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SUMMARY 

 

Cheeses are traditionally affected by microbiological spoilage 
that produces high economical losses. On one hand, bacteria such 
as coliforms or butyric acid are some of the responsible of early and 
late cheese blowing, respectively. These are two cheese paste 
defects characterized by the internal presence of numerous and 
odorous holes. On the other hand, molds have been described as 
the most important problems in cheese production. They could 
affect cheese appearance, flavor and texture and they could be 
even involved in human health strikes due to mycotoxins 
production. Control methods available are nowadays expensive, 
like bactofugation or ultrafiltration. Moreover, the use of some 
substances like nitrate salts or antifungal agents are extremely 
controlled or not always allowed.  

This Thesis aimed to provide a natural and alternative way to 
control these important microbiological cheese defects by using 
aromatic plants extracts’, which are well-known for their 
antimicrobial properties.  

To reach this objective it was necessary to assayed in vitro a 
collection of 15 plants (Achillea millefolium, Anethum graveolens, 
Chamaemelun nobile, Hyssopus officinalis, Lavandula angustifolia, 
Lavandula hybrida, Melisa officinalis, Ocimum basilicum, Origanum 
vulgare, Pimpinella anisum, Pinus sylvestris, Rosmarinus officinalis, 
Salvia officinalis, Thymus serpyllum and Thymus vulgaris) in their 
essential oil (EO) and aqueous extract (AE) forms against the 
microorganisms: Escherichia coli, Clostridium tyrobutyricum and 
Penicillium verrucosum. After this test, the three most active extracts 
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were selected to be added into cheese milk. Elaborated cheeses 
were analyzed in terms of volatile composition to determinate the 
compounds’ transference and they were tested against target 
microorganisms to evaluate their antimicrobial properties. 
Continuing with food matrixes experimental trials, safranal (main 
compound responsible of the Crocus sativus L. aroma) was added 
to milk, to produce cheese and “requesón” and there were studied 
their transference through cheesemaking and its antimicrobial 
properties.  

After in vitro tests, the three extracts selected as the most 
active were: Melisa officinalis, Ocimum basilicum and Thymus 
vulgaris EOs. Statistical analyses marked 20 compounds as positively 
correlated with the inhibition. Some of them were hydrocarbon 
monoterpenes (verbene, α-phellandrene and β-phellandrene) 
which have never been reported before for their activity. After 
fortified cheesemaking, antimicrobial results showed no 
concordance with previous in vitro results, highlighting the 
importance of testing antimicrobials in food matrixes and not only in 
laboratory media. For instance, the EO from Thymus vulgaris 
presented the best antifungal properties in food matrix, while was 
the worst at the in vitro assay. Regarding to the introduction of 
safranal on cheesemaking process, results showed the potential use 
of fortified whey and “requesón” whey against Penicillium 
verrucosum, since they were effective inhibiting the mold growth. 
Moreover, it is possible that some synergies happened between 
safranal and whey compounds, since these inhibitions were greater 
than those produce by safranal solution without whey.  

This Thesis has reached its main objective: to provide an 
alternative to control microbiological cheese defects by using 
aromatic plants.  
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RESUMEN 

 

Actualmente existen una serie de problemas microbiológicos 
que afectan a los quesos y que ocasionan grandes pérdidas 
económicas para el sector. Por un lado están los problemas 
derivados de la presencia de bacterias como las coliformes o las 
ácido butíricas, responsables de las hinchazones tempranas y 
tardías, respectivamente. Estos defectos se caracterizan por la 
presencia de numerosos agujeros en el interior de los quesos que 
además producen sabores y olores desagradables. Por otro lado, 
las contaminaciones fúngicas representan el problema más 
importante de las industrias lácteas. Su presencia en los quesos 
puede alterar su apariencia, textura o sabor; además también 
pueden ocasionar problemas en la salud humana debido a su 
capacidad para producir micotoxinas. Los métodos de control 
disponibles son, en muchos casos, caros, como la bactofugación o 
ultrafiltración. Por otro lado, el uso de ciertas sustancias como las 
sales de nitrato o compuestos antifúngicos, está muy controlado en 
cuanto a dosis y no siempre está permitido legalmente.  

El objetivo de esta Tesis fue la búsqueda de alternativas para 
controlar estos problemas microbiológicos a través del uso de las 
plantas aromáticas, de las que se conocen numerosas 
propiedades antimicrobianas.  

Para alcanzar este objetivo, primero se ensayaron in vitro los 
aceites esenciales y los extractos acuosos de una serie de 15 
plantas (Achillea millefolium, Anethum graveolens, Chamaemelun 
nobile, Hyssopus officinalis, Lavandula angustifolia, Lavandula 
hybrida, Melisa officinalis, Ocimum basilicum, Origanum vulgare, 
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Pimpinella anisum, Pinus sylvestris, Rosmarinus officinalis, Salvia 
officinalis, Thymus serpyllum and Thymus vulgaris) frente a los 
microorganismos: Escherichia coli, Clostridium tyrobutyricum y 
Penicillium verrucosum. A partir de aquí, se seleccionaron los tres 
extractos más activos para añadirlos a la leche y elaborar quesos. 
Estos quesos se analizaron en términos de composición volátil para 
determinar los porcentajes de transferencia de los todos los 
compuestos detectados y también se determinó sus propiedades 
antimicrobianas frente a los microorganismos objeto de estudio. De 
manera análoga se adicionó safranal (el principal compuesto 
responsable del aroma de Crocus sativus L.) a la leche para 
producir queso y requesón y estudiar su transferencia a través del 
proceso productivo y probar su actividad antimicrobiana frente a 
los mismos microorganismos.  

Tras el ensayo in vitro, los extractos seleccionados fueron los 
aceites de: Melisa officinalis, Ocimum basilicum y Thymus vulgaris. El 
análisis estadístico identificó 20 compuestos correlacionados 
positivamente con la inhibición. Algunos de ellos fueron 
monoterpenos hidrocarburos (verbena, α-felandreno y β-
felandreno) que nunca antes se habían relacionado con la 
inhibición microbiana. Tras la elaboración de quesos fortificados, los 
resultados de la actividad antimicrobiana no concordaron con los 
obtenidos en el ensayo in vitro, lo que puso de manifiesto la 
importancia de probar las sustancias antimicrobianas en matrices 
alimentarias y no sólo en medios de cultivo. Por ejemplo, el aceite 
de Thymus vulgaris fue el que mayor potencial antifúngico mostró 
en la matriz alimentaria mientras que fue el peor in vitro. Con 
respecto a la introducción del safranal en la producción de queso 
y requesón, los resultados mostraron que el suero y el suero de 
requesón obtenidos fueron capaces de inhibir al moho, aunque no 
así a las bacterias. Además, parece que hayan tenido lugar ciertas 
sinergias entre el safranal y los compuestos del suero, puesto que la 
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inhibición alcanzada por esto sueros fue superior a la del extracto 
de safranal sin suero.  

Esta Tesis ha alcanzado su principal objetivo: proponer 
alternativas para el control de determinados defectos 
microbiológicos en el queso a través del uso de las plantas 
aromáticas.  
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CHAPTER 1: JUSTIFICATION 

 

Ewes’ cheese production is commonly affected by 

microbiological defects during ripening, producing important 

economical looses worldwide. 

Although some molds are added on purpose to cheese and 

their growth on the surface or in the body of some cheese varieties 

is essential for its ripening, there exists a great problem related to 

internal presence of other undesirable mold species. Mold spoilage 

is unpleasant in appearance, and may result in musty taints and 

odors, as well as liquefaction of the curd, that is likely to produce a 

loss of the piece. Molds commonly involved in cheese spoilage 

include members of the genera Penicillium, Aspergillus, 

Cladosporium, Mucor, Fusarium, Monilia and Alternaria. There exists 

also another important problem derived from mold presence on 

cheese; some species of these families are able to produce 

mycotoxins, mold metabolites with negative effects on human 

health. For example, aflatoxin B1 produced by Aspergillus flavus or 

ochratoxin A, a potent nephrotoxin produced by Penicillium 

verrucosum.  

On the other hand, some bacteria and yeast are responsible of 

other cheese textural defects caused by abnormal gassy 
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fermentations which even produce the cheese bursting. There are 

defined two types of blowing depending on microorganism 

involved, and hence, on ripening stage. Early cheese blowing is 

mainly caused by lactic yeast or coliform bacteria, especially 

Escherichia coli or Enterobacter spp. This defect is produced in 

young cheeses due to microorganisms are able to ferment the 

residual lactose still present in curd and produce the CO2 or H2 

which originate numerous little holes. Late blowing, attributed to the 

family of sporulated Gram-positive bacteria Clostridiaceae, affects 

hard or semi-hard cheeses in an advanced ripening state. That 

group of anaerobic bacteria is able to ferment the lactate or lactic 

acid present in matured cheeses and produce organoleptic 

alterations due to butyrate or butyric acid together with big holes 

due to CO2 production. Most frequently isolated strains on affected 

cheeses are Clostridium tyrobutyricum, Clostridium sporogenes and 

Clostridium beijerinkii. 

Suggested techniques by bibliography to prevent and control 

these cheese defects are physical treatments of milk, like 

pasteurization or bactofugation; the use of chemical substances in 

different cheesemaking stages, such as nitrate salts or lysozime  

addition to cheese milk; or cheese covers with antifungals. 

However, strict legislation about food additives and the increase of 

consumers’ preference to more natural products have led to focus 

on natural antimicrobials for food preservation. Endogen enzymes 

of milk or bacteriocins synthesized by cheese starter culture are 

some of the recent research field on preventing microbiological 
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cheese defects. But also, the use of aromatic plants with well-known 

antimicrobial properties and culinary uses fit with this current natural 

trend. Scientists have tested in vitro the aromatic plant extracts or its 

main compounds against a vast number of microorganisms 

obtaining interesting results that suggest terpenes (mainly present in 

their volatile fraction) are the responsible of such activity. Moreover, 

most of these extracts and its individual compounds are accepted 

by International Agencies as safe for human consumption.  

This Thesis focuses on the control of typical microbiological 

cheese defects by the use of aromatic plant extracts (essential oils 

and aqueous extracts). Furthermore, a selection of those extracts or 

individual compounds with better antimicrobial properties for its 

potential use in dairy industry are also proposed. 
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CHAPTER 2: OBJECTIVES 

 

The objective of this Thesis is to result in alternatives for the 

control of microbiological cheese defects by the use of aromatic 

plants. In order to achieve this objective, it was necessary: 

1. To assay in vitro the antimicrobial activity of extracts from 

fifteen aromatic plants against Clostridium tyrobutyricum, 

Escherichia coli and Penicillium verrucosum. 

2. To identify the most active compounds in terms of 

individual microorganism’ inhibition. 

3. To select the three most active extracts capable to inhibit 

all the microorganisms at same time. 

4. To study the carryover of main compounds from these 

previously selected extracts through cheesemaking. 

5. To determine the effect of these three added extracts on 

fortified cheese microbiota: total aerobic bacteria, lactic 

acid bacteria, coliforms, clostridial bacteria, molds and 

yeast. 

6. To evaluate the inhibition produced on fortified cheeses 

with the most active plant extracts which were inoculated 

with target microorganisms, Clostridium tyrobutyricum, 

Escherichia coli and Penicillium verrucosum  

7. To test the antimicrobial properties of whey from safranal 

cheesemaking fortification. 



 

 

ALTERNATIVES TO CONTROL MICROBIOLOGICAL 
CHEESE DEFECTS: USE OF AROMATIC PLANTS 

OBJECTIVES 

12 

8. To suggest the best mixture of extracts and/or individual 

compounds in order to combat cheese defects derived 

from the presence of tested microorganisms. 
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OBJETIVOS 

 

El principal objetivo de esta tesis es proponer alternativas 

para el control de defectos tecnológicos en quesos ocasionados 

por microorganismos, a través del  empleo de plantas 

aromáticas. Para ello, fue necesario: 

1. Ensayar la actividad antimicrobiana in vitro, de los 

extractos de 15 plantas aromáticas frente a Clostridium 

tyrobutyricum, Escherichia coli y Penicillium verrucosum.  

2. Identificar los compuestos más activos para la inhibición de 

cada microorganismo individualmente. 

3. Seleccionar los tres extractos capaces de inhibir a todos los 

microorganismos simultaneamente. 

4. Estudiar la transferencia de los principales compuestos de 

los extractos seleccionados anteriormente, a través de la 

elaboración de queso. 

5. Determinar el efecto que producen los tres extractos 

selecionados en la microbiota de los quesos fortificados: 

bacterias aerobias totales, bacterias ácido-lácticas, 

coliformes, clostridios, mohos y levaduras. 

6. Evaluar la inhibición conseguida por cada uno de los 

quesos fortificados con los extractos seleccionados sobre 
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los microorganismos inoculados: Clostridium tyrobutyricum, 

Escherichia coli y Penicillium verrucosum. 

7. Determinar la actividad antimicrobiana del suero y suero 

de requesón obtenidos tras la elaboración de queso y 

requesón con leche fortificada con el extracto vegetal de 

safranal.  

8.  Proponer la mejor mezcla de extractos y/o compuestos 

individuales para combatir los defectos del queso 

originados por la presencia de los microorganismos 

probados.  
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CHAPTER 3: INTRODUCTION 

 

Cheese is a fermented milk-based product produced 

throughout the world which was commonly believed that evolved 

in the Fertile Crescent between the Tigris and Euphrates rivers, in 

Iraq, about 8000 years ago, during the so-called Agricultural 

Revolution (FOX et al., 2000). Recent studies have attributed its 

origin to Europe for up to 7,500 years (SALQUE et al., 2013). 

  Due to the diversity of ways to obtain such interesting food 

product, no strict definition of the concept of cheese is possible, as 

so many variants exist. Several authors tried to classify cheeses 

based on texture, which is dependent mainly on moisture content, 

coagulation agent used or ripening characteristics (MCSWEENEY et 

al., 2004). A generally accepted classification of cheese is given in 

FAO/WHO Standard No. A 6. (FAO, 2012): 

Cheese is the fresh or ripened solid or semi-solid product in which the 
whey protein/casein ratio does not exceed that of milk, obtained: 

a) by coagulating (wholly or partly) the following raw materials: milk, 
skimmed milk, partly skimmed milk, cream, whey cream, or 
buttermilk, through the action of rennet or other suitable 
coagulating agents, and by partially draining the whey resulting 
from such coagulation; or 

b) by processing techniques involving coagulation of milk and/or 
materials obtained from milk which give an end product which has 
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similar physical, chemical and organoleptic characteristics as the 
product systemized under classification of cheese. 

 

Among the great diversity of cheeses and due to complexity 

and variety of their characteristics, present work emphasizes its 

efforts on ewes’ milk semi-hard cheeses. Classification based on 

rheological properties is shown in Table 1, where semi-hard cheeses 

are supposed to present 36-40 % moisture (MCSWEENEY et al., 2004). 

 

Table 1. Cheeses classification based on rheological properties 

Type Moisture 
(%) 

Viscosity 
factor (log)  

Elasticity 
factor (log)  

Springiness 
factor (log) 

Very hard <25 >9 >6.3 >2.3 
Hard 25-36 8-9 5.8-6.3 2-2.3 
Semi-hard 36-40 7.4-8 <5.8 1.8-2 
Soft >40 <7.4 <5.8 >1.8 
From MCSWEENEY et al. (2004) 

 

Ewes’ milk represented the 1.4 % of total world milk production 

in 2010 with 10,091,309 tons (FAO, 2012). Countries around 

Mediterranean Basin (accounting the 42 % of total sheep milk 

production) have an strong tradition on production of yogurt and 

cheeses of economic importance to these countries (HAENLEIN and 

WENDORFF, 2006). Figure 1 shows the top ten countries producing 

ewes’ cheese where seven of them are from the Mediterranean 

area and represented more than 58 % of total ewes’ cheese 
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production. Spain ranked on fifth position with 52,000 tons in 2010 

(FAO, 2012). 

 

Greece
22%

China
20%

Syrian 
11%

Italy
11%

Spain
10%

France
9%

Niger
5%

Turkey
5%

Romania
4%

Iran 
3%

 
Figure 1. Top ten countries of ewes’ cheese production in 2010 

(FAO, 2012) 

 

3.1. CAUSES OF COMMON CHEESE DEFECTS 

While many dairy products, if properly manufactured and 

stored, are biologically, biochemically, chemically and physically 

very stables, cheeses are, in contrast, biologically and 

biochemically dynamic, and consequently are inherently unstable. 

Hence, cheese quality would be strongly affected during ripening, 

although all stages comprised in cheesemaking as well as initial milk 

quality have a direct influence on cheese evolution 

(GUNASEKARAN and AK, 2003). Cheeses are described by five 

major organoleptic factors (flavor, texture, appearance, aroma 
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and taste) which support to define the cheese quality. However, 

specific combination of each quality descriptor depends of each 

cheese, and good characteristics for one type of cheese could be 

considered as defects for others. As example, Roquefort cheese, 

made from ewes’ milk, is expected to present internal blue veins 

and sharp flavor due to methyl ketones, while both characteristics 

are considered defects in cheeses ripened without molds, as could 

be Pecorino cheese.  

Focusing in semi-hard ewes’ milk cheeses, some similarities are 

found in sensorial properties of Spanish cheese varieties such as 

Manchego, Idiazabal, Roncal or Zamorano. Such common 

characteristics are a hard, flat or embossed rind, a firm, compact 

and ivory colored paste with holes’ absence or little presence and a 

typical strong taste like sheep milk evolved. Knowing cheese main 

quality parameters, causes of defects will be everything that 

produces the failure on the achievement of these parameters.  

In Table 2 are summarized main causes of defects aside 

microbiological problems, which will be analyzed extensively latter. 

Regarding to this table, there are several cheese defects deeply 

studied as those originated by inadequate manufacturing 

operations such as incorrect thermal treatment, which are carried 

out to minimize possible health hazards, but could cause weak 

cheese flavors by the inactivation of enzymes as xantine oxidase (a 

flavor stimulant) and the death of non starter lactic acid bacteria 
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(NSLAB) present in milk (BRITZ and ROBINSON, 2008; MAHAUT et al., 

2003).   

Table 2. Main causes of defects on cheeses and stages involved 

STAGE CAUSE DEFECT REFERENCE 

Initial milk 
quality and 
composition 

Presence of inhibitory 
substances 

Flat flavored cheese 
Early cheese blowing 

BERRUGA et al., 2007 
BERESFORD and WILLIAMS, 
2004 

Presence of teat sealant 
residues 

Black spot defect LAY et al., 2007 

High somatic cell counts Softened texture 
cheese 
Putrid and rancid 
flavored cheese 

MARTH and STEELE, 2001 
SKEIE et al., 2007  

Fatty acid metabolized by 
coliforms 

Off flavored cheese FOX and MCSWEENEY, 1998 

Crystallization of racemic 
lactic acid mixture 

Surface white spots 
defect 

JOHNSON, 2001 

Milk 
pretreatment 

Psychrotrophs growth due 
to excessive refrigeration 

Soapy and rancid 
flavored cheese 

AWAD, 2006 

Incorrect ultrafiltration / 
homogenization 

Whiter inners and 
rancid flavored cheese 

HORNE and BANKS, 2003 
WALSTRA et al., 2006 

Milk 
pasteurization 

Excessive thermal treatment Toast colored cheese 
Flat flavored cheeses 

BRITZ and ROBINSON, 2008 
MAHAUT et al., 2003 

Milk 
coagulation 

Incorrect addition of starter 
culture 

Off flavored cheese FOX and COGAN, 2003 

Excessive addition of CaCl2  Hard paste cheese GUNASEKARAN and AK, 
2003 

Excessive addition of rennet Bitterness in cheese FOX and COGAN, 2003 
High renneting temperature Loss of elasticity of curd MAHAUT, 2003 
Low renneting temperature Softened curds MAHAUT, 2003 

Whey 
draining 

Low whey draining Softened cheese MAHAUT et al., 2003 

High whey draining Harder texture of 
cheese 

MAHAUT et al., 2003 

Excessive pressure Incorrect rind formation WALSTRA et al., 2003 

Salting High pH of brine Soft and velvety rind WALSTRA et al., 2003 

Ripening 

High temperature Off-flavored cheese WALSTRA et al., 2003 

Low temperature Flat flavored cheese WALSTRA et al., 2003 

Low humidity  Cracks on rind WALSTRA et al., 2003 

 

Also, the correct selection of the starter culture is continuously 

studied since they are characterized by its proteolytic system, an 
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important parameter for the ripening of the cheese (NIETO-ARRIBAS 

et al., 2009). It determines how protein is hydrolyzed into amino 

acids and flavor compounds. Then, choosing the correct quantity of 

starter culture would avoid problems related to intense or moderate 

acidification and their correspondent defects (FOX and COGAN, 

2003). However, there are other uncommon defects less known, as 

the white defect originated by a product from lactose metabolisms, 

white crystal of calcium lactate (JOHNSON, 2001), that is confusing 

sometimes with mold growth. Other defect recently studied by LAY 

et al. (2007) is the black spot defect which is originated due to the 

use after milking of a teat sealant rich in bismute causing residues 

on cheese milk. Finally, the presence of inhibitory substances on milk 

could produce severe problems not only related to technological 

aspects, but also for human health (BERRUGA et al. 2007). 

3.2. MICROBIOLOGICAL DEFECTS ON HARD AND SEMI-HARD 

CHEESES 

Microorganisms’ presence on cheese is conditioned by the 

microbial composition of milk. Its contamination could be during 

milking if mastitic or ill animals are used for, by animal feces if udder 

is not clean enough, by bad quality fed which could contain spores, 

or by environment and equipment at the dairy itself. Among all 

cheesemaking steps, microbiological contamination may occur by 

entering the curd during its manufacture and subsequent handling, 

and also once cheeses are formed through brines and ripening 
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chambers. Sometimes, this exogenous flora could be adventitious 

for the development of desired characteristics of cheeses, but in 

other cases could be the responsible of pieces losses (BERESFORD et 

al., 2001). The undesirable flora could be group into two, depending 

on the consequences of their presence on cheese: 

 Pathogens: Produce human illness by infection or poisoning. 

Their presence must be avoided on milk and milk products. 

 Spoilers: Produce food defects and economical losses.  

In Table 3 are summarized most common pathogens in milk, 

and therefore are probably found in cheeses. Some of these 

microorganisms are also capable to form toxins, such sporulated 

Gram-positive bacteria, Staphylococcus aureus or molds. The 

produced diseases have from low to severe consequences, varying 

from gastrointestinal disorders to even death. However all involved 

microorganisms are usually killed by low pasteurization treatments, 

with exception of sporulated bacteria which spores are thermal 

resistant (WALSTRA et al., 2006). Their presence should be strictly 

controlled in order to prevent outbreaks. 

In case of raw milk cheeses, the 60-day aging rule for 

unpasteurized milk cheeses appears adequate for producing 

microbiologically safe products (BROOKS et al., 2012). This minimum 

period of ripening is at which most of Gram-negative bacteria die 

off at a rate of 0.3-0.7 log cycles per week on hard and semi-hard 

cheeses (COGAN, 2011b). With exception of Clostridium botulinum 
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and Bacillus species presence, it is expected the safety of these 

cheeses if ripening process has been made correctly. 

 

Table 3. Human pathogenic microorganisms found in milk and 
cheese, source of contamination, diseases produced and ways of 
control microorganisms’ growth 

Microorganism Source Disease Control 
Gram-negative bacteria 
   Escherichia coli  
   Salmonella spp. 
   Shigella spp. 
   Brucella spp. 
   Campylobacter jejuni 
   Coxiella burnetii 

 
Milk 
contamination by 
dung of infected 
animals 

 
Hemorragic colitis 
Intestinal disorders 
Intestinal disorders 
Brucellosis 
Gastroenteritis 
Q fever 

 
Low 
pasteurization 

Gram-positive Bacteria 
   Staphylococcus aureus 
   Mycobacterium 
tuberculosis 
   Listeria 
monocytogenes 

 
Mastitic udders 
Milk secretion 
Fecal 
contamination 

 
Emetic intoxication 
Tuberculosis 
Abortion, meningitis 

 
Low 
pasteurization 

Sporulated Gram-
positive bacteria 
   Bacillus cereus 
   Clostridium botulinum 

 
 
Soil 
Soil and water 
surface 

 
 
Intestinal 
intoxication 
Botulism 

 
 
High 
pasteurization 

Molds 
   Aspergillus spp. 
   Penicillium spp. 
   Fusarium spp. 

 
Environment 

 
Mycotoxicosis 

 
Low 
pasteurization 

Yeasts 
   Candida ssp. 
   Crytococcus spp. 

 
Mastitic udders 

 
Mucosal infections 
Lung disorder 

 
Low 
pasteurization 

Protozoa 
   Entamoeba histolytica 

 
Milk, water 

 
Aemobiosis 

 
Low 
pasteurization 

Adapted from WALSTRA et al. (2006) 

Hard and semi-hard cheeses become hostile environments for 

microorganism development because of the low pH, lack of 
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fermentable carbohydrates and oxygen, low water content, low 

temperature and high content of salt. Then, it is of great importance 

to manufacture correctly cheeses in order to reach these difficult 

conditions for spoilers’ growth. The first stage that determines the 

reach of these characteristics is the fermentation rate of milk sugars 

by starter cultures added to cheese. This activity produces the 

absence of substrate for microbial development and the decrease 

of pH.  

Figure 2 shows main substrates fermented by spoilage 

microorganisms and metabolites produced. As could be seen, 

lactose, the main sugar of milk, is the most used source for spoiler 

microorganisms. Other important substrates are lactic and citric 

acids, which could be involved in problems derived to gas 

production by Enterobacter aerogenes, Escherichia coli and 

heterofermentative NSLAB, even producing splits and fissures 

(NEAVES and WILLIAMS, 2012; WALSTRA et al., 2006). Also 

Propionibacteria freudenreichii spp. shermanii has been described 

as gas producer by lactic acid, and even lactose (WALSTRA et al., 

2006). Some lactobacilli NSLAB are able to ferment citrate and the 

aminoacids arginine and tyrosine with the production of 

nitrosamines, hazardous nitrogenated compounds for human 

health. 
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Figure 2. Diagram of main substrates in cheese fermented by 
spoilage microorganisms and metabolites produced (Original 
source) 

 

These microbial spoilage activities are normally coupled with 

flavor and appearance defects. Coliforms are characterized by 

yeasty or putrid flavors and great amounts of St. thermophillus by 

unclean and yeasty flavors. Due to aminoacid metabolism by some 

lactobacilli, unpleasant sulfurous, phenolic and putrid flavors 

happen (WALSTRA et al., 2006), and Lactobacillus helveticus and 

Lb. delbrueckii subsp. bulgaricus has been described as the cause 

of the pink ring defect caused by the metabolism of tyrosine 
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(JOHNSON, 2001). Cheese cracks can occur due to excessive gas 

production by all of these bacteria.  

Yeast and corenyform bacteria, usually associated to cheese 

surface defects, could produce slimy rind, pinkish appearance and 

paste softening (NEAVES and WILLIAMS, 2012). Yarrowia lipolytica is 

a pigment producing yeast involved in the brown surface 

discoloration of ewes’ cheese due to tyrosine metabolism 

discovered by CARREIRA et al. (1998). Other textural defects found 

derived from microorganism metabolism are calcium lactate 

crystals presence on surfaces of Cheddar or Colby cheeses 

produced by starter and non starter lactic acid bacteria 

(JOHNSON, 2001). 

Cheese moisture and oxygen presence are also key factors on 

the microbial development. Cheese rind is especially affected by 

aerobic microorganisms which internal growth is limited. According 

to NEAVES and WILLIAMS (2012), most defects in modern cheese 

production are due to mold presence. Mold growth is favored when 

cheese surfaces are moist (COGAN, 2011a). Such surfaces become 

damp and particular association with “Phoma-type” molds cause 

the “thread mold” defect in vacuum packed cheeses. Their 

presence is also associated to high oxygen levels, although 

MONTAGNA et al. (2004) have found a high percentage of internal 

mold contamination on medium and long ripened cheeses from 

goat and sheep milks. Molds are also responsible for liquefaction of 

the curd (FERNANDES, 2008) and the most commonly isolated in 
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cheeses belong to the genera Penicillium and Aspergillus 

(MONTAGNA et al., 2004; KURE and SKAAR, 2000; SERRANO 1997). 

Not only cheese moisture, but also the humidity of ripening 

chambers affects microbial development.  

Although high salt contents could be a tool for the prevention 

of most microbial growth, some salt-tolerant enterococci and yeasts 

have been found responsible for white spots defects, discoloration 

or slime surface production on brined-salted cheeses when the 

concentration of NaCl was not high enough or low pH were not 

achieved (FERNANDES, 2008). Other group of bacteria which resist 

high levels of salt are the genera Clostridium spp. which have been 

found in cheese brines with 20 % of NaCl (SU and INGHAM, 2000). 

Moreover, butyric acid bacteria is expected to flourish when 

conditions allow propionic acid bacteria to grow in cheese 

(WALSTRA et al., 2006) and their excessive growth leads to the 

formation of reddish-brown spots in the curd, opening defects, and 

a poor storage quality in semi-hard, hard, and extra-hard cheeses 

such as Raclette, Gruyère, and Sbrinz (BACHMANN et al., 2011). 

Other defects with not clear origin are burn flavor produced by 

Lactococcus lactis var. maltigenes, sulfur flavor from Enterococcus 

malodoratus (WALSTRA et al., 2006), bitterness, putrefaction and 

rancid odor, liquefaction, gelatinization of curd by Pseudomonas 

putida, as well as by other psychrotrophs. P. fluorescens forms 

water-soluble pigments while other pseudomonas causes darkening 

and yellowing of curd (WALSTRA et al., 2006). Other yellow 
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discoloration may be attributed to flavin pigment formation by 

Flavobacterium spp. or Geotrichum candidum which is normaly 

present on cheese rind (WALSTRA et al., 2006). Bacillus spp. has 

been associated with dark pigment formation (FERNANDES, 2008). 

Even some lactic acid bacteria such as Lactobacilli spp. and 

Leuconostoc spp. can develop off-flavors and gas in ripened 

cheeses by producing lactate, acetate, ethanol and CO2 from 

lactose. Their growth is favored over that of homofermentative 

starter culture bacteria when ripening occurs at 15ºC rather than 

8ºC (LEDENBACH and MARSHALL, 2010). 

Apart from this vast list, there are other defects of a great 

importance for the dairy sector which are explained widely below. 

3.2.1. Early cheese blowing 

This defect affects cheeses on early ripening stages, generally 

detected after 2 days of manufacture, it is characterized by the 

appearance of many small holes in cheese (Figure 3), due to the 

production of CO2 or H2 (COGAN, 2011a). It is a common defect on 

soft cheeses because of their higher aw (SHEEHAN, 2007), but also in 

hard cheeses like Cheddar, for which MULLAN (2000) has been 

broadly studied its possible causes, and suggested to analyze the 

gas produced and the substrate employed to approximate to the 

cause of the problem. Although this defect could be attributed to 

citrate fermenting lactococci or urease-fermenting strains of 

Streptococcus thermophilus (MULLAN, 2000), other works marked 
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coliforms and yeast as the main responsible of this problem 

producing H2 or CO2, respectively, both from lactate or lactose and 

hence, affecting cheese shape (COGAN, 2011a). Yeasty, putrid 

and gassy off-flavors are also expected as well as little effect on 

cheese pH (WALSTRA et al., 2006). 

 

 
Figure 3. Manchego cheese affected by early cheese blowing 

 

Source of milk contamination are poor hygiene of plant and 

equipment, post-pasteurization contamination (SHEEHAN, 2007), or, 

especially in case of coliform presence, the starter failure due to 

bacteriophage infection or inhibitory substances presence in milk, 

like antibiotic residues (BERRUGA et al., 2007; MULLAN, 2000). 

Coliforms are Gram-positive, oxidase-negative, non spore forming 

rods that grow aerobically or facultatively anaerobically in the 

presence of bile salts and ferment lactose to produce acid and gas 
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within 48 h at 37 ºC. They include the genera Escherichia, 

Enterobacter, Klebsiella, Proteus, Serratia and Citrobacter. 

3.2.2. Late cheese blowing 

In contrast to early gas blowing, the defect of late blowing 

occurs after several weeks of ripening and it is only attributed to 

hard and semi-hard cheeses. This problem is caused by the 

anaerobic fermentation of lactate/lactic acid by Clostridium spp. to 

butyrate/butyric acid, H2 and CO2, as showed bellow: 

2 CH3-CHOH-CO2H → CH3-CH2-CH2-CO2H + 2 CO2 + 2 H2 

The butyrate is responsible for off-flavor development, and the 

gases for the production of large holes in cheeses, which could 

produce even the cheese bursting (MCSWEENEY, 2007) (Figure 4). It 

has been identified C. tyrobutyricum and C. butyricum (COGAN, 

2011a; SCHÖBITZ et al., 2005; KLINJ et al., 1995) as the main 

responsible of this defect, although other authors have also found 

other Clostridium strains, such C. sporogenes or C. beijerinckii 

(GARDE et al., 2011).  

Bad silage is a potent source of contamination by these 

bacteria, and in Switzerland it is forbidden to feed cows whose milk 

is used for cheesemaking with it (COGAN, 2011a). Presence of 

spores in milk and cheese is conditioned by flock management and 

seasonal variations, being more affected large farms than small 

ones and autumn rather than other seasons (GARDE et al., 2011; 
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ARIAS et al., 2010). Such spores are thermal resistant, and 

pasteurization does not inhibit them being identified also in 

pasteurized cheeses (GARDE et al., 2011). Late gas blowing is 

principally a defect of brine-salted varieties since diffusion of NaCl 

through the cheese mass causes a time lag for salt to reach 

concentrations inhibitory to the growth of C. tyrobutyricum 

(MCSWEENEY, 2007). 

 

 
Figure 4. Cracked cheese affected by late cheese blowing 

 

3.2.3. Internal mold presence in cheeses 

Molds are considered cheese spoilers due to changes caused 

in the structure and other side effects such as unpleasant odor and 

flavor, discoloration, decay and softened texture (SARIĆ and 

DIZDAREVIĆ, 2011). These microorganisms are well adapted to an 

acidic medium and low aw, and some strains even to low oxygen 
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levels (SØRHAUG, 2011). Molds can also penetrate from external 

fissures to cheese internal paste and develop their mycelium (Figure 

5). Moreover, as molds are better adapted than bacteria, there is 

not any nutrient competition. Usually, molds contaminations are 

produced by the air and equipments much more than by their 

presence in milk or brine (KURE et al., 2004), but are also present in 

water, soil and fed given to animals and hence, could be 

transferred to milk (SØRHAUG, 2011). 

 

 
Figure 5. Hard cheese affected by internal mold presence 

 

A great amount of genera, and consequently species, have 

been isolated from different regions, type of cheeses and parts of 

the cheese. LAVOIE et al. (2011) found the presence of genera 

Eurotium and Cladosporium as the most abundant on cheese milk. 

In case of cheeses, many molds isolated from cheese samples were 

not found in milk, and then, the most abundant genera were, 
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Mucor, followed closely to Cladosporium. Those results are in 

contrast with previous works where a genus Penicillium was the 

commonest in different types of cheeses. KURE et al. (2000; 2004; 

2001) found in several studies P. commune and P. palitants in 

Norwegian types of semihard cheeses called Norvegia and 

Jarlsberg, and LUND et al. (1995), when studied the associated 

mycoflora of hard, semi-hard and semi-soft cheeses from Denmark, 

France, Greece and UK found that the 88 % of such mycoflora was 

composed by the species P. comune, P. nalgiovense, P. 

verrucosum, P. solitum, Aspergillus versicolor, P. crustosum, P. 

atramentosum, P. chrysogenum and P. echinulatum (named in 

abundance order). According with them, SERRANO (1997) isolate P. 

verrucosum in Manchego ewes cheeses, as the commonest (Figure 

6). Nevertheless, ROPARS et al. (2012), highlighted the great fungal 

biodiversity existing on cheese and their adaptation to such matrix.  

 

  
Figure 6. Conidiophores of P. verrucosum var. cyclopium (ELLIS et al., 

2007) 
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Apart from the problem of deteriorated pieces due to mold 

presence, there is also of great importance that a large number of 

these strains are capable to produce mycotoxines, and cause 

serious damages on humans, consequently, such us kidney disease, 

neurotoxicity or cancer. Generally, lower concentrations of 

mycotoxins are originated in cheese than in laboratory media, but 

constitute other reason for controlling the presence of dangerous 

molds in cheeses. Between the aforementioned molds, P. 

verrucosum is a producer of citrinin and ochratoxin A, P. comune 

produces cyclopiazonic acid and Aspergillus is a producer of 

sterigmatocystin or aflatoxins and hence, need especial attention 

(SØRHAUG, 2011;BELITZ, 2009).  

3.2.4. Techniques employed to control microbial cheese 

defects 

It is commonly accepted that hygienic measures from farm to 

dairy plant must be established, especially when curd making and 

at ripening chambers. Milk contamination and recontamination 

after pasteurization or even microbial inclusion into curd or cheese 

are some of the consequences ( SHEEHAN, 2007; BEUVIER and 

BUCHIN, 2003). 

Afterwards, prevention of microbiological cheese defects 

could be managed by physical measures like milk bactofugation, 

which could reach reductions from 60 % to 99 % of clostrial spores 

(FOX and COGAN, 2003; SU and INGHAM, 2000); milk pasteurization, 
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although that fact does not ensure microorganisms absence in milk, 

due to contamination occurred easily; and control of temperature, 

humidity and air velocity of ripening chambers (WALSTRA et al., 

2006; SU and INGHAM, 2000). Regular washing of cheeses surface, 

as well as their coating, protect them especially against molds, 

coryneforms and yeasts which contaminate cheeses surfaces. 

Currently, latex or its derivates like polymer latex of vinyl acetate, 

vinyl propionate, or dibutyl maleinate are employed to prevent 

surface spoilers (SARIĆ and DIZDAREVIĆ, 2011; WALSTRA et al., 

2006). 

Use of preservatives is greatly extended as another approach 

to spoilage control. On one hand, chemical preservatives, as NaCl 

employed on brines, can reduce coliform presence because 

bacteria lose their capacity to contaminate cheeses if they are 

properly salted (WALSTRA et al., 2006). Oxidizing salts added to the 

cheese milk, like KNO3 or NaNO3 at low levels (0.2 %) have different 

effects on coliforms, propionibacteria and butyric acid bacteria, 

reducing their growth or preventing the germination of bacterial 

spores, although sometimes cannot stop CO2 production (WALSTRA 

et al., 2006; SU et al., 2000). However, traces of nitrosamines have 

been found in cheeses when NaNO3 has been used due to the 

reaction that takes place between nitrate and cheese amines. 

Nevertheless, in some countries the amounts of nitrate allowed in 

cheese are sharply restricted. The use of chemical antifungal on 

cheese cover treatments could be sometimes necessary (SARIĆ 

and DIZDAREVIĆ, 2011; WALSTRA et al., 2006).  
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However, preservation carried out by natural ways has recently 

achieved great importance. On one hand, more active starter 

culture bacteria, which are highly competitive in lactose 

consumption, could prevent coliform growth (MULLAN, 2000). They 

produce a lack of nutrients and the decrease of pH, making butyric 

acid bacteria even disappear (SHEEHAN, 2011). Moreover, LAB 

isolated from raw milk samples from cow, ewe and goat have been 

tested by their antifungal properties successfully (DELAVENNE et al., 

2012) or synthesizing bacteriocins which could produce reduction of 

Clostridium tyrobutyricum in cheese (LÓPEZ-PEDEMONTE et al., 

2003). On the other hand, natural preservatives from different 

sources such as animals, microbial or plants, present in foods or 

intentionally added, are able to retard microbial growth or even kill 

microorganisms (DAVIDSON and ZIVANOVIC, 2003). Some of these 

antimicrobial from animal source with interest for dairy sector are 

milk peptides: lactoferrin, lactoperoxidase or lysozyme (DAVIDSON 

and ZIVANOVIC, 2003). They have different effects on Gram-positive 

and Gram-negative bacteria although LAB seem to be resistant to 

these compounds, for which are actively investigated for enlarging 

cheeses shelf-life (QUINTIERI et al., 2012). Also, preservatives from 

microbial sources like chitosan has been tested directly affecting 

the microbial membrane permeability, or natamycin, first isolated 

from Streptomyces natalensis. This latter compound is active against 

nearly all molds and yeasts (DAVIDSON and ZIVANOVIC, 2003) and 

is commonly used as complement to cheese paraffin covers 

because its use is allowed as antifungal agent for surface treatment 
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of cheese by the European Food Safety Authority (EFSA, 2009) and 

the Food and Drugs Administration (FDA, 2012).  

Currently, there is a new trend on prevention microbial 

spoilage by natural antimicrobials from plant sources which have 

been broadly investigated (TXEIRA et al., 2013; HYLDGAARD et al., 

2012; TAJKARIMI et al., 2010; BAKKALI et al., 2008; BURT, 2004). 

Special interest has been paid on aromatic plants and their 

essential oils. Among them, clove, cinnamon, oregano, thyme, 

sage, rosemary, basil and vanilla have shown the strongest 

antimicrobial activity (DAVIDSON and ZIVANOVIC, 2003). In case of 

individual compounds, terpenoids like carvacrol or thymol, or 

phenylpropenes such as cinnamaldehyde, vainillin or eugenol have 

been proved as good antimicrobials (HYLDGAARD et al., 2012). 

Although most of these plants or their extracts are able to inhibit in 

vitro several spoilage microorganisms like bacteria or fungi involved 

in microbiological cheese defects, little has been tested into food 

matrixes (CAROVIC-STANKO et al., 2010; NGUEFACK et al., 2009; 

TEPE et al., 2006). 
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3.3. AROMATIC PLANTS 

There not exist clear definitions of aromatic plants, in fact they 

are normally described coupled with medicinal plants being 

grouped as “Medicinal and Aromatic Plants” (MAPs). MAPs are 

used primarily for their medicinal or aromatic properties in 

pharmacy or perfumery; however, due to several plants are used 

for cosmetic purpose they are also called Medicinal, Aromatic and 

Cosmetic (MAC) plants (LUBBE and VERPOORTE, 2011). Within MAPs 

there are other plants subgroups as herbs and spices, which are 

linked to gastronomy used for flavoring, seasoning and imparting 

aroma to food. Depending on the part of the plant used they are 

named different, being herbs the leafy part of a soft stemmed 

plant, since spices are the rest of the whole or grounded plant 

(seeds, fruits, bark, or roots) (WILSON, 2003).  

All MAPs are cultivated for their secondary metabolites, which 

are used for the production of fine chemicals or speciality products 

as essential oils, pharmaceuticals, dyes and colorants, cosmetics, 

personal care products and plant protection products (LUBBE and 

VERPOORTE, 2011).  

All these plants are able to produce terpenes which have 

biological activities. About 30,000 terpenes are currently known in 

the literature, which have a basic structure consisting in 2-

methylbutane residues. This molecule is usually referred as isoprene 

units, (C5)n, which build up the carbon skeleton of terpenes. 
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Therefore, terpenes are also denoted as isoprenoids. Depending on 

the number of 2-methylbutane (isoprene) subunits it could be 

differenced between hemi- (C5), mono- (C10), sesqui- (C15), di- (C20), 

sester- (C25), tri- (C30), tetraterpenes (C40) and polyterpenes (C5)n 

with n > 8 (Figure 7) (BREITMAIER, 2006). 

 

 

Figure 7. Terpenes’ structure based in isoprene units (BREITMAIER, 

2006) 
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Some terpenes could be also classified as phenolic 

compounds characterized for possessing an aromatic ring bearing 

one or more hydroxyl groups and their structures may range from 

that of a simple phenolic molecule to that of a complex high-

molecular weight polymer. Flavonoids, which bear the C6–C3–C6 

structure, account for more than half of the over 8,000 different 

phenolic compounds. Since there are some specific interesting 

compounds to each industry, research is focused on the most 

efficient extraction of them. Several types of compounds’ extraction 

conclude in different products, such as tinctures, macerated 

compounds, concretes or absolutes, resinoids, enfleurages, infusions 

or essential oils. 

3.3.1. Extraction techniques of aromatic plants 

Active compounds from medicinal and aromatic plants can 

be obtained through the application of several technologies. Some 

of them are almost obsolete (enfleurage or maceration), but other 

methods imply the use of quite new technologies. In Figure 8 are 

summarized the most common extraction methodologies applied 

and the obtained products. 

The obtained product could be classified based on the type of 

molecular compounds and the solvents used. In this way, essential 

oils (EOs) only contain volatile compounds and could be extracted 

with water, solvents or pressure (expression, only used for essential oil 

extraction from citrus fruit). Oleoresins, which are viscous oils or thick 
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pastes difficult to handle, comprise the high boiling volatile and 

non-volatile compounds and extraction is carried out by the use of 

solvents or fats. Finally, aqueous extracts (AEs), also called hydrosols, 

hydrolats or floral waters, contain the water soluble plant extracts’ 

compounds with high molecular weights, but also a tiny proportion 

of the essential oil (CLARKER, 2008; RAGHAVAN, 2007).  

 

MAPs
Active Compounds

-Expression
-Dry Distillation
-Distillation

-Water
-Steam
-Water+Steam

-Supercritical Fluid 
Extraction (CO2)
-Microdistillation
-Micro-steam
distillation-solid-phase
microextraction
-Microwave:

-Solvent Free
-Assisted Distillation
-Hydrodiffussion
and Gravity

-Ultrasonic Extraction

-Solvent Extraction
-Supercritical Fluid 
Extraction (CO2)

-Distillation
-Water
-Steam
-Water+Steam

-Infusion
-Dynamic Solid-Liquid

ESSENTIAL OILS

AQUEOUS EXTRACS

OLEORESINS

EXTRACTION METHODOLOGY

 

Figure 8. MAPs extraction methodology used and obtained 
products 
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The composition and quality of the final product will depend 

on the extraction procedure. Most important variables involved in 

these extractions are temperature, pressure and the use of solvents. 

High temperature required on distillation used for EOs and AEs 

extraction, and infusion for AEs, produces the hydrolysis and 

polymerization of esters and aldehydes without reaching a 

complete extraction (HANDA et al., 2008). The distillation variant, 

which only uses steam (water vapour), does not present this 

problem, and high quality extracts are obtained. Water or water 

and steam distillation procedures consist on putting the plant 

material into vessels with water and then, heat to boiling point 

(Figure 9.a). Then, the steam carries out the volatile oils. In case of 

steam distillation, steam is passed through the plant material at high 

pressure and non water soluble compounds, if are volatile enough 

will be driven off by the steam (Figure 9.b). In both methods, the 

resultant liquid is a mixture of immiscible oil and water, which is 

separated out (CLARKER, 2008). 

The extraction with organic solvents is a common practice with 

acetone, hexane, methanol, ethanol, toluene and petroleum ether 

as the most used, but these solvents leave residues in plant extracts 

modifying the bioactive properties compared to EOs (KIVRAK et al., 

2009; OKE et al., 2009; GULLUCE et al., 2007). The materials dissolved 

in this extraction include not only essential oil, but also, natural 

waxes, resins, chlorophyll and other pigments. After washed 

repeatedly and gentle heat, the concentrated is allowed to solidify 

and the product with waxy consistence is called “concrete”. The 



 

 

ALTERNATIVES TO CONTROL MICROBIOLOGICAL 
CHEESE DEFECTS: USE OF AROMATIC PLANTS 

INTRODUCTION 

42 

undesired wax could be removed by washing with alcohol and 

then, recuperate the essential oil compounds, this final residue is 

called “absolute”. Both of them are oleoresins in this classification. 

 

a)

b)

 
Figure 9. Aromatic plant distillation methodologies; a) Water 

distillation apparatus for extraction of oils from plant materials; b) 
Steam distillation setup (CLARKER, 2008) 

 

New approaches are the extraction by supercritical fluids like 

carbon dioxide under low temperature and high pressure. In this 

state, it has excellent solvent properties for organic molecules and 

this process has the advantage of producing extracts without 
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solvent residues. Then, the obtaining product has a more natural 

organoleptic profile, although the technology is expensive and 

complex (CLARKER, 2008).  

More recently, it has been described in bibliography the 

essential oil extraction by microwave without employing any 

solvent. This method is called Solvent Free Microwave Extraction 

(SFME) and produce similar EOs than those obtained by 

hydrodistillation, in terms of composition and antibacterial activity.  

Other methods less used are: microwave assisted distillation (MAD), 

microdistillation (MD), micro-steam distillation-solid-phase 

microextraction (MSD-SPME), microwave hydrodiffusion and gravity 

(MHG), high pressure solvent extraction (HPSE), or ultrasonic 

extraction (UE) (OKOH et al., 2010; ÖZEK et al., 2010).   

3.3.2. Characterization of aromatic plants’ extracts 

Prior to chemical characterization of compounds, extracts 

could be pre-concentrated by using headspace trapping 

techniques, like static, vacuum, dynamic headspace techniques or 

solid phase microextraction (SPME) (HANDA et al., 2008; PRATS and 

JIMÉNEZ, 2003). 

There exist some differences on the methods used for chemical 

characterization of extracts depending on their main composition. 

Those richer in polyphenols or higher molecules, such as aqueous 

extracts, are typically quantified by spectrophotometric or by liquid 

chromatography methods (IGNAT et al., 2011). Among them, the 
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first one is very used due to their simplicity and low cost, although 

they can only give an estimation of the total phenolic content and 

not give quantitative measurements. In case of chromatographic 

techniques, high performance liquid chromatography (HPLC) is the 

preferred for complex matrix characterization (IGNAT et al., 2011; 

PROESTOS et al., 2006; WANG et al., 2004; STEFOVA et al., 2003). But 

there also exists other methods as the High Speed Counter Current 

Chromatography (HSCCC), which uses a biphasic liquid system to 

separate the components of a mixture, or the supercritical fluid 

chromatography (SFC), a relatively recent technique which uses a 

supercritical fluid as the mobile phase (IGNAT et al., 2011). For the 

identification of specific compounds, Photodiode Array Detectors 

(DADs) and fluorescence detectors are the most convenient 

because of the valuable information that provides for the 

identification (STEFOVA et al., 2003). Also mass spectrometry (IGNAT 

et al., 2011) has been proven to be more sensitive than UV and 

fluorescence detection (PRATS and JIMÉNEZ, 2003; STEFOVA et al., 

2003). 

In case of essential oils, rich in volatiles of low molecular weight; 

they are normally separated by Gas Chromatography (GC) with 

fused-silica capillary columns (PRATS and JIMÉNEZ, 2003), and 

identified by Flame Ionization Detector (FID) coupled with Kovats 

retention indices (RI) comparison (HERRAIZ-PEÑALVER et al., 2013; 

PRATS and JIMÉNEZ, 2003). However, recent works did not find 

differences between FID and MS identification (ÖZEK et al., 2010). 

This latter procedure is particularly useful for elucidating the 
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components of essential oils because it can determine tentatively 

molecular weights and compare spectra with MS libraries (PRATS 

and JIMÉNEZ, 2003; STEFOVA et al., 2003). 

Comparison of extracts composition among authors could be 

inaccurate due to the great variability observed among them. It is 

normally caused by differences on agronomic practices, seasoning, 

part of the plant employed or different extraction and 

characterization methods carried out, among others.  

For example, MORO et al. (2011) get better EOs’ qualities from 

irrigated lands while LARIBI et al. (2009) suggest moderate water 

deficient to improve it. In case of collection time, some authors 

suggested winter as the best season (HUSSAIN et al., 2008), although 

SALEHI SHANJANI et al. (2010) found increases of 162 % of yield from 

spring to autumn. Part of the plant employed is also an important 

factor, where SANTOS et al. (1998) observed major number of 

compounds in EO from Pimpinella anisum roots rather than from its 

fruits. The characteristic of the method for the extraction affect to 

bioactive properties of extracts. Extracts obtained using solvents like 

methanol and ethanol were more antioxidant and less antimicrobial 

than correspondent EOs obtained by hydrodistillation (KIVRAK et al., 

2009; OKE et al., 2009; GULLUCE et al., 2007).  

3.3.2. Properties and uses 

Due to the tradition that involves medicinal and aromatic 

plants, current research areas are based on such initial uses. Whole 



 

 

ALTERNATIVES TO CONTROL MICROBIOLOGICAL 
CHEESE DEFECTS: USE OF AROMATIC PLANTS 

INTRODUCTION 

46 

or grounded plant, as well as extracts or its compounds could be 

used in several fields. As is shown on Figure 10, due to the 

complexity and overlapped uses of active compounds and the 

great number of plant species involved, it is quite difficult to 

establish rigid categories, and frequently plants are used by several 

industries.  

 

ANTIOXIDANT AND 
ANTIMICROBIAL
COLORING AND FLAVOURING
GASTRONOMY

ANTIOXIDANT,
COLORING AND FLAVORING
COSMETIC

COLORING
DYES AND PIGMENT

ANTIOXIDANT AND ANTIMICROBIAL
MEDICINE

 

Figure 10. Overlapped situation of MAPs’ properties and industries (in 
italic) that take advantages of them 

 

Most of the time, the interest on compounds (or extracts) lie in 

their bioactive properties for which it is expected than one can be 

used in several fields. These plants or compounds are used mainly 

by its flavoring, coloring, antioxidant and antimicrobial properties 



 

 

ALTERNATIVES TO CONTROL MICROBIOLOGICAL  
CHEESE DEFECTS: USE OF AROMATIC PLANTS 

INTRODUCTION 

47 

and involved industries are mainly: dyes and colorants, cosmetics, 

food and drinks or medicine. 

3.3.2.1. Flavoring and coloring properties 

In case of dyes and pigments industry, the coloring properties 

are those looked for. Carotenoids and flavonoids extracted from 

plants are traditionally sources of natural dyes used to color textiles, 

but are also of interest in cosmetic industry which used it for coloring 

creams and gels (LUBBE and VERPOORTE, 2011).  

Food and beverage industries present particular interest in 

flavoring and coloring properties, for which herbs and spices are of 

great importance. It is estimated that approximately 400 spices are 

used around the world, although only about 70 spices are officially 

recognized. Spices and herbs have been historically used to 

improved color (turmeric, annatto, paprika, chillies), flavor 

(cinnamon, cloves, cumin, rosemary, sage, pepper) or both 

(saffron) (WILSON, 2003). Some examples of these uses are the 

paella or pilafs colored with saffron spice or the cheddar cheese 

with annatto. 

Herbs and spices give characterizing tastes and aromas to 

food, specifically; they give six basic taste perceptions: sweet, salty, 

spicy, bitter, sour and hot (RAGHAVAN, 2007). As examples, some 

traditional products manufactured with spices are bakery 

(gingerbread), meat (salchichón) or dairy products (otlu cheese) 

and teas. Nowadays, new trends in gastronomy, propose the use of 
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natural aromas, from blossoms, herbs, seeds and spices, extracted 

in artificial pure essential oils as partner in the elaborate cuisine 

(KETTERING and VUCEMILOVIC-GEEGANAGE LARA, 2010). 

3.3.2.2. Antioxidant properties 

Cosmetic industry is also interested for the antioxidant 

properties that could add to its products by the use of MAPs or its 

extracts (LUBBE and VERPOORTE, 2011). Antioxidant properties in 

medicine could prevent atherosclerosis by avoiding the oxidation of 

low density lipoproteins, among others (EDRIS, 2007); or in case of 

food systems, it could be reached the prevention of lypolisis and 

color changes (AYAR, 2002). For these reasons, several authors have 

studied the antioxidant properties of MAPs, their extracts and their 

individual compounds. Essential oils and methanolic extracts from 

Achillea millefolium, Ocimum basilicum, Pynus radiate, Rosmarinus 

officinalis, Satureja spp., Salvia eremophlia or Thymus serpillum 

tested in vitro present good antioxidant properties ranging values of 

DPPH (2,2-diphenyl-1-picrylhydrazyl) IC50 from 4.8 to 65 µg/mL 

(CAVAR et al., 2008; HUSSAIN et al., 2008; SACCHETTI et al., 2005; 

SOKMEN et al., 2004; CANDAN et al., 2003). After in vitro studies, 

some in vivo assays showed the potential of some EOs compounds 

on the reduction of cancer effects in mice (BUCHBAUER, 2010; 

EDRIS, 2007) or direct control of functional dyspepsia (HARRIS, 2010). 

Moreover, in commodities some authors demonstrate how extracts 

from MAPs could prevent the fatty acid oxidation of supplemented 

dairy beverage (BOROSKI et al., 2012). 
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3.3.2.3. Antimicrobial properties and their effectiveness in food 

matrixes 

Due to the importance of antimicrobial properties into the 

medicinal and gastronomy fields, a great effort has been paid on 

their research. These two industries are interested on the prevention 

and control of pathogen microorganisms which represent a risk for 

human health and spoiler microorganisms which deteriorate food 

and drinks. Several in vitro assays have been carried out by previous 

authors; matching some plants as the commonest tested for its 

antimicrobial activity. Achillea, Ocimum, Origanum, Rosmarinus, 

Salvia, Satureja or Thymus species are some of the most commonly 

found in bibliography (BURT, 2004). However, autochthonous or 

endemic plants are employed frequently in order to take 

advantage of such plants rather than others (e. g. Thymus 

spathuifolius from Turkey, Alpinia galangal from Australia or Solidago 

canadensis from Canada (FREY and MEYERS, 2010; WEERAKKODY et 

al., 2010; SOKMEN et al., 2004).  

Target microorganisms employed in antimicrobial activity 

assays are usually human phatogens. Sometimes these pathogens 

could also deteriorate food products, in other cases tested 

microorganisms are only food spoilers. In Table 4 are shown main 

target microorganisms found in literature, plants, extracts and 

techniques used for combating them. Large number of Gram-

negative bacteria are tested compared to Gram-positives ones. 

Escherichia coli are by far the most tested microorganism probably 
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due to its great diversity of strains, pathogens and/or food spoilers. 

Among Gram-positive bacteria, Staphylococcus aureus, a 

pathogen microorganism which could be present in several food 

products, is the most assayed. However, within Gram-positive 

bacteria exists sporulated ones, characterized for survival heat 

treatment and hence representing a serious problem for the food 

industry, like Bacillus cereus or Clostridium perfringens. Generally, 

Gram-negative bacteria are less sensitive to the antimicrobials 

because of the lipopolysaccharide outer membrane of this group, 

which restricts diffusion of hydrophobic compounds. However, this 

does not mean that Gram-positive bacteria are always more 

susceptible (BURT, 2004).  

Among fungi, special interest of pathogenic yeast as Candida 

albicans is showed in literature, but also mycotoxicogenic molds like 

Aspergillus flavus has been widely studied. Food spoiler molds 

usually studied are those related to vegetable problems, like Botritys 

cinerea or Fusarium oxysporum. 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Gram-negatives     
Brucella abortus Mentha longifolia, Thymus 

spathulifolius 
EO/MeOH Disc-diffusion  GULLUCE et al., 2007, 

SOKMEN et al., 2004 
Enterobacter 
aerogenes 

Achillea millefollium, Lavandula 
angustifolia, Salvia aramiensis, S. 
pilifera, S. crytantha, S. 
multicaulis, S. tomentosa 

EO / MeOH / 
DeMeOH 
/DeHW / 
DeMC / EtOH 
/ AE 

Disc-diffusion 
/Agar well-
diffusion / 

CANDAN et al., 2003, KELEN 
and TEPE 2008, TEPE et al., 
2005, TEPE et al., 2004, MOON 
et al., 2006 

Enterobacter 
cloacae 

Mentha longifolia, Thymus 
spathulifolius 

EO/MeOH Disc-diffusion  GULLUCE et al., 2007, 
SOKMEN et al., 2004 

Enterococcus 
faecalis 

Cinnamon zeylanicum, Syzgium 
aromaticum, Mentha longifolia, 
Thymus spathulifolius 

EO/MeOH Disc-diffusion / 
Vapour diffusion 
test 

GOÑI et al., 2009, GULLUCE et 
al., 2007, SOKMEN et al., 2004 

Escherichia coli  Anethum graveolens, 
Cinnamon zeylanicum, 
Coriandrum sativum, Eucalyptus 
dives, Lavandula angustifolia, L. 
hybrida, Mentha longifolia, 
Ocimum basilicum, Origanum 
vulgare, O. dictamnus, O. 
majorana, Pimienta dioica, 
Pimpinella anisetum, P. 
flabellifolia, Rosmarinus 
officinalis, Salvia eremophila, S. 
aramiensis, S. pilífera, S. 
potentillifolia,  

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC / EtOH 
/ AE / HE 

Disc-diffusion / 
Agar well dilution 
/ Vapour 
diffusion test / 
Microwell dilution 
assay / Drop 
agar diffusion 
method / Broth 
dilution method / 
Broth 
microdilution 
technique 

CANDAN et al., 2003, CAVAR 
et al., 2008, DELAQUIS et al., 
2002, GOÑI et al., 2009, 
EBRAHIMABADI et al., 2010, 
GOÑI et al., 2009, GULLUCE et 
al., 2007, HUSSAIN et al., 2008, 
KELEN and TEPE 2008, KIVRAK 
et al., 2009, LOPES-LUTZ et al., 
2008, MATASYOH et al., 2009, 
MOON et al., 2006, OKOH et 
al., 2010, OUSSALAH et al., 
2009,  

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Escherichia coli S. multicaulis, S. tomentosa, 
Satureja cuneifolia, Satureja 
montana, Satureja subspicata, 
S. hortensis, Thymus vulgaris, T. 
zygis, T. hyemalis, T. 
spathulifolius, T. serpyllum 

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC / EtOH 
/ AE / HE 

Disc-diffusion / 
Agar well 
dilution/ Broth 
dilution method  

ROTA et al., 2008, 
SIVROPOULOU et al., 1996, 
TEPE et al., 2005, TEPE et al., 
2006, VAGI et al., 2005, 
WEERAKKODY et al.,  2010, 

Salmonella enteriditis Mentha longifolia, Salvia 
potentillifolia, Satureja 
cuneifolia, Thymus vulgaris, T. 
zygis, T. hyemalis, T. spathulifolius 

EO/MeOH Disc-diffusion 
assay / Agar 
well-diffusion 
method 

GULLUCE et al., 2007, KIVRAK 
et al., 2009, OKE et al., 2009, 
ROTA et al., 2008, SOKMEN et 
al., 2004 

Klebsiella 
pneumonia 

Achillea milefollium, Coriandrum 
sativum, Mentha longifolia, 
Pimpinella anisetum, P. 
flabellifolia, Rosmarinus 
officinalis, Salvia aramiensis, S. 
pilifera, S. potentillifolia, S. 
eremophila, S. crytantha, S. 
multicaulis, S. tomentosa, 
Thymus sptathylifolius 

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC 

Disc-diffusion 
assay / Agar 
well-diffusion / 
Microwell dilution 
assay / Broth 
microdilution 
technique 

CANDAN et al., 2003, 
EBRAHIMABADI et al., 2010, 
GULLUCE et al., 2007, KELEN 
and TEPE 2008, KIVRAK et al., 
2009, MATASYOH et al., 2009, 
OKOH et al., 2010, SOKMEN et 
al., 2004, TEPE et al., 2006, 
TEPE et al.,  2005, TEPE et al., 
2004 

Pseudomonas 
aeruginosa 

Achillea millefollium, Cinnamon 
zeylanicum, Coriandrum 
sativum, Lavandula angustifolia, 
Mentha longifolia, Salvia 
eremophila, S. aramiensis, S. 
potentillifolia, S. pilifera, S. 
crytantha, S. multicaulis, S. 
tomentosa, Satureja montana, 
S. subspicata,  S. cuneifolia, 
Syzgium aromaticum 

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC / EtOH 
/ AE 

Disc-diffusion 
assay / Agar 
well-diffusion / 
Vapour diffusion 
test 

CANDAN et al.,  2003, CAVAR 
et al.,  2008, EBRAHIMABADI 
et al.,  2010, GOÑI et al.,  
2009, GULLUCE et al.,  2007, 
KELEN and TEPE 2008, KIVRAK 
et al.,  2009, MATASYOH et al.,  
2009, MOON et al.,  2006, OKE 
et al.,  2009, SOKMEN et al.,  
2004, TEPE et al.,  2005, TEPE et 
al.,  2004 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Salmonella 
typhymurium 

Anethum graveolens, 
Cinnamomum ssp., Coriandrum 
sativum, Eucalyptus dives, 
Lavandula hybrida, Origanum 
vulgare, O. dictamnus, Pimienta 
dioica, Piper nigrum, Rosmarinus 
officinalis, Salvia eremophila, 
Satureja hortensis, S. montana, 
Thymus vulgaris, T. zygis, T. 
hyemalis, T. serpyllum, T. vulgaris 

EO / MeOH / 
HE 

Microwell dilution 
assay / Agar 
dilution method / 
Disc-diffussion 
assay / Broth 
dilution method 

DELAQUIS et al., 2002, 
EBRAHIMABADI et al., 2010, 
MATASYOH et al., 2009, 
OUSSALAH et al., 2009, ROTA 
et al., 2008, SIVROPOULOU et 
al., 1996, WEERAKKODY et al., 
2010,  

Yersinia 
enterocolitica 

Anethum graveolens, 
Cinnamon zeylanicum, 
Coriandrum sativum, Eucalyptus 
dives, Salvia potentillifolia, 
Syzgium aromaticum, Thymus 
vulgaris, T. zygis 

EO Disc diffusion 
assay / Vapour 
diffusion test / 
Broth dilution 
method 

DELAQUIS et al., 2002, GOÑI 
et al., 2009, KIVRAK et al., 
2009, ROTA et al., 2008 

Gram-positives      
Listeria 
monocytogenes 

Anethum graveolens, 
Cinnamon zeylanicum, 
Coriandrum sativum, Eucalyptus 
dives, Lavandula hybrida, 
Origanum spp., Pimienta dioica, 
Satureja cuneifolia, S. montana, 
S. hortensis 

EO Disc-diffussion 
assay / Vapour 
diffusion test / 
Broth dilution 
method 

GOÑI et al., 2009, OKE et al., 
2009, OUSSALAH et al., 2009 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Listeria 
monocytogenes 

Syzgium aromaticum, Thymus 
vulgaris, T. zygis, T. hyemalis, T. 
serpyllum, T.vulgaris 

EO Disc-diffussion 
assay / Broth 
dilution method 

DELAQUIS et al., 2002,  ROTA 
et al., 2008 

Staphylococcus 
aureus 

Achillea millefollium, Anethum 
graveolens, Artemisa ssp., 
Cinnamon zeylanicum, 
Coriandrum sativum, Eucalyptus 
dives, Lavandula angustifolia, L. 
hybrida, Mentha longifolia, 
Ocimum basilicum,  Origanum 
vulgare, O. dictamnus, Piper 
nigrum, Pimienta dioica, 
Rosmarinus officinalis, Salvia 
eremophila, S. crytantha, S. 
multicaulis, S. tomentosa, S. 
potentillifolia, Satureja 
cuneifolia, S. montana, S. 
subspicata, Satureja hortensis, 
Syzgium aromaticum, Thymus 
vulgaris, T. zygis, T. hyemalis, T. 
spathulifolius, T. serpyllum 

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC / EtOH 
/ AE / HE 

Disc-diffusion 
assay/ Agar well 
diffusion / 
Vapour diffusion 
test Microwell 
dilution assay / 
Drop agar 
diffusion method 
/ Broth dilution 
method / Broth 
microdilution 
technique 

CANDAN et al., 2003, CAVAR 
et al., 2008, DELAQUIS et al., 
2002, EBRAHIMABADI et al., 
2010, GOÑI et al., 2009, 
GULLUCE et al., 2007, HUSSAIN 
et al., 2008, KIVRAK et al., 
2009, LOPES-LUTZ et al., 2008, 
MATASYOH et al., 2009, 
MOON et al., 2006, OKE et al., 
2009, OKOH et al., 2010, 
OUSSALAH et al., 2009, ROTA 
et al., 2008, SIVROPOULOU et 
al., 1996, SOKMEN et al., 2004, 
TEPE et al., 2005, TEPE et al., 
2004, WEERAKKODY et al., 
2010 

Staphylococcus 
epidermidis 

 

Artemisa spp., Mentha 
longifolia, Salvia eremophila, 
Satureja montana, S. 
subspicata, Thymus 
sptathylifolius 

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC / EtOH 
/ AE 

Disc-diffusion 
assay /Agar well 
dilution method / 
Microwell dilution 
assay / Drop 
agar diffusion 
method 

CAVAR et al., 2008, 
EBRAHIMABADI et al., 2010, 
GULLUCE et al., 2007, LOPES-
LUTZ et al., 2008, SOKMEN et 
al., 2004 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Streptococcus 
pneumoniae 

Achillea millefollium, Lavandula 
angustifolia, Pimpinella 
anisetum, P. flabellifolia Salvia 
crytantha, S. multicaulis, S. 
tomentosa 

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC / EtOH 
/ AE 

Disc-diffusion 
assay /Agar well 
dilution method 

CANDAN et al., 2003, MOON 
et al., 2006, TEPE et al., 2006, 
TEPE et al., 2005, TEPE et al., 
2004  

Streptococcus 
pyogenes 

Mentha longifolia, Thymus 
sptathylifolius 

EO/MeOH Disc-diffusion 
assay 

GULLUCE et al., 2007, 
SOKMEN et al., 2004 

Sporulated Gram-
positives 

    

Bacillus cereus Achillea millefollium, Anethum 
graveolens, Cinnamon 
zeylanicum, Coriandrum 
sativum, Eucalyptus dives, 
Pimpinella anisetum, P. 
flabellifolia, Origanum 
majorana, Salvia pilífera, S. 
potentillifolia, S. aramiensis, S.a 
crytantha, S. multicaulis, S. 
tomentosa, Satureja cuneifolia, 
Syzgium aromaticum 

EO/MeOH / 
DeMeOH 
/DeHW / 
DeMC 

Disc-diffusion 
assay / Agar 
well-diffusion / 
Vapour diffusion 
test / Broth 
dilution method 

CANDAN et al., 2003, 
DELAQUIS et al., 2002, GOÑI 
et al., 2009, KELEN and TEPE 
2008, KIVRAK et al.,  2009, OKE 
et al., 2009, TEPE et al., 2006, 
TEPE et al., 2005, TEPE et al., 
2004, VAGI et al., 2005 

Bacillus subtilis Coriandrum sativum, Mentha 
longifolia, Ocimum basilicum, 
Origanum vulgare, O. 
dictamnus, Rosmarinus 
officinalis, Salvia eremophila, S. 
potentillifolia, Satureja 
montana, S. subspicata, Thymus 
sptathylifolius 

EO/MeOH Disc-diffusion 
assay / Microwell 
dilution assay / 
Broth 
microdilution 
technique 

CAVAR et al., 2008, 
EBRAHIMABADI et al., 2010, 
GULLUCE et al., 2007, HUSSAIN 
et al., 2008, KIVRAK et al., 
2009, MATASYOH ET et al., 
2009, OKOH et al., 2010, 
SIVROPOULOU et al.,  1996, 
SOKMEN et al., 2004 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Clostridium 
perfringens 

Achillea millefollium, Pimpinella 
anisetum, P. flabellifolia, Salvia 
aramiensis, S. pilífera, S. 
crytantha, S. multicaulis, S. 
tomentosa 

EO / MeOH / 
DeMeOH 
/DeHW / 
DeMC 

Disc-diffusion 
assay / Agar 
well-diffusion / 

CANDAN et al., 2003, KELEN 
and TEPE 2008, TEPE et al., 
2006, TEPE et al., 2005, TEPE et 
al., 2004 

Yeast     
Candida albicans Achillea millefollium, Artemisa, 

Cananga odorata, Coriandrum 
sativum, Cupressus sempervirens, 
Curcuma longa,  Cymbopogon 
citrates, Eucalyptus globules, 
Lavandula angustifolia, 
Pimpinella anisetum, P. 
flabellifolia, Pinus radiata, Piper 
crassinervium, Psidium guayava, 
Zingiber officinale, Rosmarinus 
officinalis, Thymus citriodoris, 
T.vulgaris, S. aramiensis, S. 
cryptantha, S. eremophila, S. 
multicaulis, S. pilifera, S. 
potentillifolia, S. tomentosa, 
Thymus zygis, Mentha piperita 

EO / AE / EtOH 
/ MeOH / HE 
/DCM / MeOH 
/ CHCl3 

Macrodilution 
broth / Agar 
dilution / Disc 
diffusion / 
Vapour phase / 
Agar well / 
Microwell 
dilution / Drop 
agar diffusion  

CANDAN et al., 2003, 
EBRAHIMABADI et al., 2010, 
GONCALVES et al., 2010, 
MOON et al., 2006, KELEN and 
TEPE 2008, KIVRAC et al., 
2009, LOPES-LUTZ et al., 2008, 
MATASYOH et al., 2009, 
SACCHETTI et al., 2005, TEPE et 
al., 2006, TEPE et al., 2005, 
TEPE et al., 2004,  TYAGI et al., 
2011 

Candida crusei Achillea millefollium, Pimpinella 
anisetum, P. flabellifolia, Salvia 
aramiensis, S. cryptantha, S. 
multicaulis, S. pilifera,  S. 
tomentosa, Thymus zygis 

EO / EtOH / 
MeOH / HE 
/DCM / MeOH 
/ CHCl3 

Macrodilution 
broth / Disc 
diffusion / Agar 
well dilution  

CANDAN et al., 2003, KELEN 
and TEPE 2008, TEPE et al., 
2006, TEPE et al., 2005, TEPE et 
al., 2004 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

 

 

Rhodotorula glutinis 
 

Cananga odorata, Cupressus 
sempervirens, Cymbopogon 
citrates, Eucalyptus globules, 
Pinus radiata, Psidium guayava, 
Rosmarinus officinalis, Thymus 
citriodoris, T. vulgaris 

EO  Disc diffussion SACCHETTI et al., 2005 

Schizosaccharomyc
es pombe 
 

Cananga odorata, Cupressus 
sempervirens, Cymbopogon 
citrates, Eucalyptus globules, 
Pinus radiata, Psidium guayava, 
Rosmarinus officinalis, Thymus 
citriodoris, T. vulgaris 

EO  Disc diffussion SACCHETTI et al., 2005 

Saccharomyces 
cerevisiae 

Cananga odorata, Cupressus 
sempervirens, Cymbopogon 
citrates, Eucalyptus globules, 
Pinus radiata, Psidium guayava, 
Rosmarinus officinalis, Thymus 
citriodoris, T. vulgaris 

EO Agar dilution / 
Disc diffusion / 
Vapor phase 

SACCHETTI et al., 2005, TYAGI 
et al., 2011 

Yarrowia lypolitica Cananga odorata, Cupressus 
sempervirens, Cymbopogon 
citrates, Eucalyptus globules, 
Pinus radiata, Psidium guayava, 
Rosmarinus officinalis, Thymus 
citriodoris, T. vulgaris 

EO  Disc diffussion SACCHETTI et al., 2005 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Molds     
Aspergillus citri Cuminim cyminum, Echinophora 

tenuifolia, Ocimum basilicum, 
Rosmarinus officinalis, Satureja 
hortensis 

AE Fungal disc agar 
dilution 

BOYRAZ and OZCAN 2005 

Aspergillus flavus Citrus lemon, C. reticulata, C. 
paradisi, C. sinensis, Matricaria 
recutita, Mentha piperita, 
Satureja hortensis, Syzygium 
aromaticum, Thymus vulgaris, 
Thymus zygis 

EO Macrodilution 
broth  
/ Agar dilution / 
Disc diffusion / 
Vapor phase 

GONCALVES et al., 2010, 
JAMALIAN et al., 2012, 
OMIDBEYGI et al., 2007, TYAGI 
et al., 2011, VIUDA-MARTOS et 
al., 2008 

Aspergillus mali Satureja hortensis AE Fungal disc agar 
dilution. 

BOYRAZ et al., 2006 

Aspergillus niger Artemisia, Cananga odorata, 
Citrus lemon, C. reticulata, C. 
paradisi, C. sinensis, Coriandrum 
sativum, Cympopogon citratus, 
Matricaria recrutita, Mentha 
piperita, Ocimum basilicum, 
Origanum majorana, Salvia 
eremophila, Thymus zygis 

EO / MeOH   Macrodilution 
broth / Broth 
dilution / Agar 
dilution / Disc 
diffusion / Vapor 
phase / 
Microwell 
dilution / Drop 
agar diffusion  

EBRAHIMABADI et al., 2010, 
GONÇALVES et al., 2010, 
HUSSAIN et al., 2008, 
JAMALIAN et al., 2012, LOPES-
LUTZ et al., 2008, PRAKASH et 
al., 2012, TYAGI et al., 2011, 
VAGI et al., 2005, VIUDA-
MARTOS et al., 2008 

Aspergillus 
ochraceus,  

Cymbopogon citratus, Ocimum 
gratissimum, Thymus vulgaris 

EO Broth dilution NGUEFACK et al., 2009 

Cladosporium 
cladosporioides 

Cananga odorata, Coriandrum 
sativum, Origanum majorana 

EOs Broth dilution 
method 

PRAKASH et al., 2012 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Botritys cinerea Cuminim cyminum, Echinophora 
tenuifolia, Lavandula stoechas, 
Ocimum basilicum, Origanum 
syriacum, Rosmarinus officinalis, 
Satureja hortensis, Silene armeria, 
Cympopogon citratus 

AE / EO / He / 
Chl /EtOH / 
MeOH 

Fungal disc 
Dilution / Disc 
diffussion, 
vapour phase 
contact / Agar 
dilution 

BOYRAZ et al., 2006, BOYRAZ 
and OZCAN 2005, BAJPAI et 
al., 2008, SOYLU et al., 2010, 
TZORTZAKIS et al., 2007 

Fusarium nivale Cananga odorata, Coriandrum 
sativum, Origanum majorana 

EOs Broth dilution 
method 

PRAKASH et al., 2012 

Fusarium oxysporum  
 

Cuminim cyminum, Echinophora 
tenuifolia, Matricaria recrutita, 
Mentha piperita, Ocimum 
basilicum, Rosmarinus officinalis, 
Satureja hortensis, Silene armeria 

AE / EO / He / 
Chl /EtOH / 
MeOH 

Fungal disc 
Dilution / 
Microbioassay / 
Disc diffusion / 
Agar dilution / 
Vapor phase 

BOYRAZ and OZCAN 2005, 
JAMALIAN et al., 2012, BAJPAI 
et al., 2008; TYAGI et al.,  2011 

Fusarium solani Ocimum basilicum, Silene 
armeria 

HE / CHCl3 / 
EtOH / MeOH / 
EO 

Disc diffusion HUSSAIN et al., 2008, BAJPAI 
et al., 2008 

Mucor mucedo Mentha piperita, Ocimum 
basilicum 

EO Disc diffusion, / 
Agar dilution / 
Vapor phase 

HUSSAIN et al., 2008, TYAGI et 
al., 2011 

Penicillium 
expansum 

Cymbopogon citratus, Ocimum 
gratissimum,  Thymus vulgaris 

EO Broth dilution NGUEFAC et al., 2009 

Penicillium 
digitatum 

Mentha piperita EO Disc diffusion / 
Agar dilution / 
Vapor phase 

TYAGI et al., 2011 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract. 

 

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 



Microorganism Plant (Extract) Type of 
Extract1 

Antimicrobial 
activity 

metodology 
Reference 

Penicillium italicum Cananga odorata , Coriandrum 
sativum, Origanum majorana 

EO Broth dilution  PRAKASH et al., 2012 

Penicillium 
chrysogenum 

Citrus lemon, C. reticulata, C. 
paradisi, C. sinensis 

EO Agar dilution VIUDA-MARTOS et al., 2008 

Penicillium 
verrucosum 

Achillea millefolium,  Anethum 
graveolens, Chamaemelum 
nobile, Citrus lemon, C. 
reticulata, C. paradisi, C. sinensis, 
Cymbopogon citratus, Hyssopus 
officinalis, Lavandula 
angustifolia, L. hybrida, Melissa 
officinalis, Ocimum gratissimum, 
Origanum vulgare, Pimpinella 
anisum, Pinus sylvestris, 
Rosmarinus officinalis, Salvia 
officinalis, Thymus serpyllum, T. 
vulgaris 

EO Broth dilution / 
Broth 
macrodilution / 
Agar dilution 

NGUEFACK et al., 2009, 
OZCAKMAK et al., 2012, 
VIUDA-MARTOS et al., 2008, 
MORO et al., 2012 

Rhizobium 
leguminosarum 

Mentha pulegium M. spicata, 
Origanum dictamnus, O. vulgare 

EO Disc diffusion SIVROPOULOU et al., 1995 

Rhizopus Solari Cuminim cyminum, Echinophora 
tenuifolia, Ocimum basilicum, 
Rosmarinus officinalis, Satureja 
hortensis 

AE / EO  Fungal disc agar 
dilution / Disc 
diffusion 

BOYRAZ and OZCAN 2005, 
HUSSAIN et al., 2008 

1EO: Essential oil, MeOH: Methanolic extract, DeMeOH: Deodorized methanolic extract, DeHW: Deodorized hot water, 
DeMC: Deodorized chloroformic extract, HE: Hexane, EtOH: Ethanolic extract, AE: Aqueous extract and CHCl3: 
Chlorophormic extract.  

Table 4. Microorganisms assayed in antimicrobial activity test of aromatic plant extracts 
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Normally, MAPs are tested in their essential oil forms due to their 

greater effects than other obtaining extracts with organic solvents 

(CLARKER, 2008). Several works, reveal the lowest activity reached 

by methanolic extracts (GULLUCE et al., 2007; SOKMEN et al., 2004; 

CANDAN et al., 2003), or little inhibition obtained by KIVRACK et al. 

(2009) when testing ethanolic extracts compared to essential oils. 

Same situation occurs when assaying not so common extracts, as 

Tepe et al. (2005) did with deodorized hot water, deodorized 

methanol or hexane, all of them less effective than correspondent 

essential oils. Few works have proved the activity of aqueous 

extracts or hydrosols (BOYRAZ and ÖZCAN, 2006; MOON et al., 2006; 

SAĞDIÇ, 2003) for which it seems to be much more effective 

against fungi than bacteria. 

Despite the high quantity of research in the antimicrobial 

activity of aromatic plants extracts, some difficulties are found when 

comparing results due to the different procedures employed for 

assay and determine the antimicrobial activity. Most common 

techniques used for the evaluation of the antimicrobial capacity of 

an extract or compound are (DAVIDSON and ZIVANOVIC, 2003): 

 Agar diffusion method: Probably, the most widely used 

method. A Petri dish with solidified agar is added with 

antimicrobial compound on a paper disc or in a well. Then, 

the compound diffuses through the agar resulting in a 

concentration gradient. The antimicrobial activity is 
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determined by measurement of the inhibition diameter (Fig. 

11.a and Fig. 11.b). 

 Agar and Broth dilution assays: In the dilution assays, the 

substance of interest is diluted in the microbiological media, 

broth or agar. Afterwards, a test microorganism is exposed to 

the antimicrobial by dilution in the broth or by seeding on the 

solidified agar and incubated for a specified period. The 

inhibition is measured by weight of dried mycelium in case of 

molds or by diameter of growth for both types of 

microorganisms, bacteria and fungi (Fig. 11.c).  

 Turbidity measurements: This method for determining 

antimicrobial effectiveness over time is to measure turbidity 

increases with a spectrophotometer. A major disadvantage 

to this type of analysis is sensitivity of the instrument. 

Spectrophotometers generally require log 6.0±7.0 CFU/ml for 

detection. This assay is usually performed on broth instead of 

agar and there are normally used 96-well microtitre plates. 

Also McFarland standards could be used to compare turbidity 

on inoculated broth (Fig 11.d). 

There also exist other methods which assay the inhibitory 

properties of vapour phase of essential oils (Fig. 12), due to the easy 

volatility of their active compounds. But also, there are other tests 

less used based on plate modifications like the double plate or 

gradient plate methods explained by ZAIKA (1988) with a similar 

principle as agar diffusion. 
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a) b) c) d)

 
Figure 11. Common in vitro antimicrobial tests: a) agar well diffusion, 

b) disc diffusion method, c) broth microdilution technique and 
d)McFarland Standards 

 

 

Figure12. Antimicrobial activity of essential oils by vapour phase 
method (TYAGI et al., 2012) 

 

Furthermore, differences among terminology used for in the 

antimicrobial tests make much more difficult the comparison 

among data. The minimum inhibitory concentration (MIC) and the 

minimum bactericidal concentration (MBC) are the two 

terminologies more widely used, although does not exists a general 

definition for each one, varying between authors (BURT, 2004). 

Once analyzed the antimicrobial properties of MAPs extracts a 

new interest on the responsible compounds of that inhibition 
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appear. Then, different works have studied the activity of such 

individual compounds. Normally, those most frequently identified in 

extracts have been the first to be analyzed, like p-cymene, the 

carvacrol precursor, thymol, carvacrol or eugenol, these last three 

oxygenated monoterpenes (HYLDGAARD et al., 2012). Results 

revealed that p-cymene was ineffective combating 

microorganisms, although the rest were. Figure 13 shows the 

structure of such main compounds. All of them have a benzene ring 

with a hydroxyl or ether group on their side chains, with exception of 

p-cymene.  

 

p-cymene carvacrol thymol eugenol
 

Figure 13. Chemical structure of commonly found compounds in 
medicinal and aromatic plants (MAPs) extracts 

 

Such absence of functional group in the structure of p-cymene 

seems to be the cause of its no antimicrobial effects. AIT-OUAZZOU 

et al. (2011) have proven the important role that plays functional 

groups in EOs compounds. Oxygenated monoterpenes (thymol, 

carvacrol, borneol or linalool) resulted much more effective against 

tested bacteria than hydrocarbons (α-pinene, β-pinene or p-
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cymene); moreover, phenolic compound among oxygenated 

(carvacrol) was the most effective, but also eugenol when is 

applied to combat fungi (VÁZQUEZ et al., 2001).  

Nevertheless, aromatic plant extracts are complex mixtures of 

different compounds, for which interaction among them are also 

object of study. Synergistic, additive or antagonistic outcomes 

among compounds could happen. Synergy occurs when a blend 

of two antimicrobial compounds shows a greater activity than the 

sum of the individual components. An additive effect is obtained 

when the combination of antimicrobials has a combined effect 

equal to the sum of the individual compounds. Antagonism occurs 

when a blend of antimicrobial compounds has a combined effect 

less than when applied separately (HYLDGAARD et al., 2012). For 

example, p-cymene is an inactive compound when works alone, 

but could potentiate the activity of carvacrol. Also combinations of 

different essential oils have been studied showing the same 

interactions as happen with individual compounds. AL-BAYATI et al. 

(2008) observed how combination of Thymus vulgaris and Pimpinella 

anisum EOs produce greater inhibition against most bacteria tested 

than individual oils or even than the antibiotic Maxipime®. Also, 

antagonistic effects were found by GUTIERREZ et al. (2008) among 

Ocimum basilicum, Melissa officinalis, Origanum majorana, 

Origanum vulgare, Rosmarinus officinalis and Salvia triloba. Only 

oregano in combination with thyme showed a greater efficacy 

than assessed individually. DELAQUIS et al. (2002) when combined 

cinnamon and eucalyptus oil (1:1) found additive antimicrobial 
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effect against Gram-positive bacteria and yeast, antagonism 

against Gram-negative bacteria and synergism against Yersinia 

enterocolitica and clear concentration-dependant interactions 

where found when tested cinnamon and clove oil mixtures against 

E. coli, B. cereus and L. monocytogenes (GOÑI et al., 2009).  

Currently, little is known about what governs synergy and 

antagonism among essential oil constituents. One hypothesis is that 

antimicrobials have different mode of actions, thereby attacking 

two different sites on or in the cell, which indirectly depend on each 

other. There could concur compounds with bacteriostatic and/or 

bactericidal properties, or various compounds that have the same 

site of action (HYLDGAARD et al., 2012). The different sites of actions 

of compounds on bacteria are presented in Figure 14. They have 

been of great interest as well as modes of action in an attempt to 

know how is produced the cell death. Actually, the locations and 

mechanisms known are degradation of the cell wall, damage to 

cytoplasmic membrane, damage to membrane proteins, leakage 

of cell contents, coagulation of cytoplasm and depletion of the 

proton motive force (BURT, 2004). Phenolic compounds are 

responsible of structural and functional damages into the 

cytoplasmic membrane of cell. Among them, carvacrol is a 

transmembrane carrier of monovalent cations and eugenol 

interacts with cell membrane proteins, permeabilising it 

(HYLDGAARD et al., 2012).  
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Figure 14. Locations and mechanisms of action of antimicrobial 

compounds in bacteria (BURT, 2004) 

 

Nevertheless, after the in vitro test extracts should be tested in 

food matrixes in order to check if the previously observed effect is 

transferred to food product. GUTIERREZ et al. (2008) showed that the 

antimicrobial efficacy of EOs is a function of ingredient 

manipulation. Hydrocarbon-rich and fat-rich mediums had a 

negative impact on the EO efficacy. On the contrary, the EOs were 

more effective at high concentrations of protein mediums. They also 

observed the pH effect, being better acidic pH rather than basics. 

Their antimicrobial potency is also reduced in foods with lower 

water activity (HOLLEY and PATEL, 2005). 

Focusing on dairy matrixes, Table 5 shows a summary of recent 

works of aromatic plant extracts applied to dairy products and the 

evaluation of their microbial quality.  
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Table 5. Application of aromatic plants or its extracts to dairy 
products for microbial growth control 

Dairy product Aromatic plant or 
extract 

Microorganism and 
effectiveness  

Units used REF 

Cheddar 
cheese 

Black pepper, 
Caraway, 
Cinnamon, Clove, 
Cumin, Rosemary, 
Sage, Tarragon 
and Thyme 

A. parasiticus 
(none) 
P. roqueforti (0.3 to 
6.6 h) 
P. camemberti (2.2 
to 3.4 h) 

Retards on lag 
period (h) 

1 

Mozzarella 
cheese 

Clove L. monocytogenes 
(0.1 to 2.9 log cfu/g) 

Reduction on 
microbial counts 
(Log cfu/g) 

2 

Low-fat and 
full-fat soft 
cheeses 

Bay, Clove, 
Cinnamon and 
Thyme 

L. monocytogenes 
(4.5 to 7.0 log 
cfu/mL) 
S. enteriditis  
(1 to 8 log cfu/mL) 

Reduction on 
microbial counts 
(Log cfu/mL) 

3 

Arzúa-Ulloa, 
Cebreiro and  
San Simón 
cheeses 

Eugenol and  
Thymol 

P. citrinum (0 to 9 
days) 

Retards on lag 
period (days) 

4 

Fior di latte 
cheese 

Salvia, Rosmarinus,  
Melaleuca,  
Mentha, Vanilla,  
Propolis, Thymol 
and Limonene  

Total coliforms (0.35 
o 0.59) 
Pseudomonas spp. 
(0.12 to 0.62) 
 

Reduction on 
Microbial 
Aceptability Limit 
(MAL) according 
to Gompertz 
equation 

5 

Fresh White 
Cheese 

Pennyroyal, 
Spearmint and 
Tarragon 

L. monocytogenes 
(0.01 to 1.35 log 
cfu/g) 
 

Reduction on 
microbial counts 
(Log cfu/g) 

6 

1: WEENDORD AND WEE, 1998; 2: VRINDA-MENON and GARG, 2001; 3: 
SMITH-PALMER et al., 2001; 4: VÁZQUEZ et al., 2001; 5: GAMMARIELLO et al., 
2008 and 6: HAMEDI et al., 2012 

 

Considerable effect of product characteristics on antimicrobial 

properties has been observed by several authors. SMITH-PALMER et 

al. (2001) reached better inhibition of L. monocytogenes in low-fat 

cheeses than full-fat ones, and VÁZQUEZ et al (2001), observed a 

different behavior of fungal growth in Cebreiro cheese without 

developing its characteristic morphology or pigments. Concretely, 
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only in Arzúa-Ulloa cheeses found inhibitions although the in vitro 

test showed good inhibitions. Also microorganisms tested present 

different rates of inhibitions. WENDORFF and WEE (1997) could not 

inhibit the A. parasiticus strain in no way, and inhibit successfully P. 

camemberti with almost all spice oils tested. In accordance with in 

vitro antibacterial test were the results of GAMMARIELLO et al. 

(2008). They found more difficult to inhibit P. aureginosa than 

coliforms.  
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CHAPTER 4: WORK PLAN 

 

This chapter summarized the work plan followed during this 

Thesis. Figure 15 shows briefly (from the left to the right) the eight 

objectives aimed, microorganisms and extracts used, methodology 

carried out, outcomes reached as publication of five scientific 

papers and two communications to congress, and the chapters of 

corresponding results. 

First, in vitro antimicrobial assay against Escherichia coli, 

Clostridium tyrobutyricum and Penicillium verrucosum with two types 

of extracts from a selection of fifteen aromatic plants were 

performed in order to determinate which are the best candidates 

for the inhibition of each target microbe. Second, chemical 

characterization of oils and aqueous extracts, in terms of volatile 

and non-volatile compounds, were performed by chromatographic 

techniques to find out which are the main individual compounds 

related to this inhibition by statistic analyses. Afterwards, there were 

selected the three best extracts able to inhibit greatly all 

microorganisms at the same time to continue to the next step. Then, 

the objectives 1, 2 and 3, were reached.  
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These best extracts were employed to manufacture cheeses 

following the procedure of a typical ewes’ milk pressed cheese 

where EOs were added directly to milk. The effects of essential oils 

were determined by analyzing how their compounds were 

transferred through cheesemaking by solid-phase extraction and 

later identification (objective 4); how they affect to normal cheese 

microbiota (objective 5); and finally, these fortified cheeses were 

tested against target cheese spoilers by direct inoculation with 

them (objective 6).  

The objective 7 was reached by using different dairy products 

which usually represent a management problem in dairy industries, 

such as whey and “requesón” whey. They were obtained after 

cheese and “requesón” (typical Spanish cheese whey) 

manufacture with ewes’ milk fortified with safranal. In this work, 

there was studied the transference of safranal aqueous extract 

through cheesemaking following the same procedure as in the 

previous step. Moreover its potential as antimicrobial was tested 

against same microorganisms.  

The latter, objective 8, corresponds to the Discussion Chapter, 

a general analysis of all the results obtained in order to suggest the 

best extracts/compounds for the prevention of cheese microbial 

spoilage to dairy industries by using aromatic plants. 

In order to achieve the first objectives it was developed 

different in vitro methodology for bacteria and mold. In case of 
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bacteria there was used the experimental design of ALTHAUS et al. 

(2009). Then, 12 Petri dishes, 140 mm in diameter, were filled with 40 

mL of correspondent agar, inoculated with 105 cfu/mL of spore 

suspension for Cl. tyrobutyrucum  and 106 cfu/mL for E. coli and 

were allowed to solidify. Six wells, 14 mm in diameter, were 

aseptically bored into each plate and were then filled with 250 µL of 

five different concentrations of EO or AE. In the multi-plate design, 

two alternate wells were filled with an intermediate concentration. 

Three of the remaining holes were employed for the rest of the 

concentrations, but the last hole was employed for milk as a control 

(Figure 16).  

 

Control C1, C2, C4 y C5

C1 C5C4C2

C3  

Figure16. Multiplate agar well dilution method used for bacteria  

 

After 30 min of diffusion, the plates were incubated for 48 h at 

37ºC under anaerobic conditions for Cl. tyrobutyricum, and for 22 h 

at 37ºC under aerobic conditions for E. coli. Antimicrobial activity 
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was evaluated by measuring in triplicate the inhibition zone, 

including the diameter of the punched hole itself with a digital 

caliper (Figure 17).  

 

 
Figure 17. Inhibition halo measurement with a digital caliper 

 

The antifungal assay was carried out by the broth dilution 

method employed by BARATTA et al. (1998). The spore suspension of 

107 spores/mL was added to a 50 mL Erlenmeyer flask containing 10 

mL of yeast extract sucrose (YES) broth to obtain a final 

concentration of 105 spores/mL. Flasks were prepared in triplicate, 

two times for each EO or AE and concentration. Flasks without EOs 

were used as controls (Figure 18).  
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C0 C1 C2 C3 C4 C5  
Figure 18. Antifungal assay by broth dilution method 

 

All flasks were incubated on a shaking platform at 25 ºC and 

150 rpm in the dark for 1 week, after which the weight of dried (105 

ºC overnight) mycelium (mg) in each flask was measured (Figure 

19). The level of inhibition was calculated as 

% inhibition = [(C − T)/C] × 100 (1) 

where T is the weight of mycelium from test flasks and C is the 

weight of mycelium from control flasks. 

 

 
Figure 19. Mycelium weight from the antimicrobial assay 
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Besides, antimicrobial activity tests used in Chapters 5.2 and 

5.3 were performed with the fortified dairy products itself as 

antimicrobial agents. On one hand, cheeses obtained after milk 

fortification were cut into smaller cubes of 27 cm3 and they were 

inoculated with bacteria internally while the mold was spread onto 

the surface (Figure 20).  

On the other hand, whey and “requesón” whey from the 

safranal fortification of milk were tested similarly as in the in vitro test 

against bacteria (multiplate agar-well dilution) and mold (broth 

dilution technique) showed in Figure 17 and Figure 18. All assays 

were performed twice. 

 

Bacteria:
Internal inoculation

Mold:
Surface inoculation

CONTROL CUBES

 

Figure 20. Scheme of antimicrobial activity test on developed on 
cheese cube 
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CHAPTER 5: RESULTS 

 

This Thesis has been partially performed within the framework 

of the European Project TECHeese: Solving the technological 

problems of sheep cheese production (FP7-SME-2008-2-243638-

TECHeese).  

The results reached during this Thesis are shown in this chapter 

by grouping them into three sub-chapters. Within the first sub-

chapter, results relative to the in vitro assay were presented as two 

articles submitted to JCR journals and two communications to a 

national congress. Secondly, their effects in food matrixes were 

presented in other two papers submitted to JCR journals, the first 

one for determining the transference ratio and the second one to 

test the antimicrobial activity.  

The last sub-chapter studied the transference of safranal 

through cheesemaking and the obtaining whey were tested also for 

their antimicrobial properties. This latter work was performed outside 

the framework of the European Project, motivated by the recent 

production of fortified cheese with saffron developed by the 

Research groups of Calidad de Leche y Derivados (CLYDE) and 

Cátedra de Química Agrícola. Results were presented as one paper 

submitted to a JCR journal.  
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Paper publication and Congress communication were 

constrained by the TECHeese project policy regarding information 

disclosing.  

 

5.1. ANTIMICROBIAL ACTIVITY OF AROMATIC PLANTS EXTRACTS  

First, in vitro antimicrobial activity assays were performed 

against Escherichia coli, Clostridium tyrobutyricum and Penicillium 

verrucosum because they have been marked as responsible for 

some cheese defects. Results were published as two scientific 

papers in the World Journal of Microbiology and Biotechnology, 

and the Journal of Science of Food Agriculture regarding the 

antibacterial and antifungal properties of 12 aromatic plants 

respectively. There are also two communications to the Sociedad 

Española de Ovinotecnia y Caprinotecnia (SEOC) 2012 congress 

with the activity relative to other 3 aromatic plants.  

The 15 aromatic plants tested as essential oils and aqueous 

extracts were Achillea millefolium, Anethum graveolens, 

Chamaemelum nobile, Hyssopus officinalis, Lavandula angustifolia, 

Lavandula hybrida, Melisa officinalis, Ocimum basilicum, Origanum 

vulgare, Pimpinella anisum, Pinus sylvestris, Rosmarinus officinalis, 

Salvia officinalis, Thymus serpyllum and Thymus vulgaris. All of them 

were collected on the Mediterranean environment and aerial part 

of the plant were employed for obtaining the extracts with 

exception of A. graveolens and P. anisum for wich seeds were used. 
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The resulting papers are the following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

JOURNAL: World Journal of Microbiology and Biotechnology 
(Available on line) 

DOI: 10.1007/s11274-013-1280-x 
ISSN: 1573-0972 

JCR impact factor 2011: 1.532 

	

CONGRESS: XXXVII CONGRESO SEOC 
Ciudad-Real, Spain 

ISBN: 978-84-616-0281-0 
Pages: 174-178 
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JOURNAL: Journal of Science of Food Agriculture 
(Available on line) 
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CONGRESS: XXXVII CONGRESO SEOC 
Ciudad-Real, Spain 

ISBN: 978-84-616-0281-0 
Pages: 169-173 
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5.1.1. Extended summary 

In case of bacteria inhibition, the antimicrobial activity assay 

was performed in solid medium by a multiplate agar well diffusion 

method previously described by ALTHAUS et al. (2009). The activity 

was determined by measurement of the inhibition halos produced 

with different concentrations of each extract. The antifungal activity 

assay was determined by the broth dilution method used by 

BARATTA et al. (1998). Afterwards, the inhibition was determined by 

measuring the dried mycelia weight. In order to compare results 

among plants, it was calculated by logistic regressions, the 

concentration needed to produce a diameter inhibition of 18 mm 

(C18mm) in case of bacteria, and to produce 50 % of inhibition of 

mycelia growth (C50 %) in case of the mold. 

Summarized results of C18mm and C50 % are provided in Table 6. 

There were only five extracts capable to inhibit all microorganisms 

tested (rounded and broken line rounded data): Lavandula 

angustifolia, Lavandula hybrida, Melisa officinalis, Ocimum 

basilicum and Thymus vulgaris essential oils. There were three EOs 

that needed concentrations lower than 40 μL/mL to inhibit E. coli, 

the most resistant microorganism, they were Melissa officinalis, 

Ocimum basilicum and Thymus vulgaris (rounded data). These EOs 

presented also good inhibitory properties against the other target 

microorganisms.  
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Table 1. Antimicrobial activity results expressed as C18mm (μL/mL) 
and C50 % (μL/mL) in case of bacteria and mold inhibition, 
respectively 

Latin name Type of 
Extract 

Escherichia coli 
CECT 4201 

Clostridium 
tyrobutyricum 

CETC 4011 

Penicillium 
verrucosum 
CECT 2906 

Achillea millefolium 
EO 33.00 nd 4.72 

AE nd nd 434.00 

Anethum graveolens 
EO nd nd 0.02 

AE nd nd 163.00 

Chamaemelum nobile 
EO nd 0.02 0.02 

AE nd 512.00 216.00 

Hyssopus officinalis 
EO 101.00 nd 0.02 

AE nd 104.00 0.41 

Lavandalula 
angustifolia 

EO 167.00 6.35 1.20 

AE nd 319.00 36.20 

Lavandula hybrida 
EO 83.40 8.80 0.58 

AE nd nd 106 

Melissa officinalis 
EO 5.90 0.02 1.91 

AE nd 214.00 > 1,000 

Ocimum basilicum 
EO 37.22 127.70 0.28 

AE nd 308.00 > 1,000 

Origanum vulgare  
EO 17.00 nd 4.55 

AE nd 719 183.00 

Pimpinella anisum 
EO nd nd 0.39 

AE nd nd 0.24 

Pinus sylvestris  
EO nd nd 11.46 

AE nd nd 58.75 

Rosmarinus officinalis 
EO 67.51 nd 1.97 

AE nd nd 7.38 

Salvia officinalis  
EO nd 1.18 0.57 

AE nd nd 817.00 

Thymus serpyllum  
EO 26.39 nd 2.35 

AE nd nd 1.08 

Thymus vulgaris 
EO 17.30 2.60 2.35 

AE nd nd 0.66 

EO, AE: Essential oil and Aqueous extract, respectively. Nd: not detected.  
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Essential oils had much more antibacterial effects than 

aqueous, which needed higher concentrations to produce the 

same diameter of inhibition than its correspondent EOs. Among the 

tested EOs, 10 were able to inhibit E. coli being the best for its 

inhibition: M. officinalis (5.90 μL/mL), O. vulgare (17.00 μL/mL), T. 

vulgaris (17.30 μL/mL) and T. serpillum (26.39 μL/mL). However, only 

seven EOs could produce the same inhibition on C. tyrobutyricum 

although the concentrations needed were lower. The assayed EOs 

showed a mean C18mm of 21 μL/mL, being all of them below 10 

μL/mL, with exception of O. basilicum (127.70 μL/mL). Both 

Lavandula essential oils were capable to inhibit the two bacteria, 

although it was necessary ten times higher concentration to 

produce the same diameter in E. coli (83.40-167.00 μL/mL) rather 

than in C. tyrobutyricum (6.35-8.80 μL/mL). Aqueous extract did not 

present inhibitory properties against E. coli, although there were 

seven were able to inhibit C. tyrobutyricum with concentrations 

over 100 μL/mL. 

Same behaviour were observed with mold inhibition where 

results revealed that essential oils were more active than their 

correspondent aqueous extracts with the exceptions of: P. anisum 

(0.24 μL/mL), H. officinalis (0.41 μL/mL), T. vulgaris (0.66 μL/mL) and T. 

serpyllum (1.28 μL/mL); whose potential for inhibiting P. verrucosum 

was similar than those reached by their essential oils. A. graveolens, 

H. officinalis and C. nobile were other active oils, needing less than 

0.02 μL/mL to produce 50 % of mold inhibition, while 11.46 μL/mL of 

Pinus sylvestris essential oil were needed to produce the same 
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inhibition, being the less effective one. In general, most of the 

essential oils tested were good antifungals because they needed 

concentrations below 2.5 μL/mL to produce reductions of 50 % of 

fungal growth. 

Chemical composition of the extracts showed a greater 

volatile profile explanation in case of EOs (100 volatiles identified) 

rather than AEs (75 volatiles identified). As it was expected, 

monoterpene group comprised the bulk of the extracts content, 

ranging from 3.5 to 95.5 % of total extract composition. Within this 

group of compounds, cyclic monoterpenes were the most 

abundant in extracts, reaching the 86 % of total composition in R. 

officinalis. Other families of compounds identified were 

sesquiterpenes and aromatic compounds derived from 

phenylpropane. Sesquiterpenes were less common in volatile 

fractions, and both P. anisum extracts showed more than 85 % of 

aromatic derivates in their composition. The non-volatile fraction of 

AEs was quite limited as only it was possible to identify 14 

compounds, being cinnamic derivates the most common 

compounds. 

Once the antimicrobial activity was assayed, four partial least 

square regression (PLSR) models were carried out in order to 

correlate extracts’ chemical composition with inhibition. These 

analyses marked 3 compounds for E. coli inhibition by EOs, 6 and 7 

for C. tyrobutyricum inhibition by EOs and AEs, respectively, and 3 

for P. verrucosum inhibition by EOs. Most of them belonged to the 
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cyclic monoterpenes group followed by sesquiterpenes that 

seemed to affect only to the clostridial bacterium both in the 

aqueous or the oil form. Linalool (0.712) on E. coli PLSR model, β-

phellandrene (0.311) or thymol (0.776) on each C. tyrobutyricum 

PLRS models, EOs and AEs, respectively; and α-phellandrene (0.719) 

on P. verrucosum PLSR model, were the compounds suggested as 

more intensively correlated with inhibition due to the high value of 

Principal Component loading. Outstanding results were the 

presence of three hydrocarbon monoterpenes, a group of 

compounds not usually connected with inhibitory properties. These 

hydrocarbon monoterpenes were: verbene and β-phellandrene 

against C. tyrobutyricum and α-phellandrene against the mold. 

Most of the time these selected compounds were present in active 

extracts, however, they were also present in extracts which did not 

show any inhibition against target bacteria (S. officinalis EO against 

E. coli, P. anisum EO against C. tyrobutyricum, T. serpyllum AEs 

against C. tyrobutyricum or P. sylvestris EO against P. verrucosum).  

Regarding to the antifungal activity and to avoid interferences 

among compounds present in aromatic plant extract, selected 

compounds were clustered by chemical similarities finding that the 

cyclic monoterpenes α-phellandrene and β- phellandrene were 

directly correlated (by statistical analysis) with antifungal behavior. 
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Abstract This study aimed to inhibit the growth of

Escherichia coli and Clostridium tyrobutyricum, common

bacteria responsible for early and late cheese blowing defects

respectively, by using novel aqueous extracts obtained by

dynamic solid–liquid extraction and essential oils obtained

by solvent free microwave extraction from 12 aromatic

plants. In terms of antibacterial activity, a total of 13 extracts

inhibited one of the two bacteria, and only two essential

oils, Lavandula angustifolia Mill. and Lavandula hybrida,

inhibited both. Four aqueous extracts were capable of

inhibiting C. tyrobutyricum, but none were effective against

E. coli. After extracts’ chemical composition identification,

relationship between the identified compounds and their

antibacterial activity were performed by partial least square

regression models revealing that compounds such as 1,8

cineole, linalool, linalyl acetate, b-phellandrene or verbene

(present in essential oils), pinocarvone, pinocamphone or

coumaric acid derivate (in aqueous extracts) were com-

pounds highly correlated to the antibacterial activity.

Keywords Cheese blowing � Clostridium tyrobutiricum �
Escherichia coli � Essential oils � Aqueous extracts

Introduction

Cheeses are traditionally affected by common paste defects

known as early and late blowing (Schöbitz et al. 2005),

which are texture alterations produced by unusual gas

fermentation. Such defects are of much economic concern

in cheese production as they are responsible for consumer

rejection (Bogović Matijašić et al. 2000).

Cheeses affected by early gas blowing in first ripening

stages show small eyes with smooth and bright inners.

Early blowing is caused by coliform bacteria such as

Escherichia coli, Enterobacter aerogenes, or is due to

several lactic yeasts that are able to ferment lactose (Gaya

et al. 1987; Sheehan 2007). The coliforms problem usually

derives from low raw milk quality or poor hygienic con-

ditions in the dairy plant (Sheehan 2007). Other causes

include cheese starters’ failure due to bacteriophage

infection or antibiotic residues in milk (Mullan 2000).

Strict hygienic-sanitary management or the addition of

nitrate to milk has been frequently used to control early

blowing (Sheehan 2007). Moreover, late blowing chiefly

affects hard and semi-hard cheeses, such as Cheddar or

Manchego, and is caused by butyric acid fermentation of

the clostridial spores present in raw milk, whose origin

stems from bad quality silage (Schöbitz et al. 2005; Vissers

et al. 2007). It produces a rancid flavor and also the for-

mation of carbon dioxide and hydrogen gas, generating

holes that can even cause cheese bursting in some extreme

cases (Anastasiou et al. 2009). Several methods have been

suggested to prevent undesirable clostridial growth, such as

milk centrifugation or filtration, or the addition of nitrate,
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lysozyme and bacteriocins (Su and Ingham 2000; Schöbitz

et al. 2005; Bogović Matijašić et al. 2000; Anastasiou et al.

2009; Garde et al. 2011).

Nowadays, the use of natural additives as food pre-

servers has become popular because of greater consumer

awareness and concern for synthetic chemical additives.

There is a much interest in developing new methods for

making food safe and more natural. High-quality flavored

cheeses produced by the inclusion of certain aromatic

plants, such as sage, thyme or rosemary, have been

described as being suitable for dairy products by a spe-

cialist panel test (Gammariello et al. 2008). It is well-

known that these plants have important antibacterial,

antifungal and antioxidant properties due to their volatile

composition (Burt 2004) and, together with the presence of

phenolic compounds, can not only preserve food, but also

contribute to a healthy diet (Han et al. 2011). Therefore, the

use of certain aromatic plants within cheese may confer

desirable results and prevent certain defects produced by

spoiler microorganisms.

Hence the principal aim of this study was to test in vitro

the antimicrobial activity of 12 aromatic plants, presented

as aqueous extracts (AE) and essential oils (EOs), against

two bacteria which cause cheese blowing: C. tyrobutyricum

and E. coli. The aromatic plant extracts tested were

obtained by two solvent-free innovative procedures and

their chemical composition also correlated with their

inhibitory properties.

Materials and methods

Plant material

A collection of 12 samples from different aromatic plants

was supplied by commercial producers in March 2010

(plant details are summarized in Table 2) and stored under

dark conditions at ambient temperature for 1 month prior

to their extraction and analysis. Herbal parts were

employed in all the extractions, except for Anethum

graveolens L. and Pimpinella anisum, where seeds were

used.

Extraction of aqueous samples

A dynamic solid–liquid extraction was carried out using a

Naviglio Extractor (FT 110, Armfield, England) following

the Naviglio methodology (Naviglio 2003). The Naviglio

Extractor is based on a suction effect generated by a

compression of aqua used as an extracting solvent on solids

at a pressure of 8 bar, followed by immediate decom-

pression at atmospheric pressure. One hundred grams of

each aromatic plant were placed inside the extraction

chamber and 1 L of water MilliQ grade was added as a

solvent. To allow plant extracts to totally recover, 6

extractive cycles of 10 min each (1.5 min in the static

phase and 8.5 min in the dynamic phase) were performed.

The extracts obtained were filtered with a cellulose nitrate

membrane (0.45 lm, Whatman, Dassel, Germany). For the

antimicrobial activity test, extracts were also filtered

through 0.2 lm cellulose acetate filters (Millipore, Madrid,

Spain) to ensure the absence of microorganisms.

Extraction of essential oils (EOs)

A solvent-free microwave extraction (SFME) of EOs was

carried out with a NEOS apparatus (Milestone, Bergamo,

Italy) following the procedure of Moro et al. (2012).

Chemical composition analysis

Low-molecular-weight phenolic compound determination

by high performance liquid chromatography (HPLC–DAD)

The analysis was carried out following Pedroza et al.

(2013), where 20 lL of samples (aqueous extracts and

standards), previously filtered through a 0.45 lm PVDF

Durapore filter (Millipore, Bedford, MA, USA), were

injected into an HPLC chromatograph (Agilent 1200, Palo

Alto, CA, USA). Compound detection was carried out with

a diode array detector (DAD) (Agilent 1200, CA, USA) at

different wavelengths. The standards used for the quanti-

fication of gallic acid, vanillin, syringic acid, ferulic acid,

chlorogenic acid, rosmarinic acid and caffeic acid were

employed to prepare five point calibration curves

(R2 [ 0.99) in water prior to analyzing extracts. All the

standards were supplied by Sigma-Aldrich (Steinheim,

Germany), except for rosmarinic acid, which was obtained

from ExtraSynthese (R&D Chemicals, Lyon, France).

Gallic acid, vanillin, syringic acid were identified at

280 nm, while ferulic acid, chlorogenic acid, rosmarinic

acid and caffeic acid were identified at 324 nm. Identifi-

cation was done by making comparisons with their stan-

dards UV–vis spectra and retention times in the

chromatogram.

Volatile composition of extracts by gas chromatography–

mass spectrometry (GC–MS)

Aqueous volatile compounds were extracted by stir bar-

sorptive extraction (SBSE), where 10 mL of extract (20 %)

were stirred with a polydimethylsiloxane-coated stir bar

(0.5 mm film thickness, 10 mm length; Twister, Gerstel

GmbH, Mülheiman der Ruhr, Germany) at 500 rpm for

60 min at 25 �C. The stir bar was then removed from the

sample, rinsed with distilled water, dried with cellulose
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tissue and finally transferred into a thermal desorption tube

for the GC/MS analysis. The volatile compounds at the stir

bar were desorbed in an automatic thermal desorption

system (PerkinElmer Turbo Matrix ATM, Norwalk, CT,

USA) with an oven temperature of 280 �C, a desorption

time of 5 min, a cold trap temperature of -30 �C and a

helium inlet flow of 45 mL/min.

The essential oil was injected (0.2 lL) directly into the

gas chromatograph at an inlet temperature of 230 �C.

All the volatiles were transferred into the Varian CP-

3800 gas chromatograph (GC), equipped with a Saturn

2200 ion trap mass spectrometry (MS) (Varian, Inc., Palo

Alto, CA, USA) following the chromatographic method of

Moro et al. (2012). Identification of volatile components

was carried out using the NIST/ADAMS library data of the

GC/MS system, as described by Adams (2009) with their

characteristic m/z values. Quantification was carried out

according to the area percentage in the single ion moni-

toring (SIM) mode. A mean value of two replicates per

extract was obtained.

Bacterial strains and spore preparation

Escherichia coli CECT 4201 and C. tyrobutyricum CETC

4011 were obtained from the Spanish Type Culture Collec-

tion (Burjasot, Valencia, Spain). After anaerobic incubation

in Reinforced Clostridial Medium (RCM) (Oxoid LTD,

Basingstoke, England) for 1 week (Anastasiou et al. 2009),

clostridial spores were harvested and purified twice by cen-

trifugation at 8,000g for 15 min at 4 �C, while the final pellet

was resuspended in distilled sterilized water. The spore

concentration was determined by adapting the procedure

used by Anastasiou et al. (2009) after heat treatment at 80 �C

for 15 min by serial dilution in Buffered Peptone Water

(BPW) (Scharlau, Madrid, Spain). E. coli was prepared by

culturing 24 h in Triptone Soy Medium (TSM) (Oxoid LTD,

Basingstoke, England) at 37 �C. Both inocula were stored in

1 mL aliquots at -20 �C with 15 % of glycerol.

Determination of antibacterial activity

Antimicrobial activity was performed by the agar well dif-

fusion method according to Althaus et al. (2009). Hence, 12

Petri dishes, 140 mm in diameter (Deltalab, Barcelona,

Spain), were filled with 40 mL of either RCM agar (Oxoid

LTD, Basingstoke, England) or Triptone Soy Agar (TSA)

(Oxoid LTD, Basingstoke, England) inoculated with 105cfu/

mL of spore suspension for C. tyrobutyrucum (Bogović

Matijašić and Rogelj 2000) and 106cfu/mL for E. coli (Tor-

nuk et al. 2011), respectively, and were allowed to solidify.

Six wells, 14 mm in diameter, were aseptically bored into

each plate and were then filled with 250 lL of five different

concentrations of essential oil (EO) or aqueous extract (AE)

diluted in reconstituted skimmed milk powder for microbi-

ology (Merck KGaA, Darmstadt, Germany). The EO con-

centration ranged from 0.02 to 200lL/mL and from 20 to

1,000 lL/mL for AE. To allow for the correct solubilization

of oil dilutions in milk, 0.5 % of Tween-20 (Panreac, Bar-

celona, Spain) was added to each one. In the multi-plate

design, two alternate wells were filled with an intermediate

concentration (25 and 200 lL/mL, respectively, for EOs and

AEs). Three of the remaining holes were employed for the

rest of the concentrations, but the last hole was employed for

milk as a control. After 30 min of diffusion, the plates were

incubated for 48 h at 37 �C under anaerobic conditions

(GENboxaner, Biomérieux, Madrid, Spain) for C. tyrobu-

tyricum, and for 22 h at 37 �C under aerobic conditions for

E. coli. Antimicrobial activity was evaluated by measuring in

triplicate the inhibition zone, including the diameter of the

punched hole itself (14 mm) with a digital caliper (range

0–150 mm, accuracy ± 0.01 mm; VWR, Barcelona, Spain).

A Maximal Measurable Diameter (MMD) of 40 mm was

established because large diameters interfere with other holes.

Data analysis

A linear regression model procedure was used to establish

a relationship between inhibition diameters and the con-

centration of aromatic plant extracts in milk. The following

linear regression model (1) was applied to each extract:

yij ¼ b0 þ b1 � log Ci ð1Þ

where yij is the diameter of the inhibitory zone (mm), b0

and b1 are the parameters calculated by the linear

regression model, and log Ci is the decimal logarithm of

the aromatic plant extract concentrations (lL/mL).

Moreover, the inhibition data were transformed by (2) in

order to lose no non activity data. Here Y is the matrix of

C18 mm (the theoretical concentration that produces an

inhibition diameter of 18 mm, which is calculated by

substituting it in the linear regression equation) for each

plant, and NA means No Activity.

Y 0 ¼
1
Y ; Y [ 0

0; Y ¼ NA

�
ð2Þ

.

Afterward, the correlation coefficients between com-

pounds and inhibition were obtained by applying the

transformation shown below (3), which was needed to

obtain straightness and linearity between data.

yl ¼ log ðyþ 1Þ ð3Þ

where y is the matrix of C18 mm for each plant. This

analysis showed the individual effect of each compound

upon inhibition by considering their total weight in all

plants.
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In the next step, a partial least square (PLS) regression

was carried out. Since two different kinds of extracts were

analyzed, three different PLS regression models were

employed: a) volatile compounds of EOs against E. coli, b)

volatile compounds of EOs against C. tyrobutyricum and c)

AEs’ compounds against C. tyrobutyricum. This is a par-

ticularly suitable method for analyzing chemical data

(Barker and Rayens, 2003). Throughout the PLS regression

models, the most significant compounds to bacterial inhi-

bition were obtained by considering the interactions among

them. All the statistical analyses were done using the free

software R (R Foundation for Statistical Computing,

Vienna, Austria).

Results and discussion

The extracts’ composition is essential for antimicrobial

activity studies, and the bibliography does not always

attach importance to the extraction data approach or to how

volatile characterization is carried out. The innovative

extraction methods employed in this work, dynamic solid–

liquid and solvent-free microwave extraction, helped

accelerate the volatile extraction process without causing

considerable changes in their original volatile extract

composition. It was ensured that antibacterial behavior

depends only on the volatile fraction of each vegetable

sample, and not on the artifacts generated when using other

organic solvents or high temperature extraction procedures.

Antibacterial activity of plant extracts

Table 1 shows the coefficients of the linear regression

equations for the extracts that presented antibacterial activ-

ity. A total of 13 extracts (9 EOs and 4 AEs) from the 24

tested confirmed antimicrobial activities against E. coli and/

or C. tyrobutyricum, but only L. angustifolia Mill. and

L. hybrida EOs were able to inhibit both microorganisms.

Overall, the sensitivity of C. tyrobutyricum seemed to better

that of E. coli, whose growth was not affected by any AE, and

needed higher concentrations of EOs to obtain the same

inhibition rate. Most extracts showed high correlation coef-

ficients (R) between the extract concentrations and the

diameters of the inhibitory zone and, as expected, the b1

parameter (slope) gave positive values in all cases (Table 1).

By calculating the theoretical concentration that produced an

inhibition diameter of 18 mm (C18 mm) from the Table 1

equations, the volume of the seven active oily extracts ranged

from 17 to 167 lL/mL for E. coli (O. vulgare L. and

L. angustifolia Mill., respectively). Of the C18 mm values for

C. tyrobutyricum inhibition, only four EOs were active, and

their concentrations were all below 10 lL/mL. In fact,

C. nobile overcame the Maximum Measurable Diameter

(MMD) at the lowest concentration tested (0.02 lL/mL).

Table 1 Linear regression model parameters and calculated theoretical concentration (C18 mm) of essential oils (EOs) and aqueous extracts

(AEs) corresponding to an inhibition diameter of 18 mm in E. coli and C. tyrobutyricum

Bacterium Plant species Extract b0 b1 R p C18 mm (lL/mL)a

Escherichia colichia coli Origanum vulgare L. EO -3.11 16.49 0.90 0.000 17

Achillea millefolium 5.77 7.09 0.63 0.000 33

Thymus serpyllum L. -5.71 15.52 0.86 0.000 29

Rosmarinus officinalis L. 10.48 3.86 0.76 0.000 67

L. angustifolia Mill 10.33 3.41 0.94 0.000 167

L. hybrida 10.47 3.63 0.70 0.000 83

Hyssopus officinalis L. 0.36 8.27 0.74 0.000 101

C. tyroburyricum S. officinalis L. EO 17.29 8.58 0.97 0.000 1

L. angustifolia Mill. 5.23 12.11 0.56 0.001 6

L. hybrida 4.57 12.09 0.68 0.000 9

Chamaemelumm nobile L. mib mi mi mi \0.02

O. vulgare L. AE -216.01 79.33 0.81 0.000 720

L. angustifolia Mill. -47.16 24.69 0.73 0.000 319

H. officinalis L. 6.98 3.99 0.18 0.022 104

C. nobile L. -4.06 7.61 0.65 0.000 512

In this table are listed all the extracts which presented antibacterial properties against each of the bacteria tested (E. coli and C. tyrobutyricum)

and the type of extract, essential oil (EO) or aqueous extract (AE) used. There is also provided all parameters obtained by linear regression

models (b0 b1, R and p) for these extracts and the theoretical concentration of extracts that produce an inhibition halo of 18 mm (C18 mm)
a C18 mm (lL/mL): Value calculated in the equation for a fixed 18 mm diameter
b mi: Maximum inhibition at a minimal assayed concentration (inhibition greater than 40 mm)

World J Microbiol Biotechnol

123

Author's personal copy



Unlike E. coli, four aqueous extracts were able to limit the

growth of C. tyrobutyricum with a mean C18 mm value of

414 lL/mL, which highlights the greater activity of EOs as

compared to these extracts. When considering both the oil

and aqueous extract forms, L. angustifolia Mill. was the only

plant found to be active against both bacteria (Table 1).

In general, the sensitivity of E. coli seemed to be inferior

to that of C. tyrobutyricum, which was not only unaffected

by any AE, but also needed a higher concentration of EOs

to provoke similar effects. The effect of aromatic plant

extracts on E. coli has been previously addressed, and is

probably due to the pathogenicity of several strains and to

its role as a common food spoiler. As in this study, the

results reported by others found that E. coli is quite resis-

tant to plant extracts if compared with Gram-positive

bacteria (Baratta et al.1998; Vági et al. 2005; Oussalah

et al. 2007). Nevertheless, as pointed out by Burt (2004),

the comparison of the results was made extremely difficult

by not only the different antibacterial activity determina-

tion methodologies, but also by other factors which influ-

ence extracts’ chemical composition, such as plant harvest

season, the plant part employed, plant location, designation

of plant, among others. Little attention is paid to the plant

extraction procedure because the solvents or high temper-

atures used in most cases may generate certain artifacts

which could interfere with microbial activity. This could be

the reason why we found a better inhibitory effect on

E. coli with some of the EOs described by others at com-

parable concentrations; for instance, oregano, lavandula

and rosemary (Vági et al. 2005; Oussalah et al. 2007).

Despite little attention having been paid to C. tyrobu-

tyricum, some aromatic plants have been tested against

other clostridium species, such as cheese spoilers like

C. sporogenes or pathogenic strains like C. perfringens,

with the latter probably due to the human risk involved.

Studying the EOs obtained from chamomile, sage or

lavender by solvent-free microwave extraction seems to

prove more effective than those assayed by Deans and

Ritchie (1987). Moreover, present S. officinalis EO reached

similar clostridial inhibition than those obtained by Tepe

et al. (2005) with hexane and dichloromethane extracts

from S. tomentosa.

As with EOs, AEs seem to be more effective against

C. tyrobutyricum, a Gram-positive bacterium. Several

authors have hypothesized that this difference is probably

due to the distinction made in the cell envelope structure

(Burt 2004; Bakkali et al. 2008) because the outer mem-

brane surrounding the cell wall of E. coli, a Gram-negative

bacterium, could restrict the diffusion of volatile com-

pounds through its lipopolysaccharide membrane, unlike

C. tyrobutyricum, which does not have this external pro-

tective membrane.

The outstanding results obtained are related to the AEs

in the inhibition of C. tyrobutyricum, which is scarcely

reported in the literature. To the best of our knowledge, the

activity of AEs from H. officinalis L. and C. nobile on

Gram-positive sporulated bacteria has never been studied,

and only oregano and black thymus aqueous extracts have

been able to inhibit the Bacillus species (Sağdiç and Özcan

2003), but not on Clostridium. In contrast, several authors

have reported antimicrobial activity on E. coli strains, and

some have obtained good inhibition rates with rosemary,

anise, thyme and oregano aqueous extracts (Tornuk et al.

2011; Sağdiç and Özcan 2003) but, like present study, they

did not detect any activity with lavender or sage.

Plant extracts’ chemical composition

The percentage of compounds was clearly higher among

the EOs extracts than among the AEs ones since 100 vol-

atile compounds were identified in EOs (a mean of 24

compounds per extract) instead of the 68 identified in AEs

(a mean of 18 compounds per extract). The EOs from A.

graveolens L. and P. anisum L. were completely accounted

for (100 %), although no AEs reached this percentage in

the chemical composition identification (Table 2).

By taking into account the chemical structure of the

identified volatiles, as expected, the monoterpene group

comprised the bulk of the extracts content (Bakkali et al.

2008), and there were only four extracts showing a total

composition below 20 %. The range of values went from

2.8 % in P. anisum L. EO to 95.8 % in S. officinalis L. AE

(Table 2). When considering monoterpene type, linear

structure compounds were represented mainly by both lav-

andula EOs (L. angustifolia Mill. 41.5 % and L. hybrida

39.7 %). The low linear monoterpene content in the extracts

from S. officinalis L., R. officinalis L. and H. officinalis L.

were offset by the high cyclic monoterpenes content. Only

two extracts showed less than 10 % of cyclic monoterpenes

in their composition, and specifically, both were extracts of

P. anisum L. The aromatic monoterpene family was present

normally at a percentage under 20 % in most extracts, except

for the O. vulgare L. and T. serpyllum L. extracts, whose

values were near or above 50 %.

Sesquiterpenes, a type of monoterpene consisting of

three isoprene units, were mainly identified in EOs (11/12),

but not in AEs (4/12), although the H. officinalis L. aque-

ous extract showed the highest proportion (21.5 %).

Finally, those extracts which least presented the previously

mentioned compounds were explained mainly by the aro-

matic compound group (Table 2), this being a series of

compounds deriving from phenylpropane. This is the case

of the AE from A. graveolens L. (77.4 %), or of both the

extracts of P. anisum L. (94.2 % for EO and 86.8 % for AE),
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which were the main representative extracts in terms of

aromatic compounds.

A detailed volatile compound analysis of EOs by

GC/MS showed that linalool, a linear monoterpene, was

present in 20 of the 24 analyzed extracts, followed by

1-terpen-4-ol, camphor, c-terpinene, borneol, 1,8 cineole,

a-terpineol, carvone and a-pinene, all of which are cyclic

monoterpenes (data not shown). A different profile was

observed for C. nobile EO, whose composition was

explained mainly by b-phellandrene (12 %), followed by

verbene (8 %) and also by an aromatic compound,

pseudoisoeugenil 2-methylbutyrate (8 %). However, Clar-

ker (2008) did not consider these compounds when clas-

sifying different chamomile species. At least in O. vulgare

L., EOs were found to be in accordance with the type of

volatile identified, where carvacrol and thymol were

encountered instead of 1-terpinen-4-ol (Baratta et al. 1998;

Vági et al. 2005), all of which are cyclic monoterpenes.

AEs were represented mainly by some of the most common

compounds identified in their corresponding EOs (linalool,

camphor, carvone, 1-terpen-4-ol, 1,8 cineole and a-terpin-

eol), although some authors have considered that these

hydrosols could differ significantly from their associated

EOs (Clarker 2008). These major compounds were all

monoterpenes, which is in accordance with previous stud-

ies, which expected that smaller molecules would be more

likely to occur in the absence of larger sesquiterpenes

(Moon et al. 2006; Tornuk et al. 2011).

Table 2 Compounds families present in volatile fractions’ extracts

Plant

code

Plant species/extract No.

compounds

Monoterpenes (%) SQ

(%)

AC

(%)

Total composition

(%)a

LM CM AM O Total

01 A. graveolens L. (dill)b EO 23 1.3 75.0 15.5 1.2 93.4 n.d. 6.6 100.0

AE 11 0.4 18.8 0.2 n.d. 19.4 n.d. 77.4 96.7

02 O. vulgare L. (oregano) EO 20 1.4 21.2 72.8 0.2 95.5 2.5 0.2 98.1

AE 13 3.8 21.3 70.2 n.d. 95.3 n.d. n.d. 95.3

03 A. millefolium (yarrow) EO 41 19.1 63.5 6.4 n.d. 89.0 10.2 0.7 99.9

AE 16 14.4 47.8 2.5 n.d. 64.7 n.d. 13.3 78.0

04 Pinus sylvestris L. (pine) EO 29 1.2 82.1 0.3 0.2 83.8 12.3 n.d. 96.1

AE 18 1.9 46.6 0.4 4.3 53.1 n.d. n.d. 53.1

05 P. anisum L. (anise) EO 8 n.d. n.d. 2.8 n.d. 2.8 3.0 94.2 100.0

AE 12 0.7 8.0 1.6 n.d. 10.3 n.d. 86.8 97.2

06 S. officinalis L. (sage) EO 21 3.5 72.1 n.d. 2.7 78.3 17.7 n.d. 96.0

AE 15 1.3 91.2 2.3 1.0 95.8 n.d. 0.7 96.4

07 T. serpyllum L. (thyme) EO 32 0.6 10.4 63.8 8.6 83.4 12.6 1.9 97.9

AE 17 11.2 33.9 48.7 n.d. 93.8 n.d. 1.3 95.1

08 R. officinalis L. (rosemary) EO 19 3.7 84.4 2.2 1.2 91.5 3.3 n.d. 94.7

AE 18 1.9 82.3 0.8 2.2 87.2 n.d. 5.6 92.8

09 L. angustifolia Mill.

(lavandula)

EO 28 41.5 18.1 0.1 n.d. 59.7 9.8 21.6 91.1

AE 17 8.7 31.6 n.d. 1.6 41.9 1.8 22.6 66.3

10 L. hybrida (lavandine) EO 24 39.7 26.7 n.d. 2.6 69.0 4.8 20.4 94.2

AE 26 37.2 30.5 19.3 1.0 88.0 0.1 10.4 98.5

11 H. officinalis L. (hyssop) EO 19 2.1 72.1 n.d. 3.4 77.7 13.9 n.d. 91.6

AE 22 4.5 67.5 0.3 1.3 73.6 21.5 0.6 95.7

12 C. nobile (chamomile) EO 23 2.8 41.2 2.5 2.9 49.3 20.4 4.2 73.0

AE 27 2.1 14.3 0.1 0.3 16.8 5.5 0.5 22.8

In this table are shown chemical compositions of all extracts analyzed grouped into main families of compounds, which are: linear, cyclic,

aromatic and others among the monoterpene family; sesquiterpene and aromatic compounds. There is also presented the number of compounds

identified as well as the percentage of the total area identified

Monoterpene subfamily: LM lineal monoterpenes, CM cyclic monoterpenes, AM aromatic monoterpenes, O others

SQ sesquiterpene, AC aromatic compounds (no monoterpene)

EO essential oil, AE aqueous extract

n.d. not a detected family of compounds
a Total Composition (%): Percentage of compounds identified to be related to total composition
b Aromatic plant’s common name
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Some plants were defined by major compounds, which

presented over 40 % of their extracts’ total composition,

such as trans-anethole in P. anisum L. (69.4 % of AE;

82.7 % of EO), carvacrol in O. vulgare L. (68.6 % of AE;

43.2 % of EO) and thymol in T. serpyllum L. (41.2 % of

AE; 58.7 % of EO).

The non volatile fraction determination carried out by

HPLC/DAD on AEs was limited as it only 13 compounds

were identified with the standards available. In the best

case, L. angustifolia Mill., it was possible to explain

19.6 % of total extract composition (data not shown) and

the poorest was represented by Salvia officinalis L. with

Table 3 Compounds with

positive correlation coefficients

in bacterial inhibition and their

presence in extracts

In this table are presented those

compounds which presented a

positive correlation coefficient

in antimicrobial activity and

their coefficients (r). There is

also provided the type of extract

where they are found, essential

oil (EO) or aqueous extract

(AE); the bacteria which is

inhibited by them and their

presence in extracts in terms of

abundance and mean presence
a Extract: Essential oils (EOs)

or Aqueous extracts (AEs)

Bacterium Extracta Compound Abundance in extracts (%) r

Range Mean

E. coli EO Hexyl acetate 0.09–0.54 0.31 0.98

1-terpinen-4-ol 0.08–4.51 1.61 0.73

Linalool 0.17–35.82 9.78 0.69

Linalyl acetate 0.59–20.53 13.40 0.63

Terpinolene 0.28–0.65 0.47 0.53

Neryl acetate 0.40–0.62 0.49 0.46

Borneol 0.11–4.96 2.36 0.42

Octen-3-ol 0.05–0.54 0.29 0.39

b-ocimene (E) 0.24–1.64 1.04 0.38

b-ocimene (Z) 0.97–2.35 1.58 0.37

Camphor 0.10–13.59 5.80 0.28

Myrcene 0.58–2.83 1.56 0.16

b-caryophyllene (Z) 0.60–2.39 1.49 0.14

1, 8 cineole 0.78–19.21 9.22 0.06

b-caryophyllene (E) 1.31–8.21 3.81 0.02

C. tyrobutyricum EO Caryophyllene oxide 0.31–2.66 1.48 0.99

c-himachalene 0.87–3.60 2.24 0.97

Pseudoisogenyl-2-methylbutyrate 2.10–7.21 4.66 0.96

b-phellandrene 1.21–11.27 6.10 0.88

Methyl eugenol 0.50–0.96 0.73 0.88

a-terpineol 0.21–3.80 1.43 0.81

d-cadinene 4.16–4.62 4.39 0.71

b-ocimene (Z) 0.97–2.35 1.59 0.69

Sabinene 0.45–2.62 1.21 0.40

Pinocamphone 2.93–22.15 12.54 0.04

AE Nerol 0.10–8.87 4.49 0.98

Thymol 0.17–45.66 9.66 0.98

Menthol 0.40–1.73 1.06 0.95

Dihydro carvone (E) 0.43–4.70 2.29 0.90

Thymoquinona 7.67–13.67 10.67 0.85

Eugenol 0.13–2.50 1.07 0.75

Coumaric acid derivate 8.04–19.61 12.66 0.43

1-octen-3-ol 0.07–0.54 0.30 0.41

Carvone 0.07–14.89 6.19 0.16

Isomenthone 0.12–3.43 0.99 0.09

Pinocarvone 1.03–17.33 9.18 0.08

Pinocamphone 1.17–41.17 15.07 0.08

Spathulenol 4.57–16.84 10.70 0.06

Methyl eugenol 0.63–1.30 0.97 0.03

Sabine hydrate (E) 0.34–1.01 0.59 0.01
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Table 4 Principal compounds and partial least squares regression loadings of composition and individual antimicrobial activity

Extract and bacterium Compound Compound

familya
Plant codeb Principal components

PC1 PC2 PC3

EOs against E. coli a-pinene CM 01, 02, 03, 04, 06, 07, 08, 09, 10, 11, 12 -0.197 -0.249 0.427

b-pinene CM 01, 02, 03, 04, 06, 07, 08, 09, 10, 11 -0.113 -0.172 0.069

a-phelandrene CM 01, 02, 03, 04, 06, 07, 08 -0.154 -0.075 0.209

p-cymene AM 01, 02, 03, 04, 07, 08 -0.073 -0.043 0.232

Limonene CM 04, 06, 08, 10, 11 -0.027 -0.042 0.048

1, 8 cineole CM 03, 06, 07, 08, 09, 10 0.127 -0.081 -0.284

c-terpinene CM 01, 02, 03, 04, 06, 07, 08, 09, 10, 11 -0.018 -0.016 0.138

Linaloolc LM 01, 02, 03, 06, 07, 08, 09, 10, 11 0.712 0.160 0.070

Pinocamphone CM 11, 12 -0.044 -0.075 -0.156

Isopinocamphona CM 11 -0.047 -0.077 -0.142

Linalyl acetate AC 03, 09, 10 0.397 0.110 0.091

p-anis aldehyde AC 05 -0.072 0.147 -0.076

Thymol AM 02, 03, 05, 07 -0.163 -0.006 1.084

Carvacrol AM 02, 03, 07, 12 -0.072 -0.037 0.474

Trans-anethole AM 01, 05, 07 -0.558 1.110 -0.543

EOs against Cl. tyrobutyricum Verbene CM 12 0.223 0.055 0.044

b-phelandrene CM 01, 04, 12 0.311 0.057 0.010

Linalool LM 01, 02, 03, 06, 07, 08, 09, 10, 11 -0.337 -0.140 0.417

Pinocamphone CM 11, 12 0.216 -0.027 -0.215

Anisole AC 12 0.114 0.028 0.022

Linalyl acetate AC 03, 09, 10 -0.186 -0.061 0.244

p-anis aldehyde AC 05 -0.167 0.133 -0.059

thymol AM 02, 03, 05, 07 -0.462 -0.031 0.603

Trans-anethole AM 01, 05, 07 -1.268 0.996 -0.460

d-cadinene SQ 04, 12 0.117 0.015 0.019

Pseudoisoeugenil 2-methylbutyrate SQ 05, 12 0.162 0.073 0.027

AEs against C. tyrobutyricum p-cymene AM 01, 02, 03, 04, 07, 08 -0.034 -0.088 -0.011

1, 8 cineole CM 03, 06, 07, 08, 09, 10 -0.238 -0.005 0.593

pinocarvone CM 11, 12 0.023 -0.036 0.004

linalool LM 01, 02, 03, 06, 07, 08, 09, 10, 11 -0.040 -0.227 -0.045

a-thujone CM 06 -0.101 0.015 0.305

Camphor CM Present in all extract analyzed -0.185 -0.105 0.351

Pinocamphone CM 11, 12 0.054 -0.090 0.003

Carvone CM Present in all extract analyzed 0.031 0.137 -0.062

Thymoquinona CM 02, 07 0.226 0.012 0.076

p-anis aldehyde AC 05 -0.062 0.114 0.039

Thymol AM 02, 03, 05, 07 0.776 0.176 0.148

Carvacrol AM 02, 03, 07, 12 -0.072 -0.374 0.338

Trans-anethole AM 01, 05, 07 -0.274 0.499 0.231

Spathulenol SQ 11, 12 0.022 -0.043 -0.014

Apiole AC 01 -0.325 0.834 -0.638

Rosmarinic acid CD 02, 06, 08 -0.060 -0.022 0.183

Coumaric acid derivate CD 02, 03, 07, 09, 10 0.232 -0.129 -0.051

All compounds selected after carrying out three partial least square regression models are provide in this table. Moreover, they are grouped by bacteria affected and

type of extract, essential oil (EO) and aqueous extract (AE); and plants where they were found are shown as plant code related to Table 2. There were selected the

first three principal components (PC) and are shown all these loadings
a Compound family: CM cyclic monoterpenes, SQ sesquiterpenes, LM lineal monoterpenes, AM aromatic monoterpenes, AC aromatic compounds not monoter-

penes, CD cinnamic acid derivates
b Plant Code: Presence of compounds in plant extracts expressed as plant code (Table 1)
c Compounds in bold: Compounds with positive PC1 values
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0.4 %. The compounds identified in each extract ranged

from 2 (P. sylvestris L. and L. angustifolia Mill.) to 7 (A.

graveolens L.). Most of these compounds were cinnamic

derivates, with caffeic acid being the most common as it

was present in 10 of the 12 extracts analyzed. Two other

groups of compounds were identified as benzoic acids,

chlorogenic acid and vainillic acid, and as flavonoids such

as (?)-catechine, present only in A. graveolens L.

Correlation between the antibacterial activity

and composition of extracts

The results of the initial exploratory analysis carried out

using the correlation coefficients are presented in Table 3.

There were a total of 15 compounds for the E. coli inhi-

bition by EOs, 11 for the C. tyrobutyricum inhibition by

EOs and 15 by AEs with positive correlation coefficients.

The percentage of the total area represented by these

compounds in extracts varied vastly, ranging from 0.05 %

to 45.66 % of the total area composition, and the same may

be said of their mean abundance in extracts. Of these, there

were eight compounds with correlation coefficients over

0.90 % (Table 3). The compounds with a positive corre-

lation coefficient rarely coincided, and only b-ocimene

(Z) was seen to be common in both the EO antimicrobial

assays. In the C. tyrobutyricum inhibition, methyl eugenol

and pinocamphone were the common compounds, irre-

spectively of the extract employed.

As this analysis only considered the individual weight

on the inhibition by each compound, three PLS regression

models were carried out to elucidate any existing interac-

tions among individual compounds. The eigenvectors of

the three leading principal components (Table 4) obtained

by the PLS regression of the EOs models explained 60 and

98 % of E. coli and C. tyrobutyricum inhibition, respec-

tively. With the AEs model, these eigenvectors explained

99 % of C. tyrobutyricum inhibition. Table 4 displays the

most significant compounds for the inhibition of each

bacterium by the different extracts tested. The compounds

with a positive loading on the first principal component

(PC1), given the higher percentage of variance explanation

(43, 71 and 94 % for each assay, respectively), represents a

positive effect on inhibition. Among all the compounds,

each PLSR selected a total of 3, 6 and 7 compounds as

relating positively to the inhibition of E. coli, C. tyrobu-

tyricum by EOs and C. tyrobutyricum by AEs, respectively

(Table 4). Most belonged to the cyclic monoterpenes

group, and sesquiterpenes seemed to affect only the clos-

tridial bacterium in either the aqueous or oil form. Only

one non volatile compound was marked as active against

C. tyrobutyricum growth, the coumaric acid derivate,

which also had a positive correlation coefficient (Table 3).

Previous works have focused more on the compounds’

functional group to explain antimicrobial activity rather

than their structural conformation as this work did. Oxy-

genated monoterpenes are usually attributed to greater

activity than hydrocarbons (Ait-Ouazzou et al., 2011). The

presence of two hydrocarbon monoterpenes, verbene and

b-phellandrene, among the oxygenated ones, active against

C. tyrobutyricum, is an outstanding result.

Those compounds with positive values on PC1 also

presented positive correlation coefficients in the individual

effect on inhibition, except for verbene and anisole on

C. tyrobutyricum inhibition by EOs. Linalool (0.712) in the

E. coli PLSR model, b-phellandrene (0.311) or thymol

(0.776) in all the C. tyrobutyricum PLRS models, respec-

tively, were the compounds which were seen to correlate

more intensively with inhibition. As expected, all these

compounds were present in the active extracts against the

correspondent microorganisms, such as A. millefolium,

C. nobile or O. vulgare, respectively (Table 1). However,

they were also present in those extracts that did not show

any inhibition against target bacteria (S. officinalis L. EO

against E. coli, P. anisum L. EO against C. tyrobutyricum

or T. serpyllum AEs against C. tyrobutyricum). This fact,

combined with the exception observed in the PLSR model

of C. tyrobutyricum inhibition by EOs, supports the pre-

vious hypothesis by researchers that synergistic, additive or

antagonistic effects occur when several compounds are

tested together (Gutiérrez et al. 2008). Moreover, it also

highlights the additional information provided by the PLSR

model as the inhibition effect displayed by the individual

compounds from the correlation coefficients results did not

show the effect of the compounds interactions within such

complex matrixes as EOs or AEs.

Conclusions

Extracts, obtained by innovative extraction procedures

(dynamic solid–liquid and solvent-free microwave extrac-

tions), inhibited each bacterium tested to a different degree,

where O. vulgare L., A. millefolium or T. serpyllum L. are

the recommended EOs to prevent the negative effects of

E. coli in cheeses, as are the EOs from S. officinalis L.,

L. angustifolia Mill., L. hybrida and C. nobile L. to control

late cheese blowing by C. tyrobutyricum. Moreover, some

AEs could prevent this defect, especially these obtained

from H. officinalis L. The use of both EOs from the Lav-

andula species could prove to be a more complete pre-

ventive action given its antimicrobial activity against both

microorganisms.

The relationship between extracts’ chemical composition

and antimicrobial activity reveals that some oxygenated

monoterpenes are active against each bacterium, such as

linalool for E. coli or anisole and thymol for C. tyrobutyricum

World J Microbiol Biotechnol

123

Author's personal copy



inhibition. Moreover, this work provides key results since

some of these compounds have not been previously related to

antimicrobial activity, such as the two hydrocarbon mono-

terpenes, verbene and b-phellandrene, which were marked as

being active against C. tyrobutyricum, despite this family of

compounds not considered to offer antimicrobial activity.

Further work is required to study the synergistic properties of

the selected compounds in order to improve the use of natural

preservatives against cheese blowing, one of the main causes

of economic loss during cheese ripening.
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Schöbitz R, Uribe C, Molina LH, Espina F (2005) Control del
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RESUMEN 
 La presencia de mohos en el interior de los quesos es un problema no sólo desde 
el punto de vista de la percepción que tendrá el consumidor, sino también porque 
algunas de las especies más comúnmente aisladas son capaces de producir micotoxinas 
y podrían tener efectos perjudiciales para la salud. Este trabajo plantea el estudio in 

vitro de extractos de 3 plantas aromáticas (Melissa officinalis, Ocimum basilicum y 
Thymus vulgaris) para combatir la presencia de uno de los mohos contaminantes más 
habituales en los quesos de pasta prensada, Penicillium verrucosum. Los resultados 
confirman el potencial inhibidor de estos extractos. 
 
Palabras clave: Actividad antifúngica, Penicillium verrucosum, Queso, Plantas 
aromáticas 
 
INTRODUCCIÓN 

Los mohos tienen un doble papel en el proceso de elaboración del queso, por un 
lado son deseables y beneficiosos para su afinado (Penicillium roqueforti o P. 

camemberti en Roquefort o Camembert), pero también son causantes de 
contaminaciones internas en los quesos durante su maduración, ocasionando pérdidas. 
Como contaminantes, los géneros Penicillium y Cladosporium son los más encontrados 
(Ledenbach y Marshall, 2010), y concretamente en quesos de oveja en Castilla-La 
Mancha es P. verrucosum la especie más aislada (Serrano, 1997). Además de ser un 
problema económico, existe otro de mayor trascendencia, el grave riesgo para la salud 
del consumidor (Soriano, 2007) por la posible presencia de cepas micotoxicogénicas. El 
género Penicillium recoge el mayor número de especies productoras de micotoxinas, 
dentro de las cuales, P. verrucosum es capaz de producir la ocratoxina A, que puede 
ocasionar nefropatías crónicas en mamíferos (Soriano, 2007). 
 La presencia de mohos en la industria láctea es frecuente en la leche, el aire, 
equipamientos y cámaras de maduración (Kure et al., 2004), y para su control se suelen 
emplear, entre otras medidas, recubrimientos fungistáticos químicos. El uso de 
sustancias naturales, como los extractos de plantas aromáticas, podría suponer un 
avance hacia la obtención de productos más naturales. Así, este trabajo pretende 
determinar in vitro el potencial antifúngico de extractos de tres plantas aromáticas 
(Melissa officinalis, Ocimum basilicum y Thymus vulgaris) para reducir la incidencia de 
P. verrucosum, uno de los mohos contaminantes más aislados de quesos de pasta 
prensada.  
 
MATERIALES Y MÉTODOS 
 De tres plantas, M. officinalis, O. basilicum y T. vulgaris, se obtuvieron los 
extractos acuosos y aceites esenciales por 2 métodos que no requieren del uso de 
disolventes: extracción dinámica sólido-líquido y extracción por microondas, 
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respectivamente. Una vez extraídos, se determinó su composición química en términos 
de compuestos volátiles mediante GC/MS, y en términos de compuestos fenólicos no 
volátiles para los extractos acuosos, mediante HPLC. Estos extractos se ensayaron in 

vitro para determinar su capacidad para inhibir el crecimiento del moho Penicillium 

verrucosum 48957 CECT mediante el ensayo de dilución en caldo descrito por Baratta 
et al. (1998). Para ello se realizaron las diluciones pertinentes de cinco concentraciones 
de cada uno de los extractos comprendidas entre 0,02 y 200 µL/mL en los aceites 
esenciales y entre 20 y 1000 µL/mL en los acuosos. Estas diluciones se realizaron por 
triplicado en 10 ml de caldo Yeast Extract Sucrose (BD, Le Pont de Claix, Francia) 
contenidos en matraces de 50 mL e inoculados con 105 conidias/mL. Se emplearon 3 
matraces sin extracto como control. La incubación se llevó a cabo durante 1 semana en 
oscuridad en un agitador orbital (50 rpm) a 25ºC. Tras este tiempo se determinó el 
porcentaje de inhibición según la siguiente ecuación [1]: 
 Porcentaje de inhibición (%) = (C T) / C×100     
 [1] 
dónde T representa el peso del micelio de los matraces con extracto, y C el peso del 
micelio de los matraces control.  
 Tras la obtención de todos los resultados, se determinó mediante un GLM la 
relación entre el porcentaje de inhibición obtenido y la concentración de extracto con el 
paquete informático de software libre R (R Foundation for Statistical Computing, 
Viena, Austria) según la siguiente ecuación [2]: 
 yij = 0 + 1 log Ci         [2] 

dónde yij es el diámetro de inhibición (mm), 0 y 1 son los parámetros calculados por el 
modelo y log Ci es el logaritmo de la concentración de extracto ( L/mL). 
 
RESULTADOS Y DISCUSIÓN 
 La Tabla 1 recoge los compuestos mayoritarios presentes en cada uno de los 
extractos, donde más de un 40% de la composición química de las fracciones volátiles 
de los extractos se explica con 2 ó 3 compuestos mayoritarios. En general, 
predominaron los monoterpenos (Tabla 1), seguidos de compuestos aromáticos como el 
anisol, el linalil acetato y la cumarina. En todos ellos ha sido descrita anteriormente 
actividad antimicrobiana (Ait-Ouazzou et al., 2011). En cuanto a la fracción no volátil 
de los extractos acuosos, no hubo compuestos mayoritarios de tanto peso como los 
observados en las fracciones volátiles, perteneciendo todos al grupo de los ácidos 
cinámicos.  
 
Tabla 1. Compuestos mayoritarios1 de los extractos acuosos y aceites esenciales de 
M. officinalis, O. basilicum y T. vulgaris. 
 M. officinalis O. basilicum T. vulgaris 

Aceite esencial nerol (36%) 
neral (35%) 

anisol (58%) 
linalol (11%) 

linalol (35%) 
1-terpinen-4-ol (11%) 

Extracto acuoso-
fracción volátil 

linalol (30%) 
linalil acetato (10%) 

carvona (21%) 
linalol (17%) 
trans-anetol (16%) 

cumarina (71%) 
geranial (12%) 

Extracto acuoso-
fracción no volátil 

ácido caféico (8%) 
ácido rosmarínico 
(8%) 

ácido chicórico 
(13%) 
ácido caftárico 
(10%)  

ácido rosmarínico 
(20%) 

1Compuestos con peso superior al 8% sobre la composición total del extracto. 
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 Los coeficientes de las ecuaciones de predicción obtenidas al relacionar las 
concentraciones con el porcentaje de inhibición producido (Tabla 2) muestran elevados 
valores para las ordenadas en el origen ( 0), con excepción de los extractos acuosos de 
M. officinalis y O. basilicum, y explicaría que fueran los únicos incapaces de alcanzar 
un 50% de inhibición a la concentración más alta ensayada (extracto puro). La Figura 1 
muestra las concentraciones teóricas de extracto (calculadas sobre las ecuaciones de la 
Tabla 2) necesarias para inhibir un 50% el desarrollo del micelio. En ella puede 
observarse como los tres aceites fueron capaces de alcanzar esta inhibición con bajas 
concentraciones (0,3 a 2,4 L/mL), y que sólo el extracto acuoso de T. vulgaris fue 
capaz inhibir en este rango a concentraciones incluso similares a la de algunos aceites 
esenciales.  
 
Tabla 2. Ecuaciones de inhibición de los extractos sobre P. verrucosum. 

Planta Aceites esenciales Extractos acuosos 
M. officinalis yij = 51,1+4,8 *  log Ci  yij = 5,8+3 *  log Ci 

O. basilicum yij = 46,3+8,9 *  log Ci yij = 6,4+10 *  log Ci 

T. vulgaris yij = 41,3+12,1 *  log Ci yij = 49,1-5,3 * log Ci 
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Figura 1. Concentración teórica capaz de inhibir en un 50% el desarrollo de P. 

verrucosum: aceites esenciales ( ) y extractos acuosos ( ). 
 
 La actividad antifúngica de extractos de plantas aromáticas ha sido ampliamente 
estudiada, así como la de sus compuestos individualmente, y en general se observa una 
mayor actividad de los aceites esenciales; aunque, también se han descrito extractos 
acuosos o hidrosoles de algunas plantas con gran actividad (Clarker, 2008). No existen 
muchos estudios del efecto de los aceites esenciales ensayados sobre cepas del género 
Penicillium, pero Sokmen et al. (2004) señalaron la inhibición total de un inóculo de 104 
esporas/mL con aceite puro de T. spathulifolius. Baratta et al. (1998), estudiando 
diversos aceites esenciales sobre Aspergillus niger observaron que el de O. basilicum 
tenía una actividad ligeramente superior a la de nuestro estudio. Mientras que el aceite 
de T. vulgaris ensayado frente a P. verrucosum es más activo que el de la misma planta 
frente a Aspergillus (Razzaghi-Abyaneh et al., 2009). El ácido rosmarínico, compuesto 
más abundante en el único extracto acuoso capaz de inhibir un 50%, ha sido descrito 
como un compuesto fenólico de gran actividad (Tóth et al., 2003), y aunque se atribuye 
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su presencia principalmente a extractos de M. officinalis, su presencia en T. vulgaris 
podría explicar la mayor actividad de este extracto. 
 
CONCLUSIONES 
 Los aceites esenciales de las plantas estudiadas fueron capaces de inhibir el 
crecimiento de P. verrucosum, abriendo la posibilidad a su uso como antifúngico 
natural para combatir contaminaciones por mohos en quesos de oveja de pasta prensada.   
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POTENTIAL USE OF AROMATIC PLANTS FOR COMBATING SHEEP 

CHEESE DEFECTS. PART II: IN VITRO STUDY AGAINST PENICILLIUM 

VERRUCOSUM 

 
SUMMARY 
 Internal moulds on cheese are not only a problem for consumers’ rejection, but 
also a healthy problem due to some commonly isolated species are toxin producers 
harmful for consumers’ health. This work study in vitro the antifungal activity of 
extracts from 3 aromatic plants (Melissa officinalis, Ocimum basilicum y Thymus 

vulgaris) as a possible way for combating one of the most common contaminant fungi 
in pressed cheeses, Penicillium verrucosum. Results confirmed the potential antifungal 
activity of these extracts. 
 
Key Words: Antifungal activity, Penicillium verrucosum, Cheese, Aromatic plants. 
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Mycotoxicogenic fungal inhibition by
innovative cheese cover with aromatic plants
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Abstract

BACKGROUND: The use of aromatic plants and their extracts with antimicrobial properties may be compromised in the case of
cheese, as some type of fungal starter is needed during its production. Penicillium verrucosum is considered a common cheese
spoiler. The aim of this study was to evaluate the innovative use of certain aromatic plants as natural cheese covers in order
to prevent mycotoxicogenic fungal growth (P. verrucosum). A collection of 12 essential oils (EOs) was obtained from various
aromatic plants by solvent-free microwave extraction technology, and volatile characterisation of the EOs was carried out by
gas chromatography/mass spectrometry.

RESULTS: The most effective EOs against P. verrucosum were obtained from Anethum graveolens, Hyssopus officinalis and
Chamaemelum nobile, yielding 50% inhibition of fungal growth at concentration values lower than 0.02 µL mL−1. All EOs
showed high volatile heterogeneity, with α-phellandrene, pinocamphone, isopinocamphone, α-pinene, camphene, 1,8-cineole,
carvacrol and trans-anethole being found to be statistically significant in the antifungal model.

CONCLUSION: The use of these aromatic plants as natural covers on cheese can satisfactorily inhibit the growth of some
mycotoxicogenic fungal spoilers. Among the volatile compounds present, α- and β-phellandrene were confirmed as the most
relevant in the inhibition.
c© 2012 Society of Chemical Industry

Keywords: aromatic plants; SFME; essential oils; cheese cover; GC/MS; Penicillium verrucosum; antifungal activity

INTRODUCTION
European dairy products are highly competitive in the interna-
tional market. In particular, the cheese sector continues to require
healthy and innovative solutions for the release of new products.
To meet consumer demands, efforts are made to produce cheeses
with natural resources (without chemical preservatives) in order
to improve their organoleptic properties and extend their shelf
life.1 – 4 High-quality flavoured cheeses are produced especially
when ripened under non-conventional conditions, for example by
inclusion of certain aromatic plants in them.5 Well-known exam-
ples of this are Friesian Clove (The Netherlands), Sage Derby (UK),
Sapsago (Switzerland) and Ciboulette (France), among others.6 In
these cases, herbs are added after coagulation of the milk and
mixed into the curd. Other cheeses successfully commercialised,
such as Cornish Yarg (UK), Barricato San Martino (Italy), Banon
(France) and Cabrales (Spain), are coated with the aerial parts
of various plants (dill, thyme, rosemary, nettle, chestnut, etc.) to
provide aromas and influence their microbiota.5

One of the most important areas of the world for the production
and use of aromatic plants is the Mediterranean region,7,8 as it
contains a wide biodiversity of such plants and a large number
of autochthonous taxa, particularly in the Lamiaceae family.
These plants have been successfully used since ancient times
as human food, livestock feed, aromatic and medicinal herbs,
cosmetics, etc.8,9 A recent application of this herb type within
the food and packaging industries is the development of biofilms

and coatings that improve food quality and reduce microbial
contamination.3,10 – 12

The use of aromatic plants and their extracts with antimicrobial
properties may be compromised in the case of cheese, as some
type of fungal starter is needed during cheese production. In
fact, several species of non-starter lactic acid bacteria (NSLAB),
particularly Penicillium spp., are used as starter cultures to
manufacture mould-ripened foods, as in the case of blue
and white cheeses.6,13,14 This secondary flora is vital for the
proper development of rheological and sensory characteristics
providing a unique taste label during the formation of cheese
rind, which is of major commercial interest.15,16 However, other
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moulds of the Penicillium genus,13,17,18 e.g. Penicillium verrucosum,
are considered to be common surface spoilers during the
cheese-ripening process.19 – 23 In particular, the aforementioned
mould is one of the most important ochratoxin A-producing
contaminants on NaCl-rich fermented foods.17,24 Ochratoxin A
represents a health problem in the food production chain owing
to its nephrotoxic, hepatotoxic and carcinogenic activities. Other
important mycotoxins synthesised by P. verrucosum are citrinin
(related to the polyketide part of ochratoxin A), verrucolone and
verrucine.17,18

Therefore the use of certain aromatic plants as innovative cheese
covers may help to prevent the external growth of fungal spoilers
and thus avoid consumer exposure to mycotoxins. In addition,
recent research on spices and aromatic herbs suggests that they
may be more effective in improving flavour and preserving food
than artificial flavourings.13,25,26

The objectives of the this study were (1) to characterise
the volatile composition of 12 plants of the Mediterranean
environment to be used as innovative cheese covers and (2) to
evaluate their antifungal activity against P. verrucosum, a model
spoiler in cheese and responsible for important mycotoxin
synthesis.

MATERIALS AND METHODS
Plant material
A collection of 12 samples from different aromatic plants was
supplied by commercial producers in March 2010. The aromatic
plants used were Anethum graveolens, Origanum vulgare, Achillea
millefolium, Pinus sylvestris, Pimpinella anisum, Salvia officinalis,
Thymus serpyllum, Rosmarinus officinalis, Lavandula angustifolia,
Lavandula hybrida, Hyssopus officinalis and Chamaemelum nobile.
Samples were packed in sealed plastic bags and stored in the dark
at room temperature until analysis. Full details of the plants are
provided in Table 1. All samples were analysed within 3 months of
shipping.

Moisture content
Moisture content was determined in triplicate using an XM 120
moisture analyser (Precisa Instruments, Dietikon, Switzerland).
Aromatic plant samples of 1.5–3 g were dried at 105 ◦C until
constant weight.

Extraction of essential oils
Solvent-free microwave extraction (SFME) of essential oils (EOs)
was carried out with a NEOS apparatus (Milestone, Sorisole,
Italy). The microwave power was set at 600 W for 5 min and
then reduced to 250 W for 30 min. A rotating microwave diffuser
ensured homogeneous microwave distribution throughout the
plasma-coated PTFE cavity. The temperature was monitored by an
external IR sensor. Constant temperature and water conditions
were guaranteed by refluxing condensed water, which was
achieved by a circulating cooling system at −2 ◦C. Vegetal samples
of 150 g were placed in the reactor with 250 mL of Milli-Q
water. Exhaustive extraction of EOs was achieved in 35 min. For
antimicrobial activity tests, samples were also filtered through a
0.2 µm PVDF syringe filter (Millipore, Madrid, Spain) to ensure the
absence of micro-organisms.

Chemical composition analysis of EOs
Extracted EOs (0.2 µL) were injected directly for gas chromatog-
raphy (GC) analysis. All volatiles were transferred into a Varian
CP-3800 gas chromatograph equipped with a Saturn 2200 ion trap
mass spectrometer and a CombiPal autosampler (Varian, Palo Alto,
CA, USA) and provided with an Elite Series Volatiles GC capillary
column (30 m × 0.25 mm i.d., 1.4 µm film thickness; Perkin Elmer,
Shelton, CT, USA). The column temperature was held at 35 ◦C for
10 min, then raised at 5 ◦C min−1 to 240 ◦C and held for 30 min.
The injector temperature was 230 ◦C, the detector temperature
was 250 ◦C and the carrier gas was helium at a flow rate of 1 mL
min−1. Mass spectrometry (MS) analysis was performed in electron
impact (EI) mode at 70 eV. The mass range from m/z 35 to 300
was scanned. Identification of volatile components was carried out
by comparison of mass spectra with NIST/ADAMS library data.27

Quantification was carried out according to GC/MS area percent-
age in single-ion-monitoring mode. All samples were analysed in
duplicate.

Antifungal activity determination
Fungal strain and conidia production
The culture used for antifungal testing was obtained from the
Spanish Type Culture Collection (CECT) (Burjassot, Valencia, Spain).
The mould strain was P. verrucosum ATCC 48 957. The fungus
was maintained on potato dextrose agar (PDA) (Merck KGaA,
Darmstadt, Germany) and subcultured at 25 ◦C every week. To

Table 1. General information on aromatic plant collection

Sample code Plant species Family Common name Part used for SFME Producer (country) Moisture (g kg−1)a

1 Anethum graveolens Apiaceae Dill Fruit Stamirofood (Egypt) 86

2 Origanum vulgare Lamiaceae Oregano Herb Stamirofood (Turkey) 94

3 Achillea millefolium Asteraceae Yarrow Aerial part, fine cut Nutraceutical (Romania) 121

4 Pinus sylvestris Pinaceae Scots pine Young shoot Nutraceutical (Romania) 131

5 Pimpinella anisum Umbelliferae Anise Fruit Stamirofood (Egypt) 89

6 Salvia officinalis Lamiaceae Sage Herb Chirea (Romania) 102

7 Thymus serpyllum Lamiaceae Wild thyme Herb Rus (Romania) 119

8 Rosmarinus officinalis Lamiaceae Rosemary Leaf Stamirofood (Egypt) 92

9 Lavandula angustifolia Lamiaceae Lavender Leaf Iakob Ioan (Romania) 140

10 Lavandula hybrida Lamiaceae Hybrid lavender Leaf Dehesa de los Llanos (Spain) 158

11 Hyssopus officinalis Lamiaceae Hyssop Herb Dacia Plant (Romania) 127

12 Chamaemelum nobile Asteraceae Roman camomile Aerial part, fine cut Dehesa de los Llanos (Spain) 87

a Mean value of three determinations by drying process.

wileyonlinelibrary.com/jsfa c© 2012 Society of Chemical Industry J Sci Food Agric (2012)
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prepare a spore suspension, the fungus was cultured on PDA plates
at 25 ◦C for 7 days. Conidia were harvested according to Baratta
et al.28 from the surface of PDA in sterile 8.5 g L−1 NaCl solution
with 5 g L−1 Tween-20 (Panreac, Barcelona, Spain). The spore
suspension was adjusted spectrophotometrically (λ = 530 nm) to
an optical density of 0.5 (∼107 colony-forming units (CFU) mL−1)
and used as inoculum for in vitro antifungal tests.

In vitro antifungal assay
The antifungal assay was carried out by the broth dilution method
of Baratta et al.28 with some modification The spore suspension
was added to a 50 mL Erlenmeyer flask containing 10 mL of
yeast extract sucrose (YES) broth (BD, Le Pont de Claix, France)
to obtain a final concentration of 105 CFU mL−1. Flasks were
prepared in triplicate, two times for each EO and concentration
(5×3×2), with filtration through a GF/C 0.22 µm nylon membrane
(Millipore, Watford, UK) to ensure the absence of micro-organisms.
Five different EO concentrations ranging from 0.2 to 200 µL mL−1

were tested. To allow EO solubility, 5 g L−1 Tween-20 was added
to flasks containing EOs. Flasks without EOs were used as controls.
All flasks were incubated on an OM10E shaking platform (OVAN,
Badalona, Spain) at 25 ◦C and 150 rpm in the dark for 1 week, after
which the weight of dried (105 ◦C overnight) mycelium (mg) in
each flask was measured. The level of inhibition was calculated as

% inhibition = [(C − T)/C] × 100 (1)

where T is the weight of mycelium from test flasks and C is the
weight of mycelium from control flasks.28

To establish a relationship between % fungal inhibition and
EO concentration, the following linear regression equation was
applied to each extract:

Yij = β0 + β1 log Ci (2)

where Yij is the % inhibition (Eqn (1)), β0 is the intersection point of
the inhibition line with the Y axis, β1 is the slope of the inhibition
line and logCi is the decimal logarithm of EO concentration (µL
mL−1). The theoretical concentration producing 50% inhibition of
fungal growth (C50%) was calculated by substitution in Eqn (2).29

The free software R (R Foundation for Statistical Computing,
Vienna, Austria) was used for all statistical analyses.30

Statistical correlation analysis between antifungal activity
and chemical composition
The statistical correlation between chemical composition and
antifungal activity was analysed using the partial least squares
regression (PLSR) method,30 which is suitable for reducing the
number of variables studied. The inhibition data analyses show the
individual behaviour for each EO and were obtained by applying
the equation

Yl = log(Y + 1) (3)

where Yl represents the data matrix of C50% for each oil extract.
The PLSR method was chosen because it is particularly suitable

for the analysis of data from chemical experiments with many
independent variables and possible interactions between them.31

PLS analysis was preferred over principal component analysis in
the present case because discrimination is the ultimate goal rather
than classification methodology, and a dimension reduction is
needed.32 Owing to the type of correlation required, the inhibition

values of growth (C50%) were taken as dependent variables and
the large number of compounds from volatile characterisation
as independent variables. The statistical correlation analysis was
carried out using the free software R (R Foundation for Statistical
Computing).30

RESULTS AND DISCUSSION
Among the collection of 12 plants studied, the Lamiaceae family
is the most represented with seven species (58.3%), followed by
the Asteraceae family with two species (16.7%). The Apiaceae,
Pinaceae and Umbelliferae families are represented by only one
species each (8.3%), namely A. graveolens,P. sylvestris and P. anisum
respectively. The highest moisture content was found in L. hybrida
and L. angustifolia (158 and 140 g kg−1 respectively), followed
by P. sylvestris and H. officinalis (131 and 127 g kg−1 respectively),
while the lowest moisture content was found in C. nobile and
A. graveolens (87 and 86 g kg−1 respectively). Intermediate values
of moisture content (89–121 g kg−1) were exhibited by P. anisum,
R. officinalis, O. vulgare, S. officinalis, T. serpyllum and A. millefolium
(Table 1).

The EOs from the selected plants were obtained by SFME, which
is based on a combination of microwave heating and distillation.
As dry plant material is used for SFME, the sample is moistened by
soaking in 250 mL of water, which accelerates many reactions that
proceed via carbocation intermediates.33 Microwave irradiation
highly accelerates the extraction process but without causing
significant changes in the volatile oil composition, a phenomenon
already described by Paré and Bélanger.34 The use of this technique
ensures that the targeted antifungal behaviour depends only on
the volatile fraction of each vegetable sample, and not on various
artefacts generated when solvents are used as in other extraction
procedures.35,36

Volatile characterisation of EOs
The volatile composition of the 12 EOs showed high heterogene-
ity, with a total of 100 volatile components (an average of 24
compounds per plant) being identified and classified as monoter-
penes (linear, cyclic, aromatic and derivative), sesquiterpenes and
aromatic compounds derived from phenylpropane (Table 2). More
specifically, the EOs of A. millefolium and T. serpyllum had the high-
est number of identified compounds, 41 and 31 constituents
respectively, amounting to 99.2 and 97.2% of the total oil com-
position. The EO of P. anisum contained the lowest number of
identified compounds, eight constituents, accounting for 100% of
the total oil composition. At the other extreme, the EO of C. nobile,
with 22 volatile compounds, showed the lowest total abundance
identified (73.0%), because the number of compounds detected
was much higher than the number of compounds identified during
the compositional analysis of this oil.

Considering the chemical structure of the identified volatiles, as
expected, the monoterpene group formed the bulk of the EO con-
tent, with a mean value close to 77%. Monoterpene compounds,
part of the terpene family, have been shown to be the most repre-
sentative molecules in EOs.37 However, the EO of P. anisum was an
exception in the present study, as its total monoterpene content
was only 2.8%, while compounds derived from phenylpropene
accounted for most of this oil (94.2%). The main subgroups
of monoterpenes in the EOs were linear, cyclic, aromatic and
derivative compounds, with cyclic monoterpenes generally being
predominant over linear and aromatic monoterpenes.

J Sci Food Agric (2012) c© 2012 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Table 2. Volatile group distribution and relative abundance calculated from GC/MS areas for 12 EOsa

M (%)

Plant species nb Linear Cyclic Aromatic Derivative Total S (%) total A (%) total Total identified compounds (%)

Anethum graveolens 23 1.3 75.8 16.1 0.2 93.4 NI 6.5 99.9

Origanum vulgare 20 1.4 21.2 72.8 0.2 95.8 2.5 NI 98.1

Achillea millefolium 41 19.1 63.5 6.4 NI 89.0 10.2 NI 99.2

Pinus sylvestris 29 1.2 82.1 0.3 0.2 83.8 12.3 NI 96.1

Pimpinella anisum 8 NI NI 2.8 NI 2.8 3.0 94.2 100

Salvia officinalis 21 3.5 72.1 NI 2.7 78.3 17.7 NI 95.9

Thymus serpyllum 31 0.6 10.4 63.7 9.0 83.7 12.5 1.0 97.2

Rosmarinus officinalis 19 3.7 86.0 2.2 1.2 93.1 3.3 NI 96.4

Lavandula angustifolia 28 41.5 18.0 0.1 21.3 80.9 9.8 NI 90.7

Lavandula hybrida 24 39.7 26.9 n. i. 22.2 88.7 4.8 NI 93.5

Hyssopus officinalis 19 2.1 74.8 n. i. 3.4 80.3 13.9 NI 94.2

Chamaemelum nobile 22 3.1 44.8 2.2 2.5 52.6 20.4 NI 73.0

a Identification by comparison of mass spectra with NIST/ADAMS library data. M, monoterpene group; S, sesquiterpene group; A, aromatic or
phenylpropanoid compound group; NI, not identified.
b Number of compounds identified in each EO.

The highest level of aromatic monoterpenes (72.8%) was found
in O. vulgare oil. This subgroup of monoterpenes represents
an important part of the total oil composition of some plant
species, such as carvacrol in O. vulgare extract (43.2%)38 and
thymol in T. serpyllum extract (58.7%).39 In the case of derivative
monoterpenes, only L. angustifolia (21.3%) and L. hybrida (22.2%)
EOs showed values over 20% of the total oil content, being mainly
represented by linalyl acetate.

In general, the concentrations of sesquiterpenes were much
lower than those of monoterpenes. Salvia officinalis EO had
the highest level of sesquiterpene compounds (17.7%), mainly
represented by α-humulene and (E)-β-caryophyllene.

The highest levels of linear monoterpenes were found in
L. angustifolia and L. hybrida EOs, mostly represented by linalool,
which in both cases accounted for about 35% of the total
oil composition. Cyclic monoterpenes were highly represented
in R. officinalis EO (86.0%), which contained α-pinene and 1,8-
cineole as major components. Another cyclic monoterpene, α-
phellandrene, was present at a high level (47.3%) in A. graveolens
EO. In relation to the above, the compounds most repeated in
the analysed EOs were α-pinene, camphene, β-pinene and γ -
terpinene, with ten or more appearances each in the collection.
(Table 3). These compounds are linear monoterpenes, with α- and
β-pinene accounting for most of the content of P. sylvestris EO
(43.2 and 21.84% respectively).

Finally, a series of compounds derived from phenylpropane
was identified and grouped as aromatic or phenylpropanoid
compounds. The literature reflects that phenylpropane-derived
compounds occur less frequently than terpenes in EOs,37 as
demonstrated by the present data, with the sole exception of
P. anisum extract (94.2%). In this EO, 82.7% of the total composition,
the highest single-component level among the 12 oils, was
accounted for by one derived compound, trans-anethole.

Antifungal activity assay
The in vitro antifungal activity assay was used as a model approach
to study the influence that the aromatic plant EOs could have
on inhibiting the growth of a mycotoxicogenic mould on cheese.
Table 4 presents the inhibition results (C50%), ordered from higher

to lower activity, and the parameters of the linear regression
equation (Eqn (2)) obtained in the antifungal assay of the EO
collection (β1, β0, R and P value). The parameter R reflects
the positive correlation between the inhibition effect and the
logarithm of EO concentration (R values between 30.5 and 85.3%),
while the P value indicates the significance of variations (P
values < 0.032). In all cases the parameter β1 (inhibition slope)
shows positive values, ranging from 2.9 (H. officinalis) to 19.7
(L. angustifolia), which means that an increase in EO concentration
always results in a higher inhibition effect (decrease in C50%). The
antifungal activity is also influenced by the parameter β0, which
represents where the linear regression starts, and its values range
from −6.6 (P. sylvestris) to 72.9 (H. officinalis). Higher values of β0

usually represent large inhibitions and vice versa, such as is the
case of H. officinalis and P. sylvestris respectively.

Taking into account the parameters discussed above, the
concentration necessary to achieve 50% growth inhibition (C50%)
was obtained (Table 4) with values ranging from <0.02 to 11.46 µL
mL−1, all EOs being able to inhibit the growth of the common
mould P. verrucosum on cheese. In decreasing order, the EOs most
effective at inhibiting this contaminant mould were A. graveolens,
H. officinalis and C. nobile, with concentration values lower than
0.02 µL mL−1 to achieve 50% inhibition. At the other extreme, in
increasing order, the EOs most able to allow fungal growth were
R. officinalis, T. serpyllum, O. vulgare, A. millefolium and P. sylvestris,
showing a range of C50% values from 1.97 to 11.46 µL mL−1. The
rest of the extract collection (P. anisum, S. officinalis, L. hybrida and
L. angustifolia) showed intermediate activity with concentration
values between 0.39 and 1.20 µL mL−1.

Correlation between EO composition and antifungal activity
In an attempt to explain the relationship between the phytochem-
ical composition of EOs and their antifungal activity, taking into
consideration possible interactions among chemical compounds,
the number of variables in the data matrix was reduced by PLSR
in order to fit a linear model. The model that best explains the
inhibition effect, including possible effects of synergy, is repre-
sented by three components, which account for 99% of the total
variance (component 1, 89.85%; component 2, 6.67%; component

wileyonlinelibrary.com/jsfa c© 2012 Society of Chemical Industry J Sci Food Agric (2012)



Penicillium verrucosum inhibition in cheese by aromatic plants www.soci.org

Table 3. Most repeated volatile compounds in EOs and their chemical
structures

Volatile
compound

Number of repetitions
in EOs Chemical structure

α-Pinene 11/12

Camphene 10/12

β-Pinene 10/12

γ -Terpinene 10/12

Linalool 9/12

β-Caryophyllene 9/12

α-Thujene 8/12

α-Terpinene 8/12

Borneol 8/12

1-Terpin-4-ol 8/12

α-Phellandrene 7/12

Table 4. Antifungal activity of EOs with concentration values pro-
ducing 50% inhibition of Penicillium verrucosum (C50%)a

Sample
code Plant species β0 β1 R (%) P

C50%
(µL mL−1)

1 Anethum graveolens 67.7 8.0 47.7 0.027 <0.02

11 Hyssopus officinalis 72.9 2.9 30.5 0.032 <0.02

12 Chamaemelum nobile 61.4 6.6 46.8 0.029 <0.02

5 Pimpinella anisum 50.6 6.4 48.9 0.024 0.39

6 Salvia officinalis 50.7 12.1 65.3 0.000 0.57

10 Lavandula hybrida 51.7 12.5 77.6 0.000 0.58

9 Lavandula angustifolia 47.1 19.7 85.3 0.000 1.20

8 Rosmarinus officinalis 43.8 11.0 53.0 0.007 1.97

7 Thymus serpyllum 43.2 12.1 64.0 0.031 2.35

2 Origanum vulgare 43.5 8.6 79.5 0.000 4.55

3 Achillea millefolium 43.1 8.9 78.7 0.001 4.72

4 Pinus sylvestris −6.6 12.1 50.3 0.003 11.46

a Parameters calculated from Eqn (2).

Figure 1. Plot of root mean square error of prediction (RMSEP) against
number of components used in cross-validation PLS model for antifungal
compound determination in EOs.

3, 2.48%) and explain around 50% of the volatile composition. In
addition, the minimum number of components used to obtain lin-
earity in the PRESS (predicted residual error sum of squares) value
was three (Fig. 1). The most significant compounds of antifungal
activity that define the PLS components are shown in Table 5. As
expected, most of these compounds belong to the cyclic monoter-
pene subgroup. Of these 16 volatile constituents, only α-pinene,
camphene, β-pinene, α-phellandrene and linalool have been iden-
tified as most repeated compounds (Table 3), so the number of
occurrences seems not to affect strongly the established model.

α-Phellandrene, pinocamphone and isopinocamphone appear
as potent inhibitors of mould growth, as they have the highest
positive loading values of components (sum of the three
components). Monoterpenes such as α-pinene, camphene, 1,8-
cineole, carvacrol and trans-anethole are shown as less active
against P. verrucosum (highest negative values). Although thymol
has the first loading as negative, the overall value is 0.08, thus
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Table 5. Significant compound series within antifungal activity defined by PLS regression model

Compound Ra Subgroup/groupb Major abundance in EOs (%) Comp. 1c Comp. 2c Comp. 3c

α-Pinene 11 Cyclic/M R. officinalis (23.3) −0.070 −0.477 −0.112

Camphene 10 Cyclic/M R. officinalis (11.6) −0.046 −0.126 −0.027

β-Pinene 10 Cyclic/M P. sylvestris (22), H. officinalis (16) 0.080 −0.106 0.100

α-Phellandrene 7 Cyclic/M A. graveolens (46.5) 0.719 −0.099 −0.264

p-Cymene 6 Aromatic/M A. graveolens (15) 0.173 −0.053 −0.076

1,8-Cineole 6 Cyclic/M R. officinalis (19.2) −0.134 −0.184 0.006

β-Phellandrene 3 Cyclic/M C. nobile (11.2) 0.114 −0.025 −0.036

Linalool 9 Linear/M A. millefolium (17), L. angustifolia (30.5), L. hybrida (35.8) −0.285 −0.052 0.247

Pinocamphone 2 Cyclic/M H. officinalis (22.1) 0.201 0.168 0.207

Dill ether 1 Cyclic/M A. graveolens (11.3) 0.172 −0.022 −0.063

Isopinocamphone 1 Cyclic/M H. officinalis (25.5) 0.224 0.194 0.238

Linalyl acetate 3 Derived/M L. angustifolia (20.5), L. hybrida (19) −0.149 −0.007 0.138

p-Anisaldehyde 1 A P. anisum (11) −0.049 0.131 −0.112

Thymol 4 Aromatic/M O. vulgare (18.4), T. serpyllum (58.7) −0.351 0.193 0.238

Carvacrol 4 Aromatic/M O. vulgare (43) −0.125 −0.062 −0.012

(E)-Anethole 3 A P. anisum (82.7) −0.326 0.987 −0.860

a Repetitions or appearances of each compound in total sample collection.
b M, monoterpene group; A, aromatic or phenylpropanoid group.
c Compound loading values in each component of PLS regression model.

showing a neutral effect on mould growth. In the case of β-pinene,
p-cymene, β-phellandrene, linalool, dill ether, linalyl acetate and
p-anisaldehyde, all show an overall loading with a neutral effect
on mould growth.

Correlating compound loadings with the most active EOs
(Tables 4 and 5) indicates that α-phellandrene in A. graveolens
extract (abundance 46%) and the terpene ketones pinocamphone
and isopinocamphone in H. officinalis extract (22.1 and 25.5%
respectively) are the outstanding antifungal components. In
general, EOs less effective at inhibiting mould growth contain
compounds with lower activity (negative loading value), such as
α-pinene, camphene and 1,8-cineole in R. officinalis extract and
carvacrol in O. vulgare extract. However, trans-anethole, which
has a loading value well correlated with decreased inhibition, is
predominant in the highly active extract of P. anisum (82.7%).40

This contradictory result may be due to an antagonistic effect
among other minor oil components such as p-anisaldehyde (11%)
and estragole (2%).

As stated previously, antagonistic phenomena make it more
difficult to identify the best antifungal agents for P. verrucosum.
To improve the previous model, compounds with chemical sim-
ilarities or common biosynthetic pathways have been clustered.
As a consequence, a linear model (P < 0.05) was obtained that
was composed of a unique structural family. The relevant com-
pounds in this chemical family are the cyclic monoterpenes α- and
β-phellandrene, which could be involved in the antifungal effect.
In fact, this family of compounds has been described previously
in the literature as minor components of some EOs with anti-
fungal activity,41,42 but here, for the first time, such components
have been directly correlated (through statistical analysis) with
antifungal behaviour.

CONCLUSIONS
The extracts of aromatic plants analysed in this study show
considerable heterogeneity in composition, highlighting different
families and structural groups (monoterpene, sesquiterpene,

linear, cyclic, etc). The EOs from A. graveolens, H. officinalis
and C. nobile exhibit higher antifungal capacity against the
fungal spoiler P. verrucosum in comparison with the other plants
tested, and, through their use as natural cheese covers, may
produce satisfactory inhibition of the growth of contaminant
flora during cheese ripening. The correlation between chemical
composition and antifungal effect highlights a series of 16
significant compounds, in particular a structural group composed
of α- and β-phellandrene, which is confirmed as the most relevant
in the antifungal model. As future research, the use of these
aromatic herbs for technological innovations in a cheese cover
model and their influence over mycotoxin synthesis should be
investigated.
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RESUMEN 
Las hinchazones tempranas y tardías son defectos de origen bacteriano comunes en 
quesos de oveja de pasta prensada, y el empleo de plantas aromáticas conocidas por su 
actividad antimicrobiana podría ser utilizado para combatir estas bacterias. Este trabajo 
se plantea con el objetivo de evaluar la capacidad antibacteriana de tres plantas 
aromáticas (Melissa officinalis, Ocimum basilicum y Thymus vulgaris) frente a dos 
bacterias (Escherichia coli y Clostridium tyrobutyricum) responsables, respectivamente, 
de estos dos tipos de hinchazones. El estudio de la actividad in vitro de extractos 
acuosos y aceites esenciales de estas plantas puso de manifiesto que los aceites de las 
tres plantas poseen actividad frente a los dos tipos de bacterias, siendo el más activo 
frente a ambos microorganismos el de M. officinalis. Ningún extracto acuoso tuvo 
actividad frente a  E. coli. 
 

Palabras clave: Hinchazón en queso, Actividad antibacteriana, Plantas aromáticas. 
 
INTRODUCCIÓN 
Las hinchazones son defectos ocasionados por la producción de gas por parte de 
bacterias y/o levaduras que contaminan el queso. Existen dos tipos de hinchazones, la 
hinchazón tardía, que suele aparecer en quesos de pasta dura, y es ocasionada 
principalmente por bacterias anaerobias esporuladas del grupo de los clostridios, dónde 
la especie más comúnmente aislada es Clostridium tyrobutyricum (Schöbitz et al., 
2005), y la hinchazón temprana que se da en quesos con mayor humedad, dónde las 
levaduras o bacterias coliformes, principalmente Escherichia coli, son las principales 
responsables (Mullan, 2000). Ambos defectos se caracterizan por la aparición de 
agujeros de distinto tamaño, malolientes y de sabores desagradables que pueden llegar a 
hacer estallar los quesos generando pérdidas.  
Las principales causas de la aparición de estos defectos en quesos son el empleo de 
ensilados de baja calidad, fallos de los fermentos lácticos o bajas condiciones higiénicas 
de la planta de procesado (Mullan, 2000; Schöbitz et al., 2005). Los métodos de control 
que se emplean tradicionalmente para combatir estos defectos, plantean nuevos 
problemas como la alteración del glóbulo graso de la leche, la aparición de nitrosaminas 
debido a la adición de nitratos o fallos del cultivo iniciador a causa del empleo de 
bacterias productoras de bacteriocinas. Por ello, la búsqueda de nuevas alternativas 
sigue abierta, y el uso de plantas aromáticas, tradicionalmente empleadas en medicina 
para el control de microorganismos patógenos, o en la cocina como conservantes, podría 
ser una solución al problema de hinchazones en el queso.  
Por estos motivos se plantea este trabajo que pretende abordar el problema de las 
hinchazones de los quesos a través del estudio in vitro del potencial de extractos de 
Melissa officinalis, Ocimum basilicum y Thymus vulgaris, tres plantas aromáticas de 
reconocida actividad frente a bacterias patógenas. 
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MATERIALES Y MÉTODOS 
Mediante técnicas que no emplean solventes, se obtuvieron dos tipos de extractos 
(aceites esenciales y extractos acuosos) de 3 plantas aromáticas (Melissa officinalis, 
Ocimum basilicum y Thymus vulgaris). Los aceites se extrajeron mediante microondas 
y los extractos acuosos por la técnica de extracción dinámica sólido-líquido.  
La actividad antibacteriana de estos extractos se probó frente a las bacterias Escherichia 

coli 4201 CECT y Clostridium tyrobutyricum 4011 CECT, mediante la técnica 
multiplaca de difusión en agar de Althaus et al. (2009). Placas con 40 mL de agar 
Tryptona Soy (Oxoid LTD, Basingstoke, Inglaterra) para E. coli y Reinforced 
Clostridial Agar (Oxoid LTD, Basingstoke, Inglaterra) para Cl. tyrobutyricum se 
inocularon con 106 y 105 ufc/mL, respectivamente, y se incubaron a 37ºC durante, 24 h 
para E. coli, y 48 h en anaerobiosis para Cl. tyrobutyricum. Para cada tipo de extracto se 
ensayaron 5 concentraciones en rangos de 0,02 a 200 µL/mL para los aceites esenciales, 
y de 20 a 1000 µL/mL para los extractos acuosos.  
Tras la incubación, se midieron por triplicado los correspondientes halos de inhibición, 
determinándose la relación entre el diámetro de inhibición obtenido y la concentración 
de extracto mediante modelos lineales de regresión con el software libre R (R 
Foundation for Statistical Computing, Viena, Austria) según la siguiente ecuación: 
yij = 0 + 1 log Ci          [1] 

dónde yij es el diámetro de inhibición (mm), 0 y 1 son los parámetros calculados por el 
modelo y log Ci es el logaritmo de la concentración de extracto ( L/mL). 
 
RESULTADOS Y DISCUSIÓN 
En la Tabla 1 están recogidas las ecuaciones de regresión para la inhibición de cada tipo 
de extracto y frente a cada bacteria. Sustituyendo en estas ecuaciones una concentración 
de 200 µL/mL obtendríamos los diámetros teóricos de inhibición que podríamos 
conseguir para cada bacteria, tal como se muestra en la Figura 1.  
 
Tabla 1. Ecuaciones de inhibición de cada tipo de extracto sobre cada bacteria 
Bacteria Planta Aceites esenciales Extractos acuosos 

M. 

officinalis 
yij = 11,4+8,6 *  log Ci  n.d.1 

O. 

basilicum 
yij = -20,2+20,1 *  log Ci  n.d. 

E. coli 

T. vulgaris yij = 6,6+9,2 *  log Ci n.d. 

M. 

officinalis 
m.i.2 

yij = -10,4+10,9 *  log Ci 

O. 

basilicum 
yij = 13,2+2,1 *  log Ci yij = -9,4+3,4 *  log Ci 

Cl. 

tyrobutyricum 

T. vulgaris yij = 14,9+1,2 *  log Ci n.d. 
1n.d.: No se detectó ninguna inhibición. 
2m.i.: Máxima inhibición (>40 mm) a la concentración mínima probada. 
 
Los resultados ponen de manifiesto la mayor actividad de los aceites con respecto a sus 
correspondientes extractos acuosos. Todos los aceites fueron capaces de inhibir a las 
dos bacterias, e incluso el aceite de M. officinalis alcanzó valores de máxima inhibición 
a la concentración más baja probada frente a Cl. tyrobutyricum. Para ambas bacterias, el 
aceite esencial de dicha planta parece ser el de mayor poder bactericida, provocando 
diámetros teóricos de inhibición de más de 40 mm y 30 mm para Cl. tyrobutyricum y E. 
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coli, respectivamente. Los aceites de O. basilicum y T. vulgaris tuvieron un mayor 
efecto frente a E. coli (12 y 17 mm, respectivamente), doblando incluso el diámetro 
producido por T. vulgaris sobre Cl. tyrobutyricum (8 mm).  
Sólo dos de los tres extractos acuosos probados mostraron propiedades antimicrobianas, 
y únicamente frente a Cl. tyrobutyricum, siendo el de mayor actividad el de M. 

officinalis (15 mm).  

Ø30 
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Ø17

Ø40 

Ø10 

Ø8

Ø15 

Ø7

a) c)b)

 
Figura 1. Diámetros teóricos de inhibición (mm) producidos por una concentración 
de 200 µL/mL de: a) aceites esenciales sobre E. coli, b) aceites esenciales sobre Cl. 

tyrobutyricum y c) extractos acuosos sobre Cl. tyrobutyricum. Melissa officinalis; 
Ocimum basilicum y Thymus vulgaris. 

 
 Estos resultados evidencian una menor sensibilidad hacia los aceites esenciales 
por parte de las bacterias Gram negativas, al igual que anteriormente han observado 
otros autores (Al-Bayati, 2008; Hussain et al., 2008), lo que podría ser debido a que este 
grupo bacteriano posee una membrana externa hidrofílica que dificultaría el paso de los 
compuestos hidrofóbicos presentes de los aceites; membrana que al no estar presente en 
bacterias Gram positivas como Cl. tyrobutyricum permitiría una mayor actividad de 
estos compuestos. 

Generalmente, se atribuye la actividad antimicrobiana de un extracto a uno o dos 
compuestos mayoritarios. Entre los más estudiados se encuentran monoterpenos 
oxigenados como el linalool, el thymol o el carvacrol, compuestos que estuvieron 
presentes en nuestros extractos (ver Librán et al., 2012a). Sin embargo, Al-Bayati 
(2008) pone de manifiesto la importancia de la acción sinérgica de distintos compuestos 
volátiles sobre la acción antimicrobiana, tal como parece ocurrir en nuestros resultados, 
dónde a pesar de contener todos nuestros extractos linalool, en similares proporciones, 
las inhibiciones producidas por los mismos fueron distintas. En un intento de relacionar 
la composición de los extractos con su actividad antimicrobiana, Rota et al. (2008) 
pusieron de manifiesto la mayor sensibilidad de E. coli a los extractos de tomillo de 
quimiotipo thymol. Sin embargo, Hussain et al. (2008) atribuyen al elevado contenido 
en linalool de sus extractos de albahaca el poder inhibitorio. Deans y Ritchie (1987) 
también observaron la capacidad bactericida del aceite de tomillo sobre E. coli, aunque 
nuestros resultados son más favorables en cuanto al control del crecimiento del 
clostridio, puesto que ellos no consiguieron inhibición alguna sobre esta bacteria con los 
aceites de melisa y tomillo.  
 
CONCLUSIONES 

Los resultados obtenidos in vitro en este trabajo resultan relevantes desde el 
punto de vista tecnológico por su potencial aplicación para el control de la aparición de 
hinchazones ocasionadas por bacterias en el queso. 
En general, los aceites esenciales mostraron un mayor poder antimicrobiano inhibiendo 
en menor o mayor medida a las dos bacterias, mientras que los acuosos únicamente 
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pudieron inhibir a Cl. tyrobutyricum. La planta que mostró un mayor potencial frente al 
desarrollo bacteriano fue M. officinalis, ocasionando los mayores diámetros de 
inhibición. El poder antibacteriano de los extractos de O. basilicum y T. vulgaris fue 
distinto en función de la bacteria diana, siendo más eficaz O. basilicum para el control 
de Cl. tyrobutyricum y T. vulgaris para el de E. coli.  
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POTENTIAL USE OF AROMATIC PLANTS FOR COMBATING EWES 
CHEESE DEFECTS. PART II: IN VITRO STUDY AGAINST CHEESE 

BLOWING PRODUCING’ MICROORGANISMS. 
 
SUMMARY 
 Early and late cheese blowing are common problems of bacterial origin on 
pressed sheep’s cheese. The use of aromatic plants with well-known antimicrobial 
properties could be employed for combating these bacteria. This work arises with the 
aim of evaluating the antibacterial capability of three aromatic plants (Melissa 

officinalis, Ocimum basilicum and Thymus vulgaris) against two bacteria (Escherichia 

coli and Clostridium tyrobutyricum) responsible of these two types of defects. The in 

vitro activity of aqueous extracts and essential oils of such plants showed that all oils 
has activity against both bacterium, being M. officinalis one the most active. None 
aqueous extract had activity against E. coli.  
 
Key words: Cheese blowing, Antibacterial activity, Aromatic plants. 
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5.2. EFFECT OF ESSENTIAL OILS IN DAIRY MATRIXES 

Once all aromatic plant extracts were tested in vitro against 

target microorganisms, the three most active ones were selected. 

These oils were: Melissa officinalis, Ocimum basilicum and Thymus 

vulgaris. In order to check their potential as antimicrobials in food 

matrixes, they were introduced into the cheese manufacture 

procedure. Cheesemaking consisted on the direct addition of the 

selected EOs to milk and allowed their solubilization. Afterwards, a 

typical pressed ewes’ milk cheese elaboration was conducted. 

After a ripening period of five months, volatiles and antimicrobial 

activity against the target microorganisms used in the in vitro assay 

were analyzed on cheese samples.  

Corresponding results of this task were presented as the 

following papers: 

 

 

 

 

 

CARRYOVERS OF AROMATIC PLANTS ESSENTIAL OILS 

COMPOUNDS THROUGH CHEESEMAKING 

JOURNAL: Journal of Science of Food Agriculture  
(Under review) 
ISSN: 0022-5142 

JCR impact factor 2011: 1.436 
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5.2.1. Extended summary 

Volatiles from cheese samples were extracted by HS/SBSE and 

analyzed by GC/MS in order to detect compounds previously found 

within EOs. Besides, there was determined their individual carryover 

ratios. 

The EOs analyzed were well characterized, meaning in a total 

peak area composition’ explanation from 87 to 98 %. The number of 

compounds identified ranged from 14 (O. basilicum) to 27 (T. 

vulgaris). As it was expected, monoterpen family was the 

commonest found in oils with exception of O. basilicum EO which 

contained mainly aromatic compounds, having anisole (58.21 %) 

the highest weight presence.  

In cheese and whey samples after EO fortification there were 

found almost the same compounds than in their correspondent oil 

although, at low levels, probably due to the volatile losses during 

ANTIMICROBIAL ACTIVITY OF CHEESES MADE WITH EWES’ MILK 

FORTIFIED WITH ESSENTIAL OILS 

JOURNAL: Food and Bioprocess Technology  
(Under review) 
ISSN: 1935-5130 

JCR impact factor 2011: 3.703 
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manufacture. Some minor compounds in EOs even disappear after 

cheesemaking process. 

Among fortified samples, whey (18-40 %) seemed to present 

better mean carryover ratios than cheese (7-30 %). Within the EOs 

assayed, O. basilicum dairy products showed the best individual 

transferences reaching α-thujene carryovers up to 75 % from milk to 

cheese.  

Cheese samples were also analyzed in terms of initial 

microbiota in order to know the effect on lactic acid bacteria. Their 

antimicrobial activities were tested against the target 

microorganisms for this Thesis. These results were relevant by the lack 

of knowledge of EOs against LAB in dairy products.  Previous studies 

were performed by EOs addition to ready-to-use products and not 

by inclusion during first manufacture stages, as this work did. 

The inhibitory properties of EOs were even observed during 

manufacture process as is shown in Figure 21. M. officinalis 

produced significant reductions (p<0.001) on the decrease of milk 

pH during coagulation process, probably by their negative effect 

on the starter. Moreover, prior to antimicrobial activity test, the 

analyses of the initial cheese microbiota showed that M. officinalis 

and O. basilicum fortified cheeses reduced all microbial counts, 

producing the absence of Clostridium spp. growth, and affecting 

negatively LAB growth. In case of T. vulgaris, clostridial counts were 
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reduced compared to control cheeses, although it was not possible 

to reach total absence.   

 

 
Figure 21. Acidification process during fortified cheesemaking (A, 

essential oil addition; B, starter addition; C, rennet addition; D, milk 
clotting; E, whey draining) 

NS, *, ***: No significative, significance level p<0.05 and p<0.001, 
respectively. 

 

After the inoculation and incubation of cheese cubes, 

inhibition results were appreciated visually in case of P. verrucosum 

thanks to its characteristic growth on cheeses surfaces. In Figure 22 

can be observed the great inhibition reached by T. vulgaris cheese, 

where no presence of external mold growth was found, but also 

NS NS 

*
* *** 
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was observed a little reduction on the M. officinalis and the O. 

basilicum ones.  

 

a) b) c) d)

 

Figure 22. Visual identification of P. verrucosum growth on 
inoculated cubes from fortified cheeses with EOs from: a) M. 

officinalis, b) O. basilicum, c) T. vulgaris and d) without any EO 

 

Mold counts showed no significant differences among M. 

officinalis or O. basilicum with Control samples and absence of mold 

growth on T. vulgaris samples. The comparison made on the effect 

of EOs on a cheese matrix and on the laboratory media is quite 

important, as activity may change completely. In fact, the activities 

of these oils against P. verrucosum were exactly the opposite when 

assayed under in vitro conditions, where O. basilicum activity was 

seen to be the greatest and T. vulgaris activity was the slightest. 

Regarding to bacteria inoculation, visual inspection was not 

possible but good inhibitions were also reached after media 

seeding. C. tyrobutyricum was totally inhibited in M. officinalis 

cheese, and its presence was reduced in the other two fortified 

cheeses in more than 1 log unit compared to Control. These results 
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were in accordance with the first in vitro assay, where M. officinalis 

oil needed a concentration lower than 20 ppm to produce 

clostridial absence. In case of coliforms, it was impossible to 

ascertain the effect of these EOs since no growth was observed, 

probably by the low water activity of the 5-month ripened cheeses. 

However, these great antimicrobial properties got by EOs 

addition, could represent some problems if inhibit desirable 

bacteria, as M. officinalis did by reducing the lactic acid bacteria 

content by nearly 2 log units. Hence, after analyzing all results, T. 

vulgaris can be marked as the most suitable essential oil at the 

assayed concentration, because it showed antimicrobial effects 

against spoilers, but not against lactic acid bacteria.  
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ABSTRACT 

BACKGROUND: The use of aromatic plants is widely use in food products to preserve 

them or impart flavor, however there is a lack of knowledge about how their main 

compounds are transferred. This work aims to determine the transference ratios reach by 

individual compounds present in three essential oils (Melissa officinalis, Thymus 

vulgaris and Ocimum basilicum) through cheese manufacture.  

RESULTS: Results showed monoterpenes are the most representative family in M. 

officinalis (81.48 %) and T. vulgaris (94.35 %) oils, and aromatic compounds, 

concretely, anisole (58.21 %) in O. basilicum oil. Most essential oils volatiles were 

transferred into the dairy products and carryovers ratios were variable ranging from 4.90 

to 130.77 % from milk to cheese and from 9.09 to 47.06 % in case of whey. By group of 



compounds, hydrocarbons monoterpenes were the best transferred from milk to cheese 

and whey. 

CONCLUSIONS: The addition of these three essential oil to cheese milk reached good 

transference ratios in most of their compounds. Among them, Ocimum basilicum 

fortified dairy products were those with higher ratios.  

KEYWORDS: Transference, monoterpene, milk, cheese, whey  
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1. INTRODUCTION 1 

Dairy industry is in constant evolution, each day new products adapted to specific 2 

groups of consumers are found in markets as, for example, milk for lactose intolerant 3 

which is already in supermarkets 1 or special milk for allergic people 2.  4 

Other dairy products are obtained by reformulation in order to give a beneficial health 5 

effect, as could be low-salt, low-fat or low-cholesterol content in cheeses or yoghurts 3, 6 

or to reach textural changes 4. Sometimes, instead of reformulation, ingredients’ 7 

addition is performed in order to differentiate by adding new flavors or changing color 8 

to products. This is the case of whey beverages blends with fruit juices developed by 9 

Djurić et al. 5 or cheeses with added herbs, spices and condiments which already exists 10 

for over 200 years such as the Otlu cheese from Turkey, the Swisslap Panorama from 11 

Switzerland 6 or the pressed ewes’ milk cheese with saffron spice recently developed in 12 

Spain 7. Herbs and spices are the dried parts of aromatic plants used for impart aroma 13 

and taste to food, but also from them could be obtained their essential oils (EOs), a 14 

mixture of volatile and natural compounds formed as secondary metabolites by plants, 15 

which are mainly grouped into terpenes and terpenoids 8. These plant extracts have been 16 

largely employed for their antibacterial or antifungal properties, already observed in 17 

nature, but also due to their antioxidant, colorant and flavoring properties have been 18 

used for several industries 8. Therefore, their addition to cheese milk could sum up new 19 

properties to milk, cheese or whey if added compounds are correctly transferred. Then, 20 

it is important to determine the recuperation rate of functional ingredients, since loss of 21 

functional compounds supposes also a loss of productive efficiency 9.  22 
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Afterwards, present work aims to determine the transference of volatiles from Melisa 23 

officinalis, Ocimum basilicum and Thymus vulgaris EOs during cheesemaking and then, 24 

their carryover ratios. 25 

 26 

2. EXPERIMENTAL 27 

2.1. Plant material and Essential Oils extraction 28 

Aerial parts from Melissa officinalis (MO), Ocimum basilicum (OB) and Thymus 29 

vulgaris (TV) were supplied by commercial producers in March 2010, and their 30 

essential oils were obtained by solvent free microwave extraction (SFME) methodology 31 

using a NEOS apparatus (Milestone, Bergamo, Italy) following the procedure of Moro 32 

et al. (2012). To ensure microorganisms absence, EOs were filtered through 0.2 μm 33 

paper filter (Millipore, Madrid, Spain) before use. 34 

2.2. Essential oils chemical characterization  35 

EOs were injected (0.2 µL) directly into the gas chromatograph at an inlet temperature 36 

of 230°C. All the volatiles were transferred into the Varian CP-3800 gas chromatograph 37 

(GC), equipped with a Saturn 2200 ion trap mass spectrometry (MS) (Varian, Inc., Palo 38 

Alto, CA, USA) following the chromatographic method of Moro et al. 10. Identification 39 

of volatile components was carried out using the NIST/ADAMS library data of the 40 

GC/MS system, as described by Adams 11 with their characteristic m/z values. 41 

Quantification was carried out according to the area percentage in the single ion 42 

monitoring (SIM) mode. A mean value of two replicates per extract was obtained. 43 

2.3. Milk 44 
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Bulk tank milk from a commercial farm of Manchega breed ewes was employed for 45 

cheese manufacture. Milk used had a pH of 6.66 and somatic cell counts of 603*103 46 

cells/mL and its compositional characteristics were provided on Table 1. 47 

2.4. Cheesemaking 48 

Each vat of 30 liters of milk was fortified with different essential oil at a final 49 

concentration of 0.250 g kg-1. To ensure a uniform solution of EOs in milk, it was 50 

previously dissolved with the same volume of Tween® 20 (PANREAC SYNTESIS, 51 

Barcelona, Spain). Control vat was added in the same proportion of Tween® 20. After 52 

that, milk was heated until 20 ºC and held for 30 min to facilitate EOs solution. The 53 

procedure of a pressed ewes’ milk cheese elaboration was conducted 7, after that, 54 

cheeses were ripened for five months at 12 ºC and 80 % of humidity prior to perform 55 

the assays.  56 

Cheese chemical composition was determined by using the direct determination 57 

equipment, Foss FoodScan analyzer (FoodScan Lab, FOSS, Hillerød, Denmark). Whey 58 

samples were analyzed by the AOAC methodology (AOAC, 1998) for total solids and 59 

protein fraction and fat was analyzed by Gerbers’ method described by Casado 12. The 60 

values obtained and some cheesemaking parameters were presented in Table 1.  61 

2.5. Head space stir bar sorptive extraction (HS/SBSE) and GC/MS identification of 62 

volatile compounds transferred to dairy matrix 63 

Extraction of volatile compounds was carried out by head space stir bar sorptive 64 

extraction (HS-SBSE). Two different sample preparations were needed for liquid and 65 

solid products. A volume of 10 ml from raw milk or whey samples were pipette 66 

separately into glass vials, affixed with inserts for headspace exposition and the 67 

extraction was performed under stirring at 45 ºC during 120 min. In case of cheese 68 
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samples, method proposed by Licón et al.7 was carried out by modification of stirring 69 

conditions at 1000 rpm. Both types of samples were supplemented with 100 µl of 70 

aqueous solution of the internal standard ethyl octanoate (0.1 mg/L, Aldrich Chemical 71 

Co., Milwaukee, WI) to calculate the percentage of relative area of each compound.  72 

After extraction of volatile compounds from samples, the polydimethylsiloxane 73 

(PDMS) stir bar were desorbed in an automatic thermal desorption system PerkinElmer 74 

Turbo Matrix ATM (Norwalk, CT, USA) according to the following conditions: oven 75 

temperature, 280 ºC; desorption time, 5 min; cold trap temperature, ‐30 ºC; helium inlet 76 

flow 45 ml/min. Extracted volatiles were transferred to the same GC/MS equipment at 77 

same technical conditions explained in EOs chemical characterization.  78 

Each sample was analyzed in duplicate. Results were expressed as mg of compounds 79 

per kg of sample. Afterwards, transference ratio of each compound found in milk to 80 

whey and cheese were calculated by the following formula [1]: 81 

       [1] 82 

where Xi means each compound presence on cheese or whey and X, same compound 83 

presence in milk. 84 

2.6. Statistical analysis 85 

All obtained data were processed with the IBM Statistics SPSS v19 software by using 86 

descriptive analysis.  87 

 88 

3. RESULTS AND DISCUSSION 89 

3.1. Essential oils volatile composition 90 
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First EOs chemical characterizations in terms of volatile composition were needed prior 91 

to determinate the transference ratio during cheese manufacture. The total number of 92 

identified compounds in EOs ranged from 14 in O. basilicum to 27 in T. vulgaris (Table 93 

2), and all of them have identified over 87 % of total area composition.  By families of 94 

compounds, M. officinalis and T. vulgaris were represented mainly by monoterpenes 95 

with 81.48 and 94.35 % of the total peak area, respectively. O. basilicum was 96 

characterized by a high percentage of aromatic compound family (58.21 %) followed by 97 

monoterpenes (25.60 %). In all EOs, sesquiterpenes represent less than the 5 % of the 98 

total composition.  99 

In accordance with previous works, results showed that all EOs were explained mainly 100 

by two or three major compounds (Table 2) which were up to 40 % of total area 8. 101 

These main compounds usually were oxygenated monoterpenes, terpenes that undergo 102 

biochemical modifications that add oxygen molecules and move or remove methyl 103 

groups 13. In contrast to earlier findings, O. basilicum EO was mainly described by 104 

anisole (58.21 %), an aromatic compound, instead of linalool (11.21 %) found by other 105 

authors in greater amounts (20-66 %) 14-15. This EO had also on its composition the 106 

sesquiterpene α-bergamotene (E)(Z) (3.20 %). Linalool is a linear monoterpene 107 

frequently found in aromatic plant extracts, as well as this work did ranged from 1.71 to 108 

34.54 % of total area in extracts, being in the latter case, the major compound in T. 109 

vulgaris composition, contrary to Stahl-Biskup and Venskutonis 16 results which 110 

showed thymol (30-55 %) as main representative of this oil composition. The other 111 

family groups of compounds identified in this EO did not represent more than 2 % of 112 

total composition. In case of M. officinalis EO, nerol (35.85 %) and neral (35.34 %) 113 

were the major compounds found, and the rest did not overpass the 2.7 % of total area. 114 

Present results were in contrast to previous works that suggested citral, a mixture of 115 
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neral and geranial, as main descriptor of it 17-18. Geranial and nerol are biosynthetically 116 

connected as the first one is the aldehyde isomer of nerol. The lack or little amount of an 117 

expected compound is reported by other authors, as the absence of thymol in thyme oil 118 

and instead of it, other compounds such as carvacrol, an isomer phenol, or p-cymene 119 

and γ-terpinene, precursors in its biogenetic pathway were found 16. Some authors 120 

highlight the effect of plant chemotype on EO composition, finding thymol, 121 

thymol/linalool and carvacrol chemotypes in different varieties of thyme 19. Moreover, 122 

there were some works emphasizing the importance of culture growing conditions, 123 

collecting or varieties when EOs are chemically characterized 15,17. Also extraction 124 

methodology affects composition and quality of extracts, since the use of high 125 

temperatures could produce the hydrolysis and polymerization of some esters 20 and the 126 

use of solvents could leave residual substances which affect its biological properties 21. 127 

By using the same extraction procedure as this work did (SFME), Okoh et al. 22 reached 128 

better extraction yield and higher amounts of oxygenated monoterpenes than the oil 129 

obtained by hydrodistillation which could explain compositional differences among 130 

authors.  131 

3.2. Transference of volatile compounds from milk to cheese and whey. 132 

The selected methodology for extraction and characterization of volatiles (HS-SBSE 133 

coupled with GC/MS) is one of the most widely used for food analysis 23 and 134 

particularly have been optimized by Licón et al. 7 for ewes’ milk cheeses, although this 135 

matrixes are quite complex and several interactions could happen among food 136 

components and EOs 13. Only volatiles presented in essential oils were examined, 137 

rejecting the identification of other cheese compounds. Results of main compounds 138 

concentration in dairy products as well as their carryover percentage are shown on 139 

Table 3. 140 
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As was expected, major compounds of EO were those present in higher quantities on 141 

milk, cheese and whey, and minor compounds of EOs disappeared or were at 142 

concentrations below the method’ detection limit on dairy products. The number of 143 

detected compounds in the different matrixes ranged from 9 to 20 and between 82 and 144 

95 % of the compounds detected in the EO were transferred into the dairy products. 145 

This range of transferred was much higher than the one described by Tornambé et al. 24 
146 

(43%) when a pasture EO was added into milk. 147 

By families, monoterpenes were the most abundant in milks with M. officinalis 148 

(46.48*10-3 g kg-1) and T. vulgaris (250.71*10-3 g kg-1) while, in case of O. basilicum, 149 

there were the aromatic compounds (47.02*10-3 g kg-1), followed closely by 150 

monoterpenes (35.69*10-3 g kg-1) matching in all cases what it was found in their 151 

respective EOs. Although the same family of compounds were found in cheese and 152 

whey, compounds were lost and carryover ratios of these most abundant families were 153 

not the best, showing aromatic compounds (14.06 %), sesquiterpenes (16.03 %) and 154 

monoterpenes (30.32 %) the best carryovers from M. officinalis, T. vulgaris and O. 155 

basilicum milks to correspondent cheeses, respectively; and in case of whey, 156 

sesquiterpenes were the best for M. officinalis (30.61 %) and T. vulgaris (39.58 %) and 157 

monoterpenes for O. basilicum (25.72 %) carryovers. The hydroxyl group that 158 

presented some EOs’ compounds has been proved to interact with whey proteins due to 159 

its ability to react with their receptor groups like NH or CO 25. Moreover, it is attributed 160 

to this hydroxyl group the main antimicrobial properties of EOs which are reduced in 161 

food systems, especially those fat-rich 26. Therefore, it could be expected the low 162 

percentages of transferred compounds found in this work because some of them would 163 

be trapped in the protein network of cheese. 164 
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By individual compounds, M. officinalis dairy products (milk-cheese-whey) had nerol 165 

(17.56-0.86-3.57*10-3 g kg-1), neral (16.30-0.86-3.38*10-3 g kg-1) and camphene (8.60-166 

0.99-1.36*10-3 g kg-1) as main carryover ones. In case of T. vulgaris dairy products, a 167 

greater amount of significant compounds were found since there were eight compounds 168 

in milk over 0.01 g kg-1, reaching 1.50*10-3 g kg-1 in cheese and even 13*10-3 g kg-1 in 169 

whey. Most compounds identified in O. basilicum milk were below 0.60*10-3 g kg-1 170 

with exception of anisole (47.02*10-3 g kg-1), 1,8 cineole (15.49*10-3 g kg-1) and 171 

linalool (13.99*10-3 g kg-1) and also for both cheese and whey. However, as happened 172 

by families, these individual major compounds did not presented the best carryover 173 

ratios, being other minor compounds like linalool (14.29 %) in cheese and β-174 

caryophyllene (30.61 %) in whey from M. officinalis, β-caryophyllene (16.67 %) in 175 

cheese and 1,8 cineole (47.12 %) in whey from T. vulgaris or α-thujene (75 %) in 176 

cheese and γ-terpinene (30 %) in whey from O. basilicum those better transferred. In 177 

fact, it seems that compounds’ functional group also affected on carryover ratios, being 178 

hydrocarbon monoterpenes better transferred than oxygenated ones. Then, by using 179 

other EOs richer in hydrocarbons rather than oxygenated monoterpenes, better 180 

carryover ratios would be reached. 181 

 182 

4. CONCLUSIONS 183 

The current study showed that most of compounds presents in EOs from M. officinalis, 184 

T. vulgaris and O. basilicum, were transferred from milk to cheese and whey. Carryover 185 

results showed hydrocarbon monoterpenes as the best transferred compounds from milk 186 

to cheese (11-53 %) and whey (11-20 %) so therefore, are not so affected by fat and 187 

casein matrixes. Obtaining dairy products supplemented with aromatic compounds 188 
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could enhance their flavor, but also could contribute with bioactive properties such as 189 

antioxidant or antimicrobial, representing alternatives to dairy industry. Then, further 190 

research is recommended to test these potential properties. 191 
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Table 1. Chemical composition of milk, cheese and whey (g Kg-1; mean±SE), 280 

production (kg; mean±SE) and yield (%; mean±SE) obtained during cheesemaking. 281 

 Milk Cheese Whey 
Total Solids  1.777 7.102±0.222 0.823±0.067 
Fat  0.682 3.661±0.067 0.121±0.053 
Protein 0.555 2.744±0.144 0.100±0.024 
Production  30.900±0.000 4.650±0.110 25.200±0.200 
Yield - 18.400±0.660 81.540±0.660 

 282 

283 
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 284 

Table 2. Volatile composition of EOs expressed as % of relative area  285 

  Melissa officinalis Thymus vulgaris Ocimum basilicum
Number of compounds 18 27 14 
Monoterpene family  
α-thujene 0,43   
α-pinene 0,51  4,74  0,27  
camphene 2,71  1,69    
sabinene 0,02  1,27  0,23  
β-pinene 2,22  8,13  0,52  
myrcene 0,31  
α-phelandrene 0,80   
α-terpinene 5,12   
β-ocimene (Z)  0,43   
p-cymene 6,96   
sylvestrene 0,48   
1,8 cineole 5,85  
β-phelandrene 1,52   
β-ocimene (E) 0,31  0,11  0,84  
γ-terpinene 7,50   
sabinene hydrate (Z)   1,44   
terpinolene 0,30  2,47   
linalool 1,71  34,54  11,21  
perillene 0,12   
sabinene hydrate (E)  0,18   
citronellal 0,65  
camphor 0,30  0,54  
borneol 2,77   
terpinen-4-ol 0,28  10,54  0,33  
α-terpineol 0,56  2,14   
dihydro carvone (E) 0,51   
dihydro carvone (Z) 0,56   
carvone 0,13   
nerol 35,85   
neral 35,34   
thymol 0,66   
carvacrol 0,51   
eugenol 3,03  
bornyl acetate   1,18  
methyl eugenol   1,28  

(Continues on next page…) 286 

 287 

 288 

 289 
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 290 

Table 2. Continued 291 

  Melissa officinalis Thymus vulgaris Ocimum basilicum
Aromatic compounds family    
octen-3-ol  0,06  
Anisole   58,21  
linalyl acetate  1,55   
neryl acetate 7,54    
Sesquiterpene family    
α-bergamotene (E)(Z)   3,20  
β-caryophyllene (E) 2,94  1,76   
γ- muurolene 2,72    
 
Total area by families (%) 

   

Monoterpenes 81,48 94,35 25,60 
Aromatic compounds 7,54 1,60 58,21 
Sesquiterpenes 5,67 1,76 3,20 
Total area (%) 94,68 97,72 87,01 
 292 
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Table 3. Compounds presence in fortified dairy products and transferences from milk to cheese and whey 293 

Melissa officinalis  Thymus vulgaris  Ocimum basilicum 

Conc. (g kg-1)(*10-3)1 Transf. (%)2  Conc. (g kg-1)(*10-3) Transf. (%)  Conc. (g kg-1)(*10-3) Transf. (%) 

M3 C W C W  M C W C W  M C W C W 

Number of compounds 11 9 11    20 19 16    13 11 13   

Monoterpene family                 
α-thujene - - - - -  2.19 0.28 0.22 12.79 10.05  0.04 0.03 0.01 75.00 25.00 
α-pinene 1.53 0.18 0.23 11.76 15.03  21.10 2.58 2.19 12.23 10.38  0.47 0.33 0.09 70.21 19.15 
camphene 8.60 0.99 1.36 11.51 15.81  7.79 0.92 0.77 11.81 9.88  0.13 0.08 0.03 61.54 23.08 
sabinene - - - - -  5.64 0.64 0.64 11.35 11.35  0.45 0.21 0.08 46.67 17.78 
β-pinene 0.22 0.03 0.05 13.64 22.73  36.08 3.72 4.25 10.31 11.78  0.67 0.32 0.14 47.76 20.90 
α-phelandrene - - - - -  3.26 0.40 0.40 12.27 12.27  - - - - - 
α-terpinene - - - - -  22.52 2.50 2.80 11.10 12.43  - - - - - 
p-cymene - - - - -  13.04 1.48 1.65 11.35 12.65  0.27 0.12 0.05 44.44 18.52 
sylvestrene - - - - -  16.54 1.56 - 9.43 -  - - - - - 
1.8 cineole - - - - -  5.73 0.61 2.70 10.65 47.12  15.49 4.55 4.37 29.37 28.21 
β-ocimene (E) 0.48 0.06 0.09 12.50 18.75  0.45 0.06 - 13.33 -  1.28 0.47 0.26 36.72 20.31 
γ-terpinene - - - - -  27.88 3.10 3.95 11.12 14.17  0.10 0.04 0.03 40.00 30.00 
sabinene hydrate (Z) - - - - -  0.52 0.03 - 5.77 -  - - - - - 
terpinolene 0.45 0.04 0.06 8.89 13.33  7.19 0.88 1.17 12.24 16.27  0.26 0.34 0.06 130.77 23.08 
linalool 1.19 0.17 0.36 14.29 30.25  61.83 6.57 12.98 10.63 20.99  13.99 3.85 3.62 27.52 25.88 
sabinene hydrate (E) - - - - -  1.99 0.13 - 6.53 -  - - - - - 
camphor - - - - -  0.85 0.09 0.17 10.59 20.00  0.61 0.18 0.15 29.51 24.59 
borneol - - - - -  2.14 0.30 0.49 14.02 22.90  0.15 0.04 0.03 26.67 20.00 
terpinen-4-ol 0.15 - 0.02 - 13.33  13.03 1.45 3.31 11.13 25.40  0.20 0.05 0.04 25.00 20.00 
α-terpineol - - - - -  1.26 0.18 0.40 14.29 31.75  - - - - - 
nerol 17.56 0.86 3.57 4.90 20.33  - - - - -  - - - - - 

(Continues on next page…) 294 
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Table 3. Continued 295 

Melissa officinalis  Thymus vulgaris  Ocimum basilicum 

Conc. (g kg-1)(*10-3) Transf. (%)  Conc. (g kg-1)(*10-3) Transf. (%)  Conc. (g kg-1)(*10-3) Transf. (%) 

M C W C W  M C W C W  M C W C W 

neral 16.30 0.86 3.38 5.28 20.74  - - - - -  - - - - - 
eugenol - - - - -  - - - - -  0.77  0.07  9.09 
bornyl acetate - - - - -  0.17 0.02 0.08 11.76 47.06  0.64 0.18 0.12 28.13 18.75 
methyl eugenol - - - - -  - - - - -  0.17 0.03 0.03 17.65 17.65 
 
Aromatic compounds family  

    
 

     
 

     

Anisole - - - - -  - - - - -  47.02 12.70 9.97 27.01 21.20 
linalyl acetate - - - - -  0.61 0.08  13.11   - - - - - 
neryl acetate 1.28 0.18 0.34 14.06 26.56  - - - - -  - - - - - 
 
Sesquiterpene family  

    
 

     
 

     

α-bergamotene (E)(Z) - - - - -  - - - - -  0.68 0.18 0.14 26.47 20.59 
β-caryophyllene (E) 0.49 0.06 0.15 12.24 30.61  0.48 0.08 0.19 16.67 39.58  - - - - - 
γ- muurolene - - - - -  - - - - -  0.22 0.04 0.03 18.18 13.64 
 
Total by families   

    
 

     
 

     

Monoterpenes 46.48 3.19 9.18 6.86 19.62  250.71 27.47 44.27 10.96 17.66  35.69 10.82 9.18 30.32 25.72 
Aromatic compounds 1.28 0.18 0.34 14.06 26.56  0.61 0.08 - 12.63 -  47.02 12.70 9.97 27.01 21.21 
Sesquiterpenes 0.49 0.06 0.15 12.24 30.61  0.48 0.08 0.19 16.03 39.58  0.90 0.22 0.17 24.44 18.88 

1Concentration of compound in matrix expressed as g kg-1 
296 

2Transference of compounds from milk to cheese and whey 297 
3 M, C, W: Milk, Cheese and Whey samples 298 

 299 

 300 
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ABSTRACT 

Antimicrobial activity transference of essential oils (EOs) from Melissa officinalis, 

Ocimum basilicum and Thymus vulgaris directly added (250 ppm) to milk was 

evaluated in ripened pressed ewe's cheeses. The inhibitory efficacy of these fortified 

cheeses was found after a 5-month ripening against two typical cheese spoilers 

responsible for early and late cheese blowing (Escherichia coli and Clostridium 

tyrobutyricum, respectively) and one contaminant mold frequently isolated in dairy 

factories (Penicillium verrucosum). Moreover, their effect on lactic acid bacteria proved 

to be an important factor in determining the effectiveness and selection of aromatic 

plant EOs. The stronger inhibitory effect of Melissa officinalis than Ocimum basilicum 

and Thymus vulgaris, even against lactic acid bacteria, required for the cheese ripening 

process, renders this oil addition unsuitable for this cheese variety (pressed ewe’s milk 

cheese). The results suggest that the Thymus vulgaris EO is the most suitable oil 

because it reduces clostridial counts and can totally inhibit P. verrucosum growth 

without affecting lactic acid bacteria in pressed ewe’s milk cheese.  

 

Keywords: Food matrix; essential oil; cheese; E. coli; C. tyrobutyricum; P. verrucosum



3 
 

INTRODUCTION 1 

The use of essential oils (EOs) as natural food preservatives is currently on the increase 2 

given their proven antibacterial (Carovic-Stanko et al., 2010) and antifungal (Hussain et 3 

al., 2008) properties, and because they are good alternatives for controlling food 4 

microbial spoilage. However, these EOs’ antimicrobial activity has been assayed mostly 5 

under in vitro conditions and against pathogen microorganisms (Burt, 2004; Govaris et 6 

al., 2011), and very few studies have focused on food products. Hyldgaard et al. (2012) 7 

emphasised the importance of having knowledge of EO compounds behaviour in a food 8 

matrix as differences according to plant and animal foods have been found (Gutiérrez et 9 

al., 2008; Moreira et al., 2007). Indeed there are discrepancies even when using the 10 

same food due to composition; for example, in cheeses with different fat or moisture 11 

contents (Smith-Palmer et al., 2001; Vázquez et al., 2001). The application of EOs or 12 

their compounds to cheeses has been studied, but only as surface covers (Vázquez et al., 13 

2001) or when added to an already manufactured one (Govaris et al., 2011; Smith-14 

Palmer et al., 2001), and little is known about the behaviour of adding EOs directly to 15 

milk before making cheese. Hamedi et al. (2012) proved that the efficacy of EOs on 16 

Salmonella spp. in cheese as compared with a laboratory medium decreased 17 

significantly. Besides, the use of these EOs to combat spoilers of pathogens should also 18 

be analysed against desirable flora such as lactic acid bacteria, used in cheese making.  19 

While producing cheeses, several spoilage microorganisms can generate huge economic 20 

loss in dairy factories, like coliforms (Escherichia coli, Enterobacter aerogenes), 21 

sporulating butyric bacteria (C. tyrobutyricum, C. butyricum, C. sporogenes) or some 22 

filamentous molds (Penicillium comune, P. verrucosum, P. nalgiovense). The first two 23 

bacteria groups have been identified as being responsible for early and late cheese 24 

blowing, respectively, which are cheese paste defects characterised by the presence of 25 
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internal odorous holes that can even lead to cheese bursting (Mato Rodriguez & 26 

Alatossava 2010; Mullan, 2000). For molds, it is usual to find superficial or internal 27 

cheese fungal contaminations associated with dairy factories’ environments (Kure et al., 28 

2004; Kure et al., 2001). Some isolated molds may also produce mycotoxins with the 29 

consequent human risk (Belitz et al., 2009; Vázquez et al., 2001). Traditional techniques 30 

for preventing or reducing the incidence of such microorganisms have their 31 

disadvantages; for instance, high costs or legal restrictions (Beuvier et al., 1997; Sarić & 32 

Dizdarević  2011; Schöbitz et al., 2005; Su & Igham 2000). Like pathogens, the in vitro 33 

use of EOs to fight against these spoilers seems a good alternative (Moro et al., 2012), 34 

but no studies on the effect of the cheese matrix have been done. 35 

This work aims to determine the antimicrobial activity transference of three essential 36 

oils (Melissa officinalis, Ocimum basilicum and Thymus vulgaris) previously added to 37 

cheese milk against three typical cheese spoilers, Escherichia coli, Clostridium 38 

tyrobutyricum and Penicillium verrucosum, to discover the effect of the cheese matrix 39 

and to suggest more economic and natural food preservatives.  40 

 41 

MATERIALS AND METHODS 42 

Essential oils 43 

The aerial parts of Melissa officinalis (MO), Ocimum basilicum (OB) and Thymus 44 

vulgaris (TV) were supplied by commercial producers in March 2010, and their EOs 45 

were obtained by the solvent-free microwave extraction (SFME) methodology 46 

employed by Moro et al.(2012). To ensure the absence of microorganisms, EOs were 47 

filtered through 0.2 μm paper filter (Millipore, Madrid, Spain) before use.  48 

Milk 49 



5 
 

The bulk tank ewe’s milk from a flock of the Manchega sheep breed from Castilla-La 50 

Mancha (Spain) was employed to make cheese. Milk composition was as follows: 51 

6.82% fat, 5.55% protein, 4.77% lactose, 17.77% total solids and 10.96% non-fatty 52 

solids, pH 6.66. Somatic cell (SCC) and total bacterial counts were 5.7 and 5.9 log 53 

cells/mL, respectively.  54 

Microbial strains 55 

All the assayed strains came from the Spanish Type Culture Collection (CECT, 56 

Burjassot, Valencia, Spain): Escherichia coli CECT 4201, Clostridium tyrobutyricum 57 

CECT 4011 and Penicillium verrucosum CECT 2906. 58 

Cheese making 59 

Each 30-litre milk vat was fortified with the corresponding essential oil at a final 60 

concentration of 250 ppm. To ensure a homogeneous solution, each EO was previously 61 

dissolved with Tween® 20 at 1:1 (v/v). The control vat was also added in the same 62 

Tween® 20 proportion. Afterwards, milk was heated to 20ºC and was held for 30 min to 63 

facilitate the EOs solution in milk. Next, a Spanish pressed ewe’s cheese-making 64 

procedure was conducted (Licón et al., 2012). Cheeses were ripened for 4 months at 65 

12ºC and at 80% humidity prior to performing the assays.  66 

Cheese microbial content 67 

To enumerate the microbial content in ripened cheeses, a 10 g sample of each cheese 68 

was aseptically diluted to 1:10 (w/v) with buffered peptone water (BPW) (Scharlau, 69 

Barcelona, Spain), and serial decimal dilutions were plated onto the corresponding 70 

media using an automatic spiral spreading instrument (Eddy Jet v1.23, IUL SA, 71 

Barcelona, Spain) to determine in duplicate the presence of total viable counts (TVC), 72 

lactic acid bacteria (LAB), Clostridium spp., coliforms and molds and yeasts under their 73 

optimal growing conditions. The information about the media and incubation conditions 74 
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is summarised in Table 1. Microbial growth estimations were determined with an 75 

automatic plate counter (Countermat Flash 4.2, UIL SA) and the results were expressed 76 

as log cfu/g.  77 

Antimicrobial activity determination 78 

An experimental procedure was carried out based on the microbial enumeration of 79 

cheese samples (control and fortified), which were previously inoculated with the 80 

corresponding target microorganism and incubated for 1 week under their optimal 81 

incubation conditions (Figure 1). Nine cheese cubes of 27 mm3 were obtained from 82 

each cheese by using a cheese blocker (BOSKA, Bodegraven, Holland). They were 83 

divided into three subgroups of three cubes each, introduced into an sterile container 84 

and distributed as: Group 1: C. tyrobutyricum internal inoculation at 103 cfu/g, 85 

incubated at 37ºC, anaerobic conditions (AnaeroGenTM, Oxoid Limited, Hampshire, 86 

England); Group 2: E. coli internal inoculation at 103 cfu/g, incubated at 37ºC, aerobic 87 

conditions; Group 3: P. verrucosum surface inoculation at 103 cfu/cm2, incubated at 88 

25ºC, aerobic conditions. After 1 week of incubation, the inoculated cheese cubes were 89 

seeded on the corresponding medium to seek the inoculated target microorganisms; e.g., 90 

E. coli inoculated cubes were seeded in BGB agar to verify the presence of E. coli. In all 91 

the cheese cubes, the content of total viable and lactic acid bacteria were also 92 

determined. The experiment was done in duplicate by using two pieces from each 93 

cheese preparation. 94 

For the antimicrobial assay, the C. tyrobutyricum inocula were obtained by a previous 95 

prolonged incubation (1 week) on Reinforced Clostridial Medium (RCM; Oxoid LTD, 96 

Basingstoke, England). Later, double purification was performed by centrifugation at 97 

8,000 g for 15 min at 4ºC; the final pellet was resuspended in distilled sterilised water 98 

(Anastasiou et al., 2009). The spore concentration in the suspension was determined by 99 
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adapting the procedure of Anastasiou et al. (2009) after heat treatment at 80ºC for 15 100 

min by serial dilution in BPW. E. coli was obtained after 72 h of cultivation on Triptone 101 

Soy Medium (TSM; Oxoid LTD, Basingstoke, England) and the colony-forming units 102 

of suspension were also established by serial dilution in BPW. The 1 mL aliquots of 103 

both concentrated bacterial suspensions were stored at -20ºC with 15% of glycerol until 104 

their use as inocula at the 103 cfu/g concentration. The P. verrucosum inocula were 105 

subcultured weekly on Potato Dextrose Agar (PDA) (Merck, Darmstadt, Germany) at 106 

25ºC and in the darkness. Conidia were harvested according to Baratta et al. (1998) and 107 

the spore suspension was adjusted (λ=530 nm) to an optical density of 0.5, the 108 

equivalent to 105 spores/mL. This suspension was employed for the immediate surface 109 

inoculation of cheese samples at the 103 cfu/cm2concentration. 110 

Statistical analysis 111 

Descriptive (mean and standard deviation) and variance analyses (ANOVA; p<0.001), 112 

coupled with a Tukey’ test (p<0.05), were carried out to determine group differences 113 

among all the antimicrobial activity results with the IBM Statistics SPSS software, v19.  114 

 115 

RESULTS AND DISCUSSION 116 

Figure 2 shows how the effect of EOs on the normal flora of fortified cheeses was quite 117 

evident when the EOs from Melissa officinalis (MO) and Ocimum basilicum (OB) were 118 

utilised, and that the effect of the Thymus vulgaris (TV) EO was slightly lower. 119 

Although it was not possible to conclude about the direct effect of these three EOs 120 

against coliforms or molds and yeasts, because they did not grow even in the control 121 

cheeses, the effect of these aromatic plants against clostridia is significant. The use of 122 

EOs from MO and OB completely avoided Clostridium spp. growth, whereas TV 123 
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stunted the growth of this bacteria group by more than 1 log unit (2.25±0.02 vs. 124 

3.47±0.12 log cfu/g in the TV and control cheeses, respectively).  125 

It seems that late cheese blowing caused by clostridia development can be prevented by 126 

these EOs. However, the strong antibacterial effect of MO may prove a problem during 127 

cheese ripening because this essential oil also influenced normal cheese flora 128 

development (Figure 2) by reducing the lactic acid bacteria content by nearly 2 log 129 

units. This imbalance in lactic acid bacteria could cause new defects while 130 

manufacturing cheese,  such as flat flavours due to lower starter activity during the 131 

ripening stages (Fox et al., 2003) or paste defects deriving from slow acidification 132 

during cheese preparations (Walstra et al., 2006). In fact when producing cheese, delays 133 

of more than 30 min were observed during the MO acidification process (data not 134 

shown). Nevertheless, this negative effect on lactic flora can contribute to the 135 

development of early cheese blowing owing to lack of competition for lactose with 136 

coliforms (Sheehan, 2007). However, it was impossible to ascertain the effect of these 137 

EOs on coliforms, probably owing to the water activity of the 5-month ripened cheeses 138 

avoiding the bacteria group’s growth. Moreover when comparing the control and TV 139 

cheeses, which had normal counts in a 150-day ripened cheese (Cogan, 2011), the OB 140 

essential oil had a mild effect on normal cheese flora (Figure 2).  141 

Figure 3 provides the antimicrobial activity results of the fortified and control cheese 142 

samples after 1 week of incubation. The effect of EOs on Clostridium spp. remained 143 

relevant (Figure 3a). If compared with the control samples (4.04 log cfu/g), the 144 

clostridial counts of the Group 1 samples (inoculated with C. tyrobutyricum) lowered by 145 

more than 1 log unit for the OB and TV cheeses, and totally avoided the growth of this 146 

bacterial group in the MO cheeses. This inhibitory effect on clostridial growth became 147 

even more evident than that described by other authors, who tested in vitro pure oils, 148 
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such as Deans and Ritchie (1987), and were unable to produce inhibition on C. 149 

sporogenes with any of the three tested EOs. Yet Baratta et al. (1998) reported 150 

inhibitions on another different clostridial species, C. perfringes, with O. basilicum oil, 151 

suggesting varying resistance among strains. In a previous study into the anticrostridial 152 

activity of the MO essential oil on laboratory media, we found that the concentration of 153 

these EOs needed to achieve total inhibition was 200 ppm (Librán et al., 2012a). 154 

For all the cubes from Group 2 (inoculated with E. coli), growth was also lacking, as 155 

observed in the initial cheese enumeration of coliforms (Figure 2 and Figure 3b). In line 156 

with what was previously mentioned, it is commonly accepted that Gram-negative 157 

bacteria are more resistant to EOs than Gram-positive ones (Burt, 2004). However, the 158 

results reported herein do not match those general believed, probably due to the harsh 159 

conditions of matured cheeses until coliform development; for instance, low pH, Aw or 160 

lactose exhaustion (Walstra et al., 2006).  161 

As regards the antifungal effect (Figure 3c), although it was not possible to find 162 

differences among cheeses before inoculation, the following effects were detected after 163 

the surface inoculation of P. verrucosum (Group 3): total inhibition in the TV cheeses; a 164 

slight reduction in the MO cheeses (0.61 log unit); no effect in the OB ones. The 165 

comparison made of the effect of EOs on a cheese matrix and on the laboratory media is 166 

quite important as activity may change completely. In fact, the activities of these oils 167 

against P. verrucosum were exactly the opposite when assayed under in vitro 168 

conditions, where OB activity was seen to be the greatest and TV activity was the 169 

slightest (Librán et al., 2012b). In contrast, the activity of these EOs followed the same 170 

pattern of behaviour in the cheese matrix to that observed in the culture media against 171 

C. tyrobutyricum; thus, MO proved the most active, followed by OB and TV in that 172 

order (Librán et al., 2012a). Cheese type can also have an effect on the antimicrobial 173 



10 
 

potential of EOs, which was the case of Vázquez et al. (2001), who found different 174 

effects of EO compounds when applied as cheese covers in accordance with cheese 175 

type. These authors observed that it is possible to properly inhibit the Penicillium 176 

citrinum strain in Arzúa-Olloa cheese with 200 μL/mL of eugenol. Notwithstanding, no 177 

inhibition was observed for Cebreiro cheese, and the same was encountered when using 178 

thymol, the principal constituent of thyme oil (Razzaghi-Abyaneh et al., 2009). These 179 

authors had to apply a pure thyme oil solution to inhibit Aspergillus parasiticus growth 180 

in culture media.  181 

Some other factors relating to the cheese matrix can completely amend the activity of 182 

EOs, mainly reductions as compared with the laboratory medium (Gutiérrez et al., 183 

2008). Several authors have demonstrated that food composition has a negative impact 184 

on EO efficacy. Low-fat cheese contents are better for the action of EOs in Gram-185 

positive bacteria, but are worse in Gram-negative ones (Smith-Palmer et al., 2001), 186 

while carbohydrates reduce the activity of EOs in other food matrices (Gutiérrez et al., 187 

2008). 188 

With the exception of the cheese samples incubated at 25ºC under aerobic conditions, 189 

the total viable counts (TVC) and lactic acid bacteria (LAB) generally decreased in 190 

relation to the initial cheese contents (Figures 2 and 3). The drop in these bacterial 191 

counts ranged from 0.1 to 3.3 logarithm units. Furthermore, the TVC and LAB counts 192 

seemed influenced by not only the addition of EOs, but also by the incubation 193 

conditions (Figure 3), where the combined effect of an anaerobic environment (37ºC 194 

and the addition of MO or TV oils) exerted the most marked inhibitions on this 195 

microbial flora (Fig. 3a). During a long ripening period, like that studied in this work, 196 

starter microorganisms reduce due to their loss of viability and to intracellular enzymes 197 

being released (Beresford & Williams 2004). These microorganisms, which are stored 198 
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refrigerated for a long ripening period, generally acclimate to low temperature, and this 199 

selection in more cold-tolerant microorganisms can explain the lowest inhibitions noted 200 

in the cheese cubes incubated at lower temperatures. In addition, the rise in incubation 201 

temperatures from 25ºC to 37ºC can provoke the evaporation of the volatile compounds 202 

transferred from EOs to cheese, thus increasing their content in the vapour phase and 203 

consequently inhibiting bacteria more efficiently, as formerly observed by other authors 204 

(Goñi et al., 2009). 205 

 206 

CONCLUSIONS 207 

This work demonstrates the importance of conducting specific studies on the target food 208 

matrix in order to evaluate EOs’antimicrobial activity. Sometimes, which is the case of 209 

the three EOs studied in C. tyrobutyricum, their efficacy can be extrapolated. Yet with 210 

other microorganisms like P. verrucosum, extrapolation can imply a misunderstanding 211 

of these oils’ potential if only in vitro assays are done to select the most appropriate 212 

ones because many matrix factors can alter the results. The effect of these EOs on 213 

microorganisms that are crucial for proper cheese ripening must also be considered 214 

given the risk of converting a good, natural solution for a technological problem into a 215 

new difficulty. By bearing in mind these considerations, and at the assayed 216 

concentrations, we conclude that the EOs of Melissa officinalis and Ocimum basilicum 217 

display excellent activity to help combat microorganisms that cause late cheese blowing 218 

before and after inoculation, but that they do not show post-inoculation inhibition 219 

against mold. Moreover, the M. officinalis EO is not recommended since it is also a 220 

potent inhibitor of lactic acid bacteria. It also causes delays while producing cheeses and 221 

probably certain modifications in the final volatile composition of ripened cheeses. The 222 

most balanced EO for combatting the microbial cheese defects addressed in this work is 223 
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that of Thymus vulgaris, which diminishes the clostridia content, strongly inhibits mold 224 

growth and does not damage lactic acid bacteria. Further studies are necessary to gain 225 

in-depth knowledge of the real effect of EOs from aromatic plants on a cheese matrix by 226 

considering combinations of the EOs displaying different antimicrobial activities, as 227 

well as different cheese varieties, composition and ripening stages. 228 
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Table 1. Culture media and incubation conditions 1 

Microorganism searched Medium  Provider Incubation characteristics 
Total Viable Counts Plate Count Agar (PCA) Biokar Diagnosis (Barcelona, Spain) 32ºC, 48 hours, aerobic conditions 
Lactic Acid Bacteria M17 Agar Biokar Diagnosis (Barcelona, Spain) 37ºC, 48 hours, aerobic conditions 
Coliforms Brilliant Green Bile Agar (BGB) Pronadisa Conda (Madrid, Spain) 37ºC, 24 hours, aerobic conditions 
Clostridium spp. Reinforced Clostridial Agar (RCA) Oxoid (Hampshire, England) 37ºC, 48 hours, anaerobic conditions 
Molds and Yeast Potato Dextrose Agar (PDA) Merck (Darmstadt, Germany) 25ºC, 96 hours, aerobic conditions 
 2 
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 1 
Figure 1. Antimicrobial activity assay performed by the inoculation of fortified cheeses 2 

with: A) C. tyrobutyricum (37ºC, anaerobic conditions), B) E. coli (37ºC, aerobic 3 

conditions) and C) P. verrucosum (25ºC, aerobic conditions). 4 

 5 
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 1 
Figure 2. Microbial content (log cfu/g; mean±SE) in the control, Melissa officinalis 2 

(MO), Ocimum basilicum (OB) and Thymus vulgaris (TV) ripened cheeses. (Total 3 

Viable Counts: ; Lactic Acid Bacteria: ; Clostridium spp.: ). 4 
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 1 
Figure 3. Microbial content (log cfu/g; mean ± SE) in the control, Melissa officinalis (MO), Ocimum basilicum (OB) and Thymus vulgaris (TV) 2 

ripened cheeses inoculated and incubated for 1 week with Clostridium tyrobutyricum (A), Escherichia coli (B) and Penicillium verrucosum (C), 3 

respectively. (Total Viable Counts: ; Lactic Acid Bacteria: ; Target microorganism: ). 4 

a, b, c: Different values among the same microbial counts are significantly different (p<0.05). 5 

*, ***, NS: Significance level p<0.001, p<0.05 and no significant, respectively 6 

 7 

 8 
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5.3. ANTIFUNGAL PROPERTIES OF SAFRANAL 

This work was performed outside the scope of the European 

Project where the rest of the works have been done.  

Saffron spice (the dried stigma of Crocus sativus L.) has been 

successfully used in gastronomy to impart flavor and color to dishes. 

In dairy field, saffron is used in the elaboration of Piacentinu cheese, 

a ewes’ milk cheese from Sicily (Italy). Besides, recently in Spain has 

been developed a pressed ewes’ milk cheese with this spice by the 

research groups of CLYDE and Cátedra de Química Agrícola from 

the Universidad de Castilla-La Mancha, resulting in a Doctoral Thesis. 

Moreover, other dairy products fortified with saffron like ewes’ milk 

yogurt are currently developed and studied. However, there is a 

lack of knowledge relative to the distribution of saffron compounds 

through cheesemaking. Among them, safranal is the main 

responsible of saffron aroma and has a great number of bioactive 

properties such as antioxidant, anxiolytic or antidepressant. In terms 

of their antimicrobial activity, there are few works related to it and 

most specifically, only against Salmonella enterica and by in vitro 

assay.  

Hence, this work aimed to study the transference during 

cheesemaking and the antimicrobial properties of safranal in whey.  

The resulting paper was presented as follow: 
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5.3.1. Extended summary 

In order to study safranal transference through 

cheesemaking, safranal was added to milk at 40 μg/kg and were 

allowed to solubilizate. Afterwards, a typical pressed ewes’ cheese 

procedure was conducted at laboratory scale and “requesón” was 

also produce by the heating of the resulting whey.  

Results showed that safranal was more concentrated on solid 

fractions (78.91  µg/kg in cheese and 76.95 µg/kg in “requesón”) 

than in liquid ones (35.19 µg/kg in whey and 34.64 µg/kg in 

“requesón” whey), although whey and “requesón” whey presented 

a higher total safranal content. The reason is the greater yields 

reached for the liquid fractions, for instance, it was found a total of 

55.22 µg of safranal in 1.6 kg of whey, instead of the 34.79 µg of 

safranal in 0.4 kg of cheese. 

The antimicrobial activity was performed by the multiplate 

agar well diffusion method for bacteria and by the broth dilution 
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method for mold. Samples assayed for their antimicrobial potential 

were the resulting liquid fractions from cheesemaking, cheese whey 

and “requesón” whey. Also two safranal solutions of 40 μg/kg and 

80 μg/kg in Yeas Extract Sucrose broth (YES) without whey were 

used for elucidate possible interactions among whey compounds 

and safranal. YES broth without safranal was used as control.   

P. verrucosum was properly inhibited by both whey samples 

reaching around 30 % of mycelia growth reduction compared to 

control whey. The pure compound solutions in YES needed a double 

concentration to reach similar inhibition than those obtained by 

whey. Therefore, this work suggested a possible interaction between 

safranal and whey compounds increasing its efficacy as antifungal.  

Bacteria inhibitions were not possible with the assayed safranal 

concentration. 
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ABSTRACT 

Molds presence in cheeses is sometimes considered as a defect and could represent even a 

risk for human health due to mycotoxin production. Traditional ways to control are 

difficult to arise or not always legally allowed such as the use of some antifungals. In 

recent times, whey, a dairy by-product of difficult management, is thought to present some 

antimicrobial activities and has been used in active films, together with essential oils or 

bioactive compounds. Saffron spice has been introduced as an ingredient on dairy 
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production in order to diversify products, but there is a lack of knowledge about how 

safranal (main responsible of saffron aroma) is distributed through cheesemaking and its 

potential as antifungal compound. Hence, it was produced cheese and “requesón” (Spanish 

whey cheese) with milk fortified with safranal in order to test its potential as antifungal 

against the mold Penicillium verrucosum. Besides, its transference through cheesemaking 

was also studied. Results showed that safranal was more concentrated in cheese and 

“requesón” (78.91 and 76.95 µg/kg, respectively) than in whey and “requesón” whey 

(35.19 and 34.64 µg/kg, respectively). These liquid fractions showed good antifungal 

properties inhibiting the mold with a safranal concentration around 35 μg/kg, while a 

solution of safranal standard at 80 μg/kg was necessary to produce a similar inhibition. 

These results could contribute to take advantage of these problematic dairy by-products, 

and to use them in the prevention of the spoilage of cheese by molds. 

KEYWORDS: Safranal, cheese, whey, Penicillium verrucosum. 
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1. INTRODUCTION 1 

Most defects in modern cheese production are due to undesirable mold growth 2 

(Neaves and Williams, 2012), being some of them: curd liquefaction, unpleasant odor and 3 

flavor development or texture discoloration (Sarić and Dizdarević, 2011). Molds presence 4 

on cheeses could also have severe consequences in human health; such is the case of 5 

human strikes due to mycotoxin production (Belitz et al., 2009). Most commonly isolated 6 

mold genera from contaminated cheeses are Penicillium and Aspergillus (Kure and Skaar, 7 

2000; Montagna et al., 2004) and among them, P. verrucosum have been isolated as one of 8 

the commonest in dairy industries (Hayaloglu and Kirbag, 2007; Serrano, 1997). The 9 

traditional way to prevent this spoilage is by using cheese covers, sometimes suplemented 10 

with antifungals, which are not always legally allowed (Sørhaug, 2011).  11 

During past years, scientists have successfully tested proteins and fatty acids from 12 

bovine whey as antimicrobials (Clément et al., 2008; González-Chávez et al., 2009) as well 13 

as for the development of active edible film coatings (Ramos et al., 2012; Zinoviadou et 14 

al., 2010). Hence, the use of whey could represent a natural alternative to control cheese 15 

spoilage by molds. Moreover, the production of ewes’ cheeses originates about 80 g of 16 

whey per each 100 g of milk used (Haenlein and Wendorff, 2006), resulting in a difficult 17 

management, being one of the major disposal problems to the dairy industry due to its high 18 

biological oxygen demand (40,000 mg/kg or more) (Jelen, 2011). Therefore its potential 19 

use as antifungal in cheesemaking could represent a double solution to two common dairy 20 

problems: mold spoilage of cheeses and an alternative use for a dairy by-product difficult 21 

to manage. 22 

The antifungal potential of whey could be improved with the addition of bioactive 23 

compounds such as vegetable extracts like saffron spice. This spice is the dried stigma of 24 

Crocus sativus L., and one of its main compounds is safranal (Carmona et al., 2006). 25 
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Saffron has numerous biological properties as antioxidant, anxiolytic, anticonvulsant, 26 

antidepressant or antinociceptive (Karimi et al., 2010; Licón et al., 2010; Hosseinzadeh and 27 

Noraei, 2009; Hosseinzadeh and Shariaty, 2007; Hosseinzadeh and Talebzadeh, 2005; 28 

Karimi et al., 2001). In terms of its antimicrobial activity, Pintado et al. (2011) tested 29 

safranal against Salmonella enterica, but its antifungal effect has not been studied yet.  30 

Saffron spice has been successfully used as an ingredient in dairy production, 31 

conducting in diversified pressed Spanish or Italian ewes’ milk cheeses by means of direct 32 

extraction in milk with an adequate color transference to cheese (Licón et al., 2012a; Licón 33 

et al., 2012b; Carpino et al., 2008), as well as ewes’ milk yogurt. Nevertheless, the 34 

transference of different saffron spice compounds related to aroma, such as safranal, during 35 

cheesemaking process has not been quantitatively determined yet.  36 

Therefore, the aim of this work was to test the antifungal properties of whey obtained 37 

from cheese and “requesón” production with milk fortified with safranal. Besides, safranal 38 

distribution among different dairy products was studied, contributing to the knowledge of 39 

how safranal is transferred during cheesemaking. 40 

 41 

2. MATERIALS AND METHODS 42 

2.1. Safranal 43 

Safranal used for cheesemaking was obtained from Sigma-Aldrich (Sigma-Aldrich 44 

Chemie GmbH, Steinheim, Germany) with a purity of 88 %. 45 

2.2. Milk 46 

Manchega breed ewes’ raw milk from a commercial farm (Albacete, Spain) was used 47 

for cheese fabrication. Milk had the following compositional values (g/100 g): dry matter 48 

of 16.30 ± 0.10, fat content of 5.21 ± 0.18 and protein content of 5.42 ± 1.10 49 

2.3. Fungal strain 50 
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Mold strain Penicillium verrucosum CECT 2906 was provided by the Spanish Type 51 

Culture Collection (CECT) (Burjassot, Spain). 52 

2.4. Cheese and “requesón” elaboration 53 

For each type of elaboration (control and safranal) two vats of milk (2 kg-each) were 54 

used in duplicate. After safranal addition (40 μg/kg), milk was heated in a water bath (30 55 

ºC) and commercial rennet was added (0.015 g/L). After 30 minutes, the curd was cut into 56 

8-10 mm cubes and heated to 37 ºC during 20 min before whey separation. Curd was 57 

placed in perforated plastic molds (6 x 6 x 7 cm) with an approximate weight of 100 g and 58 

pressed by gravity during 2 h. Cheese whey was stirred at 1,500 rpm and heated to reach a 59 

temperature of 75-80 ºC. Then the stirring was stopped and the cheese whey was heated to 60 

90 ºC to allow flocculation of the whey proteins. Proteins were separated from the whey 61 

with a perforated spoon to obtain the traditional Spanish whey cheese called “requesón” 62 

which was placed in the same molds as used for cheese to cold down during 2 h. All 63 

samples were kept in aliquots at 2 ºC for up to 18 h until analyses were performed. Cheese 64 

yields were 20.04±0.25 % for cheese (CH) and 3.02±0.55 % for “requesón” (R). 65 

Composition of the cheese (CH) and “requesón” (R) were got by using a Foss FoodScan 66 

analyzer (FoodScan Lab, FOSS, Hillerød, Denmark) while compositional values of the 67 

whey (W) and “requesón whey” (RW) by using the equipment MilkoScan Minor Type 68 

78110 (FOSS, Hilleroed, Dinamarca). Products’ composition was analyzed twice. 69 

2.5. Safranal determination  70 

Safranal was analyzed in all fractions obtained from the cheesemaking process (CH, 71 

W, R and RW). Safranal isolation was made using headspace sorptive extraction (HSSE) 72 

technique, and it was analyzed by thermal desorption coupled to gas chromatography/mass 73 

spectrometry (TD/GC/MS) according to Licón et al. (2012b). For liquid samples, the 74 

weight was modified to 10 g of sample and the extraction time to 2 h, using 1 cm length 75 
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sorptive bars. Safranal was identified by comparison of retention time and spectra with the 76 

real standard. For its quantification, calibration curves were prepared in ewes’ milk and 77 

curd by spiking a standard solution of safranal at five different concentration levels in a 78 

range from 10 to 160 μg/kg. Ethyl octanoate (Sigma-Aldrich Chemie GmbH, Steinheim, 79 

Germany) was used as internal standard (1 mg/kg). Results were expressed as μg/kg. 80 

2.6. Antifungal activity determination 81 

P. verrucosum inoculums were obtained by subculturing weekly on Potato Dextrose 82 

Agar (PDA) (Merck, Darmstadt, Germany) at 25 ºC and darkness. Conidia were harvested 83 

according to Baratta et al. (1998) and spore suspension was adjusted (λ=530 nm) to an 84 

optical density of 0.5, equivalent to 107 spores/mL. 85 

First, the antifungal activity of safranal solutions at the same concentration as found in 86 

milk (Saf-40) (40 μg/kg) and the double one (Saf-80) (80 μg/kg) were assayed by the broth 87 

dilution method adapted from Baratta et al. (1998). Fifty mL Erlenmeyer flask containing 88 

10 mL of safranal solution in yeast extract sucrose (YES) broth (BD, Le Pont de Claix, 89 

France), were inoculated with 105 cfu/mL of spore suspension and they were incubated at 90 

25 ºC for 1 week in a shaking incubator OM10E (150 rpm) (OVAN, Badalona, Spain). 91 

Then, the weight of the filtered dried mycelium (105 ºC overnight) was obtained and the 92 

level of inhibition was calculated as: 93 

% inhibition = [(C − T)/C] × 100        (1) 94 

where T is the weight of mycelium from test flasks and C is the weight of mycelium from 95 

control ones. 96 

Afterwards, the antifungal activity of liquid fractions (W and RW) from the safranal 97 

fortified cheese elaboration (Section 2.4) was determined following the same methodology 98 

explained above and by using the correspondent liquid fractions of control cheese 99 

elaboration as control.  100 
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Flasks were prepared in duplicate, and the experiment was performed twice. 101 

2.7. Statistical analysis 102 

Analysis of variance (p < 0.05) was performed using SPSS 19.0 (SPSS Inc., Chicago, 103 

IL, USA). Tukey’s test at a significance level of p < 0.05 was used to determine 104 

differences between control and safranal compositional values for the different dairy 105 

products obtained and to evaluate safranal antifungal activity. 106 

 107 

3. RESULTS AND DISCUSSION 108 

3.1. Safranal transference 109 

Table 1 shows the average of safranal concentration (µg/kg) and its total content (µg) 110 

obtained in the different fractions. Solid fractions showed higher safranal concentrations 111 

(78.91 µg/kg in CH and 76.95 µg/kg in R) than liquid ones (35.19 µg/kg in W and 34.64 112 

µg/kg in RW), although this trend changes when safranal is expressed as total content. The 113 

reason is the greater yields reached for the liquid fractions. In Table 2 are summarized 114 

compositional values of dairy products from control and safranal elaborations, CH and R 115 

are characterized by their high total solid content than compared to liquid ones. CH is 116 

composed mainly by caseins and lipids while R by whey proteins, and safranal retention in 117 

them could be due to interactions with this main molecules. It was supported by previous 118 

researchs that have been deeply studied in order to gain knowledge about perceived flavor 119 

in dairy products, finding that caseins, whey proteins and milk lipids can have hydrophobic 120 

or covalent interactions with aroma molecules such as 2-nonanone, 1-nonanal and vanillin 121 

(Han et al., 2011; Kopjar et al., 2010; Kühn et al., 2007; Livney, 2010; Wackerbarth et al., 122 

2009). 123 

However, the higher safranal contents found in liquid fractions could be associated 124 

with the solubility in water of safranal as these both matrixes presented a large aqueous 125 
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fraction (more than 90 g/100 g) than solid ones (Table 2). It is also expected to find 126 

interactions among safranal and whey proteins, since, β-lactoglobulin and bovine serum 127 

albumin (BSA), have higher affinity for flavor compounds compared with caseins present 128 

in cheese (Kühn et al., 2008; Li et al., 2000). Also, studies about heat treatment influence 129 

on the binding properties of flavor compounds with whey proteins have revealed that heat 130 

treatment affects flavor binding in a way that higher temperatures and time would lead to 131 

less binding properties of the protein (Chobpattana et al., 2002; Kühn et al., 2008; Kühn et 132 

al., 2007). 133 

All these possible interactions deserve further study to gain knowledge about safranal 134 

and milk components in order to optimize the addition of safranal to dairy products. 135 

3.2. Antifungal activity of liquid fractions 136 

Results of antifungal activity are shown in Figure 1. All samples assayed were able to 137 

inhibit over 15 % of mold growth compared to their correspondent control flasks. In 138 

decreasing order of inhibition, samples were: Saf-80 > W > RW > Saf-40. As it can be 139 

seen, both food matrixes assayed showed a better antifungal potential than Saf-40 (40 140 

μg/kg of safranal) even that they had a lower concentration of safranal (34.64-35.19 μg/kg, 141 

respectively) (Table 1). These outstanding antifungal results could be explained by the 142 

possible synergistic inhibition between safranal and some whey compounds against P. 143 

verrucosum. Previous studies were in accordance with this fact suggesting that some fatty 144 

acids and lactoferrin from bovine whey could have antifungal properties (González-Chávez 145 

et al., 2009; Clément et al., 2008). Nevertheless, few studies on the bioactivity of ovine 146 

whey peptides have been performed and it is believed that some of them, still unidentified, 147 

from α-lactoalbumin and β-lactoglobulin hydrolysis have antimicrobial properties 148 

(Hernández-Ledesma et al., 2011). Results obtained in this work could motivate future 149 

research in this field. 150 
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The antimicrobial activity of safranal could be attributed to its chemical structure since 151 

it is an oxygenated monoterpene. Terpenes undergo biochemical modifications which add 152 

oxygen molecules and move or remove methyl groups (Hyldgaard et al., 2012). This group 153 

of compounds is recognized for its antimicrobial activity (Bakkali et al., 2008); although 154 

safranal has not been extensively assayed because it has been only tested against bacteria 155 

and by in vitro test (Pintado et al., 2011). In the aforementioned work, the total bacteria 156 

inhibition was reached at much more higher safranal concentration (8-32·106 μg/kg) than 157 

the concentration tested in P. verrucosum. Therefore this work is relevant for this field, as 158 

it has been proven that W and RW added with safranal have antifungal properties, even 159 

better than the compound itself. 160 

 161 

4. CONCLUSIONS 162 

Whey and “requesón” whey from cheesemaking fortified with safranal could be a 163 

helpful natural tool on preventing the spoilage of cheese by molds. Results showed the 164 

great potential of these matrixes against the mold Penicillium verrucosum. Besides, it also 165 

showed how safranal is distributed through cheesemaking, where cheese and “requesón” 166 

were the most concentrated products. Although the safranal content remaining in liquid 167 

fractions suggets a remarkable potential use in the food industry.  168 

 169 
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Table 1. Safranal concentration (µg/kg) and safranal total content (µg) in different dairy 275 

products (cheese, “requesón”, whey and “requesón” whey) analyzed by headspace 276 

sorptive extraction/thermal desorption/gas chromatography/mass spectrometry 277 

(HSSE/TD/GC/MS) 278 

Safranal 

Product Concentration (µg/kg) Total content (µg) 

Milk 33.82 ± 0.43 74.42 ± 0.95 

Cheese 78.91 ± 5.21 34.79 ± 2.30 

Whey 35.19 ± 4.07 55.22 ± 6.39 

“Requesón” 76.95 ± 5.80 3.83 ± 2.58 
“Requesón” whey 34.64 ± 1.74 44.06 ± 2.22 

Data are expressed as mean ± standard deviation (n = 4). 279 
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Table 2. Compositional values (g/100 g) of dairy products (cheese, “requesón”, whey 280 

and “requesón” whey) from the elaboration of control cheese (control) and the 281 

elaboration of cheese fortified with safranal (safranal) 282 

 Product Control Safranal ANOVA* 

Dry matter  
(g/100 g) 

Cheese 43.43 ± 1.57 43.25 ± 1.30 NS 
Whey 8.35 ± 0.08 8.04 ± 0.33 NS 
“Requesón” 27.40 ± 20 25.26 ± 0.70 NS 
“Requesón whey” 7.65 ± 0.11 7.25 ± 0.54 NS 

Fat 
(g/100 g) 

Cheese 19.04 ± 1.22 20.05 ± 0.35 NS 
Whey 0.43 ± 0.29 0.30 ± 0.13 NS 
“Requesón” 9.30 ± 0.35 9.80 ± 0.35 NS 
“Requesón whey” 0.06 ± 0.08 0.05 ± 0.01 NS 

Protein 
(g/100 g) 

Cheese 20.94 ± 0.42 20.44 ± 0.70 NS 
Whey 1.07 ± 0.12 1.15 ± 0.05 NS 
“Requesón” 10.49 ± 0.09 10.79 ± 0.25 NS 
“Requesón whey” 0.36 ± 0.02 0.42 ± 0.12 NS 

Data are expressed as mean ± standard deviation (n = 4). 283 
*NS: significant differences were not found between control and safranal products (p < 0.05). 284 
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Figure 1. Fungal inhibition reached with safranal fortified samples and safranal 285 

solutions (mean; % ± SE) (n=4). 286 
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a, b: Different values among results indicate significant differences (p < 0.05). 288 
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CHAPTER 6: DISCUSSION

This doctoral Thesis provides useful information for future

potential application of aromatic plants’ extracts to dairy industry,

since it has been proven the transference of compounds through

cheesemaking process, conserving the antimicrobial properties

previously assayed in vitro.

A great number of variables could influence on extracts'

chemical composition, such as: plant variety (ECONOMOU et al.

2011), agronomic practices, harvesting (ULLAH and HONERMEIER,

2013), use of fertilizers (SINGH and GULERIA, 2013) or saline stress

(BEN-TAARIT et al., 2009). Also geographic differences like altitude

seemed to have an effect on essential oil composition (HERRAIZ-

PEÑALVER et al., 2013). However, results relative to extracts’

chemical composition were in agreement with previous authors in

main compounds, such as: carvone in A. graveolens (CHEMAT et

al., 2012), carvacrol in O. vulgare (ECONOMOU et al., 2011), trans-

anethole in P. anisum (YAN et al., 2011; ULLAH and HONERMEIER

2013), pinocamphone in H. officinalis (KHAN et al., 2012) or α/β-

pinene in different species like Pinus, Salvia or Rosmarinus (SINGH

and GULEIRA, 2013; USTUN et al., 2012; EBRAHIMABADI et al., 2010;

OZEK et al., 2010;).
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Once the aromatic plant is collected, the extraction

methodology could have also severe effects on oil composition and

quality. CHEMAT et al., (2012) stated that intervention of

microwaves or ultrasonics would enhances extraction selectivity for

one compound and did not have effect on others, but also the use

of an organic solvent like hexane could allow a better extraction of

fatty acids rather than the extraction with water. OKOH et al., (2010)

studied the differences found on a hydrodistillation (HD) and super

critical fluid extraction (SFE), finding that oxygenated monoterpenes

were extracted in larger quantities by the SFE in comparison with

HD. According to that, our R. officinalis EO fitted better with their

hydrodistilled rather than with the SFME, they both have water as

solvent. COSTA et al., (2012) suggested that a great number of

compounds were found in HD oils but higher yields were achieved

by SFE ones.

The similarities found among authors in extracts’ major

compounds, would suggest that a similar antimicrobial activity will

be found if same extracts are used. However, these little differences

in minor compounds could lead us to different properties and

hence, the importance of this study with extracts obtained by novel

methods.

All extracts tested in vitro showed antimicrobial properties. A

total of 10 extracts inhibited E. coli, 13 inhibited C. tyrobutyricum

and all inhibited P. verrucosum. In general, the sensitivity of E. coli

seemed to be inferior to that of C. tyrobutyricum or P. verrucosum,
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needing higher concentration of EOs to provoke similar effects, and

being unaffected by any AE. It is generally accepted that Gram-

negative bacteria are much more resistant to antimicrobials than

Gram-positives by the presence of an external surrounding

membrane which difficulties the diffusion of hydrophobic volatile

compounds (AIT-OUAZZOU et al., 2011). These compounds are

commonly found in essential oils. This hypothesis has been

corroborated by the findings of OKOH et al. (2010), OZEK et al.

(2010) or VÁGI et al. (2005) who achieved better inhibition of Gram-

positive bacteria than Gram-negative with different EOs.

Inhibitory results were difficult to compare, not only due to

differences on extracts composition, but also by the different

methodology used among authors. After adjusting results to make it

comparable, we found better results in the inhibition of E. coli with

oregano, lavanda and rosemary oils than VÁGI et al. (2005) and

OUSSALAH et al. (2007). In case of C. tyrobutyricum, comparison has

been made with different species due to the absence of

information relative to the effect of aromatic plants against this

specific specie. Results were similar or even better than those

described by DEANS and RITCHIE (1987) with C. perfringens or TEPE

et al. (2005) with C. sporogenes by using chamomile, sage or

lavender oils.

In terms of fungal inhibition, the results obtained differ from

other published papers which could not inhibit fungal strain tested
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or found more difficulties than with bacteria (HUSSAIN et al., 2008;

SOKMEN et al., 2004).

The antimicrobial activity of aqueous extracts resulted on no

inhibition against E. coli, little inhibition against C. tyrobutyricum

while all of them were able to inhibit the fungal strain. These extracts

had similar volatile profile than their correspondent EOs at lower

concentration. Then, it could be reasonable the fewer activity

reached.

These results are important since little have been studied

about combating bacteria with AEs. In fact, there are some works

which fought unsuccessfully against E. coli (MOON et al., 2006;

SAĞDIÇ, 2003), while no works have been found for clostridial 

strains. Only SAĞDIC and ÖZCAN (2003) tested oregano and black 

thyme against B. cereus, other Gram-positive sporulated bacteria.

P. verrucosum was successfully inhibited by all extract tested,

although at lower intensity than previous works with O. basilicum

and R. officinalis hydrosols (BOYRAZ and ÖZCAN, 2005). Hydrosols

are obtained during EO hydrodistillation, representing a waste that

must be managed for which production does not present any

additional costs. This less intense activity from the aqueous extracts

would make them useful in case of low microbial contamination.

Also, their lower volatile concentration would not interact with

sensorial properties of food, maintaining their taste and flavor.
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It is possible that differences found in minor compounds could

distinguish antimicrobial activity results from other authors

(GUTIÉRREZ et al., 2008). Recently, there is an increasing interest on

synergies and antagonisms existing among compounds mixtures as

essential oils are. GOÑI et al. (2009) and AL-BAYATI (2008) have

studied individual compounds trying to reveal their behavior when

act in combination.

In an attempt to identify those compounds highly correlated

with inhibition, this work carried out partial least squares regression

models among in vitro inhibition and chemical composition of

extracts, finding a total of 3, 3 and 6 compounds inhibiting P.

verrucosum, E. coli and C. tyrobutyricum by EOs respectively, and 7

for the clostridial inhibition by AEs. Among all of them: linalool, 1,8

cineole, thymol and carvone, have been deeply studied and were

proven to be effective antimicrobials suggesting the activity was

related to their functional groups (HYLDGAARD et al., 2012; AIT-

OUAZZOU et al., 2011; VÁZQUEZ et al., 2001). Outstanding results

were the selection of some hydrocarbon monoterpenes as

important for antimicrobial activity, such as verbene and α/β-

phellandrene, which are thought to be ineffective antimicrobials

(AIT-OUAZZOU et al., 2011). It has been postulated that useless

compounds individually, like p-cymene (other hydrocarbon

monoterpene), could potentiate the effect of carvacrol when they

are combined (HYLDGAARD et al. 2012).
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This potential interactions or synergisms complicates when EOs

are added to a complex matrix as milk. In order to evaluate the

transference of EOs’ compounds, their effect on cheese microbiota

and their antimicrobial properties, the three most active EOs: M.

officinalis, O. basilicum and T. vulgaris were added to cheese milk.

Carryover results showed that most of compounds found in

EOs were also found in cheeses (56-79 %) and whey (61-79 %),

reaching a larger number of compounds transferred than

TORNAMBÉ et al., (2008) studies. In general, major compounds

found in fortified dairy products did not presented the best

carryover ratios. There were other minor compounds like: linalool

(14.29 %) in cheese and β-caryophyllene (30.61 %) in whey from M.

officinalis, β-caryophyllene (16.67 %) in cheese and 1,8 cineole

(47.12 %) in whey from T. vulgaris or α-thujene (75 %) in cheese and

γ-terpinene (30 %) in whey from O. basilicum those better

transferred. Transference ratio results showed hydrocarbon

monoterpenes were the best transferred group of compounds.

Several works demonstrated interactions between food and

flavor compounds (CHOBPATTANA et al., 2002; KÜHN et al., 2008). In

case of dairy products, proteins have been described to have

interaction sites like NH or CO (BARTOLOMÉ et al., 2000), even

affecting flavor perception if strong binding occurs (GUICHARD,

2006). It seemed that functional groups affected the compounds’

detection, where oxygenated monoterpens were worse transferred

or detected than hydrocarbons ones. Hydroxyl group present in
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some EOs’ compounds, and the presence of delocalized electrons

have been related to the antimicrobial activity, which is reduced in

food systems, especially those fat-rich (GUTIÉRREZ et al., 2008). Then,

although the selected methodology for volatile extraction is quite

suitable to foods (KATAOKA et al., 2000), and have been optimized

for ewes’ milk cheeses (LICÓN et al., 2012), it is possible that

compounds were not totally released showing low transference

ratios.

Although different transference ratios happened among

analyzed compounds, the antimicrobial activity results are given

extra information relative to possible interaction between foods and

volatiles. This activity was firstly observed in the initial cheese

microbiota, where M. officinalis was the most effective, even

reducing LAB counts.

Few works have studied the effect of EOs on dairy products all

of them have focused on inhibition of pathogenic or spoiler

microorganisms, but not on their effect on LAB which are necessary

for several stages of dairy production (HAMEDI et al., 2012; GOVARIS

et al., 2011; TSIRAKI and SAVVAIDIS, 2011; GANDOMI et al., 2009;

TORNAMBÉ et al., 2008; SMITH-PALMER et al., 2001). In fact, the huge

potential reached by M. officinalis EO could has undesirable effects

if affects the cheese ripening process, meaning in a flat flavored

cheese (WALSTRA et al., 2006; FOX and COGAN, 2003). Cheeses

fortified with O. basilicum EO did not cause great reductions on the

initial LAB counts and T. vulgaris did not affect them at all.
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Differences among Gram-positive and Gram-negative

bacteria inhibition in dairy products by EOs were observed by

SMITH-PALMER et al. (2001) who reduced more efficiently L.

monocytogenes than S. enteriditis in soft cheeses. However, the

current study was not able to find out these differences since

absence of coliform growth, which are not adapted to the hard

conditions present in a long ripened cheese (COGAN, 2011a).

Regarding to the initial effect of EOs on molds, it could not be

appreciated because of mold growth absence. This fact was

according to the thought that molds did not growth at inner of

cheeses (KURE and SKAAR, 2000).

The correct development of desirable flora is very important

for fermented foods since, as was stated before, these intentionally

or naturally occurring microorganisms participate in their ripening

process but also prevent this food against spoilers (LÜCKE and

VOGELEY, 2012; SALMINEN et al., 2011; CHAMMAS et al., 2006;

KNEIFEL et al., 1993). Then, the analyses not only against target

spoilers but also on LAB, provide useful information for the selection

of the best extract for future application. In this study, on pressed

ewes’ milk cheese and at the assayed concentration, T. vulgaris

was the EO that better protects cheeses for spoilage and allows a

correct ripening.

Comparison between food systems (fortified cheeses) with

previous in vitro results showed that inhibitory ranking was not always
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the same. In case of C. tyrobutyricum, the in vitro ranking (M.

officinalis > T. vulgaris > O. basilicum) was maintained when assayed

in food matrixes. However, to the inhibition of P. verrucosum was

altered, being O. basilicum the most effective and T. vulgaris the

worst in the in vitro assay, changing their positions in food systems.

Food composition seems to have effect on the antimicrobial

properties of EOs. It is usually thought that higher concentrations of

oils are needed in food than in laboratory media to achieve same

inhibition. It is probably related to the more complex nature of food

(HOLLEY and PATEL, 2005). It has been suggested that fat in

products could provide a protective layer around bacteria or the

lipid fraction may have absorbed the antimicrobial agent and thus

decreased its concentration and effectiveness in the aqueous

phase (HOLLEY and PATEL, 2005; SMITH-PALMER et al., 2001). Also

hydrocarbons coupled with fat were marked by other authors as

the responsible of great reductions of EOs activity (GUTIÉRREZ et al.,

2008).

These differences found between in vitro and in cheeses

antimicrobial results, highlights the importance of studying the effect

of EOs directly in food matrixes and not only in culture media.

Unfortunately, bibliography demonstrated that it is an unusual

approach, since most studies that tested EOs or active compounds

in commodities, instead of their inclusion on product manufacture

as this work did (SMITH-PALMER et al., 2001; VÁZQUEZ et al., 2001).
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Similar as was made with EOs, safranal (main responsible of

Crocus sativus L. aroma) was added to milk in order to study its

transference through cheesemaking process and their antimicrobial

effect.

According with carryover results of EOs compounds, a better

transference was found in whey and “requesón” whey than in

cheese and “requesón”. Whey and “requesón” whey are

characterized by their low total solid content (near to 8 %) and

almost absence of fat (near to zero). On the other hand, cheese

and “requesón” showed a higher fat (19-9 %) and protein (21-10 %)

contents.

It has been demonstrated the interactions existing between

protein and fat with different flavor compounds, finding that

caseins, whey proteins and milk lipids can have hydrophobic or

covalent interactions with aroma molecules (HAN et al., 2011;

KOPJAR et al., 2010; KÜHN et al., 2007). Hence, it is possible that

interactions among whey proteins (water-soluble), which are lost

during cheese production in whey, retain highly safranal.

The liquid dairy fractions were also tested as antibacterial and

antifungal agents. Results showed interesting antifungal activities,

since dairy matrixes with safranal concentration around 35 µg/kg,

could inhibit mold growth at 25 %, while pure solution of 40 µg/kg of

safranal only produce 15 % of mold reductions. This fact suggested

that not only safranal presented antifungal properties, but also
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ovine whey compounds did, because pure solution did not contain

whey proteins.

The difficult management that represents whey in dairy

industries, has focused the interest of recent works on new

alternatives for using it. Among them, their potential as antimicrobial

has been studied mainly with bovine whey, suggesting fatty acids

and proteins like lactoferrin as good antifungals (GONZÁLEZ-CHÁVEZ

et al., 2009; CLÉMENT et al., 2008). Bovine whey has been used as

an antioxidant permeates in vegetables (AHMED et al., 2011) and

also as an active film for ricotta cheese (DI PIERRO et al., 2011).

However, ovine whey has not been studied so deeply, and

HERNANDEZ-LEDESMA et al. (2011), believes that some peptides, still

unidentified, from α-lactoalbumin and β-lactoglobulin hydrolysis

have antimicrobial properties. These findings would lead us to future

development of active cheese covers against typical mold

contaminations on hard-cheeses.

The results obtained on this Thesis allowed gaining knowledge

about the potential application of aromatic plants extracts or their

individual compounds to prevent cheese spoilage by

microorganisms. All strains tested were successfully inhibited not only

by in vitro assay, which is thought to be easier to achieve those

microbial reductions, but also in food matrixes. The antimicrobial

activity test performed in food systems showed that cheeses and

whey from fortified cheese and “requesón” production were able

to inhibit target microorganisms, suggesting the use of fortified
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cheeses and also the use of dairy liquid fractions of difficult

management like whey. Then, this Thesis presents two alternatives

for food spoilage prevention, the use of aromatic plants directly

added at first manufacture stage or the exploitation of dairy

effluents from saffron cheese production.
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CHAPTER 7: CONCLUSIONS

The conclusions of this Thesis are:

1. All extracts tested in vitro showed antimicrobial properties.

Among them, 10 EOs were able to inhibit E. coli, 7 EOs and 6

AEs inhibited C. tyrobutyricum and P. verrucosum was

inhibited with all extracts tested at different concentrations.

2. Partial least squares regression models revealed a total of 20

compounds positively correlated with the antimicrobial

activity. Most of them were within the cyclic monoterpenes

group. Sesquiterpenes (δ-cadinene, pseudoisoeugenil-2-

methylbutyrate and spathulenol) only affected C.

tyrobutyricum. Besides, some hydrocarbons monoterpenes,

never related before by its activity, like verbene, α-

phellandrene and β-phellandrene, showed noticeable

antimicrobial capacity.

3. Essential oils from O. basilicum, M. officinalis and T. vulgaris

inhibited all microorganisms, even at concentrations lower

than 40 µL/mL against the coliform specie. L. angustifolia and

L. hybrida could also inhibit all tested microorganisms,

although at larger concentrations.
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4. During fortified cheesemaking, hydrocarbon monoterpenes

were better transferred than oxygenated. Compounds

transference ratios were higher in cheese samples (5-130 %)

rather than in whey (9-47 %). Fortified dairy products with O.

basilicum showed the best individual transference ratios

reaching up to 75 % for α-thujene and terpinolene from milk

to cheese.

5. T. vulgaris was the only EO that did not affected cheese

microbiota, while M. officinalis produced reductions near to 2

log units on LAB counts. These LAB were also slightly affected

by O. basilicum EO. Clostridium spp. were absent in M.

officinalis and O. basilicum fortified cheeses, and T. vulgaris

produce little reduction on its counts.

6. After inoculation with target microorganisms, T. vulgaris

continued without affecting LAB, while reduced effectively

clostridial counts and totally inhibited the mold growth. M.

officinalis produced significant reduction on LAB counts and

against C. tyrobutyricum, but did not affect the fungal strain.

Fortified cheeses with O. basilicum EO did not affect any of

the microbial counts inoculated. The effect of EOs on E. coli

was not evaluated due to the absence of growth of this

bacterial group in ripened cheeses.

7. There was no concordance between the antifungal results

obtained by in vitro assay and the latter obtained with

fortified cheeses. T. vulgaris was the worst in culture media
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assay, although was the best in food matrixes experimental

trials.

8. Safranal fortified whey and “requesón” whey presented good

antifungal properties, even reaching better reductions on

fungal growth than pure compound solutions itself (25 % vs. 15

%). Target bacteria were not affected by these dairy

products.

As a final conclusion, the main objective of this Thesis has

been reached: the suggestion of alternatives to control some

microbiological cheese defects by using aromatic plants’ extracts.

The way of using these extracts were by direct addition of them in

cheese milk. This approach originates fortified dairy products with

potential antimicrobial activities: cheeses and whey.
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CONCLUSIONES

Las conclusiones de esta Tesis son:

1. Todos los extractos probados mostraron propiedades

antimicrobianas. De entre ellos, 10 EOs fueron capaces de

inhibir a E. coli, 7 EOs y 6 AEs inhibieron a C. tyrobutyricum y el

crecimiento de P. verrucosum fue reducido por todos los

extractos ensayados a diferentes concentraciones.

2. Los modelos estadísticos de regresión parcial por mínimos

cuadrados mostraron un total de 20 compuestos

correlacionados positivamente con la actividad

antimicrobiana. La mayoría de ellos fueron monoterpenos

cíclicos. El grupo de los sesquiterpenos (δ-cadineno,

pseudoisoeugenil-2-metilbutirato y espatulenol) sólo afectó a

C. tyrobutyricum. Algunos monoterpenos hidrocarburos que

nunca antes se habían relacionado con la actividad

antimicrobiana, como verbena, α-felandreno y β-

felandreno, sí que se relacionaron con ésta.

3. Los aceites esenciales de O. basilicum, M. officinalis y T.

vulgaris inhibieron a todos los microorganismos, incluso con
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concentraciones inferiores a 40 µL/mL para la inhibición de E.

coli. También fueron capaces de inhibier a todos los

microorganismos los aceites de L. angustifolia y L. hybrida

aunque a concentraciones mayores.

4. Durante la elaboración de queso, los monoterpenos

hidrocarburos se transfirieron mejor que los oxigenados. Los

ratios de compuestos fueron más elevados para los quesos

(5-130 %) que para los sueros (9-47 %). Los ratios de

transferencia se observaron en los productos fortificados con

O. basilicum, superando en algunos casos hasta el 75 %

como α-tujeno y terpinoleno de la leche al queso.

5. T. vulgaris fue el único aceite que no afectó a la microbiota

del queso, sin embargo, M. officinalis redujo en torno a 2

unidades logarítmicas los recuentos de las bacterias lácticas.

Esta flora también se vio afectada por el aceite de O.

basilicum. Clostridium spp. fue totalmente inhibido con los

aceites de M. officinalis y O. basilicum, mientras que el aceite

de T. vulgaris produjo ligeras reducciones en sus recuentos.

6. Tras la inoculación con los microorganismos objeto de

estudio, T. vulgaris continuó sin afectar a las bacterias lácticas

mientras que en este test redujo significativamente la

presencia de clostridios. M. officinalis produjo reducciones

significativas tanto en las bacterias lácticas como en C.
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tyrobutyricum, aunque sin afectar a la cepa fúngica. Los

quesos fortificados con el aceite esencial de O. basilicum no

mostraron ningún efecto sobre los microorganismos

inoculados. El efecto de los aceites sobre E. coli no se evaluó

debido a la ausencia de crecimiento de esta bacteria en

quesos curados.

7. En el caso del moho se observó que no hubo concordancia

entre los resultados obtenidos in vitro y los obtenidos en

quesos fortificados. En el ensayo in vitro, T. vulgaris resultó el

peor en la inhibición de P. verrucosum, mientras que al

adicionarlo al queso y tras la posterior inoculación con el

moho, consiguió la total inhibición.

8. El suero y el suero de requesón con safranal mostraron

buenas propiedades antifúngicas incluso produciendo

mayores reducciones en el crecimiento del moho que el

compuesto puro (25 % vs. 15 %), lo que indicaría una posible

sinergia entre el safranal y los compuestos del suero. Las

bacterias objeto de estudio, sin embargo, no se vieron

afectadas por estos derivados lácteos.

Como conclusión final, se ha alcanzado el principal objetivo

de esta Tesis: la propuesta de alternativas para controlar algunos

problemas microbiológicos de queso a través del uso de extractos

de plantas aromáticas. La forma en la que se usaron estos

extractos, fue añadiéndolos directamente a la leche con la que se
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produjo queso y/o requesón. Este trabajo ha dado lugar a la

obtención de unos derivados lácteos con potencial

antimicrobiano: quesos y sueros.





ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

199

CHAPTER 8: LITERATURE CITED

AHMED, L., MARTIN-DIANA, A.B., RICO,

D., BARRY-RYAN, C. 2011. The

antioxidant properties of whey

permeate treated fresh-cut

tomatoes. Food Chemistry 124, 1451-

1457.

AIT-OUAZZOU, A., CHERRAT, L., ESPINA,

L., LORÁN, S., ROTA, C., PAGÁN, R.

2011. The antimicrobial activity of

hydrophobic essential oil

constituents acting alone or in

combined processes of food

preservation. Innovative Food

Science and Emerging Technologies

12, 320-329.

AL-BAYATI, F.A. 2008. Synergistic

antibacterial activity between

Thymus vulgaris and Pimpinella

anisum essential oils and methanol

extracts. Journal of

Ethnopharmacology 116, 403-406.

ALTHAUS, R., BERRUGA, M.I., MONTERO,

A., ROCA, M., MOLINA, M.P. 2009.

Evaluation of a Microbiological

Multi-Residue System on the

detection of antibacterial

substances in ewe milk. Analytica

Chimica Acta 632, 156-162.

ARIAS, C., OLIETE, B., PÉREZ-GUZMÁN,

M.D., ARIAS, R. 2010. Situación de la

contaminación butírica en la

alimentación y leche de tanque de

rebaños ovinos de raza manchega

[Current Situation of the butyric

contamination of bulk tand milk of

manchega dairy flocks], Sociedad

Española de Ovinotecnia y

Caprinotecnia (SEOC), Valladolid,

España. 56-61.

AWAD, S. 2006. Texture and flavour

development in Ras cheese made

from raw and pasteurised milk. Food

Chemistry 97, 394-400.

AYAR, A. 2002. Effect of some herb

essential oils on lipolysis in white

cheese. Journal of Food Lipids 9,

225-237.

BACHMANN, H.P., FRÖHLICH-WYDER,

M.T., JAKOB, E., ROTH, E., WECHSLER,

D., BEUVIER, E., BUCHIN, S. 2011.

Cheese | Raw Milk Cheeses. In:

Encyclopedia of Dairy Sciences

(Second Edition). Editor-in-chief:

JOHN, W.F. Academic Press, San

Diego. 645-651.

BAJPAI, V. K., SHUKLA, S. and KANG, S.

C. 2008. Chemical composition and

antifungal activity of essential oil

and various extract of Silene

armenia L. Bioresource Technology

99 (18), 8903-8908.

BAKKALI, F., AVERBECK, S., AVERBECK,

D., IDAOMAR, M. 2008. Biological

effects of essential oils – A review.



ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

200

Food and Chemical Toxicology 46,

446–475.

BARATTA, M.T., DORMAN, H.J.D.,

DEANS, S.G., FIGUEIREDO, A.C.,

BARROSO, J.G. 1998. Antimicrobial

and antioxidant properties of some

commercial essential oils. Flavour

and Fragance Journal 13, 235–244.

BARTOLOMÉ, B., ESTRELLA, I.,

HERNÁNDEZ, M.T. 2000. Interaction

of low molecular weight phenolics

with proteins (BSA). Journal of Food

Science 65, 617-621.

BELITZ, H.-D., GROSCH, W. and

SCHIRBERLE, P. 2009. Food

Contamination, Food Chemistry.

Springer-Verlag, Berlin, 472-475.

BEN-TAARIT, M., MSAADA, K., HOSNI, K.,

HAMMAMI, M., KCHOUK, M.E.,

MARZOUK, B. 2009. Plant growth,

essential oil yield and composition of

sage (Salvia officinalis L.) fruits

cultivated under salt stress

conditions. Industrial Crops and

Products 30, 333-337.

BERESFORD, T., WILLIAMS, A. 2004. The

Microbiology of Cheese Ripening. In:

Cheese: Chemistry, Physics and

Microbiology, Vol. 1. P.F. FOX, P.L.H.

McSWEENEY, T.M. COGAN, T.P.

GUINEE (Eds.). Academic Press,

Cambridge, 287-317.

BERESFORD, T.P., FITZSIMONS, N.A.,

BRENNAN, N.L., COGAN, T.M. 2001.

Recent advances in cheese

microbiology. International Dairy

Journal 11, 259-274.

BERRUGA, M.I., BATTACONE, G.,

MOLINA, M.P., ROMÁN, M., MOLINA,

A. 2007. Influence of β-lactams on 

Manchego cheese manufacture. In:

FIL-IDF, Special Issue of the

International Dairy Federation:

International Symposium on the

Challende to Sheep and Goats Milk

Sectors, vol. 0801/Part 3, Alghero.

222-224.

BEUVIER, E., BUCHIN, S. 2003. Raw Milk

Cheeses. In: FOX, P.F., MCSWEENEY,

P.L.H., COGAN, T.M., GUINEE, T.P.,

(Eds.), Cheese: Chemistry, Physics

and Microbiology, vol. 1. Elsevier

Academic Press, London.

BOROSKI, M., GIROUX, H.J., SABIK, H.,

PETIT, H.V., VISENTAINER, J.V.,

MATUMOTO-PINTRO, P.T., BRITTEN, M.

2012. Use of oregano extract and

oregano essential oil as antioxidants

in functional dairy beverage

formulations. LWT - Food Science

and Technology 47, 167-174.

BOYRAZ, N., ÖZCAN, M. 2005.

Antifungal effect of some spice

hydrosols. Fitoterapia 76, 661-665.

BOYRAZ, N., ÖZCAN, M. 2006. Inhibition

of phytopathogenic fungi by

essential oil, hydrosol, ground

material and extract of summer

savory (Satureja hortensis L.) growing

wild in Turkey. International Journal

of Food Microbiology 107, 238-242.

BREITMAIER, E. 2006. Terpenes: Flavors,

Fragrances, Pharmaca, Pheromones

Wiley-VCH Verlag GmbH & Co.

KGaA, Weinheim, 1-223.

BRITZ, T.J., ROBINSON, R.K. 2008.

Advanced Dairy Science and

Technology. Blackwell Publishing,

Oxford, 1-312.

BROOKS, J.C., MARTINEZ, B., STRATTON,

J., BIANCHINI, A., KROKSTROM, R.,

HUTKINS, R. 2012. Survey of raw milk



201

ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

cheeses for microbiological quality

and prevalence of foodborne

pathogens. Food Microbiology 31,

154-158.

BUCHBAUER, G. 2010. Biological

Activities of Essential Oils. In: CAN

BAŞER, K.H., BUCHBAUER, G., (Eds.), 

Handbook of Essential Oils: Science,

Technology and Applications. CRC

Press Taylor & Francis Group, Boca

Raton 235-280.

BURT, S. 2004. Essential oils: Their

antibacterial properties and

potential applications in foods-a

review. International Journal of Food

Microbiology 94, 223-253.

CANDAN, F., UNLU, M., TEPE, B.,

DAFERERA, D., POLISSIOU, M.,

SÖKMENC, A., AKPULAT, H.A. 2003.

Antioxidant and antimicrobial

activity of the essential oil and

methanol extracts of Achillea

millefolium subsp. millefolium Afan.

(Asteraceae). Journal of

Ethnopharmacology 87, 215-220.

CAROVIC-STANKO, K., ORLIC, S.,

POLITEO, O., STRIKIC, F., KOLAK, I.,

MILOS, M., SATOVIC, Z. 2010.

Composition and antibacterial

activities of essential oils of seven

Ocimum taxa. Food Chemistry 119,

196-201.

CARREIRA, A., PALOMA, L., LOUREIRO,

V. 1998. Pigment producing yeasts

involved in the brown surface

discoloration of ewes' cheese.

International Journal of Food

Microbiology 41, 223-230.

CAVAR, S., MAKSIMOVIC, M., SOLIC,

M.E., JERKOVIC-MUJKIC, A., BESTA, R.

2008. Chemical composition and

antioxidant and antimicrobial

activity of two Satureja essential oils.

Food Chemistry 111, 648-653.

CLARKER, S. 2008. Essential Chemistry

for Aromatherapy (Second edition).

Elsevier Health Science, Kidlington,

1-320.

CLÉMENT, M., TREMBLAY, J., LANGE, M.,

THIBODEAU, J., BELHUMEUR, P. 2008.

Purification and identification of

bovine cheese whey fatty acids

exhibiting in vitro antifungal activity.

Journal of Dairy Science 91, 2535-

3544.

COGAN, T.M. 2011a. Cheese |

Microbiology of Cheese. In:

Encyclopedia of Dairy Sciences

(Second Edition). editor-in-chief:

JOHN, W.F. Academic Press, San

Diego, 625-631.

COGAN, T.M. 2011b. Cheese | Public

Health Aspect. In Encyclopedia of

Dairy Sciences (Second Edition).

editor-in-chief: JOHN, W.F.

Academic Press, San Diego, 645-

651.

COSTA, P., GROSSO, C., GONÇALVES,

S., ANDRADE, P.B., VALENTÃO, P.,

GABRIELA BERNARDO-GIL, M.,

ROMANO, A. 2012. Supercritical fluid

extraction and hydrodistillation for

the recovery of bioactive

compounds from Lavandula viridis

L’Hér. Food Chemistry 135, 112-121.

CHAMMAS, G.I., SALIBA, R., CORRIEU,

G., BÉAL, C. 2006. Characterisation

of lactic acid bacteria isolated from

fermented milk “laban”.

International Journal of Food

Microbiology 110, 52-61.



ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

202

CHEMAT, S., ESVELD, E.D.C. 2012.

Contribution of microwaves or

ultrasonics on carvone and

limonene recovery from dill fruits

(Anethum graveolens L.). Innovative

Food Science and Emerging

Technologies.

CHOBPATTANA, W., JEON, I.J., SMITH,

J.S., LOUGHIN, T.M. 2002.

Mechanisms of interaction between

vanillin and milk proteins in model

systems. Journal of Food Science 67,

973-977.

DAVIDSON, P.M., ZIVANOVIC, S. 2003.

The use of natural antimicrobials. In:

Food preservation techniques.

ZEUTHEN, P., BØGH-SØRENSEN, L.

Woodhead Publishing Limited,

Cambridge, 5-30.

DEANS, S.G., RITCHIE, G. 1987.

Antibacterial properties of plant

essential oils. International Journal of

Food Microbiology 5, 165-180.

DELAQUIS, P.J., STANICH, K., GIRARD, B.,

MAZZA, G. 2002. Antimicrobial

activity of individual and mixed

fractions of dill, cilantro, coriander

and eucalyptus essential oils.

International Journal of Food

Microbiology 74, 101-109.

DI PIERRO, P., SORRENTINO, A.,

MARINIELLO, L., GIOSAFATTO, C.V.L.,

PORTA, R. 2011. Chitosan/whey

protein film as active coating to

extend Ricotta cheese shelf-life. LWT

- Food Science and Technology 44,

2324-2327.

EBRAHIMABADI, A. H., MAZOOCHI, A.,

KASHI, F. J., DJAFARI-BIDGOLI, Z. and

BATOOLI, H. 2010. Essential oil

composition and antioxidant and

antimicrobial properties of the aerial

parts of Salvia eremophila Boiss.

from Iran. Food Chemistry and

Toxicology 48, 1371-1376.

ECONOMOU, G., PANAGOPOULOS, G.,

TARANTILIS, P., KALIVAS, D.,

KOTOULAS, V., TRAVLOS, I.S.,

POLYSIOU, M., KARAMANOS, A.

2011. Variability in essential oil

content and composition of

Origanum hirtum L., Origanum onites

L., Coridothymus capitatus (L.) and

Satureja thymbra L. populations

from the Greek island Ikaria.

Industrial Crops and Products 33,

236-241.

EDRIS, A.E. 2007. Pharmaceutical and

therapeutic potentials of essential

oils and their individual volatile

constituents: A Review.

Phytotherapy Research 21, 308-323.

EFSA. 2009. Scientific Opinion on the

use of natamycin (E 235) as a food

additive. European Food Safety

Authority Journal 7, 1-25.

ELLIS, D., DAVIS, S., ALEXIOU, H.,

HANDKE, R., BARTLEY, R. 2007.

Descriptions of Medical Fungi.

School of molecular and biomedical

University of Adelaide, North

Adelaide, 1-204.

FAO. 2012. FAOSTAT.

www.faostat.fao.org

FDA. 2012. Food Additives Status List. In:

ADMINISTRATION, U.F.A.D.

FERNANDES, R. 2008. Cheese. In:

Microbiology Handbook-Dairy

Products. FERNANDES, R. RSC

Publishing, Cambridge, 61-76.



203

ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

FOX, P.F., COGAN, T.M. 2003. Factors

that affect the quality of cheese. In:

Cheese: Chemistry, Physics and

Microbiology, vol. 1. FOX, P.F.,

McSWEENEY, P.L.H., COGAN, T.M.,

GUINEE. Elsevier Academic Press,

London, 605-607.

FOX, P.F., GUINEE, T.P., COGAN, T.M.,
MCSWEENEY, P.L.H. 2000. Cheese:
Historical Aspects. In: Fundamentals
of Cheese Science, vol. 1. COLILLA,
J. Aspen Publishers, Gaithersburg, 1-
7.

FOX, P.F., MCSWEENEY, P.L.H. 1998.

Dairy Chemistry and Biochemistry

Thomson Science, London, 1-397.

FREY, F.M., MEYERS, R. 2010.

Antibacterial activity of traditional

medicinal plants used by

Haudenosaunee peoples of New

York State. BMC Complementary

and Alternative Medicine, doi:

10.1186/1472-6882-10-64.

GAMMARIELLO, D., DI GIULIO, S.,

CONTE, A., DEL NOBILE, M.A. 2008.

Effects of natural compounds on

microbial safety and sensory quality

of fior di latte cheese, a typical

italian cheese. Journal of Dairy

Science 91, 4138–4146.

GANDOMI, H., MISAGHI, A., BASTI, A.A.,

BOKAEI, S., KHOSRAVI, A.,

ABBASIFAR, A., JAVAN, A.J. 2009.

Effect of Zataria multiflora Boiss.

essential oil on growth and aflatoxin

formation by Aspergillus flavus in

culture media and cheese. Food

and Chemical Toxicology 47, 2397-

2400.

GARDE, S., ARIAS, R., GAYA, P., NUÑEZ,

M. 2011. Occurrence of Clostridium

spp. in ovine milk and Manchego

cheese with late blowing defect:

Identification and characterization

of isolates. International Dairy

Journal 21, 272-278.

GONÇALVES, M. J., CRUZ, M. T.,

CAVALEIRO, C., LOPES M. C. and

SALGUEIRO, L. 2010. Chemical,

antifungal and cytotoxic evaluation

of the essential oil of Thymus zygis

subsp. sylvestris. Industrial Crops and

Products 32 (1), 70-75.

GONZÁLEZ-CHÁVEZ, S.A., ARÉVALO-

GALLEGOS, S., RASCÓN-CRUZ, Q.

2009. Lactoferrin: structure, function

and applications. International

Journal of Antimicrobial Agents 33,

301-308.

GOÑI, P., LÓPEZ, P., SÁNCHEZ, C.,

GÓMEZ-LUS, R., BECERRIL, R., NERÍN,

C. 2009. Antimicrobial activity in the

vapour phase of a combination of

cinnamon and clove essential oils.

Food Chemistry 116, 982-989.

GOVARIS, A., BOTSOGLOU, E.,

SERGELIDIS, D., CHATZOPOULOU, P.S.

2011. Antibacterial activity of

oregano and thyme essential oils

against Listeria monocytogenes and

Escherichia coli O157:H7 in feta

cheese packaged under modified

atmosphere. LWT - Food Science

and Technology 44, 1240-1244.

GUICHARD, E. 2006. Flavour retention

and release from protein solutions.

Biotechnology Advances 24, 226-

229.

GULLUCE, M., SAHIN, F., SOKMEN, M.,

OZER, H., DAFERERA, D., SOKMEN, A.,

POLISSIOU, M., ADIGUZEL, A., OZKAN,

H. 2007. Antimicrobial and

antioxidant properties of the



ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

204

essential oils and methanol extract

from Mentha longifolia L. ssp.

longifolia. Food Chemistry 103, 1449-

1456.

GUNASEKARAN, S., AK, M.M. 2003.

Cheesemaking - An Overview. In:

Cheese Rheology and Texture. CRC

Press LLC, Boca Ratón, 12-40.

GUTIÉRREZ, J., BARRY-RYAN, C.,

BOURKE, P. 2008. The antimicrobial

efficacy of plant essential oil

combinations and interactions with

food ingredients. International

Journal of Food Microbiology 124,

91-97.

HAMEDI, H., RAZAVI-ROHANI, S.M.,

GANDOMI, H. 2012. Combination

effect of essential oils of some herbs

with monolaurin on growth and

survival of listeria monocytogenes in

culture media and cheese. Journal

of Food Processing and

Preservation, doi: 10.1111/j.1745-

4549.2012.00778.x

HAN, J., BRITTEN, M., ST-GELAIS, D.,

CHAMPAGNE, C.P., FUSTIER, P.,

SALMIERI, S., LACROIX, M. 2011.

Polyphenolic compounds as

functional ingredients in cheese.

Food Chemistry 124, 1589-1594.

HANDA, S.S., KHANUJA, S.P.S., LONGO,

G., RAKESH, D.D. 2008. Extraction

technologies for medicinal and

aromatic plants. International centre

for science and high technology,

Trieste, 1-226.

HAENLEIN, F.W., WENDORFF, W.L. 2006.
Sheep Milk. In: Handbook of Milk of
Non-Bovine Mammals. PARK, Y.W.,
HAENLEIN, G.F.W. Blackwell
Publishing, Ames, 147-208.

HARRIS, B. 2010. Phytotherapeutic uses

of essential oils. In: Handbook of

Essential Oils: Science, Technology

and Applications. CAN BAŞER, K.H., 

BUCHBAUER, G. CRC Press Taylor &

Francis Group, Boca Raton, 315-352.

HERNÁNDEZ-LEDESMA, B., RAMOS, M.,

GÓMEZ-RUIZ, J.Á. 2011. Bioactive

components of ovine and caprine

cheese whey. Small Ruminant

Research 101, 196-204.

HERRAIZ-PEÑALVER, D., CASES, M.Á.,

VARELA, F., NAVARRETE, P.,

SÁNCHEZ-VIOQUE, R., USANO-

ALEMANY, J. 2013. Chemical

characterization of Lavandula

latifolia Medik. essential oil from

Spanish wild populations.

Biochemical Systematics and

Ecology 46, 59-68.

HOLLEY, R.A., PATEL, D. 2005.

Improvement in shelf-life and safety

of perishable foods by plant

essential oils and smoke

antimicrobials. Food Microbiology

22, 273-292.

HORNE, D.S., BANKS, J.M. 2003. Rennet-

induced coagulation of milk. In:

Cheese: Chemistry, Physics and

Microbiology, General Aspects, vol.

1. FOX, P.F., MCSWEENEY, P.L.H.,

COGAN, T.M., GUINEE, T.P. Elsevier

Academic Press, London, 66-89.

HUSSAIN, A.I., ANWAR, F., HUSSAIN

SHERAZI, S.T., PRZYBYLSKI, R. 2008.

Chemical composition, antioxidant

and antimicrobial activities of basil

(Ocimum basilicum) essential oils

depends on seasonal variations.

Food Chemistry 108, 986-995.



205

ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

HYLDGAARD, M., MYGIND, T., MEYER,

R.L. 2012. Essential oils in food

preservation: mode of action,

synergies, and interactions with food

matrix components. Frontiers in

Microbiology 3, 1-24.

IGNAT, I., VOLF, I. and POPA, V. I. 2011.

A critical review of methods for

characterization of polyphenolic

compounds in fruits and vegetables.

Food Chemistry 126, 1821-1835.

JAMALIAN, A., SHAMS-GHAHFAROKHI,

M., JAIMAND, K., PASHOOTAN, N.,

AMANI, A., and RAZZAGHI-ABYANEH,

M. 2012. Chemical composition and

antifungal activity of Matricaria

recutita flower essential oil against

medically important dermatophytes

and soil-borne pahtogens. Journal

de Mycologie Médiacale 22 (4),

308-315.

JOHNSON, M.E. 2001. Cheese products.

In: Applied Dairy Microbiology

(Second edition). MARTH, E.H.,

STEELE, J.L. Marcel Dekker, New York,

345-384.

KATAOKA, H., LORD, H.L., PAWLISZYN, J.

2000. Applications of solid-phase

microextraction in food analysis.

Journal of Chromatography A 880,

35-62.

KELEN, M., TEPE, B. 2008. Chemical

composition, antioxidant and

antimicrobial properties of the

essential oils of three Salvia species

from Turkish flora. Bioresource

Technology 99, 4096-4104.

KETTERING, M.M., VUCEMILOVIC-

GEEGANAGE LARA, M. 2010. Aroma-

vital cuisine: healthy and delightful

consumption by the use of essential

oils. in: handbook of essential oils:

Science, technology and

applications. CAN BAŞER, K.H., 

BUCHBAUER, G. CRC Press Taylor &

Francis Group, Boca Raton, 235-280.

KIVRAK, I., DURU, M.E., ÖZTÜRK, M.,

MERCAN, N., HARMANDAR, M.,

TOPÇU, G. 2009. Antioxidant,

anticholinesterase and antimicrobial

constituents from the essential oil

and ethanol extract of Salvia

potentillifolia. Food Chemistry 116,

470-479.

KLINJ, N., NIEUWENHOF, F.F.J.,

HOOLWERF, J.D., VAN DER WAALS,

C.B., WEERKAMP, A.H. 1995.

Identification of Clostridium

tyrobutyricum as the causative

agent of late blowing in cheese by

species-specific PCR amplification.

Applied and environmental

microbiology 61, 2919-2924.

KNEIFEL, W., JAROS, D., ERHARD, F.

1993. Microflora and acidification

properties of yogurt and yogurt-

related products fermented with

commercially available starter

cultures. International Journal of

Food Microbiology 19, 179-189.

KOPJAR, M., ANDRIOT, I., SAINT-EVE, A.,

SOUCHON, I., GUICHARD, E. 2010.

Retention of aroma compounds: an

interlaboratory study on the effect

of the composition of food matrices

on thermodynamic parameters in

comparison with water. Journal of

the Science of Food and Agriculture

90, 1285-1292.

KÜHN, J., CONSIDINE, T., SINGH, H. 2008.

Binding of flavor compounds and

whey protein isolate as affected by



ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

206

heat and high pressure treatments.

Journal of Agricultural and Food

Chemistry 56, 10218-10224.

KÜHN, J., ZHU, X.Q., CONSIDINE, T.,

SINGH, H. 2007. Binding of 2-

nonanone and milk proteins in

aqueous model systems. Journal of

Agricultural and Food Chemistry 55,

3599-3604.

KURE, C.F., SKAAR, I. 2000. Mould

growth on the Norwegian semi-hard

cheeses Norvegia and Jarlsberg.

International Journal of Food

Microbiology 62, 133-137.

KURE, C.F., SKAAR, I., BRENDEHAUG, J.

2004. Mould contamination in

production of semi-hard cheese.

International Journal of Food

Microbiology 93, 41-49.

KURE, C.F., WASTESON, Y.,

BRENDEHAUG, J., SKAAR, I. 2001.

Mould contaminants on Jarlsberg

and Norvegia cheese blocks from

four factories. International Journal

of Food Microbiology 70, 21-27.

LARIBI, B., BETTAIEB, I., KOUKIA, K.,

SAHLIA, A., MOUGOUA, A.,

MARZOUK, B. 2009. Water deficit

effects on caraway (Carum carvi L.)

growth, essential oil and fatty acid

composition. Industrial Crops and

Products 30, 372-379.

LAVOIE, K., TOUCHETTE, M., ST-GELAIS,

D., LABRIE, S. 2011. Characterization

of the fungal microflora in raw milk

and specialty cheeses of the

province of Quebec. In: Dairy

Science and Technology, 92, 455-

468.

LAY, A.M., KOLPIN, K.M., SOMMER, D.A.,

RANKIN, S.A. 2007. Hot Topic: Black

Spot Defect in Cheddar Cheese

Linked to Intramammary Teat

Sealant. Journal of Dairy Science 90,

4938-4941.

LEDENBACH, L.H., MARSHALL, R.T. 2010.

Microbial Spoilage of Dairy Products.

In: Compendium of the

Microbiological Spoilage of Foods

and Beverages. SPERBER, W.H.,

DOYLE, M.P., 1, 41-67.

LICÓN, C.C., HURTADO DE MENDOZA,

J., MAGGI, L., BERRUGA, M.I.,

MARTÍN ARANDA, R.M., CARMONA,

M. 2012. Optimization of headspace

sorptive extraction for the analysis of

volatiles in pressed ewes’ milk

cheese. International Dairy Journal

23, 53-61.

LOPES-LUTZ, D., ALVIANO, D. S.,

ALVIANO, C. S., and

KOLODZIEJCZYK, P. P. 2008.

Screening of chemical composition,

antimicrobial and antioxidant

activities of Artemisia essential oils.

Phytochemistry 69, 1732-1738.

LÓPEZ-PEDEMONTE, T.J., ROIG-SAGUÉS,

A.X., TRUJILLO, A.J., CAPELLAS, M.,

GUAMIS, B. 2003. Inactivation of

spores of Bacillus cereus in cheese

by high hydrostatic pressure with the

addition of nisin or lysozyme. Journal

of Dairy Science 86, 3075-3081.

LUBBE, A., VERPOORTE, R. 2011.

Cultivation of medicinal and

aromatic plants for specialty

industrial materials. Industrial Crops

and Products 34, 785-801.

LÜCKE, F.-K., VOGELEY, I. 2012.

Traditional ‘air-dried’ fermented

sausages from Central Germany.

Food Microbiology 29, 242-246.



207

ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

LUND, F., FILTENBORG, O., FRISVAD, J.C.

1995. Associated mycoflora of

cheese. Food Microbiology 12.

MAHAUT, M., JEANET, R., BRULÉ, G.

2003. Accidentes de quesería y

defectos en los quesos. In:

Introducción a la tecnología

quesera, EDITORIAL ACRIBIA, S.A.,

Zaragoza, 137-152.

MARTH, E.H., STEELE, J.L. 2001. Applied

Dairy Microbiology. CRC Press, New

York, 1-760.

MCSWEENEY, P.L.H. 2007. What is late

gas blowing and how may this

defect be avoided? In: Cheese

problems solved: The microbiology

of cheese ripening. MCSWEENEY,

P.L.H. Woodhead Publishing Limited,

Cambridge. 198-199.

MCSWEENEY, P.L.H., OTTOGALLI, G.,
FOX, P.F. 2004. Diversity of Cheese
Varieties: An Overview. In: Cheese:
Chemistry, Physics and
Microbiology, vol. 2. FOX, P.F.,
MCSWEENEY, P.L.H., COGAN, T.M.,
GUINEE, T.P. Elsevier Academic
Press, London, 20-41.

MONTAGNA, M.T., SANTACROCE, M.P.,

SPILOTROS, G., NAPOLI, C.,

MINERVINI, F., PAPA, A., DRAGONI, I.

2004. Investigation of fungal

contamination in sheep and goat

cheese in southern Italy.

Mycopathologia 158, 245-249.

MOON, T., WILKINSON, J.M.,

CAVANAGH, H.M.A. 2006.

Antibacterial activity of essential oils,

hydrosols and plant extracts from

Australian grown Lavandula spp.

The International Journal of

Aromatherapy 16, 9-14.

MORO, A., ZALACAIN, A., HURTADO DE

MENDOZA, J., CARMONA, M. 2011.

Effects of agronomic practices on

volatile composition of Hyssopus

officinalis L. essential oils. Molecules

16, 4131-4139.

MULLAN, M. 2000. Causes and control

of early gas production in cheddar

cheese. International Journal of

Dairy Technology 53, 63-68.

NEAVES, P., WILLIAMS, A.P. 2012.

Microbiological surveillance and

control in cheese manufacture. In:

Technology of Cheesemaking,

(Second edition). LAW, B.A., TAMINE,

A.Y. Wiley Blackwell Ltd., Oxford,

384-412.

NGUEFACK, J., DONGMO, J.B.L.,

DAKOLE, C.D., LETH, V., VISMER, H.F.,

TORP, J., GUEMDJOM, E.F.N.,

MBEFFO, M., TAMGUE, O., FOTIO, D.,

ZOLLO, P.H.A., NKENGFACK, A.E.

2009. Food preservative potential of

essential oils and fractions from

Cymbopogon citratus, Ocimum

gratissimum and Thymus vulgaris

against mycotoxigenic fungi.

International Journal of Food

Microbiology 131, 151-156.

NIETO-ARRIBAS, P., POVEDA, J.M.,

SESEÑA, S., PALOP, L., CABEZAS, L.

2009. Technological

characterization of Lactobacillus

isolates from traditional Manchego

cheese for potential use as adjunct

starter cultures. Food Control 20,

1092-1098.

OKE, F., ASLIM, B., OZTURK, S.,

ALTUNDAG, S. 2009. Essential oil

composition, antimicrobial and

antioxidant activities of Satureja



ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

208

cuneifolia Ten. Food Chemistry 112,

874-879.

OKOH, O.O., SADIMENKO, A.P.,

AFOLAYAN, A.J. 2010. Comparative

evaluation of the antibacterial

activities of the essential oils of

Rosmarinus officinalis L. obtained by

hydrodistillation and solvent free

microwave extraction methods.

Food Chemistry 120, 308-312.

OMIDBEYGI, M., BARZEGAR, M., HAMIDI,

Z. and NAGHADIBADI, H. 2007.

Antifungal activity of thyme, summer

savory and clove essential oils

against Aspergillus flavus in liquid

medium and tomato paste. Food

Control 18 (12), 1518-1523.

OUSSALAH, M., CAILLET, S., SAUCIER, L.,

LACROIX, M. 2007. Inhibitory effects

of selected plant essential oils on the

growth of four pathogenic bacteria:

E. coli O157:H7, Salmonella

typhimurium, Staphylococcus

aureus and Listeria monocytogenes.

Food Control 18, 414-420.

ÖZEK, G., DEMIRCI, F., ÖZEK, T.,

TABANCA, N., WEDGE, D.E., KHAN,

S.I., BASER, K.H.C., DURAN, A.,

HAMZAOGLU, E. 2010. Gas

chromatographic–mass

spectrometric analysis of volatiles

obtained by four different

techniques from Salvia rosifolia Sm.,

and evaluation for biological

activity. Journal of Chromatography

A 1217, 741-748.

OZCAKAKMAK, S., DERVISOGLU, M. and

YILMAZ, A. 2012. Antifungal activity

of lemon balm and sage essential

oils on the growth of ochratoxigenic

Penicillium verrucosum. African

Journal of Microbiology Research 6

(12), 3079-3084.

PRAKASH, B., SINGH, P., KEDIA, A. and

DUBEY, N. K. 2012. Assessment of

some essential oils as food

preservatives based on antifungal,

antiaflatoxin, antioxidant activities

and in vitro efficacy in food system.

Food Research International 49, 201-

208.

PRATS, M.S., JIMÉNEZ, A. 2003. Essential

oils analysis by gas

chromatography. In: Encyclopedia

of Chromatography. CAZES, J.

Marcel Dekker Inc., Boca Ratón,

724-728.

PROESTOS, C., SERELI, D. and KOMATIS,

M. 2006. Determination of phenolic

compounds in aromatic plants by

RP-HPLC and GC-MS. Food

Chemistry 95, 44-52.

QUINTIERI, L., CAPUTO, L., MONACI, L.,

DESERIO, D., MOREA, M., BARUZZI, F.

2012. Antimicrobial efficacy of

pepsin-digested bovine lactoferrin

on spoilage bacteria contaminating

traditional Mozzarella cheese. Food

Microbiology 31, 64-71.

RAGHAVAN, S. 2007. Forms, functions,

and applications of spices. In:

Handbook of spices, seasonings and

flavorings (Second edition). CRC

Press, Boca Raton, 25-54.

ROPARS, J., CRUAUD, C., LACOSTE, S.,

DUPONT, J. 2012. A taxonomic and

ecological overview of cheese

fungi. International Journal of Food

Microbiology, doi: 10.1016/

j.ijfoodmicro.2012.02.005.

ROTA M. C., HERRERA, A., MARTÍNEZ, R.

M., SOTOMAYOR, J. A. and JORDÁN,



209

ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

M. J. 2008. Antimicrobial activity and

chemical composition of Thymus

vulgaris, Thymus zygis and Thymus

hyemalis essential oils. Food Control

19, 681-687.

SACCHETTI, G., MAIETTI, S., MUZZOLI, M.,

SCAGLIANTI, M., MANFREDINI, S.,

RADICE, S., BRUNI, R. 2005.

Comparative evaluation of 11

essential oils of different origin as

functional antioxidants, antiradicals

and antimicrobials in foods. Food

Chemistry 91, 621-632.

SAĞDIÇ, O. 2003. Sensitivity of four 

pathogenic bacteria to Turkish

thyme and oregano hydrosols.

Lebensmittel-Wissenschaft und-

Technologie 36, 467-473.

SAĞDIÇ, O., ÖZCAN, M. 2003. 

Antibacterial activity of Turkish spice

hydrosols. Food Control 14, 141-143.

SALEHI SHANJANI, P., MIRZA, M.,

CALAGARI, M. and ADAMS, R. P.

2010. Effects drying and harvest

season on the essential oil

composition from foliage and

berries of Juniperus excelsa.

Industrial Crops and Products 32(2),

83-87.

SALMINEN, S., KENIFEL, W., OUWEHAND,

A.C. 2011. Bacteria, Beneficial |

Probiotics, Applications in Dairy

Products. In: Encyclopedia of Dairy

Sciences (Second Edition). Editor-in-

chief: JOHN, W.F. Academic Press,

San Diego, 412-419.

SALQUE, M., BOGUCKI, P.I.,PYZEL, J.,

SOBKOWIAK-TABAKA, I., GRYGIEL, R.,

SZMYT, M. and EVERSHED, R.P. 2013.

Earliest evidence for cheese making

in the sixth millnnium BC in northern

Europe. Nature 493, 522–525

SANTOS, P.M., FIGUEIREDO, A.C.,

OLIVEIRA, M.M., BARROSO, J.G.,

PEDRO, L.G., DEANS, S.G., YOUNUS,

K.M., SCHEEFER, J.J.C. 1998. Essential

oils from hairy root cultures and from

fruits and roots of Pimpinella anisum.

Phytochemistry 48, 455-460.

SARIĆ, Z.O., DIZDAREVIĆ, T.A. 2011. 

Occurrence of yeast and moulds in

cheese and measures for growth

control. Prehrambena industrija-

Mleko i Mlečni Proizvodi 1, 8-11. 

SCHÖBITZ, R., URIBE, C., MOLINA, L.H.,

ESPINA, F. 2005. Control del

desarrollo de bacterias ácido

butíricas en queso tipo Gouda

empleando diferentes

concentraciones de nitrato y

temperaturasde maduración. Agro

Sur 33, 48-57.

SERRANO, C.E. 1997. Estudio de la

micoflora del queso manchego con

denominación de origen. Junta de

Comunidades de Castilla-La

Mancha, Toledo, 1-86.

SHEEHAN, J.J. 2007. What causes the

development of gas during

ripening? In: Cheese problems

solved:The microbiology of cheese

ripening. MCSWEENEY, P.L.H.

Woodhead Publishing Limited,

Cambridge. 131-132.

SHEEHAN, J.J. 2011. Cheese |

Avoidance of Gas Blowing. In:

Encyclopedia of Dairy Sciences

(Second edition). Editor-in-chief:

JOHN, W.F. Academic Press, San

Diego, 661-665.



ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

210

SINGH, M., GULERIA, N. 2013. Influence

of harvesting stage and inorganic

and organic fertilizers on yield and

oil composition of rosemary

(Rosmarinus officinalis L.) in a semi-

arid tropical climate. Industrial Crops

and Products 42, 37-40.

SIVROPOULOU, A., PAPAIKOLAOU, E.,

NIKOLAOU, C., KOKKINI, S.,

LANARAS, T. and ARSENAKIS, M.

1996. Antimicrobial and cytotoxic

activities of origanum essential oils.

Journal of Agriculture and Food

Chemistry 44, 1203-1205.

SKEIE, S. 2007. Characteristics in milk

influencing the cheese yield and

cheese quality. Journal of Animal

and Feed Sciences 16, 130-142.

SMITH-PALMER, A., STEWART, J., FYFE, L.

2001. The potential application of

plant essential oils as natural food

preservatives in soft cheese. Food

Microbiology 18, 463-470.

SOKMEN, A., GULLUCE, M., AKPULAT,

H.A., DAFERERA, D., TEPE, B.,

POLISSIOU, M., SOKMEN, M., SAHIN,

F. 2004. The in vitro antimicrobial and

antioxidant activities of the essential

oils and methanol extracts of

endemic Thymus spathulifolius. Food

Control 15, 627-634.

SØRHAUG, T. 2011. Yeasts and Molds |

Spoilage Molds in Dairy Products. In:

Encyclopedia of Dairy Sciences

(Second Edition). Editor-in-chief:

JOHN, W.F. Academic Press, San

Diego, 780-784.

SOYLU, E. M., KURT, S. and SOYLU, S.

2010. In vitro and in vivo antifungal

activities of the essential oils of

various plants against tomato grey

mould disease agent Botrytis

cinerea. International Journal of

Food Microbiology 143(3), 183.190.

STEFOVA, M., STAFILOV, T.,

KULEVANOVA, S. 2003. HPLC Analysis

of Flavonoids. In: Encyclopedia of

Chromatography. CAZES, J. Marcel

Dekker Inc., Boca Ratón, 867-873.

SU, Y., INGHAM, S. 2000. Influence of

milk centrifugation, brining and

ripening conditions in preventing

gas formation by Clostridium spp. in

Gouda cheese. International

Journal of Food Microbiology 54,

147-154.

TAJKARIMI, M.M., IBRAHIM, S.A. and

CLIVER, D.O. 2010. Antimicrobial

herb and spice compounds in food.

Food Control, 21, 1199-1218.

TEPE, B., AKPULAT, H.A., SOKMEN, M.,

DAFERERA, D., YUMRUTAS, O.,

AYDIN, E., POLISSIOU, M., SOKMEN,

A. 2006. Screening of the

antioxidative and antimicrobial

properties of the essential oils of

Pimpinella anisetum and Pimpinella

flabellifolia from Turkey. Food

Chemistry 97, 719-724.

TEPE, B., DAFERERA, D., SOKMEN, A.,

SOKMEN, M., POLISSIOU, M. 2005.

Antimicrobial and antioxidant

activities of the essential oil and

various extracts of Salvia tomentosa

Miller (Lamiaceae). Food Chemistry

90, 333-340.

TEPE, B., DONMEZ, E., UNLU, M.,

CANDAN, F., DAFERERA, D.,

VARDAR-UNLU, G., POLISSIOU, M.

and SOKMEN, A. 2004. Antimicrobial

and antioxidative activities of the

essential oils and methanol extracts



211

ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

of Salvia cryptantha (Montbret et

Aucher ex Benth.) and Salvia

multicaulis (Vahl). Food Chemistry

84, 519-525.

TXEIRA, B., MARQUES, C., RAMOS, C.,

NENG, N.R., NOGUEIRA, J.M.F.,

SARAIVA, J.A. and NUNES, M.L. 2013.

Chemical composition and

antibacterial and antioxidant

properties of commericial essential

oils. Industrial Crops and Products,

43(1), 587-595.

TORNAMBÉ, G., CORNU, A., VERDIER-

METZ, I., PRADEL, P., KONDJOYAN,

N., FIGUEREDO, G., hulin, s., martin,

b. 2008. addition of pasture plant

essential oil in milk: influence on

chemical and sensory properties of

milk and cheese. Journal of Dairy

Science 91, 58-69.

TSIRAKI, M.I., SAVVAIDIS, I.N. 2011. Effect

of packaging and basil essential oil

on the quality characteristics of

whey cheese "Anthotyros". Food

and Bioprocess Technology 10, 1-9.

TYAGI, A.K., MALIK, A., GOTTARDI, D.,

GUERZONI, M.E. 2012. Essential oil

vapour and negative air ions: A

novel tool for food preservation.

Trends in Food Science &amp;

Technology 26, 99-113.

ULLAH, H., HONERMEIER, B. 2013. Fruit

yield, essential oil concentration and

composition of three anise cultivars

(Pimpinella anisum L.) in relation to

sowing date, sowing rate and

locations. Industrial Crops and

Products 42, 489-499.

USTUN, O., SENOL, F.S., KURKCUOGLU,

M., ORHAN, I.E., KARTAL, M., BASER,

K.H.C. 2012. Investigation on

chemical composition,

anticholinesterase and antioxidant

activities of extracts and essential

oils of Turkish Pinus species and

pycnogenol. Industrial Crops and

Products 38, 115-123.

VÁGI, E., SIMÁNDI, B., SUHAJDA, Á.,

HÉTHELYI, É. 2005. Essential oil

composition and antimicrobial

activity of Origanum majorana L.

extracts obtained with ethyl alcohol

and supercritical carbon dioxide.

Food Research International 38, 51-

57.

VÁZQUEZ, B.I., FENTE, C., FRANCO,

C.M., VÁZQUEZ, M.J., CEPEDA, A.

2001. Inhibitory effects of eugenol

and thymol on Penicillium citrinum

strains in culture media and cheese.

International Journal of Food

Microbiology 67, 157-163.

VIUDA-MARTOS, M., RUIZ-NAVAJAS, Y.,

FERNÁNDEZ-LÓPEZ, J. and PÉREZ-

ÁLVAREZ, J. 2008. Antifungal activity

of lemon (Citrus lemon L.), mandarin

(Citrus reticulata L.), grapefruit

(Citrus paradisi L.) and orange

(Citrus sinensis L.) essential oils. Food

Control 19, 1130-1138.

WALSTRA, P., WOUTERS, J.T.M., GEURTS,

T.J. 2006. Dairy Science and

Technology. Taylor & Francis Group,

London, 1-754.

WANG, H., PROVAN, G. and HELLIWELL,

K. 2004. Determination of rosmarinic

acid and caffeic acid in aromatic

herbs by HPLC. Food Chemistry 87,

307-311.

WEERAKKODY, N.S., CAFFIN, N., TURNER,

M.S., DYKES, G.A. 2010. In vitro

antimicrobial activity of less-utilized



ALTERNATIVES TO CONTROL MICROBIOLOGICAL
CHEESE DEFECTS: USE OF AROMATIC PLANTS

LITERATURE

CITED

212

spice and herb extracts against

selected food-borne bacteria. Food

Control 21, 1408-1414.

WENDORFF, W.L., WEE, C. 1997. Effect

of smoke and spice oils on growth of

molds on oil-coated cheeses.

Journal of Food Protection 60, 153-

156.

WILSON, L.A. 2003. SPICES AND

FLAVORING (FLAVOURING) CROPS |

Use of Spices in the Food Industry. In:

Encyclopedia of Food Sciences and

Nutrition (Second Edition). Editor-in-

chief: BENJAMIN, C. Academic

Press, Oxford, 5460-5465.

YAN, F., BEYER, E.M., AZIZI, A.,

HONERMEIER, B. 2011. Effects of

sowing time and sowing density on

fruit yield, essential oil concentration

and composition of anise

(Pimpinella anisum L.) under field

conditions in Germany. Zeitschrift fur

Arznei- und Gewurzpflanzen 16, 26-

33.

ZAIKA, L.L. 1988. Spices and Herbs: Their

antimicrobial activity and its

determination. Journal of Food

Safety 9, 97-118.


	PORTADA Y CONTRAP
	UCLM
	CONTENTS
	chapter0
	0.SUMMARY
	chapter1
	1.JUSTIFICATION
	chapter2
	2.OBJECTIVES
	chapter3
	3.1.INTRODUCTION PARTE I
	3.2.INTRODUCTION TABLE 4
	3.3.INTRODUCTION PARTE II
	chapter4
	4.WORK PLAN
	chapter5
	5.1.RESULTS
	5.1.2.Empleo potencial de plantas aromáticas para combatir defectos en quesos de oveja. Parte II. Estudios in vitro frente a microorganismos causantes de hinchazones.
	5.1.3.Mycotoxicogenic fungal inhibition by innovative cheese cover with aromatic plants_Moro 2012
	5.1.4.Empleo potencial de plantas aromáticas para combatir defectos en quesos de oveja. Parte I. Estudio in vitro frente a Penicillium verrucosum
	5.2.RESULTS
	5.2.1.Carryovers of aromatic plants essential oils compounds through cheesemaking
	5.2.2.Antimicrobial activity of cheeses made with ewes' milk fortified with essential oils
	5.3.RESULTS
	5.3.1.Antifungal properties of ovine whey from cheese milk fortified with safranal
	chapter6
	6.DISCUSSION
	chapter7
	7.CONCLUSIONS
	chapter8
	8.LITERATURE CITED

