon, 

parsley and nutmeg (n=1). EOs presented a larger antimicrobial activity against Gram-

positive than Gram-negative bacteria (p<0.001). Gram-negative bacteria were inhibited 

by 6 of 13 EOs while Gram-positive bacteria were inhibited only by 10 of 13 EOs 

tested. Among Gram-negative, E. coli was more resistant than Salmonella spp while S. 

aureus was more resistant to L. monocytogenes among Gram-positive. The 

antimicrobial effect of each EO was not statistically significant among the different 

strains tested for each group of foodborne pathogens and (p>0.05) 

 

Table 3.2. Antimicrobial effect of essential oils against Salmonella spp., E. coli, L. 
monocytogenes and S. aureus  

Essential oils  Salmonella spp  E. coli  L. monocytogenes  S. aureus 
Bay  12.5 ± 1.4b  NI  NI  37.8 ± 10.1a 

Black pepper  NI  NI  25.0 ± 4.5  NI 
Cinnamon  13.7 ±1.0   12.2 ± 1.0  16.3 ± 1.9  14.8 ± 2.2 

Cumin  NI  12.4 ± 1.4b  10.7 ± 1.9  40.5± 10.3a 
Garlic  10.5 ± 1.6b  NI  15.0 ± 2.6b  41.5 ± 8.6a 
Lemon  NI  NI  24.3 ± 2.9  NI 
Nutmeg  NI  NI  15.5 ± 2.4  NI 
Parsley  NI  NI  20.1 ± 3.3  NI 

Rosemary  13.4 ± 3.8c  NI  23.8 ± 5.4b  33.3 ± 3.2a 
Thyme  29.1 ± 9.5c  32.5 ± 7.3c  36.4 ± 6.8ab  45.1 ± 1.9a 

EOs of orange, basil and tarragon were not inhibitory (halo < 10 mm). Zones of inhibition 
included the disk (6 mm.) diameter. NI: non-inhibitory 
Values are presented as mean (mm) ± standard deviation.  
a, b, c, d Values in the same line with different superscripts letters are significantly different (p < 
0.05). 
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3.3.3. Minimum inhibitory concentration (MIC) of essential oils  

Results of MIC of selected EOs are presented in table 3.3. The MIC of EOs of orange, 

basil and tarragon was not performed due to the absence of inhibitory effect using the 

DDA (halo size <10mm). 

The MIC values ranged from 62.5 ppm to >300000 ppm being, on average, higher in 

Gram-negative microorganisms than Gram-positive. The EOs with the highest MIC 

values were in accordance with the lowest inhibition activity observed in the DDA.   

The EOs of thyme, garlic, cumin and cinnamon presented the lowest MIC among the 7 

EOs studied. Among Gram-negative, Salmonella spp. was inhibited mostly by EOs of 

thyme (500 ppm), rosemary (5000 ppm) and garlic (20000 ppm), E. coli was mostly 

inhibited by thyme (250 ppm), cinnamon (2500 ppm) and cumin (2500 ppm)  

Among Gram-positive, L. monocytogenes was mostly inhibited by thyme, garlic and 

cinnamon (MIC ranged form 62.5 to 5000 ppm). EOs of thyme, garlic and cumin 

(ranged from 500 to 50000 ppm) were the most inhibitory against S. aureus. Moreover, 

MIC values were high for L. monocytogenes except for bay and also for garlic.   

 

3.3.4. Determination of synergic effects between essential oils  

Due to the organoleptical and sensorial impact of EOs at high concentrations, the 

checkerboard method was elaborate on a selection of EOs based on results of the DDA, 

MIC and their potential to be used in dry cured meat products manufacture. Thus, the 

combination of EOs of rosemary, cumin, garlic and thyme were studied for Salmonella 

spp., EOs of cinnamon, cumin and thyme for E. coli, EOs of parsley, cinnamon and 

thyme for L. monocytogenes and EOs of cumin, garlic and thyme for S. aureus. The 

fractional inhibitory concentration index (FCI) of EOs studied against foodborne 

pathogens are shown in table 3.4. 

Almost EOs combinations studied displayed a synergistic effect against foodborne 

pathogens. Only combinations of EOs of thyme with parsley and thyme with cumin 

against L. monocytogenes and S. aureus, respectively, showed an absence of interactive 

effect while combination of EOs of thyme and garlic displayed an additive effect 

against S. aureus. 

Combination of EOs of thyme and cumin EOs revealed a decrease of MIC of cumin EO 

about 30-fold for Salmonella spp., about 60-fold for E. coli and 12-fold for S. aureus. 

However, in all cases no decrease of the MIC of thyme EO was observed.  
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Table 3.3. Minimal inhibitory concentration (ppm) of essential oils of black pepper (BP), lemon (LE), orange (ORG), parsley (PR), bay (BY), cinnamon (CI), 
nutmeg (NT), rosemary (RS), tarragon (TA), basil (BA) cumin (CU), garlic (GA and thyme (THY) 
Gram-negative  BP  LE  PR  CI  NT  RS  BY  CU  GA  THY 
Salmonella spp  >300000  >300000  100000  100000  150000  5000  50000  50000  20000  500 
E.coli  80000  >300000  40000  2500  150000  2500  40000  2500  40000  250 
                     
Gram-positive                     
L. monocytogenes  300000  300000  40000  5000  100000  250000  40000  80000  125  62.5 
S. aureus  150000  >300000  40000  2500  80000  80000  80000  5000  2500  62.5 
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Table 3 4. Fractional inhibitory concentration (FIC) indices of selected EOs  

   Thyme (THY) x Cinnamon (CI) 

   MICTHY  FICTHY  MICCI  FICCI  FIC  ACT 

E. coli   125  0.25  39  0.02  0.27  Synergistic 

L. monocytogenes   16  0.03  1250  0.06  0.09  Synergistic 

    

   Cumin (CU) x Cinnamon (CI) 

   MICcu  FICcu  MICCI  FICCI  FIC  ACT 

E. coli   78  0,03  625  0.25  0.28  Synergistic 

    

   Thyme (THY) x Cumin (CU) 

   MICTHY  FICTHY  MICcu  FICcu  FIC  ACT 

L. monocytogenes   125  0.25  39  0.02  0.27  Synergistic 

S. aureus   500  1  156  0.03  1.03  No interactive 

Salmonella spp.   62.5  0.125  1562  0.03  0.15  Synergistic 

    

   Cinnamon (CI) x Parsley (PR) 

   MICCI  FICCI  MICPR  FICPR  FIC  ACT 

L. monocytogenes   5000  0.25  2500  0.03  0.28  Synergistic 

    

   Thyme (THY) x Parsley (PR) 

   MICTHY  FICTHY  MICPR  FICPR  FIC  ACT 

L. monocytogenes   500  1  2500  0.03  1.03  No interactive 

    

   Thyme (THY) x Garlic (GA) 

   MICTHY  FICTHY  MICGA  FICGA  FIC  ACT 

S. aureus   250  0.5  125  0.25  0.75  Additive 

    

   Garlic (GA) x Bay (BY) 

   MICGA  FICGA  MICBY  FICBY  FIC  ACT 

Salmonella spp.   2500  0.125  1562  0.03  0.15  Synergistic 

    

   Thyme (THY) x Rosemary (RS) 

   MICTHY  FICTHY  MICRS  FICRS  FIC  ACT 

Salmonella spp.   125  0.25  156  0.03  0.28  Synergistic 

FIC: fractional inhibitory concentration; ACT: activity.  

 

Combination of EOs of thyme and cinnamon EOs revealed a decrease about 60-fold of 

cinnamon EO for E. coli and 4-fold for thyme EO for L. monocytogenes.   

Combination of EOs of thyme and garlic against S. aureus showed a decrease of both 

MIC about 2-fold and 10-fold respectively. 

Combination of EOs of cinnamon and cumin showed a decrease of MIC about 4-fold 

and 30-fold respectively against E. coli while the reduction of MIC in the combination 

of EOs of cinnamon and parsley against L.monocytogenes was 2-fold and 16-fold 

respectively.  
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Regarding Samonella spp, combination of EOs of thyme and rosemary and garlic and 

bay resulted in a MIC decrease 4-fold/30-fold in the first one and 8-fold/30-fold in the 

second one.  

 

3.4. Discussion 

The application of EOs as antimicrobial agents in food is of great interest for food 

industry due to their generally recognized as safe (GRAS) status. However, the main 

constrain of their application in foodstuff is associated to changes in their organoleptic 

characteristics since higher concentration of EOs are required to achieve an 

antimicrobial effect (Dussault et al., 2014). Therefore, the combinations of EOs to 

ensure the food safety without compromising the acceptance of foodstuff could be a 

natural alternative (Gutierrez et al., 2009).  

In food use, a previous in vitro assessment is necessary to select those EOs with higher 

antimicrobial activity in DDA and low MIC. In the current study, from a total of 13 EOs 

studied, only 7 of them (EOs of thyme, cinnamon, cumin, parsley, garlic, rosemary and 

bay) presented an inhibitory profile against foodborne pathogens that justifies further 

studies to evaluate their applicability in meat products manufacture 

The antimicrobial effect of selected EOs from herbs and spices have been reported in 

the literature (Takarimi et al., 2010) however information available regarding their 

synergic effects is scarce.  

The antimicrobial activity of thyme EO has been described based on its main chemical 

compound thymol, a phenolic monoterpenoid (Hyldgaard et al., 2012) which was the 

main component of our EO under study. The strong inhibitory effect was in accordance 

with the largest halo in the DDA and with the lowest MIC value. Combination of EOs 

of thyme and cumin displayed a synergistic effect against Salmonella spp and E. coli 

although an absence of interactive effect was observed for S. aureus. In contrast, Gibriel 

et al., (2013) showed that combination of those EOs displayed an antagonistic activity 

against S. typhimurium, an additive against S. aureus and indifferent effect against E. 

coli. The analysis of cumin EO by GC/MS revealed that cuminaldehyde, p-Cymene and 

t-Terpinene were the main chemical compounds (Jalali-Herav et al., 2007) and may 

explain the differences with other studies. Monoterpene p-Cymene is the precursor of 

thymol (Hyldgaard et al., 2012) although reports indicated its inefficient antimicrobial 

characteristic when used alone (Bagamboula et al., 2004, Carlson et al., 1995), it 

enhances the effect of carvacrol or its analogue thymol (Ultee et al., 2002).  
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p-cymene perturbs the stability of membrane cells (Ultee et al., 2002) however do not 

seem to have effect on its permeability (Cristani et al., 2007). Antimicrobial effect of 

cuminaldehyde against S. aureus, Salmonella and S. aureus has been reported by 

Naveed et al., (2013).  The mechanisms action includes inhibition of metabolism energy 

and interaction with the bacterial cell membrane leading to its disruption (Gill and 

Holley, 2004). The mode of action of thymol has been associated to cause interaction 

with the membrane proteins, modification of the membrane permeability and 

intracellular targets. Thus, the disruption caused by p-cymene on cell membrane and the 

change of normal physiology of the microorganisms caused by cuminaldehyde probably 

enhanced the interaction with thymol, improving its action to the cell cytoplasm.  

The synergistic effect observed for the combination of thyme EO with cinnamon EO 

against E. coli and L. monocytogenes was associated to its main chemical compounds, 

thymol and eugenol. Combination of these components have been reported as 

synergistic (Pie et al., 2009) or additive (Lu et al., 2011) against E. coli  while García-

García et al. (2011) reported  a synergistic effect against L. innocua. The synergistic 

effect of EOs of thyme and cinnamon may be associated to the damage of the outer 

membrane caused by its main chemical compounds once both act on that cell struture 

(Pie et al., 2009)  

Combination of thyme EO and rosemary EO resulted in a synergistic activity against 

Salmonella spp. The chemical components of rosemary EO, eucalyptol and camphor, 

observed by GC/MS have been referred as weak antimicrobials (Inouye et al., 2001) 

however, they may enhances the antimicrobial effect of thymol (Trebitsch, 1978) as 

previously observed for p-Cymene.  

Combination of EOs of thyme with parsley or also with garlic showed an additive effect 

against L. monocytogenes and S. aureus, respectively. Although no inhibitory activity 

was referred by Viuda-Martos et al., (2011) for this combination against L. innocua, the 

presence of compounds miristicyn, cosmene or ß-Pinene with inhibitory properties 

(Gupta et al., 2013) may explain the additive effect with thyme EO. Similar situation 

could be addressed for combination of EOs of cinnamon and parsley against L. 

monocytogenes. It is important to refer that combination of different EOs with thyme 

EO experienced a large decrease of its respective individual MIC, whereas the MIC of 

thyme EO remains equal, as observed for the combination of EOs of thyme and cumin 

or experienced a little reduction in the case of combinations of EOs of thyme and 

cinnamon and thyme and garlic. These results may difficult to explain because the 
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current study was carried out with EOs composed by a large variety of the chemical 

compounds. However, interaction of phenolic compounds (thymol) with benzaldehydes 

(cuminaldehyde) seems to display a better antimicrobial effect than interaction of 

phenolic compound with phenylpropanoids (eugenol) or suphur compounds (garlic). 

These variations could be associated to the different cell target of each chemical 

compound.  

Antimicrobial effect of garlic is associated with reactions of sulphydril groups of celular 

proteins of microorganisms disturbing the cellular metabolism (Ankri et al., 1999) as 

contrary as terpenoids that have the cell membrane as the main target. Thus, the additive 

effect observed in the combination of EOs of thyme and garlic against S. aureus and the 

synergic effect against Salmonella spp. of combination of EOs of garlic and bay, with a 

large decrease of MIC of bay EO, could be explained to the different antimicrobial 

targets of thymol, eucaliptol and sulphur compounds.  

Combination of EOs of cinnamon and cumin displayed a synergic effect against E. coli 

in accordance with Pei et al. (2008) although an additive effect was observed by 

Moleyar and Narasimham (1992). 

 

3.5. Conclusion  

Utilization of EOs could be used as a natural technique to improve the safety of meat 

products. However, the high concentration required to achieve an antimicrobial effect in 

foods might be incompatible with its organoleptic acceptance. To avoid this problem, 

combinations of EOs provide an effective approach in the improvement of food safety, 

reducing the odds of sensory rejection. In our study, 13 EOs of herbs and spices were 

assessed for its antimicrobial activity. However, only 7 of them were selected to study 

their synergic effect based on its minimum inhibitory concentration against foodborne 

pathogens of worry in the industry of meat products. Combination of selected EOs 

displayed a synergic effect against foodborne pathogens and also an important decrease 

of their individual MIC. EOs of thyme and cinnamon presented the largest antibacterial 

activity against foodborne pathogens. Thyme EO presented the lowest individual MIC, 

however, in combination, its MIC remained similar but enhances the reduction of the 

MIC of the other EOs. The utilization of cinnamon EOs also improved the reduction of 

the individual MIC of cumin EO and parsley EO.  
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Our results demonstrate that (1) combination of selected EOs inhibit foodborne 

pathogens and (2) the reduction of the individual MIC of each EO in combination could 

be interesting in their potential utilization in meat products avoiding sensory issues. 
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4.1. Introduction 

Essential oils (EOs) are aromatic and volatile compounds extracted from plant material 

such as flowers, seeds, barks, peel, fruit or wood (Franz and Novak, 2012) and are 

widely used in perfumery, agriculture, medicine or cosmetic industry (Nerio et al., 

2010, Stea et al., 2014). In food industry, EOs have been traditionally used as flavouring 

agents although their antimicrobial properties against foodborne and spoilage 

microorganisms increases their interest as a source of natural preservatives for 

foodstuffs (Hyldgaard et al., 2012, Tivari et al., 2009). Nowadays, consumers demand 

minimally processed food products without addition of chemical additives, easily 

prepared, and ready-to-eat. (Bigliardi and Galati, 2013). These consumers´ trends 

represent a challenge for food industry that need develop new strategies to comply the 

consumers´ requirements without compromising the safety and quality of foodstuffs 

(Vergis et al., 2013).  

To improve the preservation and shelf-life extension of foodstuffs, several technologies 

are used such as refrigeration, heat treatments, vacuum packaging or modified 

atmosphere packaging among others (Devlieghere et al., 2004, Zou et al., 2010). 

Although these hurdles difficult the growth of foodborne or spoilage microorganisms, 

some of them as L. monocytogenes or S. aureus may survive and outbreaks still occur 

(Fraqueza, 2015, Henriques et al., 2014).  

Antimicrobial effect of EOs against foodborne and spoilage bacteria has been described 

in the literature (Bakkali et al., 2008, Burt, 2004). Their antimicrobial properties are 

usually assessed in vitro based on the inhibition zones of the disk diffusion assays on a 

previously inoculated agar plate with the microorganism to be tested (Wanger, 2007). In 

addition, to assess the antimicrobial potency of EOs, the minimum inhibitory 

concentration and the minimum bactericidal concentration is usually calculated (CLSI, 

2009). 

In manufacturing of dry cured meat product, a mixture of comminuted fat and meat, 

salt, spices and additives are stuffed into casings and subjected to fermentation and 

drying (Fonseca et al., 2011, González et al., 2002, Hugas et al., 1997). Utilization of 

EOs in the manufacture of these products has a potential interest due to their potential to 

control pathogens. Considering the strong aromatization of these sausages, resulting 

from the use of smoke and seasonings, namely red wine that is currently used in the 

marinade of the meat to prepare dry-cured meat sausages (García-Díez and Patarata, 

2013, Linares et al. 2013), the use of EOs might have application by this industry, once 
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it is expected that the sensory impact of EO will be mitigated by the global aroma of the 

product. 

The antimicrobial effect of EOs is influenced by factors like pH, temperature, microbial 

contamination or food composition. Since their composition and/or ingredients 

influence the antimicrobial effect of the EOs (Gutierrez et al., 2009), a previous in vitro 

screening against specific foodborne pathogens is necessary to be tested in specific 

food-like growth media to address the behaviour of EOs against those selected 

foodborne pathogens. Thus, the aim of this study was to asses the influence of fat and 

protein levels, different pH and aW and the presence of sodium nitrite, commercial 

phosphates and sodium lactate on the inhibitory properties of oregano and garlic EOs 

against Salmonella spp. and L. monocytogenes isolated from meat products industry.  

 

4.2. Material and methods 

4.2.1. Essential oils 

EOs of the spices of garlic (Alium sativum – bulbs) and oregano (Origanum vulgare – 

leaves), commonly used on manufacture of dry cured meat products referred by Melo et 

al. (1991), were selected. All EOs and their technical characteristics were kindly 

provided by Ventós Chemicals (Barcelona. Spain).  

 

4.2.2. Gas chromatography–mass spectrometry (GC-MS) analysis of essential oils 

Components of the essential oils were analyzed by gas chromatography– mass 

spectrometry (GC-MS) using a Trace GC Ultra gas chromatograph (Thermo Scientific) 

coupled to a PolarisQ ion trap detector mass spectrometer (Thermo Scientific) and 

equipped with a Zebron Inferno ZB-5HT 30m x 0.25mm x 0.25μm capillary column 

(Phenomenex).  

The oven temperature for the gas chromatograph was initially maintained at 40 °C for 5 

min, then ramped at 4 °C min−1 to 200 °C, then at 10 ºC min-1 to 260ºC, and maintained 

at 260ºC for 24 min. The injector temperature was 250ºC. The amount of sample 

injected was 1 μl in split mode (split ratio 1:52) and the carrier gas was helium at a flow 

rate of 0.9 ml min−1. The mass spectrometer was run in the electron impact mode with 

electron energy at 70 eV. 

The mass spectrometer was operated in full scan mode between 33 and 300 amu. The 

retention indices were determined in relation to a homologous series of n-alkanes (C10–

C30) under the same operating conditions. Further identification was performed by   
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comparing the mass spectra of the components of the EOs with those in the mass 

spectrometry library (The Wiley Registry of Mass Spectra 2001 Library Data, sixth ed.) 

and data from the literature. Relative percentages of the components were calculated 

based on gas chromatography peak areas. 

 

4.2.3. Microorganisms and growth conditions 

Stock cultures of Salmonella spp. and L. monocytogenes isolated either from traditional 

dry cured sausages during the manufacturing or from the environment of their 

production were identified by a species-specific PCR technique (Talon et al. 2007). 

Each microorganism was maintained at -18 ºC and subcultured twice in Brain Heart 

Infusion (BHI - Biokar. Beauvais, France). Incubation for Salmonella spp was made at 

37 ºC while L. monocytogenes was incubated at 30 ºC. Overnight cultures in BHI were 

streaked in BHI agar and incubated during 18 to 24 hours. To prepare the inoculum for 

sensitivity test to EOs, a suspension of isolated colonies in BHI agar was made in NaCl 

0.85%. The turbidity of the suspension was adjusted to 0.5 McFarland standard 

(Biomerieux, Marcy-l'Etoile, France). 

 

4.2.4. Antimicrobial effect on disk diffusion assay 

The antimicrobial effect of EOs was screened by the disk diffusion assay (DDA) as 

described by Zaika (1987) but with some modifications. Petri plates prepared with 20 

ml of Mueller-Hinton agar (MHA, Biokar. Beauvais, France) were dried and 100µl of 

standardized inoculum suspension (ca. 8 log CFU/ml) was poured and uniformly 

spread. Filter paper disks (Whatman No. 1, 6 mm diameter, GE Healthcare) containing 

20 μl of each EO were applied to the surface of the previously seeded agar plates of 

MHA. The plates were kept at 4ºC for 2 h to allow dispersion and were incubated 

overnight at the optimum growth temperature of each microorganism under study (as 

above mentioned) during 18 to 24 h. The antimicrobial activity was visually evaluated 

as inhibition zone surrounding the disk and their diameter, including the disk diameter, 

was measured in mm. The DDA assay was carried out in triplicate.  

 

4.2.5 Determination of MIC and MBC 

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration 

(MBC) was studied for both EOs. The dilutions of the EOs were established based on 

the inhibitory profile with the DDA. The assay was based on the procedure of CLSI 
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(2009) with 96-well microtiter plates. The MIC was considered the lowest concentration 

of EO at which bacteria failed to grow, as detected by the unaided eye, matching with 

the negative control without inoculation included in the test. The visual evaluation was 

complemented with the seeding of a 10 µl loop in MHA to confirm the absence of 

growth. To evaluate the MBC, 10 µl of each well, in which no microbial growth was 

observed, was spread into MHA and incubated for 24 h. The MBC was considered as 

the lowest concentration determining a reduction in the population of 99.9%. 

 

4.2.6. Influence of fat, protein, pH, aW and food additives (sodium nitrite, commercial 

phosphates and sodium lactate) 

The effect of medium composition (fat and protein levels), pH and aW on the 

antimicrobial efficacy of EOs was performed using a food model media and L. 

monocytogenes or Salmonella spp. as indicators strains. EOs of oregano and garlic was 

used at 0.05 % and 0.005% and respectively. The influence of fat at 2.5%, 5% and 10% 

was studied by addition of pork fat, purchased at local supermarket and previously 

sterilized before added to Mueller-Hinton broth (MHB, Biokar. Beauvais, France). 

Influence of protein was tested by addition of beef extract (Oxoid) at 10%, 15% and 

20% to MHB. Influence of pH was tested by addition of lactic acid (Panreac, Spain) to 

MHB to achieve a final pH of 4.5, 5.5 or 6.5. The influence of aW was tested by 

adjusting the MHB to a final aW of 0.91, 0.94, 0.97 by addition of NaCl as described by 

(Troller and Stinson, 1981). The influence of food additives on the antimicrobial effect 

of EOs of oregano and garlic was assessed by addition of nitrites, phosphates and 

sodium lactate as follows: 150 ppm sodium nitrite (Merk), 0.5 % commercial phosphate 

(E451 plus E452, BK Giulini, Germany), and 3.3% sodium lactacte (Sigma-Aldrich, 

USA). Two strains of Salmonella spp. and two of L. monocytogenes were used in the 

experiment. Single strain cultures of each pathogen (refer to 4.2.2) were inoculated, in 

duplicate, in test tubes with 10 ml of culture medium prepared with the specific 

modification. The inoculation was made to achieve an initial contamination of about 5.7 

log CFU/ml. Inoculated tubes were incubated at 37ºC or 30ºC, respectively for 

Salmonella spp. and L. monocytogenes. At 4, 8, 12, 24 and 36 h of incubation counts 

were performed from serial ten-fold dilution prepared from 1 ml of the culture in XLD 

for Salmonella spp. and Oxford for L. monocytogenes. Tests with food additives were 

performed only until 24 h of incubation. Results are expressed as log CFU/ml of culture 

medium.  



92  

4.2.7. Statistical analysis  

The influence of fat, protein, aW, pH and food additives on the antimicrobial effect of  

EOs of oregano and garlic against each pathogen was carried out by two-way analysis 

of variance (ANOVA), evaluating the combined effect of the presence of EO and the 

level of the composition modification studied, for each incubation time. The Tukey-

Kramer test was used to determine the significant differences (p<0.05) among means. 

Statistical analysis was done with SPSS 19.0 software (SPSS Inc., Chicago) for 

Windows 8 (Redmont, USA), considering p< 0.05 as statistically significant. 

 

4.3. Results 

4.3.1. Chemical composition  

The main chemical compounds of EOs of oregano and garlic are presented in table 4.1.  

Table 4.1. Chemical composition of essential oils (EO) of oregano and garlic determined 
by GC-MS 

Garlic EO  Oregano EO 
Compounds  %  Compounds  % 

Diallyl sulfide  8.36  α-Terpinolene  1.02 
Methyl allyl disulfide  2.76  1,3,8-p--Menthatriene  0.8 
Diallyl Disulfide  18.86  cis-Ocimene  2.77 
Methyl allyl trisulfide  9.04  trans-Ocimene  1.78 
1,3,5-Trithiane  0.75  Ɵ-Terpinene  10.98 
2-Vinil-1,3-Dithiane  0.75  Linalool  2.04 
Diallyl trisulfide  33.82  4-Terpineol  5.83 
Hexamethylene sulfoxide  0.24  Carvacrol-methyl-ether  2.61 
Methyl allyl disulfide  2.75  Carvacrol  43.09 
Diallyl tetrasulphide  10.97  trans-Cariophyllene  5.75 
    α-Humulene  1.38 

 

4.3.2. Disk diffusion assay (DDA), minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC) 

The antibacterial activity assessed by DDA of EOs of garlic and oregano against 

foodborne pathogens isolated from traditional meat products and its production 

environment is presented in table 4.2. The antimicrobial effect of both EOs tested 

presented similar results for both foodborne pathogens except for Salmonella spp. when 

garlic EO was used. Regarding the MIC and the MBC, results were in accordance with 

DDA. The higher inhibition halos observed for L. monocytogenes for EOs of garlic and 

oregano were in accordance with the low MIC and MBC values. In contrast, the higher 
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MIC and MBC of garlic EO for Salmonella spp. was in accordance with the lower halo 

size. 

 

Table 4.2. Zones of growth inhibition (mm; mean ± standard deviation) with the DDA (disk diffusion 
assay), minimal inhibitory concentration (MIC) and minimal bactericide concentration (MBC) of garlic 
and oregano essential oils (EOs) against Samonella spp and L. monocytogenes 

Essential oil  Assay  Salmonella spp  L. monocytogenes 

Garlic  DDA (mm)  10.5±1.6  46.3±2.2 

  MIC (%)  2  0.0125 

  MBC (%)  4  2 

       

Oregano  DDA (mm)  46.5±3.2  36.4±1.3 

  MIC (%)  0.005  0.005 

  MBC (%)  > 0.005  > 0.005 

 

4.3.3. Influence of fat 

The effect of the fat level on the antimicrobial effect of EOs of oregano and garlic (table 

4.3) showed that their inhibitory properties decrease as the level of fat increases. EO of 

oregano showed higher antimicrobial activity than garlic EO (p<0.05) although no 

statistical differences were observed between samples with garlic EO and control 

(p>0.05). The inhibitory effect of oregano EO in the lowest fat levels (2.5% and 5%) 

was noticeable at 4 and 8 hours of incubation. However, after 12 hours, counts of 

Salmonella spp. and L. monocytogenes were similar to samples with garlic EO and 

control.  

 

4.3.4. Influence of protein level 

The study of the effect of three levels of protein level on the inhibitory properties of 

EOs (table 4.4) revealed that EOs of oregano and garlic presented a remarkable 

antimicrobial effect than control (p<0.05) although no statistical difference among the 

EOs was observed (p>0.05). On the contrary, protein level did not appear to influence 

the antimicrobial effect of garlic EO and showed a similar antimicrobial effect as 

oregano EO. Although counts of Salmonella spp. and L. monocytogenes are higher in 

the highest protein level (20%), no statistical differences were observed among the three 

levels studied in each sample (p>0.05).  
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4.3.5. Influence of pH and aW 

The antimicrobial effect of EOs against Salmonella spp. and L. monocytogenes was 

noticeable in the three levels of aW tested and lower than control samples (p<0.001) 

(table 4.5). Although microbial counts were similar (p>0.05) in samples with EOs, 

counts of Salmonella spp. were slightly lower antimicrobial effect was higher as lower 

the aW. In addition, counts of Salmonella spp. and L. monocytogenes remained along 

the study being, on average, 2-fold lower than those observed in the control after 36 

hours. 

The effect of pH (table 4.6) on the antimicrobial effect of EOs was similar as observed 

for aW, being lower as lower the pH. However, no statistical differences (p > 0.05) were 

observed among the three pH tested. After 4 hours, the utilization of EOs showed an 

important inhibitory effect for both Salmonella spp. and L. monocytogenes that remain 

at 36 hours. Contrary as observed for aW, counts of Salmonella spp. were slightly 

higher than L. monocytogenes.  

 

4.3.6. Influence of food additives (sodium nitrite, phosphates and sodium lactate). 

The influence of food additives on the antimicrobial effect of EOs was tested by 

addition of sodium nitrite (table 4.7), sodium lactate (table 4.8) or phosphates (table 4.9) 

to the growth media. As seen before, microbial counts were lower in the presence of 

EOs and maintain after 36 hours. Presence of nitrites and sodium lactate showed 

minimal reductions on the microbial counts (p>0.05). On the other hand, the presence of 

phosphates decreased the antimicrobial effect of EOs and an increase on the microbial 

counts was observed along the study period. The increases on the microbial counts at 24 

hours were higher for L. monocytogenes and in those samples with garlic EO. 
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Table 4.3. Influence of fat level on the antimicrobial effect of essential oils (EO) of oregano and garlic. Results are expressed as mean ± standard deviation of the counts (log 
CFU/ml); n=4. 

  Salmonella spp  L. monocytogenes Time 

 

Level of fat 

 Oregano EO  Garlic EO  Control  Oregano EO  Garlic EO  Control 

4 h.  2.5  3.70 ± 0.24a  6.59 ± 1.02bc  7.46 ± 0.02c  4.78 ± 1.10a  > 7.47b  7.41 ± 0.13b 

  5  3.69 ± 0.01a  7.21 ± 0.13bc  7.02 ± 0.13bc  3.86 ± 0.30a  > 7.47b  7.25 ± 0.26b 

  10  6.32 ± 0.10b  7.38 ± 0.02c  7.43 ± 0.02c  6.52 ± 0.32b   > 7.47b  > 7.47b 

8 h.  2.5  3.56 ± 0.21a  > 7.47b  > 7.47b  3.91 ± 0.30a  > 7.47c  > 7.47c 

  5  4.11 ± 1.01a  > 7.47b  > 7.47b  3.97 ± 0.32a  > 7.47c  > 7.47c 

  10  7.42 ± 0.06b   > 7.47b  > 7.47b  6.29 ± 0.96b  > 7.47c  > 7.47c 

12 h.  2.5  4.29 ± 0.57a  > 7.47b  > 7.47b  4.25 ± 0.41a  7.36 ± 0.09b  > 7.47b  

  5  4.87 ± 0.88a  > 7.47b  > 7.47b  4.24 ± 0.64a  > 7.47b  > 7.47b 

  10  7.41 ± 0.17b  > 7.47b  > 7.47b  7.10 ± 0.60b  > 7.47b  > 7.47b 

24 h.  2.5  4.15 ± 0.30a  7.42 ± 0.05c  > 7.47c  4.10 ± 1.03a  7.45 ± 0.03b  > 7.47b 

  5  5.07 ± 1.02b  > 7.47c  > 7.47c  4.05 ± 0.06a  > 7.47b  > 7.47b 

  10  7.42 ± 0.02c  > 7.47c  > 7.47c  6.55 ± 1.38b  7.30 ± 0.33b  > 7.47b 

36 h.  2.5  4.94± 0.74a  > 7.47b  > 9.47c  4.81 ± 0.89ª  > 7.47b  > 9.47c 

  5  5.15 ± 0.87a  > 7.47b  > 9.47c  4.14 ± 0.73a  > 7.47b  > 9.47c 

  10  > 7.47b  > 7.47b  > 9.47c  > 7.47b  > 7.47b  > 9.47c 

a, b, c- means followed by different superscript letters for each group of 9 means observed for each pathogen in each incubation period 3 EO (oregano + garlic + control) * 3 
fat levels) are significantly different (p<0.05) 
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Table 4.4. Influence of protein level on the antimicrobial effect of essential oils (EO) of oregano and garlic. . Results are expressed as mean ± standard deviation of the counts 
(log CFU/ml); n=4. 

  Salmonella spp  L. monocytogenes Time 

 

Level of protein 

 Oregano EO  Garlic EO  Control  Oregano EO  Garlic EO  Control 

4 h.  10  3.76 ± 0.23a  3.73 ± 0.10a  6.94 ± 0.63b  3.56 ± 0.08a  3.82 ± 0.82a  >7.47b 

  15  3.53 ± 0.44a  3.75 ± 0.20a  7.05 ± 0.07b  3.55 ± 0.17a  3.78 ± 0.09a  >7.47b 

  20  3.82 ± 0.10a  3.49 ± 0.34a  6.98 ± 0.17b  3.53 ± 0.40a  3.76 ± 0.13a  >7.47b 

8 h.  10  3.80 ± 0.20a  3.87 ± 0.13a  >7.47b  3.41 ± 0.29a  3.50 ± 0.22a  >7.47b 

  15  3.65 ± 0.32a  3.43 ± 0.36a  >7.47b  3.84 ± 0.25a  3.75 ± 0.32a  >7.47b 

  20  3.95 ± 0.10a  3.90 ± 0.71a  >7.47b  3.64 ± 0.25a  3.55 ± 0.38a  >7.47b 

12 h.  10  3.69 ± 0.22a  3.61 ± 0.10a  >7.47b  4.14 ± 0.20ab  4.09 ± 0.27ab  >7.47c 

  15  3.73 ± 0.32a  3.61 ± 0.48a  >7.47b  4.20 ± 0.13b  3.84 ± 0.84a  >7.47c 

  20  3.75 ± 0.21a  3.88 ± 0.27a  >7.47b  4.01 ± 0.14ab  4.05 ± 0.04ab  >7.47c 

24 h.  10  4.20 ± 0.16bc  4.53 ± 0.18c  >7.47d  3.70 ± 0.19a  4.24 ± 0.78a  >7.47b 

  15  4.10 ± 0.34abc  4.10 ± 0.27abc  >7.47d  3.69 ± 0.16a  4.23 ± 1.43a  >7.47b 

  20  3.82 ± 0.01bc  3.73 ± 0.23a  >7.47d  4.26 ± 0.38a  4.85 ± 1.13a  >7.47b 

36 h.  10  6.60 ± 0.20ab  6.58 ± 0.15ab  > 9.47c  6.93 ± 0.18c  6.90 ± 0.21bc  > 9.47d 

  15  6.31 ± 0.27a  6.87 ± 0.21b  > 9.47c  6.37 ± 0.21a  6.39 ± 0.39ab  > 9.47d 

  20  6.78 ± 0.01b  6.75 ± 0.18b  > 9.47c  6.46 ± 0.32abc  6.15 ± 0.26a  > 9.47d 

a, b, c- means followed by different superscript letters for each group of 9 means observed for each pathogen in each incubation period 3 EO (oregano + garlic + control) * 3 
protein levels) are significantly different (p<0.05). 
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Table 4.5. Influence of aW on the antimicrobial effect of essential oils (EO) of oregano and garlic. . Results are expressed as mean ± standard deviation of the counts (log 
CFU/ml); n=4 

  Salmonella spp  L. monocytogenes Time 

 

Level of aW 

 Oregano EO  Garlic EO  Control  Oregano EO  Garlic EO  Control 

4 h.  0.91  3.30 ± 0.49a  3.65 ± 0.15ab  5.56 ± 0.09de  4.98 ± 0.02ab  4.16 ± 0.40a  5.42 ± 0.37abc 

  0.95  4.29 ± 0.08abc  4.76 ± 0.08bcd  6.07 ± 0.09e  5.31 ± 0.18ab  4.19 ± 0.18a  5.77 ± 0.18bc 

  0.97  4.24 ± 0.42abc  5.16 ± 0.42cde  5.88 ± 0.42de  4.76 ± 0.32ab  4.24 ± 0.09a  6.63 ± 0.88c 

8 h.  0.91  3.73 ± 0.18ab  3.66 ± 0.46a  4.72 ± 0.10bcd  4.07 ± 0.08a  3.97 ± 0.06a  5.70 ± 0.08bc 

  0.95  3.98 ± 0.41abc  3.82 ± 0.39ab  4.98 ± 0.71cd  4.18 ± 0.18a  4.88 ± 1.00ab  6.38 ± 0.04c 

  0.97  4.28 ± 0.08abcd  3.88 ± 0.34ab  5.20 ± 0.55d  4.87 ± 0.44ab  4.13 ± 0.12a  6.34 ± 0.51c 

12 h.  0.91  3.46 ± 0.32a  3.74 ± 0.16a  5.10 ± 0.61c  4.10 ± 0.53a  4.64 ± 0.04a  5.91 ± 0.03b 

  0.95  3.50 ± 0.19a  4.17 ± 0.12ab  7.02 ± 0.50d  4.09 ± 0.64a  4.49 ± 0.14a  7.42 ± 0.02c 

  0.97  3.59 ± 0.20a  4.61 ± 0.16bc  > 7.47d  3.99 ± 0.53a  4.57 ± 0.21a  6.21 ± 0.11b  

24 h.  0.91  3.47 ± 0.20a  3.83 ± 0.20a  6.76 ± 0.95c  4.13 ± 0.80a  4.63 ± 0.21a  7.37 ± 0.12b 

  0.95  3.98 ± 0.17a  3.59 ± 0.20a  > 7.47c  3.92 ± 0.17a  4.59 ± 0.52a  > 7.47b 

  0.97  3.76 ± 0.29a  5.81 ± 0.06b  > 7.47c  3.76 ± 0.29a  4.60 ± 0.33a  > 7.47b 

36 h.  0.91  3.57 ± 0.19a  3.94 ± 0.31ab  > 8.47c  3.53 ± 0.20a  4.32 ± 0.39bc  > 8.47d 

  0.95  3.34 ± 0.32a  4.77 ± 1.03b  > 8.47c  3.51 ± 0.17a  3.69 ± 0.64ab  > 8.47d 

  0.97  3.64 ± 0.19a  4.74 ± 0.34b  > 8.47c  3.74 ± 0.11ab  4.63 ± 0.93c  > 8.47d 

a, b, c- means followed by different superscript letters for each group of 9 means observed for each pathogen in each incubation period 3 EO (oregano + garlic + control) * 3 
aW levels) are significantly different (p<0.05). 
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Table 4.6. Influence of pH on the antimicrobial effect of essential oils (EO) of oregano and garlic. . Results are expressed as mean ± standard deviation of the counts (log 
CFU/ml); n=4 

  Salmonella spp  L. monocytogenes Time 

 

Level of pH 

 Oregano EO  Garlic EO  Control  Oregano EO  Garlic EO  Control 

4 h.  4.5  3.96 ± 0.12a  3.88 ± 0.50a  7.33 ± 0.07b  3.80 ± 0.10ab  4.24 ± 0.10ab  5.07 ± 0.10c 

  5.5  4.03 ± 0.69a  4.43 ± 0.50a  > 7.47b  3.73 ± 0.30a  4.34 ± 0.12b  7.32 ± 0.12d 

  6.5  4.18 ± 0.48a  4.40 ± 0.24a  > 7.47b  4.26 ± 0.18ab  3.73 ± 0.45a  > 7.47d 

8 h.  4.5  4.76 ± 0.40ab  3.37 ± 0.28a  > 7.47c  3.71 ± 0.25a  3.57 ± 0.44a  4.05 ± 0.20a 

  5.5  4.06 ± 0.52ab  4.16 ± 0.46ab  > 7.47c  3.99 ± 0.31a  4.09 ± 0.56a  > 7.47b 

  6.5  4.41 ± 0.25b  4.62 ± 0.53b  > 7.47c  3.84 ± 0.55a  4.10 ± 0.79a  > 7.47b 

12 h.  4.5  4.44 ± 0.25abc  4.02 ± 0.37b  > 7.47d  4.38 ± 0.20a  4.55± 0.24a  > 7.47b 

  5.5  4.79 ± 0.04a  4.10 ± 0.47bc  > 7.47d  4.91 ± 0.51a  4.91 ± 0.41a  > 7.47b 

  6.5  4.86 ± 0.03a  4.61 ± 0.02ac  > 7.47d  5.39 ± 0.32a  4.80 ± 0.32a  > 7.47b 

24 h.  4.5  4.06 ± 0.58a  4.13 ± 0.39a  > 7.47b  4.43 ± 0.10a  4.48 ± 0.23a  > 7.47b 

  5.5  4.38 ± 0.44a  4.58 ± 0.16a  > 7.47b  4.30 ± 0.17a  4.92 ± 0.44a  > 7.47b 

  6.5  4.74 ± 0.16a  4.64 ± 0.16a  > 7.47b  4.40 ± 0.08a  4.91 ± 0.64a  > 7.47b 

36 h.  4.5  3.68 ± 0.15ab  3.22 ± 0.28a  > 8.47d  3.94 ± 0.70a  4.28 ± 0.49a  > 8.47b 

  5.5  3.96 ± 0.15b  4.59 ± 0.36c  > 8.47d  4.01 ± 0.37a  4.36 ± 0.48a  > 8.47b 

  6.5  4.22 ± 0.18bc  4.63 ± 0.53c  > 8.47d  4.35 ± 0.23a  4.64 ± 0.56a  > 8.47b 

a, b, c, d- means followed by different superscript letters for each group of 9 means observed for each pathogen in each incubation period 3 EO (oregano + garlic + control) * 
3 aW levels) are significantly different (p<0.05). 
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Table 4.7. Influence of sodium nitrite on the antimicrobial effect of essential oils (EO) of oregano and garlic. . Results are expressed as mean ± standard deviation of the counts 
(log CFU/ml); n=4 

  Salmonella spp  L. monocytogenes Time 

 

Level of 
sodium nitrite 

 Oregano EO  Garlic EO  Control  Oregano EO  Garlic EO  Control 

4 h.   Absence  3.56 ± 0.21a  3.82 ± 0.21a  > 7.47c  3.56 ± 0.21a  3.82 ± 0.21a  > 7.47b 

  Presence  3.51 ± 0.17a  3.98 ± 0.35a  6.43 ±0.17b  3.69 ± 0.22a  3.91 ± 0.34a  7.22 ±0.11b 

8 h.   Absence  3.41 ± 0.29a  3.50 ± 0.22a  > 7.47c  3.41 ± 0.29a  3.50 ± 0.22a  > 7.47b 

  Presence  3.67 ± 0.26a  3.64 ± 0.30a  6.92 ± 0.52b  3.34 ± 0.25a  3.82 ± 0.37a  7.33 ± 0.15b 

12 h.   Absence  4.14 ± 0.20a  4.09 ± 0.16a  > 7.47b  4.14 ± 0.20a  4.09 ± 0.16a  > 7.47b 

  Presence  4.05 ± 0.17a  3.82 ±0.45a  > 7.47b  4.10 ± 0.31a  3.88 ± 0.41a  > 7.47b 

24 h.   Absence  3.70 ± 0.19a  4.23 ± 0.78a  > 7.47b  3.70 ± 0.59a  4.23 ± 0.78a  > 7.47b 

  Presence  3.57 ± 0.32a  8.77 ± 0.21a  > 7.47b  3.68 ± 0.37a  3.95 ± 0.53a  6.47 ± 0.23c 

a, b, c- means followed by different superscript letters for each group of  6means observed for each pathogen in each incubation period 3 EO (oregano + garlic + control) * 2 
additive levels) are significantly different (p<0.05). 

 



100  

 

Table 4.8. Influence of sodium lactate on the antimicrobial effect of essential oils (EO) of oregano and garlic. . Results are expressed as mean ± standard deviation of the 
counts (log CFU/ml); n=4 

  Salmonella spp  L. monocytogenes Time 

 

Level of 
sodium lactate  Oregano EO  Garlic EO  Control  Oregano EO  Garlic EO  Control 

4 h.   Absence  3.56 ± 0.21a  3.82 ± 0.21a  > 7.47c  3.56 ± 0.21a  3.82 ± 0.21a  > 7.47c 
  Presence  3.63 ± 0.46a  4.46 ± 0.14b  3.55 ± 0.17a  3.20 ± 0.49a  3.67 ± 0.25a  5.99 ± 0.31b 

               
8 h.   Absence  3.41 ± 0.29a  3.50 ± 0.22a  > 7.47c  3.41 ± 0.29b  3.50 ± 0.22b  > 7.47d 

  Presence  3.34 ± 0.40a  3.36 ± 0.29a  4.46 ± 0.52b  2.85 ± 0.28a  3.55 ± 0.17b  5.62 ± 0.18c 
               

12 h.   Absence  4.14 ± 0.20b  4.09 ± 0.16b  > 7.47d  4.14 ± 0.20ªb  4.09 ± 0.16ab  > 7.47c 
  Presence  3.22 ± 0.15a  4.08 ± 0.25b  5.42 ± 0.55c  4.74 ± 0.74b  3.74 ± 0.04a  7.27 ± 0.46c 

               
24 h.   Absence  3.70 ± 0.19ab  4.23 ± 0.78b  > 7.47d  3.70 ± 0.19a  4.23 ± 0.78a  > 7.47b 

  Presence  3.34 ± 0.08a  3.61 ± 0.22ab  6.07 ± 0.18c  3.44 ± 0.18a  4.17 ± 0.59a  7.23 ± 0.07b 

a, b, c- means followed by different superscript letters for each group of  6means observed for each pathogen in each incubation period 3 EO (oregano + garlic + control) * 2 
additive levels) are significantly different (p<0.05). 
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Table 4.9. Influence of food phosphates on the antimicrobial effect of essential oils (EO) of oregano and garlic. . Results are expressed as mean ± standard deviation of the 
counts (log CFU/ml); n=4 

  Salmonella spp  L. monocytogenes Time 

 

Level of food 
phosphates 

 Oregano EO  Garlic EO  Control  Oregano EO  Garlic EO  Control 

4 h.   Absence  3.56 ± 0.22a  3.82 ± 0.21a  > 7.47c  3.56 ± 0.21a  3.82 ± 0.21a  > 7.47b 

  Presence  3.65 ± 0.15a  4.48 ± 0.10b  > 7.47c  3.77 ± 0.75a  4.14 ± 0.60a  > 7.47b 

8 h.   Absence  3.41 ± 0.29a  3.50 ± 0.22a  > 7.47c  3.41 ± 0.29a  3.50 ± 0.22a  > 7.47c 

  Presence  3.53 ± 0.20ab  4.20 ± 0.63b  > 7.47c  3.69 ± 0.33a  5.66 ± 0.34b   > 7.47c 

12 h.   Absence  4.14 ± 0.20a  4.09 ± 0.16a  > 7.47b   4.14 ± 0.20a  4.09 ± 0.16a  > 7.47d 

  Presence  4.14 ± 0.24a  4.67 ± 0.58a  > 7.47b  4.60 ± 0.25b   6.34 ± 0.13c  > 7.47d 

24 h.   Absence  3.70 ± 0.19a  4.23 ± 0.78ab  > 7.47c  3.70 ± 0.23a  4.23 ± 0.23a  > 7.47c 

  Presence  3.81 ± 0.26a  4.81 ± 0.31ab  > 7.47c  4.29 ± 0.37a  6.44 ± 0.03b  7.42  ± 0.04c 

a, b, c- means followed by different superscript letters for each group of  6means observed for each pathogen in each incubation period 3 EO (oregano + garlic + control) * 2 
additive levels) are significantly different (p<0.05). 
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4.4. Discussion 

Application of EOs in foodstuffs have been gained acceptance among food industry due 

to their antimicrobial properties. The utilization of EOs to improve both the food safety 

and shelf-life of foodstuffs is scarce and mainly aimed to fresh meat of beef, chicken, 

lamb or rabbit (Fratianni et al., 2010, Karabagias et al., 2011, Soultos et al., 2009, 

Tsigarida et al., 2000) although its application in meat products have been also reported 

(Dussault et al., 2014, Viuda-Martos et al., 2010). Because meat products presented 

specific characteristics as protein and fat content, pH, aW or additives, the previous 

assessment of the influence of these characteristics on their inhibitory effect is an 

important step to address the behaviour of EOs and their further potential application in 

meat products.  

The current study showed that EOs of garlic and oregano presented a noticeable 

inhibitory activity against Salmonella spp and L. monocytogenes (Benkeblia et al., 2004, 

Smith-Palmer et al., 1998) based on their main chemical compounds, carvacrol and 

sulphur compounds respectively (Hyldaard et al., 2012). The increase of fat level 

resulted in a negative effect of the antimicrobial effect of oregano EO in accordance 

with Gutierrez et al. (2009). In addition, the antimicrobial effect of oregano EO, in 

presence of fat, was similar in both Gram-negative (Salmonella spp.) and Gram-positive 

(L. monocytogenes) as contrary as referred in the literature (Solórzano-Santos et al., 

2012). The lower inhibitory effect of EOs in high fat levels could be explained by 

dilution effect of EO in the fat content that decreases the availability of the EO to act 

against the bacteria (Juven et al., 2004). In accordance with the current study, Smith-

palmer et al (2001) reported a higher inhibition of L. monocytogenes and S. enteritidis 

in low-fat soft cheese than in high-fat soft cheese but an increase on the microbial 

counts along the cheese ripening was also observed in this study. In addition, Singh et 

al., (2003) reported that thyme EO presented a higher antimicrobial effect against L. 

monocytogenes in low-fat hotdog.  

The high inhibitory effect in lower fat level could be associated to the higher contact of 

the EO after 4 hours. However, the increases on the microbiologial counts along the 

study suggest a redistribution of the EOs on the lipidic phase of the media decreasing its 

inhibitory effect by dilution. It was observed that presence of fat inhibit the 

antimicrobial effect of garlic EO. Although this effect is difficult to explain because the 

antimicrobial effect of garlic has been referred in the literature (Razavi-Rohani et al., 
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2011), Druum et al (1991) suggested that lipid oxidation catalyse the degradation of 

sulphur compounds and consequently, the lost of their inhibitory properties.  

The influence of protein did not appear to influence the antimicrobial effect of EOs of 

oregano and garlic although a slightly microbial counts was observed in the higher 

levels of protein of samples with EOs. In addition, the inhibitory effect of garlic EO was 

not influenced by the fat, assert that sulphur compounds not interact with proteins. 

Contrary results have been referred by Gutierrez et al (2008) using EOs of oregano and 

thyme. Abdollahzadeh et al. (2014) also reported that addition of thyme EO 0.8% in 

minced fish with a 20% of protein content did not inhibit the growth of L. 

monocytogenes. Utilization of beef extract have been referred as a protective factor by 

Baranauskien et al. (2006), due to the hydrophobicity of peptones, that dilute the EOs, 

decreasing their inhibitory effect. However, the addition of beef extract directly to MHB 

could lead to an interaction between of peptones of beef extract and the peptones of the 

MHB. In consequence, the absence of the dilution effect of EO by the interaction with 

the peptones, increase the potential contact with the foodborne pathogens and explain 

the antimicrobial effect of the EOs tested.  

Antimicrobial effect of EOs of oregano and garlic against Salmonella spp. and L. 

monocytogenes was noticeable when the influence of aW was studied but its action may 

not be attributable to the effect of aW. due to the similar count presented along the 

study. Although no differences on the microbial counts were observed among the three 

aW levels tested, aW of 0.91 may associated to a weak positive effect on the 

antimicrobial properties of EOs oregano and garlic. The aW range for growth of 

Salmonella spp and L. monocytogemes is 0.94-0.99 and 0.92-0.99 respectively (Mølbak, 

et al., 2006, Pagoto et al., 2006). Thus, the capacity of L. monocytogenes to adapt to 

osmotic stress (Gandhi, 2007) may explain the higher counts than Salmonella spp. at 

aW 0.91 even being Gram-negative.  

The study of the influence of pH revealed similar results as those for aW. Lower counts 

of both Salmonella spp and L. monocytogenes were observed in pH 4.5 in accordance 

with Gutierrez et al (2008). At low pH, the hydrophobicity of the EOs increases and 

enhances the dissolution in the lipids of the foodborne pathogens membrane (Juven et 

al., 1994). However, this behaviour could be discussed because the presence of fat 

enhanced the dilution effect of EOs that decreases the antimicrobial effect of EOs by a 

reduction on the possible contact with the target bacteria, as described above,  
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Regarding the utilization of food additives, this is the first report, at our knowledge that 

study their influence on the antimicrobial effect of EOs. The inhibitory effect of EOs 

was observed in the presence and absence of sodium nitrite and sodium lactate 

indicating that these effects could not be attributed to a synergistics effect with these 

additives. Utilization of sodium nitrite in manufacture of dry cured meat products gives 

the characteristic colour and flavour, and is also to control Clostridium botulinum 

(Cassens, 1997) Moreover, the antimicrobial effect of nitrites against enterobacteriaceae 

have been referred by Gonzalez et al. (2002) in dry cured chorizo although its effect was 

associated to the synergistic effect with the pH reduction along the drying and not by its 

presence.   

Regarding commercial phosphates, its antimicrobial effect against Salmonella spp. L. 

monocytogenes and E. coli in combination with heat treatment was reported by Dickson 

et al., (1993). Contrary as observed for sodium nitrite and sodium lactate, 

microbiological counts increased along the study period indicating a potential 

interaction of between food phosphates and EOs that decrease their availability to acts 

against the foodborne pathogens tested. Long et al., (2011) referred that phosphates acts 

as enhancer of the emulsification of fat in meat products. So, it might be hypothesised 

that phosphates added to MHB enhanced the interaction between meat fat and EOs 

resulting in a decrease of the antimicrobial effect of the EOs tested as described above.  

 

4.5. Conclusion 

The present work studied the influence of medium composition (fat and protein), pH, 

aW and food additives (sodium nitrite, food phosphates and sodium lactate) on the 

antimicrobial effect of EOs of oregano and garlic against Salmonella spp. and L. 

monocytogenes. Both EOs displayed a noticeable antimicrobial effect against the 

foodborne pathogens selected. With regards of food composition, the results of the 

current study showed that fat has a negative effect on the antimicrobial effect of EOs 

probably due to its dilution on the lipid phase. In addition, presence of high levels of fat 

reduced the antimicrobial effect of garlic EO. The level of protein does not influence the 

inhibitory effect of EOs although slightly reduction on the microbial counts were 

observed in the lowest protein level tested.  The pH and aW do not appear to influence 

the antimicrobial effect of EOs although lower microbial counts were observed in the 

lowest aW and pH respectively. With regards of food additives, the addition of nitrites 

and sodium lactate did not influence the inhibitory effect of EOs.  
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The current study revealed a possible interaction of food phosphates with EOs leading 

to its progressive inactivation of the inhibitory effect of the EO. The in vitro study of the 

influence of food characteristic on the antimicrobial effect of EOs are important step to 

address the behaviour of EOs against specific foodborne pathogens in foodstuffs 

previously its application in foodstuff. Thus, the results of the current study may help 

the food industry to select the more appropriate hurdles to guarantee the food safety of 

products and/or the extension of its shelf-life. 
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5.1. Introduction 

Traditional dry cured meat products are considered safe products due to several factors 

as reduced pH and aw, addition of salt, nitrites, spices and other ingredients, that inhibit 

the growth of food-borne and spoilage microorganisms (García-Díez and Patarata, 

2013 and Linares et al., 2013). Portugal is characterized by a wide variety of traditional 

meat products that represents an important economical income in specific regions 

(Barbosa et al., 2010 and Xavier et al., 2014) being chouriço, one the most 

representative of dry cured sausages. Chouriço-de-vinho (hereinafter referred only as 

chouriço) is a dry cured meat sausage, made generally with roughly minced pork and 

fat. It admits a large variety of seasonings as herbs or spices among others as reported 

by Melo, Palminha, & Santos (1991) in a survey made in traditional units of meat 

products manufacture. After the meat seasoning, it is usually maintained at a low 

temperature (4–7 °C) for 24–48 h giving flavors to the meat. The dry cured sausage 

chouriço de vinho (literal translation: wine chouriço) is particular because meat is 

marinated in wine, usually red, with salt, garlic and other herbs or spices before 

stuffing. It is then stuffed into natural pork casings and dried under cold smoke for 1–4 

weeks, until it reaches the aimed dehydration (Colaço-do-Rosário, Patarata, Esteves, & 

Silva, 2000). Because the demand for natural foods has been increasing actually, meat 

industry processed meat products with lower nitrite and salt content or absence of 

utilization of chemical additives to improve their “healthy”, “natural” and “traditional” 

characteristics (Guardia et al., 2006 and Hospital et al., 2014). In addition, to increase 

production yield, a short drying period of meat products may occur with consequent 

variations mainly on aW, increasing the probability of pathogens survival and growth. 

Utilization of essential oils (EOs) in the manufacture of dry cured sausage chouriço has 

a potential interest due to their antimicrobial activities against food borne pathogens. 

Considering the strong aromatization of these sausages, resulting from the use of smoke 

and red wine, the use of EOs have a good perspective of application by this industry. 

Utilization of EOs to improve both safety and self-life of foodstuffs have been reported 

mainly in beef, chicken, lamb or rabbit fresh meat (Fratianni et al., 2010, Karabagias 

et al., 2011, Soultos et al., 2009 and Tsigarida et al., 2000) and also as packaging 

coating (Rodríguez et al., 2007). However, it application in meat products as food 

ingredients is scarce (Dussault et al., 2014 and Viuda-Martos et al., 2010). The 

objective of this study was to assess the antimicrobial effect of selected EOs of herbs 

and spices traditionally used on dry cured sausages, like chouriço, on the behaviour of 
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Salmonella spp., Listeria monocytogenes and Staphylococcus aureus, and also evaluate 

consumer acceptance of these dry cured sausages. 

 

5.2. Material and methods 

5.2.1. Essential oils 

Fourteen EOs from herbs and spices commonly used on traditional dry cured meat 

products manufacture as referred by Melo et al. (1991) were selected. The EOs (plant of 

origin – part of the plant which) used in our study were: basil (Ocimum basilicum L), 

bay (Laurus nobilis L.), black pepper (Piper nigrum L.), cinnamon (Cinnamomum 

zeylanicum Nees C.), cumin (Cuminun cyminum L.), garlic (Allium sativum L.), lemon 

(Citrus limonun L.), nutmeg (Myristica fragans), orange (Citrus sinensis L. Osberck), 

oregano (Origanum vulgare), parsley (Petroselimum sativum Hoffm.), rosemary 

(Rosmarinus officinalis L.), tarragon (Artemisa dracunculus L) and thyme (Thymus 

capitatus Hoff. et Link). All EOs and their technical characteristics were kindly 

provided by Ventós Chemicals (Barcelona, Spain). 

 

5.2.2. Gas chromatography/mass spectrometry (GC/MS) analysis 

Components of the EOs were analyzed by gas chromatography–mass spectrometry 

using a Trace GC Ultra gas chromatograph (GC/MS – Thermo Scientific) coupled to a 

PolarisQ ion trap detector mass spectrometer (Thermo Scientific) and equipped with a 

Zebron Inferno ZB-5HT 30 m × 0.25 mm x 0.25 μm capillary column (Phenomenex). 

The oven temperature for the gas chromatograph was initially maintained at 40 °C for 

5 min, then ramped at 4 °C min−1 to 200 °C and then at 10 °C min−1 to 260 °C, and 

maintained at 260 °C for 24 min. The injector temperature was 250 °C. The amount of 

sample injected was 1 μl in split mode (split ratio 1:52) and the carrier gas was helium 

at a flow rate of 0.9 ml min−1. The mass spectrometer was run in the electron impact 

(EI) mode with electron energy at 70 eV. The mass spectrometer was operated in full 

scan mode between 33 and 300 amu. The retention indices were determined in relation 

to a homologous series of n-alkanes (C10–C30) under the same operating conditions. 

Further identification was performed by comparing the mass spectra of the components 

of the EOs with those in the mass spectrometry library (The Wiley Registry of Mass 

Spectra 2001 Library Data, sixth ed.) and data from the literature. Relative percentages 

of the components were calculated based on gas chromatography peak areas. 
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5.2.3. In vitro evaluation of antimicrobial activity 

5.2.3.1. Microorganisms and growth conditions 

Three wild type isolates of each microorganism (Salmonella spp., L. monocytogenes 

and S. aureus) were previously collected either from traditional dry cured sausages 

during their manufacturing or from the environment of their production. For each 

pathogen, a strain from culture collection was also included. All wild type isolates used 

in this study are presented in Table 5.1 and identified by a species-specific PCR 

technique (Patarata et al., 2005). Each microorganism was maintained at −18 °C and 

subcultured twice in Brain Heart Infusion (BHI – Biokar. Beauvais, France). Incubation 

was made at 37 °C except for L. monocytogenes (30 °C). Overnight cultures in BHI 

were streaked in BHI agar and incubated during 18–24 h. To prepare the inoculum for 

sensitivity test to EOs, a suspension of each isolate previously cultured in BHI agar was 

made in NaCl 0.85%. The turbidity of the suspension was adjusted to 2 McFarland 

standard (Biomerieux, Marcy-l'Etoile, France). 

 
Table 5.1. Strains used in the experiment. 
Microorganism  Strain  Source1 
Salmonella spp.  ATCC 49214  American Type Culture Collection 
  MPI-B-S07  Dry fermented sausage Chouriço batter 
  EDS-E-S02  Environment of meat products preparation 
     
L. monocytogenes  ATCC 35152  American Type Culture Collection 
  EDS-B-LM02  Dry fermented sausage Chouriço batter 
  MPI-E-LM01  Environment of meat products preparation 
     
S. aureus  ATCC 25923  American Type Culture Collection 
  EDS-ChM-SA01  Dry fermented sausage Chouriço at middle of drying 

process 
  EDS-E-SA02  Environment of meat products preparation 
1 Strains isolated from meat products or environment of its production are from UTAD/LP laboratory 
collection 
 
 

5.2.3.2. Disk diffusion assay (DDA) 

The antimicrobial effect of EOs against Salmonella spp., L. monocytogenes and 

S. aureus was screened by the disk diffusion assay (DDA) as described by Zaika (1987) 

The results represented the net zone of inhibition including the diameter (6 mm) of the 

paper disk are the mean of 3 determinations for each isolate tested. 
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5.2.4. Consumer test 

5.2.4.1. Manufacture of chouriço 

In order to study the consumer's acceptability of dry cured sausage chouriço made with 

selected EOs, 13 batches were prepared according to the traditional recipe, one control 

without addition of EO and 12 with each of the two levels (0.005% and 0.05%) of the 

six previously selected EOs, according to their inhibitory activity in the DDA (bay, 

garlic, nutmeg, oregano, rosemary and thyme). All the batches were manufactured with 

ground pork belly and shoulder from the day after slaughter (15-mm grinder plate; 

Mainca, Barcelona, Spain), 7.5% of red wine (13° alcohol, pH 3.5) 1.5% of salt, 

150 mg/kg NaNO2 and 150 mg/kg KNO3 and two EO levels (0.005% and 0.05%) of 

previously selected EOs, according to their inhibitory activity in the DDA. Each EO in 

the respective concentration was added to the batter suspended in the wine used in the 

marinade. After mixing (10 min; Mixer RM-35, Mainca), the batter rested for 24 h at 

4 °C before stuffing. The dry cured sausages were then stuffed into pork small intestine 

(diameter 32–36 mm), tied in a horseshoe shape, and suspended for 4 h in a drying 

chamber at 4 °C with 85% relative humidity. They were then smoked for 3 h in a 

smoking chamber (Thermaxs 100 EC, Begarat, Berlin, Germany) with smoke generated 

from beechwood scraps. The initial temperature of the smoke chamber was 18 °C. From 

the start of the process, the temperature inside the dry cured sausage was monitored at 

10-min intervals and never exceeded 35 °C. The dry cured sausages were then dried at 

15 °C in an 85% relative humidity environment (Aralab Fitoclima, Rio de Mouro, 

Portugal) for 21 days. 

 

5.2.4.2. Sensory evaluation 

The sensory evaluation was carried out by 104 consumers, in a controlled environment 

of temperature (20 °C) room, under normal white fluorescent illumination. The sensory 

evaluation of chouriço de vinho made with different concentrations of EOs was made 

by 104 consumers (62.5% female, 37.5% male; aged from 18 to 63 years old: 30.8% 

less than 30 years-old, 46.2% from 30 to 49 years-old and 23.1% over 50 years-old). 

Recruitment of consumers was a convenience sampling made by phone or personal 

interview. About one third of the consumers were recruited among the university staff 

(less than 10% were food science professionals); the major part was recruited outside 

the university, through personal accessibility and proximity to the researchers. It was a 
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condition to be recruited to like and to be a consumer of chouriço or similar meat 

products. 

The consumer test was made in two sessions in two consecutive days, with control 

samples and those with both levels of bay, garlic EOs in the first session and those with 

nutmeg, oregano, rosemary and thyme EOs in the second session. Samples were 

composed by two slices of about 3 mm thick. Spring water and bread was available to 

clean the mouth. It was asked to the consumers their intention to consume the product, 

using a yes or no answer. The results are present as percentage of consumers that 

indicated their intention to consume. Only the 88 consumers that indicated the will to 

consume the control dry cured sausage were considered. 

 

5.2.5. Microbiological Challenge test 

5.2.5.1. Manufacture of dry cured sausage with EOs and contaminated with pathogens 

One month after the preparation of dry cured sausage chouriço for consumer test, in 

order to study the inhibitory effect of the selected EOs, an experiment including 52 

batches of the different combinations of EO/pathogen were prepared. Batches with EOs 

were prepared with 2 levels of EOs (0.05% and 0.005%) x (6 EOs) to obtain 12 batches. 

Since a control batch without EOs was also prepared, they were a total of 13 batches. 

Each batch, corresponding to each EO and control, was subdivided in 4 portions and the 

portion was contaminated by one pathogen (Salmonella spp., L. monocytogenes or 

S. aureus). The fourth portion was used as non-inoculated control. 

Chouriço was prepared as indicated in 2.4.1 with a slightly modification. After grinding 

the meat, each of the 39 batches was contaminated with Salmonella spp., 

L. monocytogenes, or S. aureus to achieve an initial value of ca 3 log CFU/g of each 

pathogen, according to the guidelines for microbial challenge testing described by 

Notermans et al., (1993). The pathogen was transported in 10 ml of NaCl 0.85%, and 

prepared as indicated in 2.3.1, with the appropriate dilutions to achieve the desired level 

of inoculation. The 13 non-inoculated batches were added with the same quantity of 

NaCl 0.85%, and were used for the counting of lactic acid bacteria and determination of 

physical–chemical parameters. 

Samples were collected at 24 h after the preparation of each batter and after 3, 8, 15 and 

21 days of drying. From a batch three samples were analysed for each curing time. 
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5.2.5.2. Microbial analysis 

Ten grams of dry fermented sausage was aseptically collected from the center of each 

sausage sample and diluted with 40 ml of buffered peptone water (BPW, Biokar 

diagnostics, France). The S. spp. counts were obtained after incubation on xylose lysine 

deoxycholate agar (XLD, Biolab, Hungary) at 37 °C for 24–48 h, the L. monocytogenes 

on Oxford agar (OA, Biokar diagnostics, France) at 30 °C for 48 h and the S. aureus on 

Baird–Parker agar (BP, Biolab, Hungary),at 37 °C for 48 h, respectively. Once the 

inoculation level was low, to keep the experiment in conditions as close as possible to 

the reality, the counts of Salmonella spp. and L. monocytogenes were made 

incorporating 10 ml of the initial suspension in 40 ml of culture media (for 

L. monocytogenes and Salmonella spp.) in 20 cm petri dishes. Randomly drawn 

presumptive colonies of the three pathogens in each culture medium were kept for 

confirmation by species-specific PCR. These were suspended in 100 ml of sterilized 

ultrapure water and stored at −22 °C until the PCR was performed as described by 

Talon et al. (2007). The cell suspension was used directly in the species-specific PCR 

reaction. The level of each pathogen was corrected by the proportion of presumptive 

colonies confirmed by PCR. The samples with counts of S. spp. and L. monocytogenes 

below the detection limit at 24 h of incubation were screened for the presence of the 

pathogen in 25 g basically as described in International Organization for 

Standardization (ISO) 6579 (2002) and ISO 11290-1 (1996), respectively. The 

presumptive colonies on selective media were confirmed by the PCR procedure as 

described above. 

The lactic acid bacteria (LAB) counts were obtained on MRS after incubation at 30 °C 

for 72 h. Results are presented as log CFU/g. For statistical purposes, when the 

microorganism count was below the detection limit, it was considered to be zero log 

CFU/g and when countable colonies were present, but below the countable range, the 

estimated count was considered for data analysis. 

 

5.2.5.3. Physicochemical analysis.  

The chemical composition, aW and pH were determined according to procedures 

described elsewhere (García-Díez & Patarata, 2013). 
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5.2.6. Data analysis 

The effect of the addition of two levels of each EO (plus control without EO) at the 

processing phase were studied by analysis of variance with interaction. The differences 

(p < 0.05) between the mean values were determined using the Tukey–Kramer test. The 

chi-squared test was applied to evaluate the relationship between the levels of each EO 

and the survival of pathogens (present/absent) when it was below the detection limit 

(SPSS 19.0, IBM, New York, USA). 

 

5.3. Results 

5.3.1. Antimicrobial activity of essential oils by disk diffusion assay 

The antibacterial activity assessed by disk diffusion assay (DDA) of the different EOs 

against food borne pathogens is presented in Table 5.2. The EOs that displayed 

inhibition halos over 10 mm were back pepper, lemon, parsley, cinnamon nutmeg, 

rosemary, bay, garlic, thyme and oregano. Contrary, the EOs of orange, basil and 

tarragon were considered not inhibitory (halo ≤10 mm). 

EOs of black pepper, lemon, parsley and nutmeg presented antimicrobial activity 

against L. monocytogenes; Bay EO presented antimicrobial activity against Salmonella 

spp and S. aureus while EOs of cinnamon, tarragon, garlic, thyme and oregano 

displayed an antimicrobial effect against all the food borne pathogens studied. EOs that 

showed inhibition zones against any target bacterial strains in the disk diffusion assay 

were further selected for both GC–MS analysis and manufacture of dry cured sausage 

chouriço. Since the nature of the EOs has an astringent taste at high concentrations, 

selected EOs was added to the meat batter at two concentrations (0.005% or 0.05%) to 

screen the antimicrobial effect against foodborne pathogens in a dry cured sausage. 

 

5.3.2. Composition of essential oils 

The EOs of bay, garlic, nutmeg, oregano, rosemary and thyme were analyzed by GC–

MS and their main chemical compounds are presented in Table 5.3. 

The most common compounds among the EOs samples were α-Pinene and β-Pinene. In 

contrast, garlic EO presented unique chemical compounds. The EO of thyme was 

quantitatively composed by one major compound (thymol) that represented more than 

85% of the relative composition. However, the main chemical compound of the EOs of 

garlic (diallyl trisulfide), nutmeg (myristicin), bay (eucalyptol), rosemary (camphor) and 

oregano (carvacrol) EOs was under 60% of the total of their relative composition. 
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Table 5.2. Zones of growth inhibition (mm; mean ± standard deviation) 
showing antibacterial activity of tested essential oils (EOs), including the 
disk diameter 6.0 mm. 

EOs Salmonella spp. L. monocytogenes S. aureus 
Bay 12.5 ± 1.4b NI 37.8 ± 10.1a 
Blackpepper NI 25.0 ± 4.5 NI 
Cinnamon 13.7 ±1.0 16.3 ± 1.9 14.8 ± 2.2 
Cumin NI NI 40.5± 10.3 
Garlic 10.5 ± 1.6b 15.0 ± 2.6b 41.5 ± 8.6a 
Lemon NI 24.3 ± 2.9 NI 
Nutmeg NI 15.5 ± 2.4 NI 
Oregano 46.5 ± 3.2b 36.4 ± 1.9ª 38.7 ± 3.8ª  
Parsley NI 20.1 ± 3.3 NI 
Rosemary 13.4 ± 3.8c 23.8 ± 5.4b 33.3 ± 3.2ª 
Thyme 29.1 ± 9.5c 36.4 ± 6.8bc 45.1 ± 1.9a 

NI – No Inhibition; a, b, c Values in the same line with different superscripts 
letters are significantly different (p < 0.05). 
Results of EOs of basil, orange and tarragon are not presented due to the 
absence of inhibition for all the microorganisms. 

 

Regarding the chemical groups, all of EOs, with exception of garlic, presented both 

hydrocarbon and oxygenated monoterpenes. EOs of bay, thyme and rosemary presented 

hydrocarbon sesquiterpenes; sulphur compounds were exclusively present in garlic EO 

while phenylpropanoids were presented in EOs of bay and nutmeg. None of the EOs 

studied presented oxygenated sesquiterpenes. 

 

5.3.3. Consumer test 

The results of the consumer test are presented in Fig. 1. It was observed that the highest 

concentration used in dry cured sausage chouriço manufacture (0.05%) has a negative 

effect on the consumers' acceptance. When the lower level of EOs addition was tested, 

chouriço manufactured with garlic EO presented the best sensory acceptance. When dry 

cured sausage was prepared with EOs of bay, garlic, nutmeg, oregano or rosemary at 

0.005%, over 60% of consumers indicated intention of consumption of the chouriço. 

Samples made with 0.005% of thyme EO was accepted by almost 50% of consumers 



 120 

 
Table 5.3. Chemical composition of essential oils of bay, garlic, nutmeg, oregano, rosemary, thyme 

Bay  Garlic  Nutmeg  Oregano 
Compounds %  Compounds %  Compounds %  Compounds % 
Eucaliptol 58.20  Diallyl trisulfide 33.82  Myristicin 43.35  ß-Pinene 0.27 

ß-phellandrene 5.01  Diallyl Disulfide 18.86  Sabinene 23.28  α-Terpinolene 0.27 
Terpineol 2.38  Diallyl tetrasulphide 10.97  Terpineol 4.86  p-cymene 0.99 
α-Pinene 2.36  Methyl allyl trisulfide 9.04  γ-Terpinene 4.30  γ-Terpinene 1.29 

cis-Sabinene 
hydrate 

2.01  Diallyl sulfide 8.36  Safrole 3.74  Linalool 0.21 

α-Terpinenyl acetate 19.19  Methyl allyl disulfide 2.76  Eugenol 2.84  Thymol 93.34 
trans-Sabinene 

hydrate 
1.63  1,3,5-Trithiane 0.75  α-Pinene 2.56  trans-Cariophyllene 0.72 

ß-Pinene 1.02  2-Vinyl-1,3-Dithiane 0.75  α-Terpinolene 1.89  Germacrene 0.13 
Linalyl acetate 0.58  Hexamethylene 

sulfoxide 
0.24  Elemicin 1.08    

α-phelandrene 0.46     Methyleugenol 0.71    
Eugenol 0.28     Ocimene 0.49    

ß-Elemene 0.26     Methoxyeugenol 0.44    
Sabimene 0.20     p-Penthylanisole 0.24    

Isospathulenol 0.17          
Methyleugenol 0.12          

           
           

Rosemary  Thyme     
Compounds %  Compounds %       

Camphor 22.4  Thymol 93.94       
Eucaliptol 13.24  cis-Ocimene 1.29       
α-Pinene 10.84  p-Cymene 1.16       

p-Cymene 5.25  trans-Caryophyllene 0.72       
trans-Caryophyllene 3.90  α-Terpinolene 0.34       

Ocimene 3.47  Terpineol 0.30       
Endobornyl acetate 3.20  ß-Pinene 0.27       

3-Octanone 2.06  Cosmene 0.21       
α-Terpinolene 1.65  Borneol 0.19       
α-Humulene 1.56  Carvacrol methyl ether 0.16       

Linalool 1.20  α-Humulene 0.13       
ß-myrcene 0.98  ß-Bisabolene 0.05       

cis-Sabinene 
hydrate 

0.53  Carvacrol 0.04       

Curcumene 0.38          
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Figure 5.1. Proportion of consumers indicating the consumption of chouriço with 0.005% or 0.05% of 

added essential oil. Comparison made only with those who the control without EO. 
 

5.3.4. Microbiological challenge test 

5.3.4.1. Physicochemical composition of chouriço 

The dry cured chouriço prepared in the present study had an average composition of 

34.18% ± 1.51% moisture, 24.50% ± 1.72% protein, 37.36% ± 1.72% fat, and 

2.71% ± 0.43% salt after 21 days of drying. The aW (Fig. 2) is about 0.97 at the batter 

and decreases progressively until 0.89 after 21 days of ripening. Although the decrease 

of aw is about 0.02 units until smoking, it drops from 0.96 to 0.90 after 12 days of 

ripening. pH (Fig. 2) decreased progressively along the drying process although a slight 

increase was observed after 21 days of drying. 

 

 
Figure 5.2. pH (bars) and water activity (line) values along the driying process of chouriço 
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5.3.4.2. Behaviour of the pathogens during the drying process 

The counts of Salmonella spp., L. monocytogenes and S. aureus during the processing 

of dry cured sausage without EOs (control) and two levels of addition of EOs (0.005% 

and 0.05%) are presented in Table 5.4, Table 5.5 and Table 5.6, respectively. Generally, 

the addition of EOs in the manufacture of chouriço decreases the microbial counts of 

the pathogens tested. The antimicrobial effect was higher as the concentration increases. 

Salmonella spp. counts (Table 4) decreased after smoking about 2 log CFU/g and was 

not detectable after 21 day of drying (p < 0.001). The antimicrobial effect of the EOs 

was significant (p < 0.05) with exception of nutmeg EO. Among them, the inhibitory 

effect of EOs at 0.05% of garlic and oregano was evident after smoking, resulting in 

lower counting when EO was used, when compared to the control. This pathogen was 

not detected in chouriço manufactured with 0.05% of bay, oregano or thyme EOs after 

12 days of drying. With the lowest level of addition of the last, Salmonella spp. was also 

undetectable. The interaction between the level of addition and the processing phase on 

the count of Salmonella spp. was significant for those batches made with EOs of bay, 

garlic, nutmeg and oregano. That interaction revealed that the presence of EOs, or its 

higher level of addition, when associated to the processing, reduces the time necessary 

to decrease pathogen counts. Although the influence of EO addition or processing phase 

was significant for dry cured sausage chouriço made with EOs of rosemary and thyme, 

their combination not influenced the microbial decrease. 

L. monocytogenes counts (table 5.5) decreases along the drying process and was 

undetectable after 21 days of ripening. However, the decrease of L. monocytogenes after 

smoking was lower than that observed for Salmonella spp. and it was still countable 

after 5 days of drying. The addition of EOs displayed an inhibitory effect (p < 0.05) 

although their effect was not significant in those dry cured sausages made with basil EO 

bay. Furthermore, the length of drying influenced the L. monocytogenes reduction 

(p < 0.05). The interaction between both conditions studied was significant (p < 0.05) 

only in the sausages with garlic EO, suggesting a synergistic effect between the addition 

of EO and the phase of processing. After 12 days of drying, in chouriço made with 

0.005% of oregano, rosemary and nutmeg L. monocytogenes was undetectable in 25 g 

of product. 
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Table 5.4. The effect of essential oils on the survival of Salmonella spp. in a dry fermented sausage - 
chouriço 

 Level of addition (LA)1  Significance EO 
Processing 
phase (PP) Control 0.005% 0.05%  LA PP LA x PP 

Bay               

Batter 3.93 ± 0,07c 3.53 ± 0,15b 3.36 ± 0.06b  <0.001 <0.001 <0.01 
After smoking 1.96 ± 0,09a 1.90 ± 0,10a 2.02 ± 0.19a     

5 d of drying2 2   3   2       
12 d of drying2 2   3   0       

21 d of drying2 0   0   0       

Garlic               

Batter 3.93 ± 0.07a 3.48 ± 0.04b 3.19 ± 019b  <0.001 <0.001 <0.01 
After smoking 1.96 ± 0.09c 1.06 ± 0.32d 0.00 ± 0,00e     

5 d of drying2 2   1   1       
12 d of drying2 2   2   1       

21 d of drying2 0   0   0       

Nutmeg               

Batter 3.93 ± 0.07b 3.52 ± 0.05b 3.48 ± 0.06b  ns <0.001 <0.05 
After smoking 1.96 ± 0.09a 2.20 ± 0.10a 2.22 ± 0.43a     

5 d of drying2 2   3   3       
12 d of drying2 2   2   2       

21 d of drying2 0   0   0       

Oregano               

 Batter 3.93 ± 0.07a 3.65 ± 0.12a 3.28 ± 0.27a  <0.001 <0.001 <0.05 
After smoking 1.96 ± 0.09c 1.03 ± 0.89bc 0.00 ± 0.00b     

5 d of drying2 2   2   2       
12 d of drying2 2   1   0       

21 d of drying2 0   0   0       

Rosemary               

Batter 3.93 ± 0.07a 3.67 ± 0.06a 3.34 ± 0.19a  <0.001 <0.001 ns 
After smoking 1.96 ± 0.09c 1.63 ± 0.29bc 0.77 ± 0.68b     

5 d of drying2 2   3   3       
12 d of drying2 2   1   1       

21 d of drying2 0   0   0       

Thyme               

Batter 3.93 ± 0.07e 3.41 ± 0.09d 2.87 ± 0.11c  <0.001 <0.001 ns 
After smoking 1.96 ± 0.09a 1.66 ± 0.24a 1.00 ± 0.30b     

5 d of drying2 2   3   2       
12 d of drying2 2   0   0       

21 d of drying2 0   0   0       
1 Results are expressed as log CFU/g (mean ± standard deviation). 
 a, b, c Values in the same line with different letters are significantly different (p < 0.05) 
2 Comparison of occurrence of Salmonella spp. was performed through the chi-square test when counts 
were below the detection limit and its presence was screened in 25 g of sample (results are presented as 
number of samples with the pathogen present in 25 g of sample; n=3); ns: not significant 
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Table 5.5. The effect of essential oils on the survival of Listeria monocytogenes. in dry fermented sausage - 
chouriço.  

 Level of addition (LA)1  Significance EOS 
Processing 
phase (PP) Control 0.005% 0.05%  LA PP LA x PP 

Bay               
Batter 2.82 ± 0.11c 2.59 ± 0.11c 2.20 ± 0.17b c  ns <0.001 ns 

After smoking 2.06 ± 0.42abc 1.85 ± 0.42abc 1.77 ± 0.21abc     
5 d of drying 1.12 ± 0.81ab 0.87 ± 0.81a 1.00 ± 0.87ab     

12 d of drying2 2   3   3       
21 d of drying” 0   0   0       

Garlic               
Batter 2.82 ± 0.11a 2.59 ± 0.11a 2.55 ± 0.13a  <0.001 <0.001 <0.05 

After smoking 2.06 ± 0.26ae 1.48 ± 0.30de 0.33 ± 0.58bc     
5 d of drying 1.12 ± 0.40cde 0.83 ± 0.72bcd 0.00 ± 0.00b     

12 d of drying2 2   0   1       
21 d of drying2 0   0   0       

Nutmeg               
Batter 2.82 ± 0.11a 2.79 ± 0.25a 3.01 ± 0.15a  <0.01 <0.001 ns 

After smoking 2.06 ± 0.26a 1.76 ± 0.31a 0.55 ± 0.95cd     
5 d of drying 1.12 ± 0.40bcd 1.03 ± 0.63bcd 0.33 ± 0.58b     

12 d of drying2 2   1   2       
21 d of drying2 0   0   0       

Oregano               
 Batter 2.82 ± 0.11c 2.59 ± 0.11bc 1.23 ± 1.08abc  <0.001 <0.001 ns 

After smoking 2.06 ± 0.26abc 2.16 ± 0.12bc 0.39 ± 0.68a     
5 d of drying 1.12 ± 0.40abc 1.03 ± 0.91ab 0.39 ± 0.68a     

12 d of drying2 2   0   0       
21 d of drying2 0   0   0       

Rosemary               
Batter 2.82 ± 0.11c 2.10 ± 0.17bc 2.00 ± 0.00bc  <0.001 <0.001 ns 

After smoking 2.06 ± 0.26bc 0.91 ± 0.87ab 0.23 ± 0.40a     
5 d of drying 1.12 ± 0.40ab 0.43 ± 0.75a 0.00 ± 0.00a     

12 d of drying2 2   0   0       
21 d of drying2 0   0   0       

Thyme               
Batter 2.82 ± 0.11c 2.16 ± 0.28ac 1.33 ± 1.15abc  <0.01 <0.05 ns 

After smoking 2.06 ± 0.26ac 1.80 ± 0.12abc 1.34 ± 0.19abc     
5 d of drying 1.12 ± 0.40ab 0.90 ± 0.78ab 0.39 ± 0.68b     

12 d of drying2 2   3   0       
21 d of drying2 0   0   0       

1 Results are expressed as log CFU/g (mean ± standard deviation). 
a, b, c Values in the same line with different letters are significantly different (p < 0.05) 
2 Comparison of occurrence of Listeria monocytogenes was performed through the chi-square test when counts 
were below the detection limit and its presence was screened in 25 g of sample (results are presented as number 
of samples with the pathogen present in 25 g of sample; n=3); ns: not significant 
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Table 5.6. The effect of essential oils on the survival of S. aureus in dry fermented sausage - chouriço 
 Level of addition (LA)1  Significance EO 

Processing 
phase (PP) Control 0.005% 0.05%  LA PP LA x PP 

Bay               
Batter 3.86 ± 0.13c 3.44 ± 0.65bc 3.58 ± 0.16bc  <0.01 <0.001 ns 

After smoking 3.55 ± 0.07bc 3.12 ± 0.24abc 2.72 ± 0.37ab     
5 d of drying 3.29 ± 0.20abc 3.01 ± 0.32abc 2.99 ± 0.53abc     

12 d of drying 2.99 ± 0.18abc 2.86 ± 0.24ab 2.38 ± 0.35a     
21 d of drying 2.42 ± 0.39a 2.64 ± 0.19ab 2.45 ± 0.30a     

Garlic               
Batter 3.86 ± 0.13ef 3.90 ± 0.03f 3.70 ± 0.10def  <0.001 0.001 <0.05 

After smoking 3.55 ± 0.07def 3.44 ± 0.23def 3.25 ± 0.22def     
5 d of drying 3.29 ± 0.20def 2.82 ± 0.40cdef 2.41 ± 0.37bcde     

12 d of drying 2.99 ± 0.18def 2.37 ± 0.19bcd 1.23 ± 1.08ab     
21 d of drying 2.42 ± 0.39bcde 1.49 ± 1.29bc 0.00 ± 0.00a     

Nutmeg               
Batter 3.86 ± 0.13ef 3.90 ± 0.07f 3.73 ± 0.08def  ns <0.001 ns 

After smoking 3.55 ± 0.07cdef 3.66 ± 0.10cdef 3.36 ± 0.32bcdef     
5 d of drying 3.29 ± 0.20bcdef 3.32 ± 0.20bcdef 3.08 ± 0.10abcd     

12 d of drying 2.99 ± 0.18abc 3.06 ± 0.48abcd 3.19 ± 0.29bcde     
21 d of drying 2.42 ± 0.39a 2.83 ± 0.19ab 2.68 ± 0.07ab     

Oregano               
 Batter 3.86 ± 0.13d 3.79 ± 0.21d 3.62 ± 0.16cd  <0.001 <0.001 ns 

After smoking 3.55 ± 0.07cd 3.03 ± 0.40cd 2.47 ± 0.21bcd     
5 d of drying 3.29 ± 0.20cd 2.97 ± 0.71cd 2.75 ± 0.81bcd     

12 d of drying 2.99 ± 0.18cd 2.51 ± 0.29bcd 1.23 ± 1.08ab     
21 d of drying 2.42 ± 0.39bcd 2.06 ± 0.32 abc 0.67 ± 1.15a     

Rosemary               
Batter 3.86 ± 0.13d 3.44 ± 0.28cd 3.54 ± 0.06cd  <0.001 <0.001 <0.05 

After smoking 3.55 ± 0.07cd 3.16 ± 0.43bcd 3.11 ± 0.11bcd     
5 d of drying 3.29 ± 0.20cd 2.78 ± 0.11bcd 2.43 ± 0.51bc     

12 d of drying 2.99 ± 0.18bcd 2.52 ± 0.31bc 2.08 ± 0.43b     
21 d of drying 2.42 ± 0.39bc 2.03 ± 0.35b 0.57 ± 0.98a     

Thyme               
Batter 3.86 ± 0.08f 3.86 ± 0.08f 3.62 ± 0.09ef  <0.001 <0.001 <0.001 

After smoking 3.55 ± 0.45ef 2.83 ± 0.45def 2.37 ± 0.06cde     
5 d of drying 3.29 ± 0.10def 2.36 ± 0.10cde 1.39 ± 1.21abc     

12 d of drying 2.99 ± 0.24def 1.96 ± 0.24bcd 0.67 ± 1.15ab     
21 d of drying 2.42 ± 0.00cde 0.00 ± 0.00a 0.00 ± 0.00a     

1Results are expressed as log CFU/g (expressed as mean ± standard deviation); ns: not significant 
a, b, c Values in the same line with different letters are significantly different (p < 0.05) 
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Figure 5.3. Lactic acid bacteria counts along the drying process of dry cured sausage - chouriço 
 

S. aureus (table 5.6) was the most resistant foodborne pathogen tested and, contrary to 

the observed for Salmonella spp. and L. monocytogenes, it presented viable counts after 

21 days of drying. The addition of EOs influenced the decrease of the S. aureus counts 

in these dry cured sausages, except for those made with nutmeg EO. The addition of 

EOs of garlic, oregano, rosemary and thyme at 0.05% resulted in the lowest counts at 

the end of the drying period studied. The addition of thyme EO in both tested levels 

resulted in mean counts below the detection limit. The decrease on S. aureus counts was 

influenced by the drying process, however, only in those sausages with EO of garlic, 

rosemary and thyme, the drying condition interact (p < 0.05) for that reduction. 

The LAB counts (Fig. 3) increased, as expected, during all the processing. For this 

population was observed an important increase which was associated with the increase 

in the temperature to 35 °C during the smoking process. The presence of essential oils 

did not influence its growth (p > 0.05). 

 

5.4. Discussion 

In vitro antimicrobial effect of selected EOs against foodborne pathogens have been 

described (Dussault et al., 2014) although research on its inhibitory effect on foodstuff 

is scarce, mainly in traditional meat products (Jayasena & Jo, 2013). 

The sensory impact of EOs has been reported as one of the most negative aspects of its 

use (Chouliara et al., 2007). In the current work, the acceptance of all batches 

manufactured with the lowest EO level was interesting. However, the higher EO 

concentration used in the manufacture revealed to be not applicable in practice, due to 
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sensory reasons, once only about 25% or less consumers indicate will to consume it. 

Nonetheless the low sensory acceptability, the microbiological challenge test was 

conducted with that concentration of EOs, in order to evaluate if the dose response 

usually observed in in-vitro assays could be extrapolated to a dry cured sausage 

manufacture. Among the essential oils used in the manufacturing of chouriço, nutmeg 

EO has been associated to some intoxication in humans due to myristicin, its main 

chemical compound (Ehrenpreis et al., 2014). Their toxic dose has not yet defined 

although intoxication episodes have been associated to consume 5 g of nutmeg (about 

1–2 g per body weight of myristicin) (Hallström & Thuvander, 1997). Since the sensory 

impact of EOs is a limiting factor in their application in foodstuff, the concentrations 

used, as antimicrobial substances, are lower than their toxic dose as observed in the 

current study. 

The current work showed that only six EOs (bay, garlic, nutmeg, oregano, rosemary and 

thyme) of 14 presented antimicrobial activity that justified its study in meat products, 

where it showed an inhibitory effect against foodborne pathogens along processing. 

Although Gram-negative microorganisms have reputation of higher resistance to the 

effect of EOs (Burt, 2004) Salmonella spp. was more sensible in the presence of EO 

with undetectable counts after 5 days of drying, when compared to L. monocytogenes 

and S. aureus that were still present after 12 and 21 days respectively. That higher 

sensitivity of Salmonella spp. was probably due to its lower resistance to the aw 

decrease. The antimicrobial effect of EOs against Salmonella spp. was especially 

noticeable for oregano, rosemary and thyme at the lowest concentration. The absence of 

synergistic effect between addition of EOs and the phase of processing observed in 

several cases might be associated to different inhibitory mechanisms that act on the 

microorganism. Higher reduction of S. spp. compared to other foodborne pathogens in 

dry cured meat products have been reported by Hwang et al., (2009), García-Díez et al., 

(2013) and Dalzini et al. (2015). 

L. monocytogenes decreased progressively until it presented undetectable count after 12 

or 21 days. Its survival was clearly affected by the addition of EOs which resulted in 

lower counts in the first phases of processing. The results of the current study could be 

interesting to the meat industry, to guarantee the safety of the product earlier. Decrease 

of L. monocytogenes counts in dry cured meat product along the drying process have 

been described in the literature in combination with other hurdles as sodium lactate, 

starter cultures or bacteriocins (Deumier and Collignan, 2003 and Hampikyan and Ugur, 
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2007) however the presence of EO displayed better inhibitory effects earlier. 

L. monocytogenes has compensatory mechanisms to adapt to stress conditions as low 

pH, low aw or low temperature (Gandhi & Chikindas, 2007) that may explain the higher 

survival along the ripening process described in the literature (Dalzini et al., 2015, 

Encinas et al., 1999 and Hospital et al., 2012) and also the absence of synergistic effect 

between the addition of EO and the length of drying. 

S. aureus counts decreased during the drying process, but it was still countable after 21 

days of drying. A similar pattern in the reduction was observed during the processing of 

Spanish, Turkish, and Portuguese sausages (González-Fandos et al., 1999, Kaban and 

Kaya, 2006, Patarata et al., 2005). Presence of EOs influenced the inhibition of 

S. aureus along the drying. Although lower counts of S. aureus were achieved in the 

high EO concentration, its utilization as a natural preservative is not fully demonstrated 

because several oils that presented in vitro antimicrobial effect, did not present 

significant differences when used in sausage manufacture. S. aureus is considered the 

most osmotolerant foodborne pathogen, and outbreaks of staphylococcal food poisoning 

are often linked to foods of reduced water activity (Hennekinne et al., 2012). To 

survive, S. aureus develops several mechanisms to survive under osmotic stress based 

mainly on modifications of the internal cell composition such as an accumulation of 

compatible solutes including and development of a protein-transport system (Stewar 

et al., 2005). The lower antibacterial effect of EOs against S. aureus compared to that 

observed for Salmonella spp. and L. monocytogenes could be associated to changes on 

cell membrane composition, the main target of EOs. For garlic EO, the main target of 

sulphur compounds are intracellular enzymes by interaction with their free SH groups 

(Hyldaarg et al., 2012) that could explain the better performance against S. aureus. A 

study carried out by Perry et al., (2009) observed that garlic EO did not induce 

significant changes in S. aureus cell morphology, supporting the hypothesis that garlic 

compounds acts intracellular. The inability of S. aureus to grow to population levels that 

can produce enterotoxins at hazardous levels (at least ca. 5 log CFU/g) assures the 

product safety (Jablonski & Bohach, 1997). 

 

5.5. Conclusion 

Traditional meat products have a great acceptance by consumers due to its particular 

characteristics. Utilization of EOs in manufacture of a dry cured sausage resulted in an 

interesting strategy to assure safety against Salmonella spp, L. monocytogenes and 



 129 

S. aureus, but with sensory limitations, that does not allow its use in high 

concentrations, that are those more interesting for pathogen inhibition. However, results 

with good potential to be applied by the industry were found, once the level of addition 

of 0.005% contributed for significant reductions on the pathogen's counts and for a 

shorter period to achieve an not detectable level, allowing the industrial to shorten the 

drying period and, thereafter increasing the production yield. 
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6.1. Introduction 

Essential oils (EOs) are volatile, natural liquid extracted from plant material that has 

been usually used in food industry as flavouring agents (Hyldgaard et al., 2012). 

Nowadays, EOs are used as natural antimicrobials in foodstuff, to guarantee their safety 

and also to extend the shelf-life (Tajkarimi et al., 2010). Thus, the design of new food 

preservation techniques, in which utilization of EOs is used, could be a natural source of 

natural compounds that meets the consumers´ demands without compromise of the 

safety of foodstuff (Tajkarimi et al., 2010).  

Dry cured sausages are generally made with roughly minced pork that are seasoned with 

a large variety of herbs and/or spices (Melo et al., 1991). Then, they are stuffed into 

natural pork casings being the sausages matured under cold smoked at a low 

temperature for 1 to 4 weeks, until it reaches the aimed dehydration (Colaço-do-

Rosário, 2008). These products are considered as safe products due to their low aW and 

pH. However, several outbreaks have been described (Drosinos et al., 2006; EFSA, 

2007). Essential oils (EOs) as natural preservatives might be used to improve the safety 

of dry cured meat products. Antimicrobial effect of EOs against foodborne pathogens 

and spoilage bacteria has been reported by in vitro assays (Holley et al., 2005, Lopez et 

al., 2012). However, the concentration used to achieve the antimicrobial effect desired is 

widely variable among the literature (Bakkali et al., 2008). Moreover, the sensory 

implications are considered as their main constrain to its use, since their utilization as 

antimicrobials in food usually requires higher concentrations than those observed in  

laboratory assays. Even with those concentrations used in laboratory to inhibit 

pathogens, negative sensory impacts are expected (Burt, 2004). In consequence, the 

sensory implications must be assessed product by product. Although there is scarce 

reference about recommended concentrations in foodstuffs (Espina et al., 2014), a limit 

of sensory acceptance 0.5% was referred by Dussault et al., (2014). Utilization of 

essential oils (EOs) in the manufacture of dry cured sausages have a potential interest 

due to their potential to control pathogens. Considering the strong aromatization of 

these sausages, resulting from smoking, red wine and seasonings, the use of EOs seems 

theoretically to have a good perspective of application by this industry, once it is 

expected that the sensory impact of EO will be mitigated by the global aroma of the 

product. Thus, the objective of this study was to evaluate the sensory acceptability of 

chouriço de vinho, a dry cured sausage, made with EOs of herbs or spices with 

potential to be used in its seasoning.  
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6.2. Material and methods 

6.2.1. Chouriço de vinho manufacturing 

The chouriço de vinho (literal translation: wine chouriço, hereinafter referred only as 

chouriço) is unique because meat is marinated in wine, usually red, with salt, garlic and 

other herbs or spices before stuffing. In order to study the consumer’s hedonic 

evaluation and acceptance of chouriço made with selected EOs, 22 batches of chouriço 

were prepared according to the traditional recipe, one control without addition of EO 

and 21 with each of the three levels (0.005% and 0.05% and 0.5%) of the seven selected 

EOs (basil, bay, garlic, nutmeg, oregano, rosemary and thyme). The higher level of 

0.5% was used as the maximum level referred in the bibliography (Dussault et al., 2014) 

in spite to the expected low acceptability. All the batches were manufactured with 

ground pork belly and shoulder from the day before slaughter (15-mm grinder plate; 

Mainca, Barcelona, Spain), 7.5% of red wine (13º alcohol, pH 3.5) 1.5% of salt, 150 

mg/kg NaNO2 and 150 mg/kg KNO3 and three EO levels (0.005%, 0.05% and 0.5%) of 

EOs, added to the batter suspended in the wine used in the marinade. After mixing (10 

min; Mixer RM-35, Mainca), the batter rested for 24 h at 4ºC before stuffing. The 

chouriços were then stuffed into natural thin pork gut, tied in a horseshoe shape, and 

suspended for 4 h in a drying chamber at 4 ºC with 85% relative humidity. They were 

then smoked for 3 h in a smoking chamber (Thermaxs 100EC, Begarat, Berlin, 

Germany) with smoke generated from beechwood scraps. The initial temperature of the 

smoke chamber was 18ºC. From the start of the process, the temperature inside the 

chouriço was monitored at 10-min intervals and never exceeded 35ºC. The chouriço¸ 

were then dried at 15ºC in an 85% relative humidity environment (Aralab Fitoclima, 

Rio de Mouro, Portugal) for 21 days. 

 

6.2.2. Consumers recruitment 

The sensory evaluation of chouriço de vinho made with different concentrations of EOs 

was made by 104 consumers (62.5% female, 37.5% male; aged from 18 to 63 years old: 

30.8% less than 30 years-old, 46.2% from 30 to 49 years-old and 23.1% over 50 years-

old). Recruitment of consumers was a convenience sampling made by phone or personal 

interview. About one third of the consumers were recruited among the university staff 

(less than 10% were food science profissionals); the major part was recruited outside the 

university, through personal accessibility and proximity to the researchers. It was a 



 138 

condition to be recruited to like and to be a consumer of chouriço or similar meat 

products. 

 

6.2.3. Sample presentation and evaluation 

Tests were performed in a controlled temperature (20ºC) room, under normal white 

fluorescent illumination. The tests were made in two sessions in two consecutive days, 

with control samples and those with three levels of the EOs of basil, bay and garlic in 

the first session and those with the EOs of nutmeg, oregano, rosemary and thyme in the 

second session. Samples were composed by two slices of about 3 mm thick, placed in 

plastic dishes, identified with a three digits random number and presented at the same 

time to the consumers, The order to do the test was defined by the researcher by the 

inscription of the test codes in the test form, beginning for the control samples followed 

by the chouriço de vinho samples with the increasing levels of each EO, in the order 

supra-referred. Spring water and unsalted bread were provided to consumers to cleanse 

their palates between tasting the samples. All the samples were previously tested by the 

researchers to detect samples that could be distasteful. Those samples (almost all 

prepared with 0.5% of EOs) were identified to consumers and indicated to be only 

smelled, and not to be tasted. Participants rated the samples for overall liking, on a 9 

point hedonic scale from 1 (dislike extremely) to 9 (like extremely) (LaWless & 

Heymann, 2010). Consumers also evaluated the adequacy of the aroma intensity of the 

EOs applied in using a 5-point just-about-right (JAR) scale (-1=too weak, -2= weak, 

1=just about right, 1=strong, 2=too strong) (van Trijp et al., 2007). It was also asked to 

the consumers their “will to consume” and “will to purchase” intention of the product, 

using a yes or no answer. The results are present as percentage of consumers indicating 

theirs intention to consume and to purchase the product. 

 

6.2.4. Statistical analysis 

The comparison of the hedonic evaluation between different concentrations of EO used 

on chouriço manufacturing was assessed by one-way analysis of variance (ANOVA). 

The Tukey-Kramer test was used to determine the significant differences (p<0.05) 

among group means. Logistic regression was used to model the influence of the level of 

EOs on the consumer acceptability, using the consumption intention (yes or not) as 

indicator and the three levels of EOs as qualitative predictors. Statistical analysis carried 
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out with SPSS 19.0 software (SPSS Inc., Chicago) for Windows 8 (Redmont, USA), 

considering p<0.05 as statistically significant. 

 

6.3. Results and discussion 

The results of the hedonic evaluation are presented in table 6.1. The hedonic evaluation 

of chouriço ranged 6.88 in control samples to 1.11 in chouriço prepared with 0.5% of 

basil EO. It was observed that concentration has a negative impact on the hedonic 

evaluation of the product. All chouriços prepared with different EOs presented 

statistical differences (p<0.001) among the different levels of addition, and almost for 

all EOs, between those and the control.  

 
Table 6.1. Hedonic scores of chouriço made with essential oils 

  Essential oil concentration added  Essential oils 
 

Control1 
 0.005%  0.05%  0.5%  

p 

Basil  6.88 ± 1. 48a  3.75 ± 0.21b  2.62 ± 0.21c  1.11± 0.21d  <0.001 

Bay  6.88 ± 1. 48a  6.07 ± 0.22b  3.05 ± 0.22c  2.27 ± 0.22d  <0.001 

Garlic  6.88 ± 1. 48a  6.54 ± 1.92a  3.76 ± 1.96b  2.10 ± 1.56c  <0.001 

Nutmeg  6.88 ± 1. 48a  6.03 ± 1.14b  3.87 ± 1.92c  1.46 ± 0.71d  <0.001 

Oregano  6.88 ± 1. 48a  5.87 ± 1.93b  4.22 ± 1.71c  2.57 ± 1.57d  <0.001 

Rosemary  6.88 ± 1. 48a  6.09 ± 1.45b  3.27 ± 1.77c  1.37 ± 0.55d  <0.001 

Thyme  6.88 ± 1. 48a  5.76 ± 1.24b  4.27 ± 1.95c  2.36 ± 1.59d  <0.001 

1: control samples of chouriço were manufactured without essential oils.  The same scores of control 

samples were considered, for comparison purposes, for all the essential oils 

 

Only when chouriço was prepared with the lowest level (0.005%) of garlic presented a 

similar (p > 0.05) hedonic evaluation to that of control samples. That similarity was 

probably due to the familiarity of that seasoning to the consumers, once garlic is one of 

the most important seasoning in the chouriço manufacture (Linares et al. 2013). The 

hedonic evaluation for almost all the chouriços, except for those made with basil EO, 

prepared with the lowest level (0.005%) have a mean hedonic evaluation higher than the 

middle of the scale, that were identified in the testing form as “nor like nor dislike” or 

“slightly like”. In the case of oregano EO, similar acceptance has been reported by 

Martín-Sanchez  et al., (2011) in dry cured salchichón at 0.1%.  

The increase in the EO concentration from 0.005% to 0.05% exert a negative impact on 

the hedonic evaluation, resulting in a decrease between one and three points in the scale. 

The higher concentration tested was unequivocally very depreciated by the consumers. 
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Among the EOs, garlic, thyme and oregano presented the higher hedonic evaluation at 

0.005%, 0.05% and 0.5% respectively. In contrast, basil EO presented the worst in all 

concentrations tested. On average, the hedonic evaluation of chouriços decreases over 

50% at 0.05% and over 66% at 0.5% compared with those made with EOs at 0.005%. 

Research about sensory acceptance of EO in dry cured meat products is scarce, 

However, hedonic evaluation of EOs in other meat sausages showed a reduction in their 

hedonic evaluation as the increase in the EO concentration as the current study (Viuda-

Martos et al., 2009, Silveira et al., 2014). In consequence, sensory characteristic 

conferred by the OEs could be appreciate or distasteful by consumers depending on the 

type of foodstuff in which they are used (Delaquis et al., 1999, Espina et al., 2014). 

Thus, It was observed that presence of EOs in ready-to-eat chicken products seems to be 

more appreciated by panellist in their sensory evaluation (Chouliara et al., 2007, 

Ntzimani et al., 2011).  

 

6.3.1. Just-about-right intensity scale  

The responses to the just-about-right (JAR) intensity scale (table 6.2) showed that over 

55% of consumers considered control samples as “just-about-right” although over 25% 

considered the aroma weak. None of the consumers considered any chouriço with an 

aroma “too weak” when they were prepared with 0.05% or 0.5% of EOs. The results are 

highly in accordance to those observed using the 9-point hedonic scale (Li et al., 2014). 

The increases of the EOs levels in the chouriço manufacture had a negative impact of 

EOs, as revealed by the increase of the “strong” of “very strong” category. Although the 

absolute values of hedonic scale are close, although significantly different, between 

control and those chouriços made with 0.005% of EO, the JAR scale showed that “just-

about-right” score decreases, in average, about 35% in all sampled with an increase of 

both “weak” or “strong” categories.  

The “weak” evaluation could be associated with a miscomprehension of the scale by the 

consumers that did not have any previous experience on sensory analysis. When a 

relationship between JAR results and hedonic appreciation is made (data not presented), 

it was possible to infer that, in some of these cases, consumers judged the hedonic 

appreciation in that scale, using the descriptive “weak”, or “very weak” to traduce the  
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Table 6.2. Consumer assessment distribution (%) on aroma intensity judgment of the correspondent essential oil (EO)  

using the just-about-right scale  

EO  Level of EOs  Too weak  Weak  JAR  Strong  Too strong 

Bay  0%1  2.88  25.96  58.65  12.50  0.00 

  0.005%  5.77  25.96  51.92  16.35  0.00 

  0.05%  0.00  11.54  19.23  38.46  30.77 

  0.5%  0.00  3.85  19.23  45.19  31.73 

             

Basil  0%1  2.88  25.96  58.65  12.50  0.00 

  0.005%  12.50  21.15  25.96  26.92  13.46 

  0.05%  0.00  1.92  6.73  39.42  51.92 

  0.5%  0.00  0.00  0.00  7.69  92.31 

             

Garlic  0%1  2.88  25.96  58.65  12.50  0.00 

  0.005%  1.92  22.12  63.46  10.58  1.92 

  0.05%  0.00  9.62  14.42  34.62  41.35 

  0.5%  0.00  0.00  4.81  14.42  80.57 

             

Nutmeg  0%1  2.88  25.96  58.65  12.50  0.00 

  0.005%  1.92  43.27  48.08  6.73  0.00 

  0.05%  0.00  33.65  12.50  35.58  18.27 

  0.5%  0.00  6.73  13.46  58.65  21.15 

             

Oregano  0%1  2.88  25.96  58.65  12.50  0.00 

  0.005%  1.92  19.23  37.50  29.81  11.54 

  0.05%  0.00  17.31  13.46  45.19  24.04 

  0.5%  0.00  3.85  1.92  26.92  67.31 

             

Rosemary  0%1  2.88  25.96  58.65  12.50  0.00 

  0.005%  1.92  37.50  38.46  22.12  0.00 

  0.05%  0.00  19.23  0.00  46.15  34.62 

  0.5%  0.00  0.00  0.00  34.62  65.38 

             

Thyme  0.%1  2.88  25.96  58.65  12.50  0.00 

  0.005%  0.00  25.00  37.50  37.50  0.00 

  0.05%  0.00  21.15  8.65  52.88  17.31 

  0.5%  0.00  0.96  7.69  25.96  65.38 

EOs: essential oils; JAR: just-about-right; 1 control samples of chouriço were manufactured without EOs.  The same 

scores of control samples were considered, for comparison purposes, for all the EOs 



 142 

low appreciation they have of the product, and not the evaluation they made about the 

intensity of the characteristic in accordance with Li et al., (2014).  

Only in chouriço made with 0.005% of garlic EO was observed an increase on the “just 

about right” classification, when compared to the control without any aromatisation 

besides the red wine and the smoke. 

 

6.3.2. Assessment of the “will to consume” and “will to purchase”. 

The study of the consumer “will to consume” and “will to purchase” (table 6.3) showed 

that over 55% (range 72.88%-56.73%) of the consumers declared a consumption 

intention of the chouriços made with 0.005% of several EO while over 40%, on 

average, declared their potential purchase (range 66.35-32.69) at the same EO 

concentration. The “will to consume” and “will to purchase” is clearly related to the 

hedonic evaluation and the JAR evaluation. The extreme situations, the uses of garlic 

EO with better acceptability and basil EO with the worst, are also traduced by that 

question. The increase of the EO concentration was responsible for an important 

decrease on both consumption and purchase intention. Chouriços made with 0.05% EOs 

or higher, have only residual interest to the consumer, confirming the practical 

uselessness of these higher levels of addition. 

 

6.3.3. Intention of consumption by consumer  

The influence of the level of EO on the intention of consumption by the consumers was 

estimated by logistic regression, using the three level of addition of EO as predictors 

and the absence of EO as the reference class. The results are present in table 6.4. The 

addition of any of the 7 EOs tested resulted always in a lower probability of the 

acceptance of chouriço. The effect of level is very clear, resulting always in a strong 

reduction of the odds ratio of having intention of consumption by the consumer.  

Chouriço made with garlic EO did not have a significant decrease (p > 0.05) on 

consumer acceptability when the lowest level was tested (0.005%). When higher levels 

were used in their manufacture (0.05% and 0.5%), the probability of acceptance of the 

samples was reduced by 0.063 and 0.009 times, that is in clear accordance with the very 

low hedonic evaluation these sausages presented (table 6.1). Chouriço made with 

oregano OE was also less accepted by the consumers. The lowest level of EO used 

(0.005%) resulted in a reduction in the consumption intention to about one quarter (OR 

0.256, CI 95% 0.124-0.525).  
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Table 6.3. Consumer assessment distribution (%) about the 

consumption  intention and potential purchase of chouriço 

manufacture with essential oils (EOs) 

EOs  Level of EOs  Consumption  Purchase 

Basil  0%  84.62  73.08 

  0.005%  25.96  11.54 

  0.05%  12.50  0.00 

  0.5%  1.92  0.00 

       

Bay  0%  84.62  73.08 

  0.005%  67.31  47.12 

  0.05%  15.38  11.54 

  0.5%  7.69  3.85 

       

Garlic  0%  84.62  75.00 

  0.005%  72.88  66.35 

  0.05%  24.87  18.27 

  0.5%  6.80  3.85 

       

Nutmeg  0%  84.62  73.08 

  0.005%  61.54  50.00 

  0.05%  24.04  3.85 

  0.5%  8.74  0.00 

       

Oregano  0%  84.62  73.08 

  0.005%  60.58  49.04 

  0.05%  26.92  16.35 

  0.5%  4.85  0.90 

       

Rosemary  0%  84.62  73.08 

  0.005%  56.73  31.73 

  0.05%  14.42  1.92 

  0.5%  3.85  0.00 

       

Thyme  0.%  84.62  73.08 

  0.005%  58.65  32.69 

  0.05%  39.42  17.31 

  0.5%  12.50  4.81 
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Table 6.4. Results of the logistic regression model for the acceptability of chouriço by the consumers 

considering the level of addition of essential oil (EO) as predictor. Reference class was the absence of 

EO 

Level of EO Beta SE p Odds ratio 95% CI 

Bay       

0.005 % -1.249 0.461 0.007 0.287 0.116 0.708 

0.05 % -3.725 0.546 < 0.0001 0.024 0.008 0.070 

0.5 % -4.592 0.679 < 0.0001 0.010 0.003 0.038 

Basil       

0.005 % -3.141 0.505 < 0.0001 0.043 0.016 0.116 

0.05 % -4.146 0.609 < 0.0001 0.016 0.005 0.052 

0.5 % -5.648 1.058 < 0.0001 0.004 0.000 0.028 

       

Garlic       

0.005 % - - ns - - - 

0.05 % -2.773 0.370 < 0.0001 0.063 0.030 0.129 

0.5 % -4.742 0.584 < 0.0001 0.009 0.003 0.027 

Nutmeg       

0.005 % -1.463 0.450 0.001 0.231 0.096 0.560 

0.05 % -3.103 0.484 < 0.0001 0.045 0.017 0.116 

0.5 % -3.948 0.585 < 0.0001 0.019 0.006 0.061 

Oregano       

0.005 % -1.364 0.367 0.000 0.256 0.124 0.525 

0.05 % -2.805 0.383 < 0.0001 0.060 0.029 0.128 

0.5 % -5.586 0.775 < 0.0001 0.004 0.001 0.017 

Rosemary       

0.005 % -2.438 0.366 < 0.0001 0.087 0.043 0.179 

0.05 % -4.339 0.513 < 0.0001 0.013 0.005 0.036 

0.5 % -6.154 1.047 < 0.0001 0.002 0.000 0.017 

Thyme       

0.005 % -1.334 0.630 0.034 0.263 0.077 0.906 

0.05 % -2.787 0.715 < 0.0001 0.062 0.015 0.250 

0.5 % - - ns - - - 

SE: standard error; CI: confidence interval; ns: not significant 
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The ten-fold increase in the level of EO resulted in an approximately ten-fold reduction 

in the odds of acceptability of the product by the consumer. 

Presence of rosemary EO decreases almost ten-fold the acceptability of consumer (CI: 

0.087, CI: 0.043-0.179). In addition, the ten-fold increase of the EO concentration, 

decreased the acceptability of consumers about three-quarter at 0.05% 

With regard of EOs of thyme, nutmeg and bay, samples made with 0.005% decrease the 

acceptance of the product about one quarter However, the increase in the level of EO up 

to 0.05% resulted in a reduction ranged from 15-fold to 50-fold. The lower acceptability 

of basil EO observed in the hedonic analysis is in accordance to this observed in the 

logistic regression. The use of basil EO at 0.005% decreases the acceptability of the 

product almost 20-fold (OR 0.04, CI: 0.016-0.116)  

 

6.4. Conclusion 

The use of EOs in the manufacture of chouriço has serious consequences at sensory 

level, as inferred by the different methodological approaches used in the present study. 

The application of six of the seven tested EOs at 0.005% resulted in significant lower 

hedonic appreciation by a group of 104 consumers. Nonetheless the statistical 

difference, the hedonic evaluation was always above the middle of the scale, 

corresponding to “nor like nor dislike” or “slightly like”, and had an absolute reduction 

of only nearly one unit in the nine-point scale. The JAR intensity scale allows us to infer 

that the reduction on hedonic appreciation was due to the intensity of the aroma of the 

chouriços. Intention to consume and to purchase followed the same trend as the hedonic 

evaluation. It was possible to model the intention to consume as a function of the level 

of EO added. The results confirmed that a strong reduction in the probability of 

consumption is expected for each ten-fold increase in the level of addition of EOs. 
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General conclusions 

 

Antimicrobial effect of essential oils (EOs) could be used as a natural alternative to 

improve the safety of meat products. The current study demonstrates that EOs of herbs 

and spices commonly used on manufacture of these products presented an antimicrobial 

effect against concern foodborne pathogens as Salmonella spp., L. monocytogenes, S. 

aureus and E. coli and also against spoilage bacteria. The differences of the 

antimicrobial activity observed may be associated to several factors such as chemical 

composition of the EOs or to the specific sensitivity of the target microorganism among 

others. In consequence, the antimicrobial effect of must be assessed against the specific 

microbiota of the meat product where it is intended to be used.  

The high concentration required to achieve antimicrobial effect in foods might be 

incompatible with its organoleptic acceptance. To avoid this problem, combinations of 

EOs provide an effective approach in the improvement of food safety through the use of 

EO, reducing the odds of sensory rejection. The current study showed that combination 

of selected EOs displayed a synergistic effect against foodborne pathogens and also an 

important decrease of their individual MIC. EOs of thyme and cinnamon presented the 

largest antibacterial activity against foodborne pathogens. Thyme EO presented the 

lowest individual MIC, however, when combined with others EOs, its MIC remained 

similar but enhances the reduction of the MIC of the other EOs. The utilization of 

cinnamon EOs also improved the reduction of the individual MIC of cumin EO and 

parsley EO.  

To assess the influence of food composition and additives, the effect of fat, protein, pH, 

aW and food additives (sodium nitrite, food phosphates and sodium lactate) on the 

antimicrobial effect of EOs of oregano and garlic was studied in culture medium against 

Salmonella spp. and L. monocytogenes. Results showed that fat has a negative effect on 

the antimicrobial effect of EOs probably due to the dilution of the EO on the lipid 

phase. The level of protein does not influence the inhibitory effect of EOs although a 

slightly reduction on the microbial counts was observed in the lowest protein level 

tested. The pH, aW and the food additives sodium nitrite and sodium lactate did not 

influence the inhibitory effect of EOs. However, the current study revealed that a 

possible interaction of food phosphates with EOs leading to its progressive inactivation 

of the inhibitory effect of the EO. The in vitro study of the influence of food 

characteristic on the antimicrobial effect of EOs are an important step to address the 
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behaviour of EOs against specific foodborne pathogens, previously its application in 

foodstuffs.  

The use of EOs in dry cured chouriço manufacture as natural preservatives resulted in a 

natural strategy to improve its safety viewing the control of  Salmonella spp, L. 

monocytogenes and S. aureus. Although, EOs possess antibacterial properties in the 

DDA their utilization as food antimicrobial agents must be assessed in the food product. 

EOs added to chouriço showed an inhibititory effect against foodborne pathogens but 

their antibacterial effect varies according to the EOs, concentration and drying period. 

Among EOs studied, rosemary, oregano and thyme presented the highest inhibition 

properties. Regarding Salmonella spp. and L. monocytogenes counts, drying period 

could be shortened to 15 days in the presence of EOs, being interesting for meat 

industry by increasing the production yield.  

The use of EOs in the manufacture of chouriço has serious consequences at sensory 

level, as inferred by the different methodological approaches used in the present study. 

The application of six of the seven tested EOs at 0.005% resulted in significative lower 

hedonic appreciation by the consumers. Nonetheless the statistical difference, the 

hedonic evaluation was always above the middle of the scale, corresponding to “nor like 

nor dislike” or “slightly like”, and had an absolute reduction of only nearly one unit in 

the nine-point scale. The just-about-right test allows us to infer that the reduction on 

hedonic appreciation was due to the intensity of the aroma/flavour of the chouriços. The 

intention to consume chouriço with EOs is strongly dependent on the level of EOs used. 

Thus, the results of the current study may help the food industry to select the more 

appropriate hurdles to guarantee the food safety of products and/or the extension of its 

shelf-life, but serious attention should be paid to the sensory implications of its use, 

once even small levels of EO addition might decrease the acceptability of the product. 
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TECHNICAL SHEET OF BASIL ESSENTIAL OIL 
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TECHNICAL SHEET OF BAY ESSENTIAL OIL 
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TECHNICAL SHEET OF BLACK PEPPER ESSENTIAL OIL 
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TECHNICAL SHEET OF CINNAMON ESSENTIAL OIL 
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TECHNICAL SHEET OF CUMIN ESSENTIAL OIL 
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TECHNICAL SHEET OF GARLIC ESSENTIAL OIL 
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TECHNICAL SHEET OF LEMON ESSENTIAL OIL 
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TECHNICAL SHEET OF NUTMEG ESSENTIAL OIL 
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TECHNICAL SHEET OF ORANGE ESSENTIAL OIL 
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TECHNICAL SHEET OF PARSLEY ESSENTIAL OIL 
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TECHNICAL SHEET OF ROSEMARY ESSENTIAL OIL 
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TECHNICAL SHEET OF TARRAGON ESSENTIAL OIL 
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TECHNICAL SHEET OF THYME ESSENTIAL OIL 

 
 

 


