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So close, no matter how far 
Couldn't be much more from the heart 

Forever trusting who we are 
And nothing else matters 

 
Never opened myself this way 
Life is ours, we live it our way 
All these words I don't just say 

And nothing else matters 
 

Trust I seek and I find in you 
Every day for us something new 
Open mind for a different view 

And nothing else matters 
 

Never cared for what they do 
Never cared for what they know 

But I know 
 

[Nothing Else Matters - Metallica] 
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- Tengo la teoría de que solo hay dos clases de jovenes,  

los que quieren ser astrónomos y los que quieren ser astronautas. 

El astronomo llega a estudiar las maravillas desde una posición de seguridad plena. 

- Pero nunca llega a ir al espacio. 

- Exacto, esa es la diferencia entre imaginar y ver; es decir, tener la posibilidad de tocar.... 

 

Jurassic Park III 

 

 

 

La gente olvidará lo que dijiste, olvidará lo que hiciste, 

pero nunca olvidará lo que les hiciste sentir 

 

Maya Angelou 
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Aromatic and medicinal plants are complex chemical laboratories that synthesize an 

enormous variety of different metabolites that permit the plant to survive in different habitats 

and in diverse hostile situations. These challenges include a multitude of different issues such 

as attacks from herbivores, diseases produced by phytopathogen microorganisms such as 

bacteria or fungus, droughts, the presence of pest organisms, etc. These chemicals also permit 

the plant to establish true signals of communication among other plants and to attract 

pollinators.   

 

Over the last few centuries, these metabolites have been exploited in different areas, their 

use being of importance  in the area of medicine, but also in many others such as cosmetics, 

perfumery, alimentation, etc. Moreover, in recent decades, these plants have also 

demonstrated numerous biological activities, including not only antioxidant, microbiological 

and bioplaguicide activities, but also anticarcinogenic and antispasmodic ones , in the 

prevention of cardiovascular and neurodegenerative diseases, etc. 

 

One of the main ingredients responsible for these activities are the essential oils (EOs), which 

also constitute the main commercial product of these species. Moreover, the resultant solid 

residues from the distillation of aromatic plants also contain different metabolites, especially 

the phenols which have exhibited different biological capacities in a multitude of studies. 

Among these, the antioxidant activity is probably the most investigated. 

 

The present work proposes the application of the essential oils and the resultant residues 

generated by the essential oil industry in the food and agrochemical industries as a way to add 

environmental, social and economic value to these species. With this aim, we have 

investigated the feasibility of three aromatic plants, including Hyssopus officinalis L., 

Lavandula x intermedia Emeric ex Loisel var. super and Santolina chamaecyparissus L. as 

sources of bioactive compounds for (1) the preservation of cheeses and (2) the development 

of bioplaguicides.  
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The chemical characterization of the essential oils was performed by Gas Chromatography 

coupled to Mass Spectroscopy (GC-MS) and the solid residues, extracted by ethanol in a 

Soxhlet apparatus, by Ultra High Performance Liquid chromatography coupled with time-of-

flight and ion trap mass spectrometry (UHPLC-ESI IT/TOF-MS). In addition, different biological 

capacities have been investigated: (1) microbiological, (2) antioxidant and chelating and (3) 

bioplaguicide. The microbiological capacities of the extracts were tested against cheese 

spoilage fungi (Aspergillus flavus, Penicillum roqueforti and P. verrucosum) and bacteria 

(Escherichia coli, Pseudomonas fluorescens B52 & RM14 and lactic acid bacteria or LAB). The 

antioxidant capacities were assayed by different in vitro tests, including: (1) total phenol 

content, (2) DPPH radical scavenging, (2) ferric ion reducing antioxidant power, (3) iron and 

copper chelating and (4) antioxidant assay using a linoleic acid model system. On the basis of 

these tests, the solid residue with the best antifungal and antioxidant capacities was selected 

for the development of vegetal edible coatings, to be further applied on pressed  Manchego 

sheep’s cheese.  

 

On the other hand, the bioplaguicide capacities were carried out against different 

phytophagous insects (Leptinotarsa decemlineata, Spodoptera littoralis, Myzus persicae and 

Rhopalosiphum padi), ticks (Hyalomma lusitanicum), and nematode (Meloidogyne javanica), 

as well as against model plants (Lactuca sativa and Lolium perenne) to investigate their 

phytotoxic capacities The solid residue with the best bioplaguicide capacities was further 

fractionated into a silica column, and the resultant fractions re-assayed against the target pest, 

in order to select the best bioplaguicide fractions. As a supporting investigation, 24 comercial 

terpenes were also studied for their bioplaguicide capacities against L. decemlineata.  

 

Results showed that the oil and solid residue of S. chamaecyparissus were the most active 

fungicidal, whereas the oil and residue from H. officinalis were the best against bacteria. 

Moreover, the residue of S. chamaecyparissus also presented the best antioxidant and copper 

chelating capacities, and the by-product of H. officinalis was the best iron chelator. 

Accordingly, the cheese coating was performed with the solid residue of S. chamaecyparissus. 
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The results obtained suggest promising capacities for the development of natural edible 

coatings for Manchego or other types of cheese.  

 

In relation to the bioplaguicide capacities, the solid residue of S. chamaecyparissus showed 

the best capacities against L. decemlineata, whereas the oil of L. x intermedia was the most 

active against S. littoralis. Moreover, the residue of H. officinalis and oil of S. chamaecyparissus 

showed the best capacities against M. persicae and R. padi, respectively. Finally, the EOs of S. 

chamaecyparissus and L. x intermedia demonstrated the best ixocidal capacities, whereas 

none of the extracts exhibited nematicidal capacities at the assayed concentrations. In this 

connection, the solid residue of S. chamaecyparissus was selected for the preliminary 

fractionation and isolation of bioactive fractions against L. decemlienata. Among the 23 

fractions obtained, four showed feeding inhibitions of about 85%. Finally, α-bisabolol was the 

terpene with the best biocidal capacities against L. decemlineata, and may constitute the basis 

for the development of natural products against this pest.
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Las plantas aromáticas y medicinales son complejos laboratorios químicos que sintetizan una 

enorme variedad de metabolitos que permiten a la planta sobrevivir en diferentes hábitats o 

bajo diversas situaciones hostiles. Estos desafíos incluyen numerosas situaciones como 

ataques de herbívoros, enfermedades producidas por microorganismos fitopatógenos, como 

bacterias u hongos, sequías, presencia de insectos plaga, etc. Estos compuestos permiten a la 

planta además, establecer verdaderas señales de comunicación con otras plantas, así como 

atraer a polinizadores. 

 

A lo largo de los últimos siglos, estos metabolitos se han explotado en diferentes áreas, siendo 

de importancia su uso en el área de la medicina, pero también en muchas otras como la 

cosmética, la perfumería, la alimentación, etc. Además, se han demostrado numerosas 

actividades biológicas, incluyendo antioxidantes, microbiológicas, bioplaguicidas, pero 

también anticancerígenas, antiespasmódicas, en la prevención de enfermedades 

cardiovasculares y neurodegenerativas, etc. 

 

Uno de los principales responsables de estas actividades son los aceites esenciales (EOs), que 

constituyen también el principal producto comercial de estas especies. Además, los residuos 

sólidos resultantes de la destilación de las plantas aromáticas contienen diferentes 

metabolitos, especialmente los fenoles que han mostrado en multitud de estudios diferentes 

capacidades biológicas. Entre éstas, la actividad antioxidante es probablemente la más 

investigada. 

 

El presente trabajo propone la aplicación de los aceites esenciales y los residuos resultantes 

generados por la industria esenciera en las industrias alimentaria y agroquímica, como una 

forma de agregar valor ambiental, social y económico a estas especies. Con este objetivo, 

hemos investigado la viabilidad de tres plantas aromáticas, incluyendo el Hyssopus officinalis 

L., la Lavandula x intermedia Emeric ex Loisel var. super y la Santolina chamaecyparissus L. 

como fuentes de compuestos bioactivos para (1) la preservación de quesos y (2) el desarrollo 

de bioplaguicidas. 
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La caracterización química de los aceites esenciales se realizó mediante cromatografía de 

gases acoplada a espectrometría de masas (GC-MS) y los residuos sólidos, extraídos en etanol 

en un aparato de Soxhlet, mediante cromatografía de ultra alta eficacia acoplada con 

espectrometría de masas con analizador de tiempo de vuelo y de trampa de iones (UHPLC-ESI 

IT / TOF-MS). Además, se han investigado diferentes capacidades biológicas: (1) 

microbiológica, (2) antioxidante y quelante y (3) bioplaguicida. Se evaluaron las capacidades 

microbiológicas de los extractos contra hongos causantes del deterioro del queso (Aspergillus 

flavus, Penicillum roqueforti y P. verrucosum) y bacterias (Escherichia coli, Pseudomonas 

fluorescens B52 y RM14 y bacterias ácido-lácticas o LAB). Las capacidades antioxidantes se 

ensayaron mediante diferentes ensayos in vitro, incluyendo: (1) contenido total en fenoles, 

(2) eliminación de radicales DPPH, (2) potencial antioxidante de reducción de iones férricos, 

(3) quelante de hierro y cobre y (4) ensayo antioxidante usando un sistema modelo de ácido 

linoleico. Sobre la base de estas pruebas, se seleccionó el residuo sólido con las mejores 

capacidades antifúngicas y antioxidantes, para el desarrollo de revestimientos comestibles 

vegetales, aplicables sobre queso de oveja prensado Manchego. 

 

Por otro lado, las capacidades bioplaguicidas se realizaron contra diferentes insectos fitófagos 

(Leptinotarsa decemlineata, Spodoptera littoralis, Myzus persicae y Rhopalosiphum padi), 

garrapatas (Hyalomma lusitanicum) y nematodos (Meloidogyne javanica), así como plantas 

modelo de estudio (Lactuca sativa y Lolium perenne) para investigar sus capacidades 

fitotóxicas. El residuo sólido con las mejores capacidades bioplaguicidas se fraccionó 

adicionalmente en una columna de sílice y las fracciones resultantes se volvieron a ensayar 

contra la plaga diana con el objetivo de seleccionar aquellas fracciones más bioplaguicidas. 

Como investigación de apoyo, se estudiaron también 24 terpenos comerciales por sus 

capacidades bioplaguicidas contra L. decemlineata. 

 

Los resultados mostraron que el aceite y el residuo sólido de S. chamaecyparissus fueron los 

fungicidas más activos, mientras que el aceite y el residuo de H. officinalis fueron los mejores 

contra las bacterias. Por otra parte, el residuo de S. chamaecyparissus también presentó las 

mejores capacidades antioxidantes y quelantes de cobre, y el subproducto de H. officinalis fue 



RESUMEN                           Gonzalo Ortiz de Elguea Culebras 

 

16 

 

el mejor quelante de hierro. En consecuencia, el revestimiento de queso se realizó con el 

residuo sólido de S. chamaecyparissus. Los resultados obtenidos sugieren capacidades 

prometedoras para el desarrollo de revestimientos comestibles naturales para queso 

Manchego o de otro tipo. 

 

En relación con las capacidades bioplaguicidas, el residuo sólido de S. chamaecyparissus 

mostró las mejores capacidades contra L. decemlineata, mientras que el aceite de L. x 

intermedia fue el más activo contra S. littoralis. Por otra parte, el residuo de H. officinalis y el 

aceite de S. chamaecyparissus mostraron las mejores propiedades contra M. persicae y R. 

padi, respectivamente. Por último, los AEs de S. chamaecyparissus y L. x intermedia 

demostraron las mejores capacidades garrapaticidas, mientras que ninguno de los extractos 

mostró efectos nematicidas a las concentraciones ensayadas. A este respecto, se seleccionó 

el residuo sólido de S. chamaecyparissus para el fraccionamiento preliminar y el aislamiento 

de fracciones bioactivas contra L. decemlienata. Entre las 23 fracciones obtenidas, cuatro 

mostraron inhibiciones alimenticias de alrededor del 85%. Finalmente, el α-bisabolol fue el 

terpeno con las mejores capacidades biocidas contra L. decemlineata y puede constituir la 

base para el desarrollo de productos naturales frente esta plaga. 
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This investigation arises from the growing awareness by the agro-industrial sector of new 

natural sources of bioactive products meeting the compromise of the EU between the 

production of food preservatives and agrochemicals and the potential hazards for humans. In 

this connection, the screening of new vegetal sources that can supply the agro-industry with 

safe extracts with antimicrobial, antioxidant and bioplaguicide capacities is of major 

significance. 

 

Aromatic and medicinal plants constitute a cheap source of bioactive compounds as has been 

known since ancient times. This is especially true of the essential oils (EO) obtained by a 

distillation process. These oils are abundant, inexpensive and renewable sources of bioactive 

products. 

 

Moreover, essential oil industries discard every year huge amounts of residues since 

production yields rarely exceed values of 4-5%. If there is not an adequate strategy to manage 

them, these residues accumulate and cause several environmental, economical and social 

issues worldwide. Accordingly, their recuperation and valorization must be a priority that 

private and public organizations should encourage. 

 

According to the Encuesta de superficies y rendimientos de cultivos (ESYRCE, 2016), in Spain 

alone around 40,000 ha of aromatic plants (including industrial crops) are produced, which 

generates an enormous amount of residues. In this scenario, such residues may also be 

valorized as by-products, because of representing a potential source of bioactive compounds, 

which can be exploited, among others, as natural preservatives in food products due to their 

antimicrobial capacities, for the development of functional foods owing to their antioxidant 

properties and for the control of undesirable pest organisms due to their bioplaguicide effects. 

 

The utilization of these vegetal extracts as marketable products would be comprised of 

different steps from its acquisition from the EO industry until reaching the consumer. This 

process includes: 
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1. The selection of the vegetal sources. Highlighting the crops cultivated on a large scale 

that can provide enough vegetal material. This is the case of Lavandula x intermedia, 

one of the most important aromatic plant cultivars in Castilla-La Mancha with a 

production of around 4,000 Tm/year only in this region. Another plant widely 

cultivated in different Mediterranean areas is Hyssopus officinalis. In addition, there 

are other aromatic plants produced on a smaller scale such as Santolina 

chamaecyparissus, but with an enormous chemical variability that makes it very 

interesting as a source of bioactive compounds. 

2. Chemical characterization. An adequate chemical characterization allow for the 

bioactivities to be attributed to certain chemical constituents to further select the 

products with higher contents of such active compounds. 

3. Biological characterization. To identify the biological activities by a sound and 

appropriate methodology. 

4. Study of the viability of the application. The study of biological properties by in vitro 

means and the selection of vegetal products with bioactivity must be verified by in vivo 

assays  

5. Assays of safety. In order to avoid potential harm to humans or to other non-target 

organisms. 

6. Study of the economic feasibility. Once the plant is chemically and biologically 

characterized, and the in vivo assays have been performed, it is the turn for the private 

sector to market the new natural product. 

 

In this thesis we have focused on: (1) the development of natural edible coatings containing 

vegetal extracts for the conservation of cheeses and; (2) the development of natural 

bioplaguicides for the control of pests in crops.  

 

The development of the edible coatings has been performed with those extracts that show 

the best antimicrobial (antifungal and bactericidal) and antioxidant capacities. Regarding the 

antimicrobial capacities, vegetal extracts have been tested against common spoilage fungi of 

cheeses, including Aspergillus flavus CECT 2687, Penicillium roqueforti CECT 20485 and P. 



I. JUSTIFICATION                           Gonzalo Ortiz de Elguea Culebras 

 

 

22 

 

verrucosum CECT 2906, and the spoilage bacteria as Escherichia coli CECT 4201 and 

Pseudomonas fluorescens (strains B52 & RM14). A study on the negative effects upon a 

commercial complex of desired bacteria in cheeses (lactic acid bacteria or LAB) has also 

beenperformed. Additionally, with the aim of avoiding the oxidation of the cheese, 

antioxidant and chelating capacities have been studied by different in vitro assays, including 

the content in phenols, the DPPH scavenging activity, the ferric ion reducing antioxidant 

power, a linoleic acid oxidation model and the iron and copper chelating activities.  

 

On the other hand, the investigation of bioplaguicide effects comprises the study of the 

different extracts and essential oils against pests selected because of their wide distribution 

in crops or animals, including the insects Leptinotarsa decemlineata, Spodoptera littoralis, 

Myzus persicae and Rhopalosiphum padi, the nematode Meloidogyne javanica, and the tick 

Hyalomma lusitanicum. L. decemlineata is a common pest in potato crops with a high 

capability of developing fast resistance to agrochemicals and high reproduction ratios. S. 

litoralis has a high voracity and low specificity for feeding plants; M. persicae is an aphid 

commonly present in many fruit trees and other vegetables, whereas R. padi is a pest of cereal 

crops. The tick Hyalomma lusitanicum is one of the vectors of Theileria annulata causing 

Mediterranean theileriosis in cattle, being widely distributed in the western Mediterranean 

areas. The nematode Meloydogine javanica is a common root-knot nematode present in many 

crops. Finally, Lactuca sativa and Lolium perenne L. are model plants for phytotoxic tests. 

 

As shown, this thesis proposes a multidisciplinary approach that includes chemical and 

biological aspects. Therefore, the aim is to promote the incorporation of essential oils in 

commercial products, as well as to valorize and commercialize the resultant waste. This 

objective will allow for:  

 

(1) Economic benefits:  

a. To reduce costs in the management of agro-industrial waste. 

b. To obtain economic inputs through the sale of aromatic plant waste. 
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(2) Social dimension: 

a. To promote the use of natural products in the agro-food industry.  

b. To develop a new industrial line based on the valorization and 

commercialization of by-products.  

c. To foment the cultivation of these crops and to promote the development and 

expansion of rural areas. 

(3) Environmental improvements: 

a. To minimize the volume of waste. 

b. To reduce the emission of CO2, taking into consideration the transport and 

the elimination of the residues. 
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The objective of this thesis is the valorization and application in the agri-food industry of 

products and by-products from the distillation of essential oils. To this end, the biological 

properties of industrial essential oils and residues resulting from the distillation of Hyssopus 

officinalis L., Lavandula x intermedia Emeric ex Loisel var. Super and Santolina 

chamaecyparissus L. were studied. To achieve this main objective, the following specific 

objectives are proposed: 

 

1. Chemical characterization of the extracts. 

2. Determination of the antimicrobial activity of the extracts. 

3. Study of the antioxidant and chelating capacities of the extracts. 

4. Election of extracts with greater antimicrobial and antioxidant capacity. 

5. Determination of the viability of an edible coating for pressed cheese based on the 

selected plant extract. 

6. Study of the bioplaguicide effect of the extracts on pests in crops. 

7. Selection of the residue with greater bioplaguicide capacity. 

8. Bioguided fractionation and selection of the most active fractions of the residue selected 

for its bioplaguicide capacities. 

9. Model study of the insecticidal properties of 24 commercial terpenes against L. 

decemlineata. 
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El objetivo de esta tesis es la valorización y aplicación en la industria agroalimentaria de los 

productos y subproductos de la destilación de aceites esenciales. Para ello, se han evaluado 

las propiedades biológicas de los aceites esenciales industriales y los residuos resultantes de 

la destilación de Hyssopus officinalis L., Lavandula x intermedia Emeric ex Loisel var. Super y 

Santolina chamaecyparissus L. Para alcanzar este objetivo principal, se proponen los 

siguientes objetivos específicos: 

 

1. Caracterización química de los extractos. 

2. Determinación de la actividad antimicrobiana de los extractos. 

3. Estudio de las capacidades antioxidante y quelantes de los extractos. 

4. Elección de los extractos con mayor capacidad antimicrobiana y antioxidante. 

5. Determinación de la viabilidad de un revestimiento comestible para queso de pasta 

prensada basado en el extracto vegetal seleccionado. 

6. Estudio del efecto bioplaguicida de los extractos frente a plagas en cultivos.  

7. Selección del residuo con mayor capacidad bioplaguicida. 

8. Fraccionamiento biodirigido y selección de las fracciones más activas del residuo 

seleccionado por sus capacidades bioplaguicidas. 

9. Estudio modelo de las propiedades insecticidas de 24 terpenos comerciales frente a L. 

decemlineata. 
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3.1. GENERAL ASPECTS 

According to the FAO, medicinal and aromatic plants (or MAPs) are “botanicals that provide 

people with medicines – to prevent disease, maintain health or cure ailments”. These plants 

have been used since ancient times as the only known medicine, being part of the 

development of the human race, therefore their importance in humanity’s relationship with 

natural drugs has been transcendental throughout human history (Petrovska, 2012). In fact, 

according to De Silva (1997) the use of medicinal plants is still directly related to the main 

health care systems of many countries of the Third World.  

 

The therapeutic effects of medicinal plants have been verified over the centuries just by 

observing positive or negative effects on the human body after consuming diverse mixtures 

(Martins et al., 2015). Although the explanation of such capacities was mysterious in the past, 

the traditional knowledge was acquired generation by generation until recent times 

(Petrovska, 2012). For those reasons, such special plants were employed over the course of 

time as traditional or alternative medicines.  

 

The WHO defines traditional medicine as: “the sum total of the knowledge, skills and practices 

based on the theories, beliefs and experiences indigenous to different cultures, whether 

explicable or not, used in the maintenance of health as well as in the prevention, diagnosis, 

improvement or treatment of physical and mental illness”. In parallel, the organization defines 

alternative medicine as “the broad set of health care practices that are not part of that 

country’s own tradition and are not integrated into the dominant health care system”. 

However, since such medicinal uses were not scientifically proven, current medicine is forced 

to assert or deny these attributed pharmacological capacities.  

 

Over the years, firstly alchemists and more recently scientists have been able to deduce that 

plants with proven pharmacological attributes contain certain chemical constituents called 

active principles. According to the WHO, these are “components of herbal medicines with 
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therapeutic activity, where the active ingredients have been identified, the preparation of 

these medicines should be standardized to contain a defined amount of the active ingredients, 

if adequate analytical methods are available. In cases where it is not possible to identify the 

active ingredients, the whole herbal medicine may be considered as one active ingredient”. 

 

This has led exponentially to the scientific community being interested in the search for 

phytochemical compounds with bioactive properties, so their presence in many drugs is 

becoming more and more common. In this regard, the WHO differentiates between two main 

aspects, the traditional use of herbal medicines and the therapeutic activity. The traditional 

use of herbal medicines is referred as “the long historical use of these medicines, established 

and widely acknowledged to be safe and effective, and may be accepted by national 

authorities”. On the other hand, the organization refers to the therapeutic activity as “the 

successful prevention, diagnosis and treatment of physical and mental illnesses; improvement 

of symptoms of illnesses; as well as beneficial alternation or regulation of the physical and 

mental status of the body”.  

 

Moreover, owing to people from Western countries being increasingly concerned about 

pollution, environmental damage and the side effects of synthetic drugs, the use of medicinal 

plants is growing exponentially. This is supported, in turn, by the fact that science is not only 

demonstrating their efficacy as pharmacological compounds, but also due to the acceptance 

of these products by administrations through regulations, quality standards, etc. The WHO 

has proposed the challenge of maintaining and ensuring the use of aromatic plants through 

various campaigns, including the creation in 2000 of the “General guidelines for 

methodologies on research and evaluation of traditional medicine”.  

 

The guide focuses on “the current major debates on safety and efficacy of traditional medicine, 

and are intended to raise and answer some challenging questions concerning the evidence 

base”. Besides, the guide intends to present certain guidelines for the accurate study of herbal 

medicines, as well as proposing recommendations for the development of clinical research. 

Summarizing, the main goal of the guide is to upgrade the quality, value, use and application 
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of the research in botanical medicine. According to the WHO (2000), the main aspects to 

consider before studying an aromatic plant should be: 

 

 Literature review: 

o General: the evaluation of literature reports (reference books, review articles, 

research articles, databases, etc.) 

o Theories and concepts of system of traditional medicine: concepts of 

prevention, diagnosis, treatment of diseases in cultural background. 

o Review of safety and efficacy literature: in order to consider the level of 

evidence of safety and effectiveness around a medicinal plant. 

 Safety: determining potential side effects through pharmacological or toxicological 

studies. It is important to point out that the absence of literature about the non-toxic 

effects of a plant does not ensure safety. Tests should include inmunotoxicity, 

genotoxicity, carcinogenicity and reproductive toxicity assays. 

 Efficacy: there should be enough proofs of efficacy, together with the documentation 

necessary to assure the existence of the promised attributes. Besides, this should 

complement different indications, depending on the nature and grade of the disease. 

o Clinical trials: assays should be controlled and standardized with the aim of 

providing the highest confidence and in order to gain the acceptance of 

different traditions/cultures from different regions. Other considerations are 

to use controls as reference systems, such as placebo substances in medicine 

or positive and negative controls in biology, including an acceptable number of 

replicates of the assays. 

 

The “Annex II: Guideline for evaluating the safety and efficacy of herbal medicines” presents 

certain significant definitions when studying a medicinal plant (adapted from WHO (2000)). 
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1. Medicinal plant: “a plant-derived material or preparation with biological 

activity which contains either raw or processed ingredients from one or more 

plants” 

2. Characterizing compound: “a natural constituent of a plant part that may be 

assure the identification or quality of a plant preparation, but not necessarily 

responsible for the plant’s biological activity” 

3. Biological activity: “a change in the base-line function of an organism brought 

about by the administration of a test substance” 

4. Processed plant materials: “plant material treated according to traditional 

procedures to improve their safety and/or efficacy, to facilitate their use, or to 

make preparations” 

5. Preparations of plant material: “mixtures that contain one or more of the 

following: powdered plant material, extracts, purified extracts, or partially 

purified active substances isolated from plant material” 

 

3.2. AROMATIC AND MEDICINAL PLANTS SITUATION 

3.2.1. Brief history of aromatic and medicinal plants 

Aromatic and medicinal plants have been linked to humanity since ancient times, due to their 

medicinal, odorous and culinary properties (Petrovska, 2012). It is suggested that the origin of 

the relationship between humanity and the use of aromatic plants was along the Paleolithic, 

when Neanderthals made use of different branches for cooking and for self-medication (Hardy 

et al., 2012).  

 

Afterwards, during the Neolithic period, as humanity became sedentary, the development of 

agriculture involved the cultivation of aromatic plants such as fennel and coriander to be used 

as condiments (Fretes, 2010). However, the extensive use of these species came after the 

Bronze and Iron Ages (Cameroni, 2012) 
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The first occurrence of the cultivation of aromatic plants probably dates back to 3,000 B.C. in 

China, where they were used for both self-consumption and as hand currency. Those gardens 

of these plants were first arranged by the emperor CHO-CHIN KEI, who in turn wrote 

numerous manuscripts based on the knowledge of the application and properties of known 

aromatic and medicinal species, including cinnamon, basil, vanilla, saffron, etc. (Cameroni, 

2012). Similarly, the Egyptians and Babylonians also created gardens to cultivate diverse 

aromatic species for their use in cooking and for the preparation of various ointments and 

cosmetic preparations.  

 

The Greeks also used aromatic plants extensively. This has been deduced from many 

mythological legends, such as Dafne who was turned into a laurel, the witch Medea who had 

the ability to enchant people through the use of aromatic herbs and Homer who wrote about 

medicinal plant gardens in the Odyssey (Fretes, 2010). Afterwards, the Romans imported 

different species, such as pepper, cinnamon, cardamom, poppy, etc. It is important to 

highlight certain Roman individuals such as Plinio and Galeno, this latter being known as “The 

Father of the Pharmacopeia”.  

 

The Arabs were already the first to distinguish medicine from pharmacopeia, and were 

important merchants of medicinal species. Besides, we should be grateful to the Arabs 

because they were the pioneers in the cultivation of saffron, rice, cotton, etc (Cameroni, 

2012). During the Middle Ages, the appearance of alchemists and physicians enhanced the art 

of healing and enabled ways to extract essential oils from plants.  

 

Nowadays, the use of aromatic and medicinal plants is widely linked to many sectors, such as 

the food industry, the pharmaceutical sector, cosmetics, perfumery, etc. This is due to the fact 

that many scientists have been able to prove (or disprove) certain traditionally attributed 

properties over recent decades, such as antioxidant, antimicrobiological, insecticidal, anti-

inflammatory, anticancer, and antiseptic properties, etc. As science continues to demonstrate 

biological properties as well as other potential applications in the development of humanity, 

the use of aromatic plants will increase.  
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3.2.2. Current situation of MAPs 

3.2.2.1. World situation of MAPs 

The importance of aromatic and medicinal plants in many developing countries cannot be 

overlooked, as they represent an important part of their respective economies. In fact, the 

trend in both production and domestic consumption in India and China affects the world 

economy. The major producers of essential oils are Brazil, China, USA, Egypt, India, Mexico, 

Guatemala, Morocco and Indonesia. Besides, it is estimated that around 65% of the world’s 

production takes place in developing countries (SADC, 2006). It is calculated that the top 10 

most consumed essential oils account for about 80% of the total world market (SADC, 2006).   

 

The most common EOs together with the major producer countries are represented in the 

following table (Table 1). 

 

Table 1 Some of the most common essential oils and their major producers (SADC, 2006). 

Essential oil Producer countries 

Orange Australia, Brazil, Dominican Republic, Israel, Italy, USA 

Cornmint Brazil, China, India, Japan, N. Korea, Paraguay, Taiwan and Thailand 

Eucalyptus Australia, Austria, Brazil, China, India, Paraguay, Portugal, South Africa and Spain 

Citronella China, India and Vietnam 

Peppermint Australia, Austria, China, Italy, Japan and USA 

Lemon Argentina, Australia, Brazil, Greece, Spain, Italy, USA and Peru 

Clove leaf Brazil, Indonesia, Madagascar, Sri Lanka and Tanzania 

Cedarwood USA and China 

Sassafras Brazil and USA 

Lime Brazil, China, Cuba, Ghana, Haiti, Ivory Coast, Jamaica, Mexico and Peru 

Spearmint Argentina, Australia, Brazil, Bulgaria, China, Egypt, France, Hungary, Japan, Korea, 

Morocco, New Zealand, Paraguay, Romania, Russia, Taiwan, UK and USA 

May Chang China 
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The areas that present a higher consumption of essential oils are the USA (40%), Western 

Europe (30%) and Japan (7%),  representing close to 80% of total world consumption (SADC, 

2006) as: 

 

- Flavors/food industry: over the years, aromatic plants have been used in soft drinks 

(the best-known examples are Coca Cola or Pepsi) and in other processed foods.  

- Fragrance/cosmetic industry: Western Europe is probably the largest producer and 

consumer of cosmetics, estimated at more than 30% of the global cosmetic market. 

- Pharmaceutical/therapeutic industry: also dominated by North America, the EU and 

Japan.  

 

The world trade of essential oils has been increasing exponentially since the 90s as observed 

in the following graph (Fig. 1). 

 

 

Fig.  1 Global market essential oil import trends since 1990 to 2005 for Europe (EU25), USA (NAFTA) and the 
rest of the world (SADC, 2006). 

2.2.2.2. Spanish situation of MAPs 

The cultivation of MAPs (Table 2) in Spain is also important with around 23,000 ha, including 

both condiments and aromatic plants, mainly lavender and lavandin (ESYRCE, 2016). With 
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regard to the Spanish regions, Castilla-La Mancha has the largest cultivated area of 

condiments, aromatic and industrial plants with close to 18,600 ha, representing almost 50% 

of total Spanish production, followed by Andalusia with 12,800 ha (33.2%) (ESYRCE, 2016). 

However, it is important to mention that many species are handpicked in their natural 

environment so their quantification is rather difficult, even being ignored in many of these 

surveys.  

 

Table 2 Distribution of the cultivated areas of condiment, aromatic and industrial crops per region and relative 
percentage with respect to the total Spanish production (ESYRCE, 2016). 

Region Crop Rainfed Irrigated TOTAL % Spain 

Andalusia Condiments 7798 1206 9004 93,24 

Aromatic Plants 3490 270 3760 28,02 

Other Industrial crops 11 28 39 0,25 
 

TOTAL 11299 1504 12803 33,21 

Castilla-La Mancha Condiments 27 0 27 0,28 

Aromatic Plants 5699 0 5699 42,47 

Other Industrial crops 62 12785 12847 83,01 
 

TOTAL 5788 12785 18573 48,18 

Castilla y León Condiments 0 0 0 0,00 

Aromatic Plants 883 955 1838 13,70 

Other Industrial crops 304 1463 1767 11,42 
 

TOTAL 1187 2418 3605 9,35 

R. Murcia Condiments 0 198 198 2,05 

Aromatic Plants 1355 421 1776 13,23 

Other Industrial crops 0 5 5 0,03 
 

TOTAL 1355 624 1979 5,13 

 

Andalusia dedicated 9,000 ha (93% of the total production of Spain) to the specific production 

of condiments, whereas Castilla-La Mancha cultivated around 5,700 ha (42% of total Spanish 

production) and Andalusia 3,800 ha (28%) of the specific production of aromatic plants. 

Castilla y León and the Region of Murcia are the third and fourth largest producers of these 

crops in Spain. Finally, the production of “other industrial crops” is led by Castilla-La Mancha 

(83% of total Spanish production) and Castilla y León with an extension of 13,000 ha and 1,800 

ha, respectively, in contrast to Andalusia (39 ha) and the Region of Murcia (5 ha). 
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It should be noted that the production of “condiments” in Table 2 also includes pepper, 

paprika, anise, saffron, etc. Although the aromatic plant crops refer mainly to lavender and 

lavandin production, some other wild collected species should be included such as gentian 

(Gentiana lutea), Spanish oregan (Thymbra capitata), marjoram (Thymus mastichina), thyme 

(Thymus sp.), sage (S. lavandulifolia), ironwort (Sideritis angustifolia), rosemary (Rosmarinus 

officinalis), pennyroyal (Micromeria fructicosa) and rockrose (Cistus ladanifer) as reviewed by 

López-González et al. (2011). 

 

The following figure represents the exports of essential oils from Spain over the years 1994 to 

2013 (Fig. 2). 

 

 

Fig.  2 Exports of essential oils in Spain from 1994 to 2013 (in thousands of €) (INE, 2017) 

 

The Spanish manufacturing of aromatic plants is highly enhanced by certain factors that give 

the country an advantage over some other countries from the EU, such as favorable climatic 

conditions, the characteristics of ecological production, high productivity, the quality of 

certain selected species and varieties, the existence of potential markets, etc. However, there 

also some negative aspects to improve on, such as the lack of clarity and transparency in the 

industry, the lack of information, absence of consistent and verifiable databases, etc. This 
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notwithstanding, European regulations are forcing producers, traders, governments, etc. to 

monitor such aspects. 

 

3.3. PLANT METABOLISM 

The metabolism is defined as “the sum of the physical and chemical processes in an organism 

by which its material substance is produced, maintained, and destroyed, and by which energy 

is made available”. Some of these chemicals are mainly responsible for the biological 

capacities of plants, known as biological active compounds or simply bioactive compounds. 

These substances depend on different species and genus and sometimes work in synergism, 

offering a wide variety of biological functions. A large number of compounds have been 

indentified from plants; and although the bioactivities of some of them are well known, many 

others have been not attributed with potential activities yet (Martins et al., 2015). Besides, as 

many compounds are still unidentified, synergic interactions with known compounds are 

obviously unrecognized (Martins et al., 2015). Also, it should be noted that synergic effects do 

not always act to increase positive effects, because there have also been identified negative 

interactions among compounds or as antagonic (Pavela, 2015). 

 

Furthermore, there is a large variability in the chemical composition among plants of the same 

species, and even significant variations along the phenological cycle of the same population 

as reported by Herraiz-Peñalver et al. (2015). Such differences obviously affect their biological 

activities, hence the importance of the chemical characterization of the plant extract.  

 

Unlike animals, plants present two different metabolisms, known as primary or secondary 

metabolites. The primary metabolites are those that are essential for the normal development 

of the organism, including carbohydrates, lipids, proteins and nucleic acids. On the contrary, 

the secondary metabolites do not take part in vital biological processes, but are formed for 

the “social” development of plants, taking part in ecological processes of defense, interactions 
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with the environment or acting in communication with other plants or organisms (i.e.: 

attracting pollinator organisms). Besides, secondary metabolites are frequently found in just 

one group of species, whilst primary metabolites are distributed all over the vegetal kingdom 

(Taiz et al., 2006). These metabolites are mainly: (1) terpenes, (2) phenolic compounds 

(phenolic acids and flavonoids) and (3) nitrogen compounds (alkaloids and glucosides). The Fig. 

3 shows a summarized scheme including the chemical type of compounds formed in the 

primary and secondary metabolism. 

 

 

Fig.  3 Primary and secondary metabolism general scheme (based on Martins et al. (2015)). 

3.3.1. Primary metabolism 

Primary metabolites are those compounds that result from the primary metabolism and are 

located in vegetal organs and seeds. These are responsible for the physiological and biological 

development of the plant, including growth, development and reproduction (Martins et al., 

2015). In addition, Nelson et al. (2000) observed that these compounds are not limited 

exclusively to plants, being also used by other organisms in numerous biosynthetic pathways.  

 

Plants have the ability to synthesize organic compounds from light, water and CO2 through 

photosynthesis, probably the most important biochemical process of life and the main source 

of energy for animals (Martins et al., 2015). In turn, animals use these compounds for their 

own metabolic systems in order to create their energetic supply. In photosynthesis there are 

two stages: the light and the dark phase. The primary metabolites are formed in different 
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pathways during the dark phase, including the proteins, lipids, carbohydrates and nucleic 

acids. Nelson & Cox (2000) establish different functions for those metabolites: 

 

1. Proteins: physiological role, transport different molecules, play a part in nucleic acids, 

conform the enzymes and lend protection against pathogens, etc. 

2. Lipids: conform cell membranes, energetic sources, protection capacities, hormonal 

regulators and synthesized inflammatory inmmunomodulators, etc. 

3. Carbohydrates: corresponds to the dietary base of living organisms, energetic sources 

(in seeds, grains, tubers, leaves). 

4. Nucleic acids: are the main constituents of the genetic material contained in the DNA 

and RNA. 

 

In addition to these general functions, certain antioxidant, anti-inflammatory and anti-tumor 

activities have been also attributed to primary metabolites, such as lipids (polyunsaturated 

fatty acids, sterols, etc.), proteins, vitamins and carbohydrates (polysaccharides and 

glycosides), preventing various diseases and ageing processes (Ksouri et al., 2012). 

3.3.2. Secondary metabolism 

The secondary metabolites are those compounds that are synthesized in different biological 

pathways from compounds formed in the primary metabolism (Fig. 4). They are generally 

secreted into cells, vacuoles, or excreted extracellularly as resins or cell wall material, 

depending on the needs of the plant (Valares-Masa, 2011). These chemicals enable the plant 

to protect themselves from phytopathogens, insect pests, herbivores and other diseases, to 

attract pollinator insects, to act as communication signals with other plants or even to inhibit 

their own seeds when the environmental conditions are not appropriate for the development 

of the seedlings (Alías et al., 2006). In other words, these compounds are in charge of the 

response of the plants against the biotic and abiotic environments. Besides, their biosynthesis 

is influenced by genotypes, nutrients, soil conditions, water availability, agricultural practices, 

etc.  
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The definition of secondary metabolism was first proposed by Kössel (1891) “while primary 

metabolites are present in each cell of reproducing plants, secondary metabolites are only 

present accidentally and are not vital for life”. Initially, these compounds were thought to be 

residues obtained from the primary metabolism and with no biological functions for plants 

(Taiz & Zeiger, 2006; Valares-Masa, 2011). The study of those substances was begun by organic 

chemists in the 19th and 20th centuries, mainly interested in their potential capacities as 

drugs, oils, food condiments, etc. (Taiz & Zeiger, 2006; Valares-Masa, 2011). 

 

 

Fig.  4 General biochemical pathways involved in plant secondary metabolism and metabolites (terpenes, 
phenolic compounds and nitrogen compounds) (Taiz & Zeiger, 2006). 

 

There is an enormous diversity of secondary metabolites which have been traditionally used 

by humans as therapeutic compounds. Nowadays, their use in the pharmacology industry is 

increasing due to their bioactive capacities. In addition, the potential applications of 

secondary metabolites have also increased considerably in many other sectors as condiments 

or preservatives in the food industry, insecticides, antioxidants in the cosmetic industry, etc. 



III. INTRODUCTION                           Gonzalo Ortiz de Elguea Culebras 

 

45 

 

Secondary metabolites are mainly classified into: terpenes, phenolic compounds and nitrogen 

compounds, which are presented in Table 4 including their metabolic pathways. 

3.3.2.1. Terpenes 

Terpenes are probably the largest class of secondary metabolites. Chemically, these are 

hidrosoluble compounds and are generally located in the cytoplasm (except those that are 

part of essential oils and will be discussed in the following section) (Valares-Masa, 2011; 

Ringuelet, 2013). According to the Dictionary of natural products 

(http://dnp.chemnetbase.com) more than 30,000 terpenes have been identified in nature. 

Terpenes are chemically synthesized from intermediate compounds such as Acetyl CoA, 

glyceraldehyde-3-phosphate and pyruvate, which results in the formation of several isoprene 

units (C5H8), being a union of five-carbon elements that present the branched carbon skeleton 

of the isopentane (Taiz & Zeiger, 2006). There are two pathways for the chemical synthesis of 

terpenes, including the mevalonate pathway (Acetil-CoA) that takes place in the cytosol and 

endoplasmic reticulum and the methylerythritol phosphate (MEP) pathway (3-

phosphoglycerate and pyruvate) that occurs in the plastids (Buchanan et al., 2000) (Fig. 5).  

 

Terpenes are classified into different groups according to their number of isoprene units (C5): 

 Hemiterpenes: one basic isoprene units or 5 carbons (C5). 

 Monoterpenes: two isoprene units or 10 carbons (C10). 

 Sesquiterpenes: three isoprene units or 15 carbons (C15). 

 Diterpenes: four isoprene units or 20 carbons (C20). 

 Triterpenes: six isoprene units or 30 carbons (C30). 

 Tetraterpenes: eight isoprene units or 40 carbons (C40). 

 Polyterpenes: more than eight isoprene units ([C5]n). 

 

http://dnp.chemnetbase.com/
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Fig.  5 General scheme of the biosynthetic pathways of terpenes from the Acetyl CoA in the mevalonate 
pathway, and from glyceraldehydes-3-phosphate and pyruvate in the methylerythritol phosphate (MEP) 

pathway (Taiz & Zeiger, 2006). 

 

Additionally, Bakkali et al. (2008) classifies the monoterpenes (C10) according to their 

molecular structures, functional groups, etc. as: 

 

 Carbures: 

o Acyclic: e.g. myrcene, ocimene. 

o Monocyclic: e.g. terpinene, p-cymene, phelladrene. 

o Bicyclic: e.g. pinenes, camphene, sabinene. 
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 Alcohols: 

o Acyclic: e.g. linalool, nerol, geraniol. 

o Monocyclic: e.g. menthol, α-terpineol, carveol. 

o Bicyclic: e.g. borneol, fenchol, thujanol.  

 Aldehydes 

o Acyclic: e.g. geranial, neral. 

 Ketone:  

o Acyclic: e.g. tegetone. 

o Monocyclic: e.g. menthones, carvone, piperitenone. 

o Bicyclic: camphor, e.g. fenchone, thujone, pinocamphone. 

 Esters: 

o Acyclic: e.g. linalyl acetate, citronellyl acetate. 

o Monocyclic: e.g. menthyl acetate, α-terpinyl acetate. 

o Bicyclic: e.g. isobornyl acetate. 

 Ethers: e.g. 1,8-cineole, menthofurane. 

 Peroxydes: e.g. ascaridole. 

 Phenols: e.g. thymol, carvacrol.  

 

These authors also classify the sesquiterpenes (C15) as follows: carbures (e.g. azulene, β-

bisabolene, β-caryopyllene), alcohols (e.g. α-bisabolol, viridiflorol) ketones (e.g. germacrone, 

β-vetinone), epoxides (e.g. caryophyllene oxide, humulene epoxide). 

 

Additionally to the previous classification, it is common to find optical isomers or enantiomers 

from diverse terpenes in different plants, examples are (-)-camphene or (+)-camphene, (-)-

limonene or (+)-limonene, etc. The presence of enantiomers may well result in different 

biological activities (Emmerich et al., 1993).  

 

Terpenes (Fig. 6) usually appear as a mixture of different monoterpenes and sesquiterpenes 

of about 20-60 compounds, being the most important the monoterpenes (up to 90%) (Bakkali 
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et al., 2008), known as essential oils or EOs. Essential oils are located in special glandules and 

are responsible for the characteristic odor of aromatic plants, such as rosemary, lavender, 

thyme, mint, etc. 

 

- MONOTERPENES       

Carbure monocyclic  Carbure bicyclic 

terpinene  p-cymene  α-pinene  camphene 

 

 

 

 

 

 

 

Alcohol acyclic  Phenol 

linalool  nerol  thymol  carvacrol 

 
 

 

 

 

 

 

- SESQUITERPENES       

Carbure  Alcohol  Epoxide 

β-bisabolene  α-bisabolol  
caryophyllene 

oxide 
 

humulene 

epoxide 

 

 

 

 

 

 

 

Fig.  6 Some examples of carbure monocyclic and bicyclic monoterpenes and carbure, alcohol and epoxide 
sesquiterpenes identified according to the previous classification. 
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The biological functions of these chemicals include protective mechanisms against different 

phytopathogens and phytophagous organisms, like bacteria, fungus, insect pests, nematodes, 

herbivores, etc.; but also against other competing plants through phytotoxic effects (Griffin, 

2000; Vokou et al., 2003; Degenhardt, 2008; Gallucci et al., 2009; Amri, Hamrouni, et al., 2013; 

Santana-Méridas et al., 2014a). Another well-known function of these constituents is to 

attract pollinator organisms such as insects, bats and birds (Dobson, 2006; Nieuwenhuizen et 

al., 2009).  

 

Moreover, there are also certain terpenes that present vital functions in plants, however their 

chemical structure does not permit us to define them as primary metabolites (Taiz & Zeiger, 

2006). Some examples are the phytohormone gibberellin which is a diterpene; the sterol is a 

triterpene derivative present in cell membranes; the carotenoids are tetraterpenes with 

important functions as pigments in photosynthesis, as well as in the protection of the plant 

against damage by solar radiation, etc.  

3.3.2.2. Phenolic compounds 

Phenolic compounds or just phenols are secondary metabolites that present at least one 

phenyl ring bearing one or more hydroxyl group/s (Fig. 7) (Dai et al., 2010). According to 

Martins et al. (2015), more than 8,000 phenolic structures have been identified. The 

complexity of phenols is huge, ranging from simple phenolic acids to great molecular 

structures present in the proanthocyanidins or the condensed tannins. Generally, phenolic 

compounds can be dissolved in water or in other polar solvents like methanol or ethanol, but 

others are only soluble in organic solvents or even insoluble like certain phenolic polymers. 

 

 

Fig.  7 Basic structure of phenolic compounds 
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Phenols are chemically synthesized from intermediate compounds such as Acetyl CoA, 

erythrose-4-phosphate and phosphoenolpyruvic acid (from the glycolisis) (Taiz & Zeiger, 2006). 

The synthesis of phenolic compounds depends on two metabolic pathways, the shikimic acid 

pathway (erythrose-4-phosphate and phosphoenolpyruvic acid) and the malonic acid 

pathway (acetyl-CoA), this latter being more common in fungi and bacteria. The two 

mentioned pathways are represented in Fig. 8. 

 

 

Fig.  8 General scheme for the biosynthetic pathways of phenolic compounds from erythrose-4-phosphate and 
phosphoenolpyruvic acid in the shikimic acid pathway and from acetyl-CoA in malonic acid pathway (Taiz & 

Zeiger, 2006). 

 

The synthesis of the majority of phenolic compounds takes place after the formation of the 

amino acid phenylalanine, through the elimination of the ammonia molecule by the enzyme 

PAL (phenylalanine ammonia lyase) releasing cinnamic acid. The activity of PAL is often 

induced by environmental disturbances, as low nutrient availability, light stress and by attacks 

from organisms (Taiz & Zeiger, 2006). It occurs due to the existence of multiple PAL-encoding 

genes, expressed under certain plant irregularities that set off the transcription of the 

messenger RNA coding for PAL. An increasing amount of PAL leads to the synthesis of phenolic 

compounds as a response to plant necessities (Logemann et al., 1995).  Phenolic formation 

ends after the addition of the hydroxyl group, resulting in simple phenolics or 
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phenylpropanoids, as the trans-cinnamic acid, the p-coumaric acid or their derivatives (Fig. 8). 

Complex phenols are formed after the condensation of phenylpropanoids. According to their 

molecular structure (Fig. 9), functional groups, complexity, etc., phenols could be classified as 

follows (Taiz & Zeiger, 2006): 

 

 Simple phenols: 

o Hydroxycinnamic acids: e.g. p-coumaric acid, ferulic acid. 

o Hydroxybenzoic acids: e.g. gallic acid, elagic acid, salicylic acid. 

o Coumarins: e.g. scopoletin, umbelliferone. 

 Phenilpropanoids derivatives: 

o Lignans: e.g. pinoresinol, secoisolariciresinol, sesamin. 

o Lignin precursors: e.g. coniferyl alcohol, sinapyl alcohol. 

 Stilbenes: e.g. resveratrol. 

 Flavonoids: 

o Chalcones: e.g. tetrahydroxychalcone. 

o Flavanones: e.g. narigenin, hesperidin. 

o Flavones: e.g. apigenin, luteolin. 

o Isoflavones: e.g. genistein, cumestrol. 

o Isoflavonoids: e.g. 3-phenylchromen-4-one. 

o Dihydroflavonols: e.g.  dihydrokaempferol. 

o Flavonols: e.g. kaempferol, quercetin. 

o Anthocyanidin: e.g. pelargonidin, cyanidin, delphinidin. 

o Anthocyanin: e.g. cyanidin-3-o-rutinoside. 

 Tannins (or proanthocyanidins): 

o Condensed tannins 

o Hydrolysable tannins 
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Hydroxycinnamic acids  Hydroxybenzoic acids 

p-coumaric acid  ferulic acid  gallic acid 

 

 

 

 

 

Coumarins  Ligning precursors   

scopoletin  coniferyl alcohol   

 
 

 
  

Flavanones  Flavones  Flavonols 

narigenin  luteolin  kaempferol 

 

 

 

 

 

Anthocyanidin  Anthocyanin   

cyanidin  Cyanidin-3-glucoside   

 

 

 

  

Fig.  9 Some examples of phenolic compounds derived from secondary metabolism pathways. 

 

The functions of phenols are very similar to those of terpenes such as to protect plants against 

herbivores and phytopathogens, to attract pollinator organisms and seed dispersers, to inhibit 

competing plants due to their phytotoxic capacities and to absorb injurious ultraviolet 
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radiation (Taiz & Zeiger, 2006; Britton, 2008; Lambers et al., 2008; Fürstenberg-Hägg et al., 

2013; Santana-Méridas et al., 2014b; Martins et al., 2015). Besides, the potent antioxidant 

capacities of phenols are well known (Tabart et al., 2008), as is the structural role of lignin in 

plants, a polymeric phenolic compound (Brunow, 2005). 

3.3.2.3. Nitrogen compounds 

There is another group of secondary metabolites that present nitrogen atoms in their chemical 

structure. These compounds are well known for their toxicity and therapeutic capacities and 

are synthesized from common amino acids. Taiz & Zeiger (2006) classifies the nitrogen-

containing compounds as: 

 

1. Alkaloids: they comprise more than 15,000 compounds, identified in around 20% of 

vascular plants (Fig. 10). The nitrogen atom is frequently part of a heterocyclic ring, which 

also contains carbon atoms. Alkaloids are widely known for their impact on the nervous 

system of animals. As deduced from its name, alkaloids are generally alkalines and are 

located in the cytosol or in vacuoles, depending on the pH of the cell organelles. It has 

been demonstrated that alkaloids act as defense mechanisms against predators, 

especially mammals for their known toxicity (Hartmann, 1992). There are examples such 

as nicotine, caffeine and cocaine that are widely used as stimulants. Some herbivores have 

evolved to tolerate alkaloids, even being capable of using them for their own defense 

such as the cinnabar moth (Tyria jacobeae) that converts pyrrolizidine alkaloids to N-

oxides, accumulating them in its body as defense mechanism (Hartmann, 1999). Similarly 

to terpenes and phenolic compounds, alkaloids increase as a consequence of attacks from 

different organisms (Karban et al., 1997).  
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nicotine cocaine codeine 

   

Fig.  10 Some examples of common alkaloids 

 

2. Cyanogenic glycosides:  these compounds (Fig. 11) are not toxic by themselves, but 

when the plant is damaged, these are transformed by certain enzymes into gas 

hydrogen cyanide (HCN), a potent volatile toxin. These compounds and the enzymes 

involved in these reactions are located in different cellular structures and they react 

after comin into contact when the plant is damaged. The enzymes are capable of 

hydrolyzing the sugar, liberating the HCN.  

 

dhurrin amygdalin 

  

Fig.  11 Some examples of cyanogenic glycosides 

 

3. Glucosinolates: these are found in plants belonging to the Brassicaceae family, and are 

also hydrolyzed by enzymes releasing volatile defensive substances. These volatile 

compounds are responsible for the smell and taste of vegetables like cabbage, 

broccoli, etc. (Fig. 12). As in the case of cyanogenic glycosides, glucosinolates and the 

enzymes are located in different cellular structures and they react when the plant is 

damaged. There are organisms that have adapted to these compounds such as the 
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cabbage butterfly (Pieris rapae), which uses the volatile compounds formed from 

glucosinolates as attracting signals for feeding and egg lying (Renwick et al., 1992). 

 

sinigrin glucotrapeolin 

  

Fig.  12 Some examples of glucosinolates. 

 

3.4. INDUSTRIAL PRODUCTS AND BY-PRODUCTS FROM THE 

DISTILLATION OF MAPs 

3.4.1. General aspects  

One of the main uses of aromatic and medicinal species is for therapeutic applications 

although their preparation depends upon the means of consumption and application, 

including tinctures, infusions, syrups, creams, lotions, ointments, etc. Concerning the 

industrial use of such species, the most common preparations are the essential oils and the 

alcoholic extracts although the different physio-chemical processes to obtain them determine 

the quality, quantity and composition of the product. In this section, we discuss both the 

method of producing the essential oils by industrial steam distillation, and the subsequent 

extraction by Soxhlet of the resulting residues from this distillation.  
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3.4.2. Industrial essential oils (IEOs) 

3.4.2.1. Introduction 

The international Organization for Standardization (ISO) defines essential oils as “a product 

made by distillation with either water or steam or by mechanical processing of citrus cortex or 

by dry distillation of natural material. Following the distillation, the essential oil is physically 

separated from the water phase”. Essential oils are complex mixtures of terpenes, to over 50-

60 in some oils. However, many of them are minor or even trace compounds, and a typical 

chemical characterization of essential oils is generally based on major compounds (≥1%), 

which rarely exceed more than 15-20 terpenes. Since terpenes, mainly monoterpenes and 

sesquiterpenes, are volatile, they are readily extracted by steam distillation. 

3.4.2.2. Industrial distillation of IEOs 

The procedure of steam distillation (Fig. 13 & 14) consists of the extraction of the volatile 

fraction by water vapor. In this process, the steam forces the drops of essential oils contained 

in the aromatic plant to be released from the cellular organs. Mainly, these essential oils are 

enclosed in vegetal structures known as trichomes, that are glandular hairs located along the 

plant (Usano-Alemany, 2012a). The vapor is then condensed by cooling water and, since 

essential oils and water are immiscible, they separate in two different phases enabling the 

water to be removed from the essential oil.  
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Fig.  13 General scheme on the process of steam distillation (Clarke, 2005) 

 

  

Fig.  14 A common industrial distiller, belonging to the CIAF Albaladejito (IRIAF-JCCM) 

 

This industrial distiller contains the following parts: 

 Boiler (1): traditional distillers work with biomass. The boiler is where the biomass (or 

fossil combustible) is burnt, generating the necessary heat to convert the liquid water 

into vapor. The water is pumped into the boiler through a system of pipes and once 

evaporated, it is conducted into the vegetal material tank. 

 Vegetal material tank (2): this tank contains the vegetal material. Fresh plants should 

be cleaned and dried prior to being placed into the tank. The steam produced in the 
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boiler passes through the tank and forces the essential oil to be released from the 

plant organs. 

 Condenser (3): this includes an internal circuit, where fresh water is pumped into the 

condenser to force the vapor containing the oil to condense.  

 Floretine vessel (4): the condensed liquid water and the essential oil are recovered in 

two different phases due to their immiscibility: 

- Essential oil or EO: in the upper layer because of its lower density. 

- Hydrolat or hydrosol (in perfumery is also called floral waters), in the lower 

layer owing to its higher density. This may contain certain volatile soluble 

compounds, but generally contains small amounts of essential oils retained in 

the water, so hydrolat and EO present similar odors. 

 

In general, oils are obtained from aerial parts (inflorescences, leaves and steams) of different 

aromatic plants, but in some cases other plant organs such as roots, seeds, etc. are distilled. 

Moreover, temperatures should not exceed 100ºC and distillation times depend on plant 

species. Clarke (2005) explains that the control of the conditions of the process is 

transcendental to avoid high temperatures and long distillation times that may favor certain 

chemical reactions, including the hydrolysis or thermolysis, of some labile bioactive 

compounds of the oil. For example, linalyl acetate may hydrolyze into linalool and acetic acid. 

Temperature and distillation times are relatively easy to control in the laboratory with a 

Clevenger apparatus (Clevenger, 1928). This apparatus consists of a glass flask, where water 

and the fresh plant are introduced, and a Clevenger distillation head is settled over the flask. 

Then, the flask is heated and the boiling water releases the essential oil from the plant. 

Condensed water and oil drop into the decanter where are separated due to the immiscibility. 

Since this method is intended to be used on a laboratory scale, its use on an industrial scale is 

often difficult. In addition, it has been observed that the chemical composition of essential oils 

of the same plant may vary depending on whether it is distilled on an industrial or a laboratory 

scale (Sefidkon et al., 2006).  
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Another residue generated during the process of distillation is the hydrosol or the aqueous 

residue. These wastes contain volatile water-soluble compounds as well as a minor part of the 

essential oil that is retained in the water (Julio et al., 2017). Normally, such compounds can be 

recovered from the water using various organic solvents. However, those solvents are toxic 

and carcinogenic and, consequently, there are other harmless and environmentally friendly 

extraction techniques such as the use of active carbon that, in addition, can be cleaned, 

reactivated and re-used many times. This method consists of the addition of active carbon in 

the hydrosol. After stirring, the mixture is filtered to remove the water, and the carbon is 

collected and desiccated overnight. Finally, the compounds retained in the carbon are 

extracted using the Soxhlet technique. 

3.4.2.3. Analytical method for the characterization of IEOs 

Since essential oils are volatile, they can be easily analyzed by gas chromatography (GC). This 

technique was first described by James et al. (1952), and it is currently the most common 

analytical technique for separating volatile and semi-volatile compounds such as essential oils. 

Over time, the improvement of higher resolutions, sensibilities and shorter analytical times 

have turned the gas chromatography into a very useful chemical laboratory routine technique.  

 

Briefly, samples are injected into the mobile phase, an inert gas. The function of the mobile 

phase is to transport the analyte through the stationary phase enclosed in a capillary column. 

The retention time (RT) of each compound in the column depends upon its affinity with the 

stationary phase - those compounds highly retained by the stationary phase move slower than 

others weakly retained. Thus, the mixture of compounds is separated in different peaks, 

enabling their further identification and quantification.  

 

Although there are two types of gas chromatography, the gas-solid chromatography (GSC) 

and the gas-liquid chromatography (GLC), the most employed is the latter, which is based on 

the distribution of the analyte between a gas mobile phase and a liquid mobile phase 

immobilized over the surface of an inert solid (Martin et al., 1941). In 1955 the first gas-liquid 
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chromatography apparatus appeared.  The gas chromatograph is made up of the following 

parts (Fig. 15). 

 

 

Fig.  15 Gas chromatograph general scheme (Source: http://chromedia.org) 

 

1. Carrier gas: the mobile phase transports the sample through the column to the 

detector. This must be inert in order to avoid possible reactions with the analyte and 

its election will depend upon the sample. The most common carrier gas is hydrogen, 

but also helium and nitrogen or even argon and carbon dioxide can be used. 

2. Flow/ pressure controller: to control a constant flow of the carrier gas (mobile phase) 

3. Injector: where the sample is introduced into the gas chromatograph. 

4. Column: the process of separation occurs along the column. This is a tube made 

generally of metal (steel, aluminum) of 1-20 m length and 0.1-0.25 mm inner diameter 

containing the stationary phase. 

5. Column oven: allows for the optimal temperature for separating the chemical 

constituents of the sample to be maintained or increased in a gradient. 

6. Detector: this allows for the detection of the compounds as they elute from the 

column. The most common detectors are: 

http://chromedia.org/
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a. Flame ionization detector (FID): a flame ionizes the eluted compounds into 

ions that are registered. This is the most used detector for EOs 

b. Thermal conductivity detector (TCD): measures the changes in the 

conductivity of the gas stream induced by the presence of the analyte. 

c. Electron capture detector (ECD): contains 63Ni that emits particles β. As a result 

of the interaction between these particles and the carrier gas, electrons are 

formed and detected by the electron trap. 

d. There are some other less used detectors such as the nitrogen-phosphorous 

detector (NPD), the flame photometric detector (FPD) and the atomic 

emission detector (AED)  

7. Data system: the signals from the detector are processed and converted into a 

chromatogram, where each peak generally corresponds to a chemical compound of 

the analyzed sample (Fig. 16). 

 

 

Fig.  16 Chromatogram of the essential oil of Salvia lavandulifolia analyzed by GC/FID (Usano-Alemany et al., 
2012b) 
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3.4.3. Industrial solid residue extracts (ISREs) 

3.4.3.1. Introduction 

The distillation of aromatic plants generates huge amounts of residues since the oil recovered 

rarely exceeds 4-5 g per 100 of distilled material and consequently, their management 

becomes transcendental to avoid diverse environmental issues. In addition, aromatic plant 

residues contain an enormous variety of non-volatile compounds such as phenolic compounds 

with demonstrated biological capacities (Sánchez-Vioque et al., 2013; Santana-Méridas et al., 

2014b; Sánchez-Vioque et al., 2015). Therefore, the exploitation of these bioactive 

compounds could constitute a means of reducing these residues and of increasing the profits 

generated by aromatic plants.  

3.4.3.2. Solvent extraction of ISREs 

The extraction of the residues can be performed using organic solvents in a Soxhlet apparatus. 

The selection of the solvent depends on the chemical polarity of the compounds to extract 

but one of the most used is ethanol owing to its great capacity for extraction. The system is 

described in Fig. 17. 

 

Flask (1): where the solvent is added.  

Soxhlet apparatus: is placed on top of the flask and consists of: 

o Steam path (2): the evaporated solvent ascends trough this channel. 

o Condenser (3): the vapor solvent condenses and drops into the thimble. 

o Thimble (4): which contains the solid residues inside a paper-type filter cartridge. As 

the liquid ethanol drops into the chamber, the ethanol is constantly dissolving and 

extracting the solid residue compounds. 

o Siphon (5): once the thimble is filled, it drains by capillarity through the siphon, so the 

ethanol containing the compounds extracted from the residue returns to the flask. 
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Fig.  17 Soxhlet apparatus 

 

Although this method is intended for use on a laboratory scale, some related apparatus are 

being developed on a pilot scale for industrial purposes (Julio et al., 2015). 

3.4.3.3. Analytical methods for the characterization of ISREs 

The chemical characterization of solid wastes was performed using the technique of High 

Performance Liquid Chromatography or HPLC. The liquid chromatography consists of a 

separation of the components of a mixture when a liquid mobile phase moves through an 

immiscible stationary phase immobilized into a column. The compounds present in the 

mixture are separated according to their level of interaction between the mobile and 

stationary phases. Thus, the compounds weakly retained by the stationary phase elute from 

the column sooner than those strongly retained. There are two types of separation 

mechanisms: 

 

 Normal-phase liquid chromatography: the stationary phase is polar (generally silica-

gel or similar) and the mobile phase is non-polar (different organic solvents usually 

hexane, ethyl acetate, etc). This is usually employed in bio-directed assays (Julio et al., 

2016) 
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 Reversed-phase chromatography: the most common for chemical analysis. In this 

mechanism, the mobile phase presents higher polarity than the stationary phase. The 

stationary phase is made up of hydrocarbons of different chain lengths, one of the 

most common being octadecyl (or C18), and the mobile phase often consists of polar 

solvents such as methanol, acetonitrile or acidified water. 

 

The HPLC consists on the following parts (Fig. 18). 

 

Fig.  18 Scheme for HPLC apparatus (Rebello et al., 2013) 

 

1. Pump: provides a constant flow of eluent through the injector, the column and the 

detector. It maintains a high pressure in the system that reduces the duration of the 

analysis and improves the separation of the compounds. 

2. Injector (or auto sampler): introduces the liquid samples into the apparatus within a 

range between 0.01 to 100 ml at high pressure. 

3. Column: made of stainless steel of different inner diameters and contains the 

stationary phase.  

4. Detectors: their selection depends on the properties of the analytes. The most 

common detectors are: 
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a. Fluorescence detector: fluorescence transmittance is detected by means of a 

photoelectric sensor. 

b. UV-absorbance detector: analytes are detected by the capacity to absorb UV 

light at different wavelengths - this is one of the most used detectors 

c. Refractive index detector (RID): based on the change of the refractive index of 

the mobile phase when an analyte is present. 

d. Electrochemical detector: scans amperometry, voltamperometry, 

conductimetry, etc. 

5. Fraction collector: allows for the collection of different fractions from the column that 

contains the compounds of interest. If necessary, these fractions can be re-purified, or 

analyzed for their composition by methods such as mass spectrometry (MS), nuclear 

magnetic resonance (NMR), etc.  

6. Data processing: similarly to the gas chromatograph, the HPLC also provides a 

chromatogram, where each peak corresponds to each compound, as shown (Fig. 19). 

 

 

Fig.  19 Polyphenol composition of the solid residue of Rosmarinus officinalis by HPLC-MS (ESI) (Santana-
Méridas et al., 2014b) 
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3.5. HYSSOPUS OFFICINALIS L. 

Hyssopus officinalis L. or hyssop is a subshrub species of 30-60 cm in height that belongs to 

the Lamiaceae family (Fig. 20 & 21). This plant presents polymorphism and grows on dry, rocky 

and calcareous surfaces in Europe, southwestern and central Asia and north-western India; it 

is also cultivated in the USA (Hedge, 1990; Venditti et al., 2015). The term Hyssopus proceeds 

from the Hebrew esob, already found as a Biblical herb due to its use as a cleaner plant. The 

harvest takes place from August to October, corresponding to the flowering stage when the 

content in essential oil is higher. 

 

The plant has been used for medicinal purposes, and today is one of the most consumed 

medicinal plants, although it is also used as a minty flavoring and as a condiment in the food 

industry. As a traditional medicinal herb, this plant has been used as a carminative, tonic, 

antiseptic, expectorant and cough reliever (Fathiazad et al., 2011). 

 

 

Fig.  20 Flower details of Hyssopus officinalis L. (Source: medicinapositiva.com) 
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Fig.  21 Hyssopus officinalis L. (Source: guiadejardinerai.com) 

 

According to Morales-Valverde (2010), the plant is perennial, aromatic, mainly hairless and 

contains spheroidal glands. Stems are erect and ramified. Also, hyssop presents hairless single 

and whole leaves. Finally, flowers are blue to purple (Fig 22). This species tolerate droughts, 

clay soils with good drainage and requires sun and a warm climate.  

 

Fig.  22 Hyssopus officinalis L. (Source: http:// http://plantamedicinales.net) 

http://plantamedicinales.net/
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The chemical composition has been reviewed by Fathiazad & Hamedeyazdan (2011). The plant 

contains several phenolic compounds such as the flavonoids apigenin, quercetin, diosmin, 

luteolin and their glucosides, but also other phenols as chlorigenic, protocatechuic, ferulic, 

syringic, p-hydroxybenzoic and ceffeic acids. The essential oils contain pinocamphone, 

isopinocamphone, β-pinene, etc.  

 

Their biological activities have also been reviewed by Fathiazad & Hamedeyazdan (2011) who 

reported antioxidant and antimicrobial activities against Gram positive and negative bacteria 

and antifungal, insecticidal and antiviral activities. Additionally, in vivo studies have reported 

myorelaxant, antiplatelet and α-glucosidase inhibitory activities. 

 

In Spain, this plant is highly represented along the Mediterranean areas and in the center of 

the country (Fig. 23). 

 

 

Fig.  23 Distribution area of Hyssopus officinalis L. in Spain (Anthos, 2017) 
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3.6. LAVANDULA X INTERMEDIA Emeric ex Loisel var. super 

Lavandula x intermedia Emeric ex Loisel, Lavandula hybrida or lavandin is a sterile subshrub 

hybrid plant between L. angustifolia subsp. angustifolia and L. latifolia (Fig. 24 & 25) of about 

30-90 cm in height, belonging to the Lamiaceae family. This plant is cultivated in the 

Mediterranean area, especially in France, Italy and Switzerland, and is the most cultivated 

variety of lavandin in Spain. Two explanations have been proposed for the origin of the term 

Lavandula: it either proceeds from the latin lavare (wash, bath) or from the latin līvěo (blue) 

(Morales-Valverde, 2010). The harvest takes places from July to August, corresponding to the 

flowering stage when it has a major content of essential oil, the main product of this cultivar.  

 

The variety studied in this thesis (super) was selected at the end of the 40s for its soft and less 

camphorated essence in comparison with the other related varieties (Grosso, Abrial and 

Sumian); however it presents lower yields in essential oil (de Lope-Nuevo, 2007). The 

traditional medicinal properties of this species are similar to those attributed to its parent 

lines: antibacterial, antifungal, carminative, muscle relaxant, sedative, anti-depressive and 

effective for burns and insect bites (Cavanagh et al., 2002). It is also used as an air freshener 

and to repel moths, and it is also common to find it in therapeutic bags. 

 

 

Fig.  24 Flower details of Lavandula x intermedia Emeric ex Loisel (Source: http://newseasons.co.uk) 

http://newseasons.co.uk/
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Fig.  25 Lavandula x intermedia Emeric ex Loisel (Source: http://censo-lavande.fr) 

 

According to Morales-Valverde (2010), this hybrid (Fig. 26c) presents intermediate 

characteristics of its parents L. angustifolia (Fig. 26a) and L. latifolia (Fig. 26b). The plant 

presents thick and ramified stems and its leaves are linear, narrow and obtuse. The plant 

resists warm climates and deep soils at heights between 800 m and 1,800 m, but it is rather 

sensible to frosts.  

 

a) 

 

b) 

 

c) 

 

Fig.  26 a) Lavandula angustifolia Mill.; b) Lavandula latifolia  Medik.; c) Lavandula x intermedia Emeric ex Loisel 
(Source: https:// hubert35.net) 

 

http://censo-lavande.fr/
https://aromaterapiafamiliar.wordpress.com/
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The phenolic composition of the distillation waste of this plant has been studied by Torras-

Claveria et al. (2007), showing an important content in phenolic acids such as coumaric, 

protocatechuic, ferulic and caffeic acids. The authors also demonstrated the presence of 

flavonoids as quercetin or luteolin, the flavona apigenin and their glucoside forms. The 

essential oil mainly contains, like the parent lines, linalool and linalyl acetate, but also 

eucalyptol, β-ocimene, terpinen-4-ol and camphor (Cavanagh & Wilkinson, 2002). 

 

The biological activities of the plant have been reviewed by Cavanagh & Wilkinson (2002). 

These authors observed in different studies positive neurological effects by inhalation of the 

volatile compounds of the oil, attributed to linalool as result of a decrease and an increase, 

respectively, of the effects of acetylcholine and gammaaminobutyric acid. It may act as a 

sedative, to cause antispasmodic actions on intestinal and uterine smooth muscle in animal 

studies, as antimicrobial, pesticidal against mites, wound healing, etc.   

 

Since this plant only exists as a crop, it is not possible to establish a distribution map. However, 

the province of Guadalajara leads the production of lavandin in Spain with around 1,000 ha, 

representing 10% of the world’s production of the plant (Espinosa-de los Monteros, 2017). 

 

3.7. SANTOLINA CHAMAECYPARISSUS L. 

Santolina chamaecyparissus L. or cotton lavender is a subshrub species of 20-60 cm belonging 

to the Asteraceae family (Fig. 27 & 28). The plant is commonly found in dry and calcareous 

habitats as well as by the side of paths, steep slopes or scrublands in western and central 

Mediterranean areas. S. chamaecyparissus is the only Santolina species cultivated in Europe 

due to its pharmacological properties. The term of the genus proceeds from the latin sanctus 

(sacred) and linum (linen) and the term of the species derives from the Greek 

χαμαικυπάρισσος (ground cypress). The harvest takes places from July to September, 
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corresponding to the flowering stage when the content in essential oil is higher, with normally 

only the flower buds being harvested.  

 

This plant has been used as a medicinal plant, but also as groundcover or in gardening. As a 

traditional medicinal plant, it has been used due to its antispasmodic, anti-iflammatory, 

antiseptic, digestive, emmenagogue, expectorant and anthelminthic activities (Giner-Pons et 

al., 2000; Ahuja et al., 2005), but also as an antibiotic and disinfectant (Berdoces-i-Serra, 

2007). In addition, it has been used in wardrobes due to its moth repellent capacities (Mar, 

2015). 

 

 

Fig.  27 Flower details of Santolina chamaecyparissus L. (Source: http://plantmaster.com) 

 

 

Fig.  28 Santolina chamaecyparissus L. (Source: http://infojardin.com) 

http://plantmaster.com/
http://infojardin.com/
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According to Giner-Pons & Ríos-Cañavate (2000), the plant has numerous odorous and woody 

stems with grey-green partially tomentosus leaves. Flowers are yellow and rounded (Fig. 29) 

(El-Sahhar et al., 2011).  The plant has a high capacity to resist heat, drought, pests and 

diseases (RHS, 2017). 

 

Fig.  29 Santolina chamaecyparissus L. (Source: http://3.bp.blogspot.com) 

 

The chemical composition of the plant has been reviewed by Giner-Pons & Ríos-Cañavate 

(2000) who reported important contents of different phenolic compounds. Flavonoids as the 

flavones apigenin and luteolin and their glucosides, glucoronides and ramnoglucosides in 

position 7 have been isolated. Other methoxylated flavonols have been also identified. Some 

phenolic acids like caffeic, vanillic, chlorigenic and coumaric acids have been identified, as well 

as coumarins and tannins. The essential oil contains camphor, p-cymene, eucalyptol, bornyl 

acetate, alloaromadendrene, α-muurolene. However, several authors have observed a high 

chemical variability in the oil of this species (Demirci et al., 2000; Ahuja et al., 2005; Djeddi et 

al., 2012; Elsharkawy et al., 2015). 

 

http://3.bp.blogspot.com/
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The biological activities of this species have been reviewed by Giner-Pons & Ríos-Cañavate 

(2000) who have observed antioxidant, lipid peroxidation inhibition, 5-lipoxigenasa inhibition 

(related to inflammatory processes), antimicrobial, anthelmintic, muscular relaxation and 

analgesic activities and free radicals inhibition, etc. 

 

In Spain, this plant is well distributed in the center, south and northeast of the Iberian 

Peninsula and in the north of the Balearic Islands (Fig. 30). 

 

 

Fig.  30 Distribution area of Santolina chamaecyparissus L. in Spain (Anthos (2017). 
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3.8. POTENTIAL APPLICATIONS OF VEGETAL EXTRACTS IN AGRO-

FOOD INDUSTRY 

3.8.1. Antimicrobial capacities of aromatic plants and potential uses in cheese 
industry 

The presence of fungus and bacteria in the dairy industry causes significant contamination and 

spoilage especially in cheeses, producing yield losses estimated to be around 5%. Molina et al. 

(2009) reviewed the main concerns that microorganisms produce in cheeses, depending on 

whether fungi or bacteria cause the contamination: 

3.8.1.1. Defects and alterations caused by fungi 

The susceptibility of cheeses to fungi depends on aspects such as hygiene conditions 

throughout the process of elaboration (Molina et al., 2009) and maturation, chamber 

conditions (temperature, pH, relative humidity, bagging type, etc.), water activity, 

composition, etc. (Sørhaug, 2011).  

 

The most common identified genus of contaminant molds in cheeses are Penicillium, 

Aspergillus and Fusarium (Larsen et al., 2002), with Penicillum being identified in around 63% 

of cheeses as reviewed by Hymery et al. (2014). The main concerns of these molds are:  

 

1. Bad appearance: produced when the fungus colonizes the cheese rind, giving the 

cheese an unpleasant appearance (Fig 31). Apart from fungus, there are also many 

other yeasts that cause cheese surfaces to have this unpleasant appearance, as 

observed by Mounier et al. (2005), who isolated up to 187 yeasts from the surface of 

four Irish farmhouse smear-ripened cheeses. 
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Fig.  31 Cheese defects caused by different molds. 

 

2. Apparition of cracks: on the rind, allowing the penetration of fungi into the cheese, 

contaminating the inner mass. Additionally, bacteria (discussed in the following 

section) may also penetrate the cheese through these cracks (Fig 32). 

 

 

Fig.  32 Cheese cracks cause by Penicillium sp. 

 

3. Production of mycotoxins: the most hazardous, being the ochratoxins and the 

aflatoxins produced by Penicillium sp. and Aspergillus sp., respectively. In relation to 

Penicillium, the common ripening fungi P. roqueforti and P. camemberti as well as one 

of the most widespread contaminant mold, the P. verrucosum could produce under 

some conditions the mycotoxin OCA (ochratoxin A) (Jersek et al., 2014). On the other 

hand, the A. flavus is probably the most widespread contaminant fungi which also 

produces aflatoxins (Hymery et al., 2014). 
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3.8.1.2. Defects and alterations caused by bacteria 

There are various genus of bacteria that affect cheeses negatively such as Escherichia, 

Enterobacter, Clostridium, Pseudomonas, etc. Besides, there are also others that produce 

positive effects known as LAB or lactic acid bacteria, that increase the internal activity of 

cheeses, thus contributing to the development of the desired flavor, as well as limiting the 

growth of other species (Mehyar et al., 2017). Depending on the appearance of spoilage 

bacteria, they cause different problems in cheeses, the most important ones are: 

 

i. Cheese blowing: produced by diverse species of bacteria, which ferments the cheese 

releasing gases as result of the process. Such defects dissuade consumers, leading to 

major economic losses in cheese industries. There are two known types: 

 

a. Early blowing: takes place in early ripening stages. These are generally caused by 

coliform bacteria such as Escherichia coli or Enterobacter aerogenes (Sheehan, 

2011). According to these authors, the main reasons for the apparition of such 

bacteria is improper hygienic conditions (Fig 33): 

 

 

Fig.  33 Cheese affected by early blowing 

 

b. Late blowing: generally occurs within the first 10 and 60 days of maturation, 

having its effects on hard and semi-hard cheeses such as Manchego. This type of 

blowing is produced by fermentations of the butyric acid from bacteria of the 
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genus Clostridium, the most common being C. tyrobutiricum and C. sporogenes 

(Bogovič Matijašić et al., 2007; Garde, 2011). One of the main reasons could be 

directly linked with feeding animals with grass silage (Schöbitz et al., 2005; Garde, 

2011). The gases produced by this type of bacteria are CO2 and hydrogen, which 

cause significant holes (Fig. 34). 

 

 

Fig.  34 Cheese altered by late blowing 

 

i. Spoilage of cheese surface: caused by food spoilage bacteria as the genus 

Pseudomonas, being the most important the P. pseudoalcaligenes, P. alcaligenes, P. 

aeruginosa, and P. fluorescens, this latter is probably the most widespread (Arslan et 

al., 2011). Since these organisms are aerobic, they contaminate the cheese surface and 

rarely affect the inner mass of the cheese. Fluorescent or blue spots on the rind are 

indicative of the contamination by P. fluorescens (Fig. 35) (Martin et al., 2011). The 

genus Listeria is also important as cheese surface spoilage bacteria, especially the 

facultative anaerobic Listeria monocytogenes, capable of producing listeriosis when 

consuming cheeses contaminated with this bacteria (Melo, Andrew, & Faleiro, 2015). 

The apparition of such organisms is related to bad hygienic conditions in raw milks. As 

these microorganisms are psycrophils, they can resist low temperatures, making it 

difficult to control them. 
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Fig.  35 Cheese altered by the presence of spoilage surface bacteria 

 

Cheese producers make use of compounds with antimicrobial capacities, like the fungicide 

natamycin (Ollé-Resa et al., 2014), potassium nitrate or non-edible coatings. However, such 

compounds have certain negative effects on humans and the environment, and consequently, 

ecological organizations call for them to be replaced. Various aromatic plants have been 

proposed to solve this problem owing to their potential activity against microorganisms 

(Christaki et al., 2012). With this aim, Abad et al. (2007) reviewed different plant products with 

antimicrobial activities including raw extracts, essential oils, terpenoids, saponins, phenolic 

compounds, alkaloids and peptides and proteins. Plant products like IEOs and ISREs can thus 

be applied as natural coatings on cheeses, to avoid microbial appearance as suggested by 

Lucera et al. (2012). 

3.8.2. Antioxidant capacities of aromatic plants and potential uses in the food 
industry 

Oxidation is a concern in foods that the industry has tried to solve by using various antioxidant 

compounds (Shahidi et al., 1992) (Fig. 36). BHA (butylated hydroxyanisole) and BHT butylated 

hydroxytoluene) are the most common synthetic antioxidants applied in the food industry but 

certain studies have alleged possible carcinogenic effects, so their use is often controversial 

(Ito et al., 1985; Ito et al., 1986; Kahl et al., 1993). Accordingly, the society and many legal 

institutions are increasingly demanding natural sources of innocuous antioxidants.  
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Fig.  36 Oxidized and non-oxidized common apple 

 

Many aromatic plants are suitable for this purpose because they contain numerous chemical 

compounds endowed with significant antioxidant properties. Among them, phenols are of 

primary importance although others like nitrogen compounds (alkaloids, chlorophyll 

derivatives, amino acids, etc.), carotenoids, ascorbic acid may also act as antioxidants (Velioglu 

et al., 1998; Martins et al., 2015).  

 

Most of the phenolic compounds are non-volatile molecules so they remain in the solid 

residues after the distillation of aromatic plants (Sánchez-Vioque et al., 2013). Besides, certain 

EOs such as that Satureja or Thymus sp. may contain elevate content in the phenolic terpenes 

carvacrol and thymol (Trifan et al., 2015). Therefore, vegetal waste from EO industries are a 

profitable and abundant source of natural antioxidants (Torras-Claveria et al., 2007; Sánchez-

Vioque et al., 2013; Santana-Méridas, et al., 2014b;). Industrial distillation generates a huge 

amount of wastes rich in phenolic compounds that can be exploited as natural preservatives 

in foodstuffs. Additionally, this is a sustainable alternative for the management and 

valorization of agro-industrial wastes. Parejo et al. (2002) highlight the potential of these 

residues, with even higher phenol contents and antioxidant activities than their counterpart 

non-distilled plants. Below, the potential antioxidant activities of different extracts from 

aromatic plant residues are shown (Fig. 37). 
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Fig.  37 Antioxidant capacities of different extracts by the FRAP method. 

 

In addition to their use in the food industry as a replacement for synthetic preservatives, 

natural antioxidants can be applied by cosmetic companies to manufacture anti-aging care 

products, as age skin is partially related to cellular oxidation; by the pharmaceutical industry 

to develop health treatments against oxidative stress and neurodegenerative diseases, etc. 

3.8.3. Bioplaguicide capacities of aromatic plants and potential uses in 
agriculture 

The agriculture and livestock sectors are constantly dealing with biotic environmental issues 

These include a multitude of microbiological diseases, but also the occurrence of insect pests 

(Fig. 38 & 39), phytophagous nematodes or weeds in crops, and parasites like ticks in livestock 

that may act as vectors and/or reservoirs of pathogens (Valcárcel et al., 2016). Diverse 

techniques and strategies are developed with the aim of controlling the presence of such 

undesirable organisms. 
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Fig.  38 Plant infested by the aphid Myzus persicae 
(Homoptera:Aphididae) 

 

 
Fig.  39 Plant injured by the Leptinotarsa 

decemlineata (Coleoptera: Chrysomelidae) 

The first certainties in the use of insecticides date back to the Sumerians about 4,500 years 

ago who applied sulphurous compounds to control insects and mites; and from the Chinese 

who about 3,200 years ago used mercury and arsenical compounds to control body lice 

(Unsworth, 2010). Over time, the chemical compounds evolved until the apparition of 

synthetic pesticides in the 1940s such as DDT, aldrin, captan, 2,4-D, etc (Unsworth, 2010). 

 

Although these chemicals present a broad-spectrum activity against pest organisms, they can 

also cause acute toxicity on non-target plants and animals, susceptible soils, ground waters, 

humans and problems with residues due to their low biodegradability. For example, Richards 

et al. (2016) related urban surface water toxicity to the presence of pesticides from urban pest 

control in dust particles. Accordingly, the substitution of such substances by harmless natural 

compounds is pivotal, as many green organizations argue. 

 

From an ecological perspective, the aim of the investigations is to research nontoxic 

substances with the capability of controlling the presence of pests, instead of eradicating 

them. The reason for this is twofold: on one hand the insects are part of trophic chains and 

their elimination may result in ecological imbalances, and on the other hand the toxic 

compounds may affect beneficial organisms such as mycorrhizae, pollinators, etc. (Wan et al., 

1998; Alkassab et al., 2016; Sánchez-Bayo et al., 2016). Many studies have demonstrated in 

recent decades the potential applications of aromatic and medicinal plants as bio-

agrochemicals mainly due to their content of essential oils (Isman, 2000) or phenols (Santana-
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Méridas et al., 2014b), Additionally, these authors have proposed the use of the solid residues 

from the industrial distillation of aromatic plants as exploitable sources of natural bio-

plaguicides.  

 

However, the safety of certain EOs is controversial. For example, (Porres-Martínez, Gómez-

Serranillos, & Carretero-Accame, 2010,) have reported neurological human disorders for the 

monoterpene thujone, which is present in elevated quantities in some oils like that of S. 

officinalis (up to 60%) (Herraiz-Peñalver et al., 2015). Other works suggest possible negative 

effects on pollinators’ neurological guidance systems like the potential toxicity to the fir oil 

against the honeybee (Apis mellifera L) (Al-Alawi, 2014). In this regard, the knowledge of the 

chemical characterization of different oils may not only anticipate the potential bio-plaguicide 

capacities, but also prevent further toxic consequences.  

 

Fig. 40 shows the bioplaguicide capacity of S. chamaecyparissus ISRE on Leptinotarsa 

decemlineata. 

 

 

Fig.  40 Dose response curve on the antifeeding capacities of the S. chamaecyparissus ISRE against Leptinotarsa 
decemlineata. 
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The work plan pursued and developed along the thesis is summarized in the Table 3: 

 

Table 3 Work plan scheme 

 OBJECTIVE ACTIVITY Method CHAPTER OUTPUT 

1 Chemical analysis 

IEO GC/FID & GC/FID-MS 
Chapters 

5.1 

· Chem Biodivers 
(DOI:10.1002/cbdv.201700313)  

· Eur J Lipid Sci Tech 
(DOI: 10.1002/ejlt.201700242) 

ISRE UHPLC-ESI IT/TOF-MS 

2 Antimicrobial activity 

Antifungal 

Radial growth (Plasencia-Jatomea et al., 2003; 
Quintana-Obregón et al., 2010) 

Penicillium verrucosum CECT 2906 
P. roqueforti CECT 20485 

Aspergillus flavus CECT 2906 Chapter 
5.2 

· VII Doctoral Meeting UCLM 

Bactericidal 

Agar dilution (Ramírez-Rueda et al., 2013) 
Escherichia coli CECT 4201 

Pseudomonas fluorescens B52 
Pseudomonas fluorescens RM14 

Comercial starter CHOOZIT MA 4001 

3 
Antioxidant/chelating 

capacities 

Total phenol 
content 

(Slinkard et al., 1977) 

Chapter 
5.3 

· Eur J Lipid Sci Tech 
(DOI: 10.1002/ejlt.201700242) 

DPPH-
scavenging 

(Braca et al., 2001) 

FRAP (Oyaizu, 1986) 

Antioxidant 
assay 

Linoleic acid model system (Sánchez-Vioque et 
al., 2015) 

Iron chelating (Carter, 1971) 

Cooper 
chelating 

Saiga et al., 2003 

5 
Production of cheese 

coatings 

Viability on the 
application of 

vegetal extracts 
as coatings for 

cheeses 

(Cerqueira et al., 2009; Cerqueira et al., 2010) 
Chapter 

5.4 
· Writing in progress 

6 Bioplaguicide effects 

Antifeedant 

Choice assays (Santana-Méridas, Andrés, et al., 
2014) 

Chapter 
5.5 

· Chem Biodivers 
(DOI:10.1002/cbdv.201700313) 

· Natural Products and 
Biocontrol 

· V Doctoral Meeting UCLM 

Leptinotarsa decemlineata 
Spodoptera littoralis 

Settling 
inhibition 

Choice assays (Santana-Méridas, Andrés, et al., 
2014) 

Rhopalosiphum padi 
Myzus persicae 

Ixocidal 
Mortality tests (Ruiz-Vásquez et al., 2017) 

Hyalomma lusitanicum 

Nematicidal 
Mortality tests (Andrés et al., 2012) 

Meloidogyne javanica 

Plant 
Phytotoxicity 

Germination and length inhibition (Moiteiro et 
al., 2006) 

Lolium perenne 
Lactuca sativa 

8 

Selection of active 
fractions from an ISRE 

with insecticidal 
capacities 

Fraction by liquid chromatography / TLC 
Bioguided fractionation method (Julio et al., 2016) 

Against the most susceptible organism 

Chapter 
5.5.3 

· VI Doctoral Meeting UCLM 

9 
Insecticidal effects of 

terpenes 
Antifeedant 

24 Commercial terpenes (Sigma-Aldrich) 
Choice assays (Santana-Méridas, Polissiou, et 

al., 2014b) 
Leptinotarsa decemlineata 

Chapter 
5.6 

· J Soil Sci Plant Nut 
(DOI: 10.4067/S0718-
95162017005000034) 
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Based on the achievement of the objectives, two types of plant extracts were employed, the 

Industrial Essential Oils (IEOs) obtained by steam distillation (Fig. 41) and the resultant solid 

wastes (or distilled biomass) (Fig. 42). Extracts were directly acquired from the suppliers 

indicated in Table 4.  

 

 

Fig.  41 Industrial Essential Oil 

 

Fig.  42 Industrial residues or distilled biomass 

 

Table 4 Source of raw materials 

Extract Species Origin 

Es
se

n
ti

a
l O

il Hyssopus officinalis Ecoaromuz S.L. 

Lavandula x intermedia var. super Vallejondo Esencial S.L. 

Santolina chamaecyparissus Ecoaromuz S.L. 

So
lid

 R
es

id
u

e Hyssopus officinalis 
Centro de Investigación Agroforestal de 

Albaladejito 

Lavandula x intermedia var. super 
Centro de Investigación Agroforestal de 

Albaladejito 

Santolina chamaecyparissus Peñarubia del Alto Guadiana S.L. 

 

Solid residues were dried in the shade at 35ºC and ground in an ultracentrifugal mill (ZM 1000 

Retsch grinder, HOB GmbH & Co. KG, Haan, Germany) at 15.000 rpm. Sieve perforation 

particle sizes varied gradually from 1.0 to 0.12 mm. Around 50 g of samples were extracted 

with 96% ethanol in a Soxhlet apparatus for 48 h. Subsequently, ethanol was removed in a 

rotary evaporator to yield the Industrial Solid Residue Extract (ISRE) 

 

In order to assay the extracts in the different biological in vitro tests, the IEOs were dissolved 

in acetone, whereas the ISREs in methanol at the required concentration for each assay.  

http://ecoaromuz.com/
http://www.vallejondoesencial.es/
http://ecoaromuz.com/
http://pagina.jccm.es/agricul/albaladejito/albaladejito.htm
http://pagina.jccm.es/agricul/albaladejito/albaladejito.htm
http://pagina.jccm.es/agricul/albaladejito/albaladejito.htm
http://pagina.jccm.es/agricul/albaladejito/albaladejito.htm
http://www.guadianaecologico.com/empresa.html
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4.1. CHEMICAL CHARACTERIZATION OF AROMATIC PLANT EXTRACTS 

4.1.1. Industrial Essential Oils characterization 

The essential oils were analyzed by Gas Chromatography coupled to Mass Spectrometry 

(GC/FID-MS) at the Instituto de Investigaciones Agrarias (ICA-CSIC), using a Shimadzu GC-2010 

(Shimadzu Corp., Kyoto, Japan) gas chromatograph coupled to a Shimadzu GCMS-QP2010 

Ultra mass detector (electron ionization, 70 eV) and equipped with a 30 m × 0.25 mm i.d. x 

0.25 µm thickness TRB-5 capillary column (Teknokroma, Barcelona, Spain) (Fig. 43). Working 

conditions were as follows: split ratio (20:1), injector temperature 300ºC, temperature of the 

transfer line connected to the mass spectrometer 250ºC, initial column temperature 70ºC, 

then heated to 290ºC at 6ºC/min. Electron ionization mass spectra and retention data were 

used to identify the compounds by comparison with standards or the Wiley 229 Mass Spectral 

Database (John Wiley & Sons, Inc, NJ, USA). Additionally, the retention times/indices of 

standards/marker constituents of known essential oils were used to confirm the identities of 

compounds. The relative amounts of individual components were calculated based on the 

peak area (FID response). 

 

 

Fig.  43 Shimadzu GC-2010 
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Additionally, unidentified compounds of S. chamaecyparissus were tentatively identified by 

High Resolution Gas Chromatography coupled to Mass Spectrometry (HRGC/FID-MS) at the 

Instituto de la Grasa (IG-CSIC) as described in Pérez et al. (1997). The analyses were performed 

by High Resolution Gas Chromatogrpahy coupled to Mass Spectrometry (HRGC-MS) on a 

Fisons 8000 GC (Fig. 44) (SpectraLab Scientific Inc., Canada) coupled to a Fisons 8000GC-MD 

800 mass selective detector equipped with a 30 m × 0.25 mm i.d. x 0.25 µm thickness DB225 

capillary column (Agilent Technologies, Santa Clara, CA, USA). The column temperature was 

of 40 °C for 5 min and increased up to 200 °C at a ratio of 2 °C/min. The flow rate of the carrier 

gas (helium) was 1 mL/min. The spectra were recorded at an ionization voltage of 70 eV and 

an ion source temperature of 200 °C. The identification of compounds was tentatively 

performed by comparing mass spectral data using NIST 14 (National Institute of Standards and 

Technology, MD, USA) and Wiley 7 libraries (John Wiley & Sons, Inc, NJ, USA). 

 

 

Fig.  44 Fisons 8000 GC (Source: http://www.welltechinc.com) 

4.1.2. Industrial Solid Residue Extracts phenolic characterization 

Phenolic compounds were characterized as described in Ríos et al. (2014), with some 

modifications by means of Ultra High Performance Liquid chromatography coupled with time-

of-flight and ion trap mass spectrometry (UHPLC-ESI IT/TOF-MS). The analysis were performed 

in a Dionex Ultimate 3000RS U-HPLC apparatus (Thermo Fisher Scientific, Waltham, MA, USA) 

with a 20 mm × 4.6 mm i.d. x 3 μm thickness C18 Spherisorb ODS2 (Teknokroma, Barcelona, 

http://www.welltechinc.com/
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Spain) column (Fig. 45). The eluents were 0.1% (v/v) formic acid in water at pH 2.5 (A) and 

methanol (B) and the used gradient was: 0-2 min: 75% (A), 25% (B); min 40: 10% (A), 90%(B); 

40-75 min: 10% (A), 90% (B). The injection volume was 30 μL and the flow rate was 1 mL/min. 

A split post-column of 0.4 mL/min was introduced directly on the mass spectrometer 

electrospray ion source. 

 

Mass spectrometry was performed using a micrOTOF-QII High Resolution Time-of-Flight mass 

spectrometer (UHR-TOF) with qQ-TOF geometry (Bruker Daltonics, Bremen, Germany) 

equipped with an electrospray ionization (ESI) interface. The instrument was operated in 

positive ion mode using a scan range from m/z 50 to 1200. Mass spectra were acquired in MS 

fullscan mode and data were used to perform multitarget-screening using TargetAnalysis™ 1.2 

software (Bruker Daltonics, Bremen, Germany). MS–MS spectra were acquired in Auto-

MS/MS mode (data-dependent acquisition) and were used for structural confirmation of 

compounds detected. Collision energy was estimated dynamically based on appropriate 

values for the mass and stepped across a ±10% magnitude range to ensure good quality 

fragmentation spectra.  

 

 

Fig.  45 HPLC-ESI IT/TOF-MS Dionex Ultimate 3000RS U-HPLC.  
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4.2. ANTIMICROBIAL ACTIVITIES OF AROMATIC PLANT EXTRACTS 

The activities were performed as follows using a laminar flow cabinet, an autoclave and an 

oven as shown in Fig. 46. 

 

 

Fig.  46 Work area for microbiological analysis. Autoclave, chamber and laminar air flow cabinet. 

4.2.1. Antifungal capacities  

The method employed was the radial growth test (Fig. 47) as described in Quintana-Obregón 

et al. (2010) and Plasencia-Jatomea et al. (2003) with some modifications, on the fungi 

Aspergillus flavus CECT 2687, Penicillium roqueforti CECT 20485 and P. verrucosum CECT 2906. 

In brief, aproximately 20 mL of potato dextrose agar (PDA) was spread over the surface of 

sterile Petri dishes. Once the agar solidified, 1 mL of the extract at the initial concentration of 

10 µg/µL (or 1% w/v) was added to the dish and solvents were left to evaporate for at least 1 

hour. After that, a 0.6 cm diameter well was formed in the center of the dish with a sterile die 

and inoculated with 10 µL of the assayed fungi at a fixed concentration of 1x106 ufc/mL. The 

required absorbance of the inoculums concentration was calculated by a regression test 

between optical density (OD), measured in a DU 650 spectrophotometer (Beckman Coulter 

Inc., Brea, CA, USA), and the number of grown conidia after 72h as described in the CLSI 

Document M38-A (2008). Tests were performed in triplicate and growth areas were measured 

every 24 hours up to a total of 7 days by means of the software Image J Version 1.37 r, 2010 
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(http://rsb.info.nih.gov./ij/). A. flavus were firstly measured after 48 h and after 72h for the 

Penicillium species. Dishes were incubated upside down at a controlled temperature of 

24±2ºC. Growth inhibition percentages (%GI) were calculated according to the formula 

described in Plasencia-Jatomea et al. (2003) as follows: [(Xc-Xi)/Xc] x 100, where Xc  was the 

colony radius of the control (or solvents) and Xi was the colony radius of the treatments. In 

order to verify statistical differences (p<0.05) among antifungal capacities of extracts, the 

post-hoc HSD Tukey’s multiple ranged test from one-way ANOVA was performed with the 

SPSS Statistics 23 (IBM Corp., New York, NY, USA). Additionally EC50 and EC90 values (effective 

concentrations that inhibitis 50% or 90% of fungi radial growth, respectively) were measured 

for those extracts that showed radial inhibition percentages higher than 60%. Statistic values 

were deduced by testing serial dilutions against the susceptible fungi and obtained from Probit 

tests by means of the STATGRAPHICS Centurion XVI Version 16.1.18 (32-bits) (Statpoint 

Technologies, Inc., Herdon, VA, USA, 2010). Finally, MIC values or the minimum inhibitory 

concentration were also estimated statistically for those extracts that showed %GI higher than 

90% by means of the same statistical test. 

 

a) 

  

b) 

  

Fig.  47 Radial growth test for the study of the antifungal capacities: a) Control (acetone) vs. S. 
chamaecyparissus IEO at 120h incubation against P. roqueforti CECT 20485 and b) Control (methanol) vs. S. 

chamaecyparissus ISRE at 120h of incubation against A. flavus CECT 2687  

http://rsb.info.nih.gov./ij/
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4.2.2. Antibacterial capacities  

The tests were performed by the agar diffusion method (Fig. 48) as described in Ramírez-

Rueda et al. (2013) with some modifications, on the bacteria Escherichia coli CECT 4201, a 

commercial starter from DANISCO (CHOOZIT MA 4001 containing lactic acid Bacteria (LAB): 

Lactococcus lactis ssp. lactis, L. lactis ssp. cremoris, L. lactis ssp. lactis var. diacetylactis and 

Streptococcus thermophilus) and two different Pseudomonas fluorescens strains (B52 & 

RM14). In brief, aproximately 20 mL of tryptone soya agar (TSA) were dispersed over the 

surface of sterile Petri dishes. Once the agar solidified, 1 mL of the IEO at the initial 

concentration of 10 µg/µL (1% w/v) or the ISRE at the initial concentration of 50 µg/µL (5% 

w/v) were added to the dish and solvents were left to evaporate for 1 hour. After that, each 

plate was inoculated with 10 droplets of 1 µL of bacteria at a concentration of 1x107 uc/mL. 

Tests were performed in triplicate, where E. coli and LAB were incubated for 24 h at 37ºC and 

P. fluorescens were incubated for 72h at 25ºC. Finally, inhibition capacities were visually 

recorded by comparing the treatments with controls (solvents) as follows (Table 5):  

 

Table 5 Visual characterization for the antibacterial capacities of the assayed extracts 

Total inhibition +++ 

Partial inhibition ++ 

Abnormal growth + 

No visual effect - 

 

“Total inhibition” means no growth. “Partial inhibition” means growth in at least 1 out of 10 

drops. “Abnormal growth” means growth in 10 out of 10 drops but with observable abnormal 

growth in comparison to control. “No visual effect” means visually similar growth to control.  
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a) 

 

b) 

 

Fig.  48 Example of visual lecture for the bactericidal capacities a) Control (acetone) b) E. coli (+++), 

lactic acid bacteria (LAB) (++), P. fluorescens B52 (+), P. fluorescens RM14 (-). 

 

4.3. ANTIOXIDANT AND CHELATING CAPACITIES OF AROMATIC 

PLANT EXTRACTS 

The antioxidant capacities of the extracts were determined by different in vitro tests using a 

DU 640 spectrophotometer (Beckman Coulter Inc., Brea, CA, USA) (Fig. 49): 

 

 

Fig.  49 Spectrophotometer 

 

The following reagents were used: gallic acid, Folin-Ciocalteu’s phenol reagent, 2,2-diphenyl-

1-picrylhydrazyl (DPPH), potassium ferricyanide(III), trichloroacetic acid, iron(III) chloride, 

iron(II) chloride, 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine-p,p′-disulfonic acid monosodium salt 
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hydrate (FerroZine™ Iron Reagent), 2,4-Dinitrophenylhydrazine, copper(II) sulphate and 

pyrocatechol violet. All chemicals were acquired from Sigma-Aldrich (St. Louis, MO, USA). 

4.3.1. Total phenol content 

The content of total polyphenols was determined by the Folin-Ciocalteu method as described 

in Slinkard & Singleton (1977). Gallic acid was used as standard and total polyphenol content 

was expressed as equivalent grams of gallic acid per 100 grams of dry extract. Assays were 

performed in triplicate. 

4.3.2. DPPH radical-scavenging activity  

The scavenging activity was determined against the stable 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) free radical by the method described by Braca et al. (2001). The method is based on 

the reduction of the free radical DPPH in presence of a hydrogen-donating antioxidant and 

the formation of the non-radical form DPPH-H as result of the reaction. This reduction can be 

monitored by measuring the bleaching of DPPH (violet) to DPPH-H (yellow). Samples (0.5 mL) 

were mixed with 2.5 mL of DPPH in methanol (0.04 mg/mL), incubated 1h at room 

temperature, and the absorbance was measured at 517 nm. Distilled water and BHT were 

used as negative control and as standard antioxidant of the assay, respectively. The inhibition 

activity (%) of DPPH radicals was calculated as follows: [(A0-A1)/A0] x 100, where A0 was the 

absorbance of the negative control, and A1 was the absorbance of the samples. The 

concentration of sample required to reduce 50% of DPPH radicals (IC50) was calculated from 

linear regression analysis. A low IC50 indicates a high radical-scavenging activity. Assays were 

performed in triplicate 

4.3.3. Ferric ion reducing antioxidant power (FRAP) 

The ferric reducing antioxidant power was determined by the ability of a sample to reduce 

Fe3+ to Fe2+, which is recorded by measuring the formation of Perl’s Prussian blue (Oyaizu, 

1986) (Fig. 50). A high absorbance indicates a high capacity of the sample to act as an 
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antioxidant by donating electrons. Samples (0.5 mL) were mixed with 0.5 mL of 0.2 M sodium 

phosphate buffer pH 6.6 and 0.5 mL of 1% potassium ferricyanide (III), and incubated at 50ºC 

for 20 min. After cooling at room temperature, 0.5 mL of 10% trichloroacetic acid, 0.5 mL of 

distilled water, and 0.1 mL of iron (III) chloride were added, and incubated for another 10 min 

at 50 ºC. The absorbance was measured at 700 nm against a blank of distilled water. Gallic 

acid was used as standard antioxidant of the assay. The concentration of the sample required 

to obtain 0.5 absorbance units (IC0.5) was calculated from linear regression analysis. A low 

value indicates a high ferric ion reducing antioxidant power. Assays were performed in 

triplicate 

 

 

Fig.  50 FRAP method for the analysis of the reducing capacity of the ISREs 

4.3.4. Iron ion chelating activity 

The Fe2+-chelating activity was determined by measuring the formation of the Fe2+-Ferrozine 

complex according to Carter (1971) with modifications. The method is based on the chelation 

of this metal ion with Ferrozine to yield a red-colored complex. In the presence of other 

chelating agents, the complex formation is disrupted and the red color of the complexes 

decreases. Measurement of the rate of color reduction therefore allows for the estimation of 

the chelating activity. Samples (0.5 mL) were mixed with 2 mL of 0.1 M sodium acetate buffer 

pH 4.9 and 50 μL of 2mM iron (II) chloride, and incubated 30 min at room temperature. Then, 

0.2 mL of 5 mM Ferrozine was added and the absorbance was measured at 562 nm. Distilled 

water and gallic acid were used as negative control and as standard metal chelator of the 

assay, respectively. The percentage of inhibition of Ferrozine–Fe2+ complex formation was 
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calculated as follows: [(A0 -A1)/A0] x 100, where A0 was the absorbance of the negative control, 

and A1 was the absorbance of the samples. Assays were performed in triplicate. The 

concentration required to chelate 50% of iron cations (IC50) was measured from linear 

regression analysis. A low IC50 value means a high chelating activity. 

4.3.5. Cooper ion chelating activity 

The Cu2+-chelating activity was determined using pyrocatechol violet (PV) according to Saiga 

et al. (2003) with slight modifications. Determination of the chelating activity against Cu2+ is 

based on the formation of the blue-colored Cu2+- PV complex. The blue color turns to yellow 

in the presence of chelating agents that dissociate the complex, and the chelating activity can 

be thus estimated by the measurement of the rate of color reduction. Samples (0.5 mL) were 

mixed with 2 mL of 50 mM sodium acetate buffer pH 6.0 and 50 μL of 5 mM CuSO4 and 

incubated 30 min at room temperature. Then 50 μL of 4 mM PV were added, and the 

absorbance was measured at 632 nm. Distilled water and gallic acid were used as negative 

control and as standard metal chelator of the assay, respectively. The percentage of inhibition 

of PV–Cu2+ complex formation was calculated as follows: [(A0 -A1)/A0] x 100, where A0 was the 

absorbance of the negative control, and A1 was the absorbance of the samples. The 

concentration required to chelate 50% of cooper cations (IC50) was measured from linear 

regression analysis. A low IC50 value means a high chelating activity. Assays were performed 

in triplicate. 

4.3.6. Antioxidant assay using a linoleic acid model system 

The IEOs and ISREs were incubated with linoleic acid in order to evaluate their capacity to 

inhibit the oxidation of this unsaturated fatty acid as described by Sánchez-Vioque et al. 

(2015). Briefly, samples (0.2 mL) were mixed in screw-top tubes with 5.8 mL of distilled water 

and 5 µL of linoleic acid, thoroughly stirred, and incubated at 60ºC. The concentrations in the 

tubes of IEOs and ISREs were 333 and 167 µg/mL, respectively. Distilled water and BHT (8.3 

µg/mL) were used as negative control and as antioxidant standard of the assay, respectively. 

Oxidation of linoleic acid was monitored at 24, 48 and 72 h of incubation by measuring in the 
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medium the formation of oxidation products including conjugated dienes, lipid 

hydroperoxides, and aldehydes and ketones (carbonyl groups). The formation of conjugated 

dienes and carbonyl groups could not be measured in the case of the IEOs because of the high 

absorbance of the samples prior to the incubation (t0), probably due in part to interferences 

of some chemical groups (i.e. the ketone group of camphor or the conjugated diene of 

myrcene) present in the essential oils. Assays were performed in triplicate. 

 

The formation of oxidation compounds was determined as follows: (a) conjugated dienes: 0.1 

mL of the incubation were dissolved in 1.9 mL 96% ethanol and measured at 233 nm; (b) lipid 

hydroperoxides: 0.1 mL of the incubation was dissolved in 0.4 mL of distilled water, mixed 

with 2 mL of 0.1M sodium acetate buffer pH 4.9, 50 µl of 2 mM iron(II) chloride and 0.2 mL of 

5mM Ferrozine and measured at 562 nm; (c) aldehydes and ketones (carbonyl groups): 50 µL 

of the incubation were mixed with 0.2 mL of 96% ethanol, 0.15 mL of 4.3% trichloroacetic acid 

in ethanol and 0.25 mL of 0.05% 2,4-dinitrophenylhydrazine in ethanol, incubated at 60ºC for 

30 min, then 1.35 mL of 96% ethanol and 0.5 mL of 4% potassium hydroxide in ethanol were 

added and finally measured at 460 nm. The formation of oxidation products was expressed as 

a percentage with respect to the negative control.  Oxidation compound formations near to 

90% where considered totally oxidized.  

 

 

Finally, regression analyses were performed for all tests using STATGRAPHICS Centurion XVI 

Version 16.1.18 (32-bits) (Statpoint Technologies, Inc., Herdon, VA, USA, 2010). Antioxidant 

results are expressed as the mean ± standard deviation of three replicates. In order to verify 

statistical differences (p<0.05) among antioxidant capacities of extracts, the post-hoc HSD 

Tukey’s multiple ranged test from one-way ANOVA was performed with the SPSS Statistics 23 

(IBM Corp., New York, NY, USA). 
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4.4. PRODUCTION OF CHEESE COATINGS  

This objective was achieved after selecting the most balanced residue between antimicrobial 

and antioxidant capacities (Objective 4). The aim was to develop edible films with vegetal 

extracts for the application as an edible and natural preserve system on Manchego cheese. To 

reach this objective the following studies were necessary: 

4.4.1. Analysis of cheese properties 

A recently  pressed  (30 days) sheep’s Manchego cheese (Fig. 51) was analyzed for its chemical 

properties based on Licón et al. (2012) in a NIRS FoodScan (Foss, Hilleroed, Dinamarca) (Fig. 

52) and for their physical properties: (1) color in a Minolta CR-400 colorimeter (Aquateknica, 

S.A., Konica Minolta, Japan) using the CIE 1976 L*, a*, b* method; (2) water activity was 

measured in a LabTouch aW-meter (Novasina, Zurich, Switzerland); (3) pH in an EDGE Blu pH-

meter (Hanna Instruments, Guipúzcoa, Spain). The physico-chemical analysis were performed 

in triplicate on the surface and inner mass of the cheese. Finally, post-hoc HSD Tukey’s 

multiple ranged tests from one-way ANOVA was performed to establish differences between 

the surface and inner part of the cheese by means of the SPSS Statistics 23 (IBM Corp., New 

York, NY, USA). 

 

Moreover, the surface tension of the cheese skin was measured by the drop method, a System 

OCA20 (DATAPhysics Instruments, GmbH, Germany) (Fig. 53) with 10 droplets of ultrapure 

water, glycerol (Panreac, Barcelona, Spain) and bromonaphtalene (Merck, Germany) 

according to Cerqueira et al. (2009). The drop volume was of 2 µL at a drip rate of 1 µL/s and 

the formed contact angles were calculated with the software after 15 s at 22ºC. Finally, work 

of adhesion (Wa), work of cohesion (Wc) and spreading coefficient (Ws) were calculated as 

reported in Cerqueira et al. (2009). Additionally, the density of the cheese was determined by 

the water displacement technique (Owolarafe et al., 2007).  
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Fig.  51 Manchego cheese 
inner mass and rind 

 

Fig.  52 NIRS FoodScan  

 

Fig.  53 Contact angles analyzer 

 

4.4.2. Optimization of chitosan solution 

The chitosan solution was prepared based on Martins et al. (2012), with some modifications. 

Tween 20 was used instead of Tween 80 due to the discrepancy about the possibility of 

microorganism growth in the presence of such surfactant (Nielsen et al., 2016). The addition 

of glycerol was also considered since this compound enhances the plasticity of films containing 

Tween 20 as demonstrated by Ziani et al. (2008). In brief, 1,5% (w/v) chitosan (Golden-Shell 

Biochemical Co., Ltd., Yuhuan, China) with high molecular weight and a degree of 

deacetylation of 95% was added to water and 1% (v/v) L(β)-lactic acid (AppliChem, Darmstadt, 

Germany) and stirred overnight at room temperature (25º). After that, two concentrations of 

100% glycerol (Panreac, Barcelona, Spain), 10 and 30% (w/w of chitosan powder) and two of 

Tween 20 (Sigma Aldrich, St. Louis, MO, USA), 5 and 15% (w/w of chitosan powder) were also 

added to the mixture and stirred again. In order to select the best formulation, it was 

determined the formulation that showed the most accurate wettability parameter (Ws) (≈0) 

as explained by Cerqueira et al. (2009). The surface tension of the coatings was determined 

with the Ring method as described in Gudiña et al. (2016) using a KRÜSS K20 Tensiometer 

(KRÜSS GmbH, Germany) equipped with a 1.9 cm du Noüy platinum ring. Finally, post-hoc HSD 

Tukey’s multiple ranged test from one-way ANOVA was performed with the SPSS Statistics 23 

(IBM Corp., New York, NY, USA) to establish statistical differences among the parameters. The 

best formulation for our cheese (Table 6), according to the wettability, was that containing 

1.5% (w/v) chitosan , 1% L-(β)-lactic acid, 30% (w/w of chitosan powder) and 15% (w/w of 

chitosan powder).  
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Table 6 Optimization of the best formulation for the carrier chitosan solution. Data are the mean ± standard 
deviation of three measures. Different letters means statistical differences among extracts at 95% confidence. 
 

% Glycerol  

(w/w of chitosan powder) 

% Tween 20  

(w/w of chitosan powder) 
Wa Wc Ws 

10 
5 42.36 ± 3.18a 70.60 ± 0.00a -28.24 ± 3.18a 

15 49.57 ± 4.59b 70.20 ± 0.00b -20.63 ± 4.59b 

30 
5 45.11 ± 5.09ab 72.00 ± 0.00c -26.89 ± 5.09a 

15 56.57 ± 4.57c 69.80 ± 0.00d -13.23 ± 4.57c 

In bold: most accurate results 

4.4.3. Preparation of the chitosan-ISRE coating  

The ISRE was solved in different proportions of ethanol:water to observe that with the highest 

solubility capacities (data not shown). After that, the extract was dissolved in a 8:2 

ethanol:water solution and stirred overnight at room termperature (25 ºC). Subsequently, the 

chitosan-ISRE coating was prepared by mixing the ISRE mixture into the chitosan solution at a 

ratio of 2:8 as described in Yoksan et al. (2010) and stirred for 5 h at room temperature (25ºC). 

Finally, the chitosan-ISRE coating was homogenized at a speed of 10,000 rpm for 4 min in an 

T-25 digital Ultra-turrax (IKA, Wilmington, NC, USA) (Martins et al., 2012) (Fig. 54). The final 

concentration of the ISRE in the chitosan solution corresponded to that tested in antifungal 

tests (1% w/v). Control was made by adding water to the chitosan solution in the same 

proportion (2:8). Finally, wettability (Ws) was also performed for the chitosan-ISRE coating 

and the control over the cheese surface, as previously explained. 

 

 

Fig.  54 Chitosan-ISRE coating solution 
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4.4.4. Coating’s properties 

In order to analyze the properties of the films, chitosan-ISRE and control coatings were 

dispersed over Petri dishes and dried in a ventilated chamber at 35ºC for 24h. After that, the 

films were maintained in incubators at 53% RH (relative humidity) and at room temperature 

(25ºC). All tests were perfomed at room temperature (25ºC): 

 

 Moisture, water solubility and swelling 

To analyze the moisture, coating circles of 2 cm of diameter coating circles were firstly 

weighed, dried for 24h at 105 ºC and weighed again. Moisture content (%) was 

determinated in triplicate for each film as follows: [(M0-M)/M0] x 100, where M0 was the 

mass before drying and M was the mass after drying. The water solublity was performed 

by placing the dryed circles in beakers containing 50 mL of distilled water and placed in an 

orbital stirrer at 150 rpm for 24h. After that, insolubized pieces were dried again at 105º 

for other 24h and weighed. Solubility (%) was calculated in triplicate for each film as 

follows: [(M0-M)/M0] x 100, where M0 was the mass before the assay and M was the mass 

after solubilizing and drying the films. Finally, in order to analyze the sweeling capacities, 

desiccated squares of 4 cm2 were weighed and immersed in beakers with 100 mL of 

distilled water for 24h. After that, water was removed from the films with filter paper and 

weighed again. Swelling (%) was calculated in triplicate for each film as 

 

 Color and opacity 

The color was measured with a Minolta CR-400 colorimeter (Aquateknica, S.A., Konica 

Minolta, Japan) using the CIE 1976 L*, a*, b* method. A white standard color plate 

(Y=93.9,x =0.3158, y=0.3321) was used for calibration and as a background for color 

measurements of the films. Ten measures were performed for each film in triplicate. 

Additionally, opacity was also determined as previously described and according to the 

Hunter Lab Method. The opacity (%) was calculated with 10 measures for each film in 

triplicate as follows: (Yb/Yw) x 100, where Yb and Yw were the opacity of the samples on 

a black and white standard plates, respectively (Costa et al., 2015). 
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 Thickness and mechanical properties 

The thicknesses of the films was measured at ten different points for each sample in 

triplicate using a digital micrometer (No. 293-5, Mitutoyo, Japan) with ±0.001mm 

accuracy. In addition, mechanical properties were performed as described by the ASTM 

D882-10 (ASTM/D882-10, 2010) in a TA.HDPlus texturometer (Stable Micro Systems, 

United Kingdom). Samples were clamped between grips with an initial distance of 100mm. 

The force and deformation were recorded during extension at 50 mm/min. Tensile 

strength (TS) and elongation-at-break (EAB) was expressed in MPa and %, respectively. 

Three strips were measured for each film in triplicate. 

 

 Water vapour permeability (WVP) 

The capacity of water to permeate through the coating was determined gravimetrically 

based on the ASTM E96-92 (ASTM/E96-92, 1990) and as described by Cerqueira et al. 

(2009). In brief, dessicated 45 mm diameter circles were sealed in cups containing distilled 

water and placed inside a dessicator containing silica gel (0% RH), with a fan inside the 

dessicator to enhance uniformity conditions (Fig. 55). Samples were measured each 2h up 

to 10h, in order to monitorize weight loss over time. Water vapour permeability or WVP 

(g s-1 m-1 Pa-1) was performed in triplicate for each film and deduced as follows: (WVTR x 

L)/ΔP, where WVTR is the water vapor transmission rate obtained from the linear 

regression of the weight loss (g m-2 s-1), L is the film thickness (m) and ΔP is the water vapor 

partial pressure difference across the two sides of the film (2337 Pa) and the permeation 

area was calculated at 0.005524 m2. 
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Fig.  55 Water Vapor Permeability (WVP) assay 

 

 Surface tension of films 

In order to determine the hydrophobicity or hydrophilicity of films, 10 droplets of 

ultrapure water were placed on the films by the drop method, as previously desribed. All 

measures were performed in triplicate for each film. 

 

 pH and density 

pH was measured in an Edge Blu pH-meter (Hanna Instruments, Guipúzcoa, Spain) and 

density was measured by weighing 1 mL of the liquid films in a precision balance. All assays 

were performed at least in triplicate. 

 

In order to verify statistical differences (p<0.05) among films, one-way ANOVA analyses were 

performed at a 95 % confidence level, using the SPSS Statistics 23 (IBM Corp., New York, NY, 

USA). 

4.4.5. Oxygen and carbon dioxide exchange rates 

Respiration ratios in the reduction of O2 and the production of CO2 can be monitored by 

placing the cheese in hermetic reactors (Fig. 56) and measuring by gas chromatography (GC). 

To do that, the closed system method with air as initial atmosphere was used as described by 

Cerqueira et al. (2009) with modifications. Cheese cubes of aproximately 300 cm3 were 

covered with the control and chitosan-ISRE coating and placed inside a hermetic reactor and 
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incubated at a temperature of 10.1 ± 0.5 ºC and with relative humidity in the chamber of 75%. 

Additionally, an uncoated cheese cube was used as control. The atmosphere inside the reactor 

was measured by extracting gas samples in triplicate of 500 µL with a Hamilton syringe 

through the septum placed at the reactor lid. Gas exchange was determined using a 456-GC 

Bruker gas chromatograph (Bruker, Karlsruhe, Germany) with the oven at 35 ºC. A Rt-Q-bond 

30 m x 0.53 mm i.d. x 20 µm thickness (Restek Corp., Bellefonte, PA, USA) column was used 

for the detection of the O2, using argon as carrier gas at 60 mL/min and with the injector at 

100ºC. Additionally, CO2 was detected in a Molesieve 13X 6 ft. 2.1 mm x 60/80 mesh (Restek 

Corp., Bellefonte, PA, USA) molecular sieve column, using helium at a flow of 4 mL/min with 

the injector at a temperature of 80 ºC. The split ratio was of 1:10 and the conductivity 

detectors were set at 130ºC and gases were recorded in µV/min. A commercial gas mixture 

containing 10 % CO2, 20 % O2 and 70 % N2 was used as a standard for the calibration. Tests 

were recorded each 24h up to a total of 15 days. The O2 consumption and CO2 production 

rates were determined using the formulas described in Cerqueira et al. (2009) 

 

 Weight loss and relative humidity 

These parameters were calculated for each coated and uncoated cheeses. Weight loss was 

calculated as follows: [(M0-M)/M0] x 100, where M0 was the mass of the cheese before 

incubating and M was the mass after incubating. Relative humidity and termperature was 

monitorized using an iButton sensor (Maxim Integrated, San José, CA, USA) contained in 

the reactor. 

 

In order to verify statistical differences (p<0.05) among cheeses, one-way ANOVA analyses 

were performed at a 95 % confidence level, using the SPSS Statistics 23 (IBM Corp., New York, 

NY, USA). 
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Fig.  56 Gas exchange reactors. On the left, coated cheese; on the right, uncoated cheese 

 

4.5. BIOPLAGUICIDE EFFECTS OF AROMATIC PLANT EXTRACTS 

4.5.1. Antifeedant assays 

The target insects were adult Colorado Potato Bettle Leptinotarsa decemlineata Say 

(Coleoptera: Chrysomelidae) and newly emerged sixth-instar larvae of Spodoptera littoralis 

Boisd. (Lepidoptera: Noctuidae). Insects were reared on potato foliage (Solanum tuberosum 

L.) and on an artificial diet (Poitout et al., 1970), respectively; and maintained at 22±1ºC and 

> 70% relative humidity, with a constant photoperiod of 16:8 h (L:D) in a growth chamber.  

 

Feeding assays were conducted in choice way with four L. decemlineata or two S. littoralis in 

six Petri dishes containing four potato or pepper leaf disks (1.0 cm2), respectively. Foliar areas 

were  treated two by two with 10 µL of control (solvent) or treatment (test substance) at initial 

concentration of 10 µg/µL (Santana-Méridas et al. 2014a) (Fig. 57). Experiments were 

performed in triplicate and incubated as previously described for insect pest. Bioassays were 

completed when between 50-75% of control or treated disks were consumed. Non-consumed 

foliar areas were measured by means of the software Image J Version 1.37 r, 2010 

(http://rsb.info.nih.gov./ij/). Feeding inhibition indexes (%FI) were calculated as follows: [1-

(T/C)] x 100, where T and C were the non-consumed area of treatment or control disks. 

http://rsb.info.nih.gov./ij/
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Pecertanges of FI were analyzed for significance by the non-parametric Wilcoxon signed-rank 

test. Effective antifeedant dose (EC50, effective dose to obtain 50% feeding inhibition) were 

calculated for extracts with FI > 75%, and calculated by logarithmic linear regression (five 1:2 

serial dilutions) by the STATGRAPHICS Centurion XVI Version 16.1.18 (32-bits) (Statpoint 

Technologies, Inc., Herdon, VA, USA, 2010).  

 

 

Fig.  57 Antifeedant assay against L. decemlineata 

4.5.2. Settling inhibition assay 

The assays were performed in choice tests (three replicates each) with apterous adult aphids 

of Myzus persicae Sulzer and Rhopalosiphum padi L. (Hemiptera: Aphididae). Insects were 

reared on plants of bell pepper (Capsicum annuum L.) or barley (Hordeum vulgare L.), 

respectively; and maintained in growth chambers as described above. Ten aphids of M. 

persicae or R. padi were collected and placed in 2 x2 cm boxes (20 ), containing respectively 

two pepper or barley half leaf disks (1.0 cm2, each), previously treated with 10 µL of control 

(solvent) or treatment (test substance) at initial concentration of 10 µg/µL (Santana-Méridas 

et al., 2014a) (Fig. 58). After 24 hours of incubation in the growth chambers, settled aphids on 

treatment or control disks were counted. Settling inhibition index (% SI) was calculated as 

follows: [1-(%T/%C)] x 100, where %T and %C are the percent of aphids on the treatment or 

control leaf disks. SI values were analyzed for significance by the non-parametric Wilcoxon 

signed-rank test. Effective antifeedant doses (EC50, effective dose to obtain 50% settling 

inhibition or) were determined for extracts with SI > 75%, and calculated by logarithmic linear 
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regression (five 1:2 serial dilutions) by the STATGRAPHICS Centurion XVI Version 16.1.18 (32-

bits) (Statpoint Technologies, Inc., Herdon, VA, USA, 2010).  

 

 

Fig.  58 Settliing inhibition assay against M. persicae. 

4.5.3. Ixocidal effect 

The larvae of Hyalomma lusitanicum Koch (Ixodida: Ixodidae) (Fig. 59) were selected for tick 

mortality tests. Pregnant females were maintained in glass tubes, suitably closed with cotton 

at 26±1ºC and > 70% relative humidity in dark growth chambers. Tests were carried out in 

triplicate with 20 larvae ticks in test tubes containing 25±1 mg of cellulose, previously 

prepared with 50 µL of control (solvent) or treatment at an initial concentration of 20 µg/µL 

(Ruiz-Vásquez et al., 2017). After 24 hours in the dark growth chambers, dead or alive larvae 

were counted, calculating the mortality percentage (%M) as follows: [(T-C)/(100-C)] x 100, 

where T and C were the mortality percentages in treatment or control tubes. Finally, effective 

lethal doses (LC50 and LC90) were calculated by means of the Probit analysis for those extracts 

that presented %M values higher than 90% at the initial assayed concentration (40 µg/mg 

cellulose). The larvicidal activity data are presented as percentage of mortality corrected 

according to Schneider-Orelli’s formula. Effective lethal doses (LC50 and LC90) were calculated 

by Probit Analysis (five 1:2 serial dilutions) by the STATGRAPHICS Centurion XVI Version 

16.1.18 (32-bits) (Statpoint Technologies, Inc., Herdon, VA, USA, 2010).  
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Fig.  59 Hyalomma lusitanicum Koch (Source: http://biodiversidadvirtual.org) 

4.5.4. Nematicidal effect. 

The nematode Meloydogine javanica (Nematoda: Tylenchida) (Fig. 60) were maintained on 

Solanum lycopersicum plants (var. Marmande) in pot cultures at 25 ºC, and 70% RH (Andrés 

et al., 2012). Egg masses were handpicked from infected tomato roots and J2 were obtained 

from hatched eggs by incubating egg masses in a water suspension at 25 ºC for 24 h. Test 

solution of each extract was prepared with the extracts diluted in a DMSO-Tween solution 

(0.5% Tween-20 in DMSO). Test solution (5 μL) was added to each well of 96-well dishes 

containing 100 nematodes in 95 μL of water and performed in triplicate. The initial 

concentration tested was of 1 mg/mL. Four control wells with water/DMSO-Tween were 

included in each experiment. All treatments were replicated four times. The dishes were 

covered to prevent evaporation and maintained in darkness at 25 ºC. After 72 h, the dead J2 

were counted, calculating the mortality percentage (%M) as follows: [(T-C)/(100-C)] x 100, 

where T and C were the number of dead nematodes in treatment or control wells. The most 

nematicidal extracts, with mortality rates > 90%, were considered as active. The nematicidal 

activity is presented as a percentage of dead J2 corrected according to Schneider-Orelli’s 

formula. Dose-response experiments were carried out to calculate lethal concentration LC50 

and LC90 with Probit analysis by the STATGRAPHICS Centurion XVI Version 16.1.18 (32-bits) 

(Statpoint Technologies, Inc., Herdon, VA, USA, 2010).  

http://biodiversidadvirtual.org/
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Fig.  60 Meloydogine javanica (Source: http://fitodiagnostico.com) 

 

4.5.5. Phytotoxicity 

The experiments were assessed in triplicate in allelopathic activity assay (Fig. 61) with seeds 

of Lactuca sativa L. var. Carrascoy (dicotyledonous) and Lolium perenne L. 

(monocotyledonous) (Fitó; Barcelona, Spain, http://www.semillasfito.com/), which serve as 

model plants for phytotoxic tests as described in Moiteiro et al. (2006). L. perenne seeds were 

soaked in distilled water for 24 hours prior to the tests. In short, 2.5 cm diameter filters were 

placed in 12-well dishes (Falcon, San Jose, CA, USA). Subsequently, 40 µL of the control 

(solvent) or treatment at a concentration of 5 µg/µL, 10 seeds and 700 µL of H2O were added 

to 4 wells per sample, so the initial concentrations were of 200 µg/well. Dishes were placed 

inside plastic zipper bags and cultivated in growth chambers (22º, 70% RH, 16:8 L:D). 

Germination was monitored every 24 hours for 7/10 days (L. sativa/ L. perenne), and then, the 

length of 25 random L. sativa roots and L. perenne roots/leaves were measured by means of 

the Image J Version 1.37 r, 2010 (http://rsb.info.nih.gov./ij/). Phytotoxic effects (%) were 

calculated as follow: (T/C) x 100, where T and C were the number of germinated seeds or the 

length of roots/leaves in treatment or control wells, respectively. A non-parametric Kruskal-

Wallis test was performed on percentage of germination. 

http://fitodiagnostico.com/
http://www.semillasfito.com/
http://rsb.info.nih.gov./ij/
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Fig.  61 Phytotoxic assay against L. sativa seeds 

 

In order to verify statistical differences (p<0.05) among bioplaguicide capacities of extracts, 

the post-hoc HSD Tukey’s multiple ranged test from one-way ANOVA was performed with the 

SPSS Statistics 23 (IBM Corp., New York, NY, USA) 

4.5.6. Bioguided fractionation from an industrial solid residue extract with 
insecticidal capacities 

This objective was achieved after selecting the ISRE with the best insecticidal capacities 

(Objective 7). The most effective residue was selected according to the lowest EC50 value 

against the most susceptible target pest. In order to isolate and optimize the insecticidal 

activity, a bioguided fractionation was conducted (Fig. 62). Ethanolic extract was 

chromatographed using a vacuum-liquid chromatography column (VLC) (Fig. 63). Silica gel 60 

Å, 70-230 mesh, 63-200 μm (Sigma Aldrich, St. Louis, MO, USA) was used as stationary phase  

and hexane/Ethyl acetate/Methanol in an increasing polarity gradient (Table 7) as a mobile 

phase to obtain potential bioactive fractions (Julio et al., 2016) (Fig. 64). Subsequently, thin 

layer chromatography (TLC) was used to compare chemical similarity among fractions from 

each gradient and to assess the qualitative chemical profile of the final fractions (Fig. 65).   
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Stocks solutions (10 µg/µL in methanol) were prepared from the selected fractions and 

submitted to bioassay against insect pest as described above. In order to select the most 

potential fractions, the post-hoc Duncan’s multiple ranged tests from one-way ANOVA at 95% 

confidence was performed with the SPSS Statistics 23 (IBM Corp., New York, NY, USA). 

 

 

Fig.  62 Experimental approach for the extraction and purification of bioplaguicide compounds from active 
ISREs. 

 

Table 7 Solvents gradients used for vacuum liquid chromatogrpahy 

Solvent number Mixture (%) 

1 100% He 

2 90%: 10% He:EAc 

3 75%:25% He:EAc 

4 50%:50% He:EAc 

5 100% EAc 

6 90%:10% EAc:MeOH 

7 75%:25% EAc:MeOH 

8 50%:50% EAc:MeOH 

9 100% MeOH 

1 From Panreac (Barcelona, Spain); He: n-Hexane, EAc: Ethyl Acetate, MeOH: 
methanol 
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Fig.  63 Vacuum liquid  
chromatography (VLC) 

 

Fig.  64 Fractions obtained after VLC 

 

Fig.  65 Thin Layer Chromatography (TLC) 

 

4.6. INSECTICIDAL EFFECTS OF COMMON TERPENES 

The aim of this research was to assay the antifeedant capacity of 24 terpenes (Table 8) 

commonly found in essential oils of aromatic and medicinal plants from Mediterranean areas 

against the Colorado Potato Beetle (L. decemlineata) as described in Chapter 4.5.1. The 

compounds were commercially purchased in Sigma-Aldrich (St. Louis, MO, USA) and potential 

terpenes were selected statistically (p<0.05) by the post-hoc Duncan’s multiple ranged tests 

from one-way ANOVA by means of the SPSS Statistics 23 (IBM Corp., New York, NY, USA). 

Additionally, selected terpenes were assayed for their phytotoxicity on plants in order to 

detect possible injures to non-target plants. In order to verify statistical differences (p<0.05) 

among bioplaguicide capacities of terpenes, the post-hoc HSD Tukey’s multiple ranged test 

from one-way ANOVA was performed with the cited statistic software. 
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Table 8 Terpenes assayed for their antifeedant activities against Leptinotarsa decemlineata. 

Compounds by 
chemical class 

MF MW (g/mol) PubChem ID Source Purity 

Monoterpene hydrocarbons 

p-cymene C10H14 134.22 7463 synthetic ≥97.0% 

(+)-camphene C10H16 136.23 92221 synthetic ≥90.0% 

(S)-(-)-limonene C10H16 136.23 439250 n.d. ≥99.0% (sum of enantiomers) 

(R)-(+)-limonene C10H16 136.23 440917 n.d. ≥99.0% (sum of enantiomers) 

Myrcene C10H16 136.23 31253 synthetic ≥95.0% 

(+/-)-α-pinene C10H16 136.23 6654 n.d. 98.0% 

(-)-ß-pinene C10H16 136.23 440967 n.d. 99.0% 

γ-terpinene C10H16 136.23 7461 n.d. ≥97.0% 

Oxygenated monoterpenes 

Carvacrol C10H14O 150.22 10364 synthetic ≥98.0% 

Thymol C10H14O 150.22 6989 n.d. ≥99.0% 

(1S)-(-)-verbenone C10H14O 150.22 92874 synthetic ≥93.0% 

(+/-)-camphor C10H16O 152.23 2537 synthetic ≥95.5% 

(-)-borneol C10H18O 154.25 439569 n.d. 97% (predominantly endo) 

Eucalyptol C10H18O 154.25 2758 natural ≥99.0% 

Linalool C10H18O 154.25 6549 n.d. 97.0% 

(+)-Terpinen-4-ol C10H18O 154.25 11230 n.d. pharmaceutical standard 

α-terpineol C10H18O 154.25 17100 n.d. 90.0% 

Esterified monoterpenes 

(-)-bornyl acetate C12H20O2 196.29 93009 n.d. 95.0% 

Linalyl acetate C12H20O2 196.29 8294 synthetic ≥97.0% 

Sesquiterpene hydrocarbons 

β-caryophyllene C15H24 204.35 5281515 synthetic ≥80.0% 

Farnesene C15H24 204.35 5281516 synthetic mixture of isomers 

(-)-α-gurjunene C15H24 204.35 15560276 n.d. ≥97.0% (sum of enantiomers) 

Oxygenated sesquiterpenes 

Caryophyllene oxide C15H24O 220.35 14350 synthetic 95.0% 

(-)-α-bisabolol C15H26O 222.37 442343 n.d. ≥93.0% 

n.d.: not defined 
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5.1. CHEMICAL CHARACTERIZATION OF AROMATIC PLANT EXTRACTS 

5.1.1. Chemical composition of IEOs 

The major compounds (>1% of total area) identified in H. officinalis, L. x intermedia and S. 

chamaecyparissus represented a total of 93.4%, 95.3% and 75.0% of total area, respectively 

(Table 9). Regarding the oil of H. officinalis, 13 compounds were detected for this species, with 

1,8-cineole (52.9%) and β-pinene (16.4%) being the most representative. In the case of L. x 

intermedia, 15 major compounds were located, where linalool (28.6%) and linalyl acetate 

(37.6%) showed the major content. Finally, S. chamaecyparissus IEO showed a total of 26 

major compounds, but with more than 100 compounds detected in lower amounts, exhibiting 

its notorious chemical variability. In this regard, 1,8-cineole (9.8%) and the tentatively 

identified 8-methylene-3-oxatricyclo[5.2.0.0(2,4)]nonane (8.2%) were the most abundant 

constituents of this oil. The third major compound was tentatively identified as ledol, but this 

could also be the viridiflorol due to their similar chemical structures, molar masses and mass 

spectra (http://webbook.nist.gov). 

 

The most representative compounds that we found in the H. officinalis oil have also been 

reported by Džamić et al. (2013) with values of 36.4% for 1,8-cineole and 19.6% for β-pinene, 

with isopinocamphone (15.3%) also being significant. A steam distilled oil of an Italian wild 

population of H. officinalis subsp. aristatus was also rich in 1,8-cineole (23.1%) and β-pinene 

(24.7%) (Piccaglia et al., 1999). Other authors have accounted for cis-pinocamphone (48.6%) 

as the major constituent of the oil, whilst 1,8-cineole (5.8%) and β- pinene (6.1%) were 

presented in minor proportions (Baj et al., 2010). 

 

The chemical profile of L. x intermedia IEO has also been studied by Carrasco et al. (2016) who 

also observed the same major compounds in the steam distilled oil of the variety super, with 

values between 39 and 46% for linalool and between 20 and 34% for linalyl acetate. Moreover, 

Santana et al. (2012) reported comparable percentages in linalool (30.7%), but lower in linalyl 

http://webbook.nist.gov/chemistry/


 

Table 9 Chemical composition of the major compounds (>1%) found in IEOs. 

Peak R.T. 
(min) 

Compound 
H. officinalis  

(%) 
L. x intermedia 

(%) 

S. 
chamaecyparissus 

(%) 

1 3.96 α-pinene 2.8 - - 

2 4.50 Sabinene 3.5 - - 

3 4.58 β-pinene 16.4 - 3.0 

4 4.70 β-myrcene 1.6 2.2 - 

5 5.32 p-cymene 1.1 - 1.4 

6 5.46 1,8-cineole 52.9 3.5 9.8 

7 5.68 β-E-ocimene 1.8 - - 

8 5.68 Trans-β-ocimene - 1.9 - 

9 5.92 Artemisia ketone - - 2.6* 

10 6.69 Linalool - 28.6 1.0 

11 7.06 
8-methylene-3-
oxatricyclo[5.2.0.0(2,4)]nonane 

- - 8.2* 

12 7.59 Trans-Pinocarveol 1.2* - - 

13 7.69 Camphor - 5.7 1.0 

14 7.92 n.i. - - 3.8 

15 7.96 cis-thujenol 1.3* - - 

16 8.07 Pinocarvone 6.3* - - 

17 8.14 Borneol - 3.3 1.4 

18 8.34 Isopinocamphone - - 2.0* 

19 8.40 Terpinen-4-ol - - 2.1 

20 8.61 Hexyl butyrate - 1.0* - 

21 8.68 α-terpineol 2.0 1.0* - 

22 8.81 Myrtenol 1.5 - 3.7 

23 8.88 n.i. - - 1.1 

24 10.06 Linalyl acetate - 37.6 - 

25 10.81 Geranyl acetate - 3.1 - 

26 12.90 Neryl acetate - 1.1 - 

27 13.11 β-bourbonene 1.0 - - 

28 13.88 Trans-caryophyllene - 2.7 - 

29 14.54 Farnesol - 1.6* - 

30 14.79 Neoalloocimene - - 4.8* 

31 15.08 ϒ-muurolene - - 1.2 

32 15.16 α-curcumene - - 1.2 

33 15.20 Germacrene D - 1.0 - 

34 15.52 Aromadendrene - - 1.7* 

35 15.89 γ-cadinene - - 1.1 

36 16.06 Δ-cadinene - - 2.0 

37 17.24 Spathulenol - - 2.8 

38 17.37 Caryophyllene oxide - - 1.0 

39 17.56 Ledol/viridiflorol - - 7.5* 

40 17.87 n.i. - - 1.2 

41 18.79 n.i. - - 1.5 

42 19.28 n.i. - - 4.0* 

43 19.29 α-bisabolol* - 1.0 - 

44 19.34 n.i. - - 3.9 

TOTAL IDENTIFIED 93.4 95.3 75.0 

n.i.: not identified; “-“: not detected or in trace amounts. In bold: major compounds; * tentative identification 
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acetate (28.3%) in a Clevenger essential oil of L. x intermedia Super. The chemical composition 

of the oil of L. x intermedia has been widely analyzed in recent decades presenting notable 

variations in chemical profiles according to the origin of the variety. Accordingly, Jianu et al. 

(2013) observed camphor and 1,8-cineole (32.7% and 26.9%, respectively) as the main 

terpenes of the steam oil of some batches of L. x intermedia from Timişoara (Romania), 

whereas in our study they represented 5.7 and 3.5%. Moreover, the presence of linalool and 

linalyl acetate in the oil depends on hydro-distillation times as observed by Kara et al. (2013), 

who reported maximum percentages of  53.5% and 41.5%, respectively, in distillation periods 

shorter than 30-35 minutes. Likewise, the type of extraction (Clevenger hydro-distillation or 

industrial steam distillation) could also influence the final chemical composition of the EO. 

 

In accordance with Zaiter et al. (2015), the major chemicals found in the EO of Santolina 

chamaecyparissus were 1,8-cineole (11.2%) and spathulenol (7.6%). However, the oil of this 

plant has also demonstrated huge chemical variability as previously reported (Bel Hadj Salah-

Fatnassi et al., 2017). In this regard, different S. chamaecyparissus oils have demonstrated 

higher content in artemisia ketone (27-38%) and β-phellandrene (9-22%) (Demirci et al., 2000; 

Seo et al., 2014) and in camphor (31.1%) (Djeddi et al., 2012); but also in β-pinene (17.0-26.5%) 

and β-phellandrene (14.4-27.6%) in the oil of S. rosmarinifolia (Palá-Paúl et al., 2001). 

5.1.2. Chemical composition of ISREs 

The chemical characterization of the ISREs is displayed in Table 10 and Fig. 66. As observed, 

cyanidin-3-O-rutinoside represented more than 90% of the total phenolic content of H. 

officinalis. The L. x intermedia phenolic profile showed two p-coumaroyl tyrosines (or 

deoxyclovamide) as the major compounds, representing together more than 80%. In the case 

of the phenolic composition of S. chamaecyparissus, the major compound was tentatively 

identified as salvianolic acid A (80.5%). 

 

 



 

 

Table 10 Major phenolic compounds (>1%) tentatively identified by HPLC-ESI IT/TOF-MS in the ISREs. 

Peak Phenolic compound R.T. (min) Peak Area (%) Molecular formula M.W. cal. M.W. meas. mSigma Error (ppm) 

Hyssopus officinalis ISRE 

1 Cyanidin-3-rutinoside 21.2 94.2 C27H31O15 594.1590 594.1610 39.1 3.4 

2 Ferulic acid dehydrotrimer 23.4 1.8 C30H28O11 563.1559 563.1561 46.3 0.3 

3 Lariciresinol derivative 24.9 2.5 C20H24O6 359.1500 359.1515 25.4 4.0 

4 Oleoside-11-methyl ester 29.7 1.1 C17H24O11 403.1246 403.1262 32.1 4.1 

Total identified 99.6      

Lavandula x intermedia Super ISRE 

1 p-coumaroyl tyrosine 1 16.3 73.3 C18H17NO5 326.1034 326.1034 24.4 -0.2 

2 p-coumaroyl tyrosine 2 22.3 9.3 C18H17NO5 326.1034 326.1026 7.6 2.3 

3 n.i. 23.9 1.2 - 624.1485 624.1486 - - 

4 Resinol derivative 24.8 1.0 C20H22O6 357.1344 357.1350 25.2 -1.9 

5 3-Hydroxyphloretin-2’-O-xylosyl-glucoside 29.8 1.0 C26H32O15 583.1668 583.1655 40.1 2.3 

6 Phloretin-2’-O-xylosyl-glucoside 29.9 0.8 C26H32O14 567.1719 567.1720 37.6 2.1 

7 Prunin 30.2 0.8 C21H22O10 433.1140 433.1147 46.1 -1.6 

8 Quercetin-3-O-rutinoside 1 33.1 2.5 C27H30O16 609.1461 609.1441 42.5 3.3 

9 Quercetin-3-O-rutinoside 2 37.8 1.0 C27H30O16 609.1461 609.1433 41.8 4.6 

Total identified 90.9      

Santolina chamaecyparissus ISRE 

1 Nobiletin 16.8 0.8 C21H22O8 401.1242 401.1232 24.4 2.5 

2 Dimethoxycinnamoyl hexoside 22.5 0.8 C17H22O9 369.1191 369.1178 27.4 3.5 

3 n.i. 25.7 1.2 - 355.1035 355.1026 - - 

4 Feruloyl-5-caffeoylquinic acid 25.8 1.5 C26H26O12 529.1351 529.1333 37.3 3.5 

5 Salvianolic acid A 26.7 80.5 C26H22O10 493.1140 493.1149 31.0 -1.9 

6 n.i. 28.5 1.1 - 355.1035 355.1038 - - 

7 Delphinidin 31.2 1.0 C15H11O7 302.0432 302.0446 19.9 -4.5 

8 Quercetin-3-O-rutinoside 33.5 1.7 C27H30O16 609.1461 609.1467 44.3 -1.0 

Total identified 88.3      
n.i.: not identified. “-”: not calculated. MW. cal.: molecular weight calculated for [M + H]+. MW. meas.: molecular weight measured for [M + H]+. mSigma and Error are mean values corresponding to the high 
accuracy measurements of detected compounds. In bold: major compounds 

 



 

 

 

 

 

 
 

 

 

Cyanidin-3-rutinoside 

(Hyssopus officinalis) 

p-coumaroyl tyrosine 

(Lavandula x intermedia Super) 

Salvianolic acid A 

(Santolina chamaecyparissus) 

Fig.  66 Molecular structures of the major phenolic compounds tentatively identified in the ISREs by HPLC-ESI IT/TOF-MS. 
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The high content of the H. officinalis ISRE in the cyanidin-3-O-rutinoside is in accordance with 

the high content in proanthocyanidins and anthocyanins observed in a hexane-extracted solid 

residue of H. officinalis (Hatipoĝlu et al., 2013). In contrast, Džamić et al. (2013) describe 

various isomers of caffeoylquinic acid as the main compounds in a methanolic extract of a 

solid residue from the hydro-distillation of H. officinalis, and Vlase et al. (2014) report a higher 

content in ferulic acid (36.9%), isoquercitrin (32.8%) and rutin (21.9%) for the ethanolic crude 

extract of H. officinalis. In comparison, the low content in phenolic acids in our study could be 

linked to differences among works in extraction techniques. 

 

The coumaric acid-O-glucoside has been identified as the major compound in the L. x 

intermedia super (Torras-Claveria et al., 2007; Sánchez-Vioque et al., 2013). The compounds 

p-coumaroyl tyrosine and coumaric acid-O-glucoside have a similar mass, and therefore they 

could be the same molecule. On the contrary, Komes et al. (2011) showed no content in p-

coumaric acid derivatives in the aqueous extract of L. angustifolia but ferulic acid as the major 

phenolic compound.  

 

The salvianolic acid A has been identified in Salvia sp. but, as far as we know, this is the first 

time that it is detected in S. chamaecyparissus so its identitification needs to be confirmed by 

using standards. Chemical compositions of flavonoid contents in this plant has been reviewed 

by Bohm et al. (2001), showing 7-O-glycosides of apigenin, luteolin, chrysoeriol, but also other 

compounds such as patuletin, axillarin, hispidulin, pectolinnaringenin, nepetin and jaceosidin, 

5,4’-dihydroxy-6,7-dimethoxyflavone and luteolin 7-methyl ether. 
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5.2. ANTIMICROBIAL ACTIVITIES OF AROMATIC PLANT EXTRACTS 

5.2.1. Antifungal capacities 

The fungicidal effects of the essential oils and solid residue extracts against Aspergillus flavus 

CECT 2687 are shown in Fig. 67. As observed, the essential oil that exhibited the highest effects 

against A. flavus was the S. chamaecyparissus, followed by L. x intermedia which also 

presented moderate activity at 48h. Relating to the ISREs, the residue of S. chamaecyparissus 

also showed potential capacities after 48h (55.26%), decreasing its effects after 7 days of assay 

(39.52%). Moreover, the ISRE of S. chamaecyparissus released higher capacities than the IEOs 

of H. officinalis and L. x intermedia. 

 

 

Fig.  67  Antifungal capacities of the extracts against the growth development of A. flavus. Results are means of 
three replicates ± standard deviation. Different letters at the same time denotes statistical differences among 

extracts (p<0.05, ANOVA). 

 

The Penicillium roqueforti CECT 20485 was strongly affected by the IEO of S. chamaecyparissus 

with inhibitions higher than 95% in all measures (Fig. 68). Regarding the ISRES, that of S. 

chamaecyparissus was also rather effective against the radial development of this mold with 
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values ranging from 54.19% (72h) to 47.61% (168h). In addition, this residue also exhibited 

better capacities than the IEOs of H. officinalis and L. x intermedia.  

 

 

Fig.  68 Antifungal capacities of the extracts against the growth development of P. roqueforti. Results are 
means of three replicates ± standard deviation. Different letters at the same time denotes statistical 

differences among extracts (p<0.05, ANOVA). 

 

Finally, Penicillium verrucosum CECT 2906 showed a higher resistance to the assayed extracts 

in comparison to the other two fungi (Fig. 69). The IEO and ISRE of S. chamaecyparissus were 

also the most active extracts after 168h, with inhibitions of 77.55% and 16.23%, respectively. 

Additionally, this ISRE showed statistically (p<0.05) similar results to the IEOs of H. officinalis 

(25.71%) and L.x intermedia (24.28%) after 7 days of assay. 
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Fig.  69 Antifungal capacities of the extracts against the growth development of P. verrucosum. Results are 
means of three replicates ± standard deviation. Different letters at the same time denotes statistical 

differences among extracts (p<0.05, ANOVA). 

 

Since the IEO of S. chamaecyparissus was the only extract that exhibited antifungal capacities 

higher than 60%, the EC50 and EC90 values were calculated by means of Probit tests (Table 11). 

The A. flavus showed a EC90 value statistically predicted to be 1.18% (w/v) after 168h, whereas 

the EC50 value was the highest among the assayed fungi due to the strong resistances of the 

mold at low concentrations of oil (14.80% inhibition at 168h and at 0.25% w/v; data not 

shown). The P. roqueforti was the most susceptible organism in presence of S. 

chamaecyparissus oil, being the only fungus that allowed for the calculation of the real EC90 

value, with a result of 0.78% (w/v) after 7 days. In addition, the MIC of this oil against P. 

roqueforti could also be predicted in a dose of 1.23% (w/v) after 168h. Finally, although P. 

verrucosum demonstrated the strongest resistance to the IEO of S. chamaecyparissus at the 

initial concentration of 1% (w/v), it demonstrated similar results after 168h (58.56%) to that 

of the P. roqueforti (62.98%) at medium concentrations (0.5% w/v; data not shown). 
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Table 11 Ec50 and EC90 values obtained from Probit tests for the S. chamaecyparissus essential oil. Results are 
expressed in % (w/v). 

Fungus Value 
Time (h) 

48 72 96 120 144 168 

A. flavus 
EC90 1,22* 1,17* 1,20* 1,17* 1,18* 1,18* 

EC50 0,55 0,66 0,68 0,75 0,74 0,79 

P. roqueforti 
EC90 n.a. 0,74 0,74 0,74 0,75 0,78 

EC50 n.a. 0,41 0,44 0,42 0,43 0,46 

P. verrucosum 
EC90 n.a. 1,76* 1,72* 1,63* 1,58* 1,56* 

EC50 n.a. 0,49 0,58 0,56 0,55 0,55 

n.a.: not assayed; * statistically deduced from Probit tests.  

 

The antifungal capacities of the essential oil of Hyssopus officinalis against P. verrucosum have 

been previously highlighted by Moro et al. (2013) in comparison with other tested essential 

oils. Regarding the residue of this species, the methanolic and ethyl acetate extracts of the 

hydro-distilled residue of H. officinalis has also been evaluated by means of the broth dilution 

method against different Penicillium sp. and Aspergillus sp. (Džamić et al., 2013). Results 

showed that the most active was the deodorized methanolic extract, with MIC values ranging 

from 0.4% (w/v) against the Penicillium species and Aspergillus versicolor to 0.7% for the A. 

niger. Additionally, the ethanolic crude plant extract of H. officinalis has also demonstrated 

effectiveness against Candida albicans (Vlase et al., 2014).  

 

The capacity of the Lavandula x intermedia essential oil has been attributed with notorious 

antifungal capacities against P. verrucosum and A. niger (Blazekovic et al., 2011; Santana et 

al., 2012; Jianu et al., 2013; Moro et al., 2013). The ethanolic crude extract of different plant 

organs of L. x intermedia has also been tested against A. fumigatus and P. citrinum, 

demonstrating MIC values ranging from 2.5% to 37.5% (v/v) for A. fumigatus and from 2.5% 

to 22.5% (v/v) for P. citrinum (Blazekovic et al., 2011). In addition, methanolic crude extracts 

of different Lavandula species were tested against various fungi species. Among them, the 

extracts of L. luisieri and L. pedunculata showed high activity against some ascomycetes, 

especially Saccharomyces cerevisiae and Cryptococcus neoformans, and the extract of L. vera. 

syn. L. angustifolia against Rhizoctonia solani (Al-Othman, 2012; Baptista et al., 2015).  
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Finally, the oil of Santolina chamaecyparissus demonstrated previously strong inhibition 

capacities in the broth dilution method against A. niger (42.82%), A. flavus (41.23%), A. 

alternata (43.96%) and P. chrysogenum (53.94%) at a concentration of 0.2% (v/v) (Ruiz-

Navajas et al., 2013). In addition, the oil of S. africana also demonstrated antifungal capacities 

against A. flavus at concentrations higher than 0.1% (w/v) (Derouiche et al., 2013). On the 

contrary, Khubeiz et al. (2016) showed no negative effects for the oil against A. flavus and P. 

variable. This discrepancy can be related to the chemical variability that this plant presents 

(Bel Hadj Salah-Fatnassi et al., 2017). Relating to the antifungal activities of similar extracts of 

S. chamaecyparissus ISRE, Goussous et al. (2010) observed moderate capacities on the spore 

germination of Alternaria solani for an ethanolic crude extract of this plant, being however 

the lowest active among the assayed samples.  

5.2.2. Antibacterial effects 

The bactericidal assays showed no total inhibition capacities for any sample (Table 12). The 

essential oil of H. officinalis caused partial inhibitions against P. fluorescens B52 and abnormal 

growths on P. fluorescens RM14. The IEO of L. x intemerdia did not present bactericidal effects, 

whereas the S. chamaecyparissus oil exhibited abnormal growths against P. fluorescens and 

LAB. In relation to the ISREs, the H. officinalis demonstrated moderate inhibitions on E. coli 

and low ones on P. fluorescens RM14 and LAB. Moreover, the ISRE of L. x intermedia presented 

abnormal growths on P. fluorescens and LAB, whereas the residue of S. chamaecyparissus did 

not show any capacities against the tested bacteria. 
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Table 12 Antibacterial capacities of the extracts. Results are lectures of three replicates. 

Treatment Concentration 
(% w/v) 

Bacteria 

E. coli  P. fluorescens B52 P. fluorescens RM14 LAB 

H. officinalis IEO 1 - ++ + - 

H. officinalis ISRE 5 ++ - + + 

L. x intermedia IEO 1 - - - - 

L. x intermedia ISRE 5 - + + + 

S. chamaecyparissus IEO 1 - + + + 

S. chamaecyparissus ISRE 5 - - - - 

+++ total inhibition; ++ partial inhibition; + abnormal growth; - no visual effect. In bold: potential capacities 

 

Librán et al. (2013) observed antimicrobial capacities for the oil of H. officinalis against E. coli, 

whereas Nedorostova et al. (2009) showed no effects against this bacteria. In addition, 

Mazzanti et al. (1998) studied two essential oils of two different varieties of H. officinalis, one 

with rich content in linalol (51.7%) and the other without this compound, against different 

Gram-negative bacteria (Klebsiella oxytoca, E. coli, Proteus mirabilis, Pseudomonas spp. and 

two strains of Salmonella spp.). The MICs values ranged from 0.3% to 1.2% (v/v) for the linalool 

oil, whereas lower capacities against the same bacteria were observed for the linalool-free 

EO. Finally, Vlase et al. (2014) also demonstrated antimicrobial capacities for the ethanolic 

crude plant extract of H. officinalis against E. coli. 

 

In contradiction to our study, antibacterial capacities have been attributed for the essential 

oil of L. x intermedia against E. coli (Moon et al., 2006; Jianu et al., 2013; Librán et al., 2013; 

Varona et al., 2013) and could be related to differences in chemical compositions. On the other 

hand, the EO also reported in previous studies no inhibition capacities against P. aeruginosa 

(Moon et al., 2006) and low against P. putrida (Oussalah et al., 2006). Additionally, Blazekovic 

et al. (2011) also observed potential bactericidal capacities for the ethanolic extract of this 

plant against P. aeruginosa.  
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In relation to the oil of S. chamaecyparissus against bacteria, Karima Bel Hadj Salah-Fatnassi 

et al. (2017), Khubeiz & Mansour (2016) and Djeddi et al. (2012) attributed potential 

antibacterial capacities to this oil against Pseudomonas aeruginosa and against E. coli, 

whereas Ruiz-Navajas et al. (2012) showed no capacities against P. fluorescens. According to 

Derouiche et al. (2013), the oil of S. africana showed antibacterial capacities against E. coli and 

P. aeruginosa at a similar concentration of 0.8% (w/v). The low bactericidal capacities of the 

oil against E. coli observed in our study could be attributed to the chemical differences. 

Additionally, no studies have been found on the antibacterial capacities of ethanolic extracts 

of S. chamaecyparissus. 

 

5.3. ANTIOXIDANT AND CHELATING CAPACITIES OF AROMATIC 

PLANT EXTRACTS 

5.3.1. Total phenol content 

The highest phenolic content was observed for the ISRE of S. chamaecyparissus (10.1%) 

followed by L. x intermedia ISRE (5.2%) and H. officinalis (2.4%). (Table 13). The IEOs showed 

very low phenol content as expected, due to the absence of phenolic terpenes.  

 

In the case of S. chamaecyparissus, Sánchez-Vioque et al. (2013) reported similar phenol 

content for the industrial solid residue extract of S. rosmarinifolia, and Sánchez-Vioque et al. 

(2013) and Parejo et al. (2002) reported a similar content in the alcoholic extracts of the 

industrial solid residues of lavandin (5.3% and 7.4%, respectively). In comparison, a solid 

residue of H. officinalis extracted with methanol/water yielded a higher phenol content 

(4.26%) (Hatipoĝlu et al., 2013). 
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5.3.2. DPPH-radical scavenging activity 

The DPPH scavenging activity was high and similar (p<0.05) for the residues of S. 

chamaecyparissus (IC50 = 34.9 µg/mL) and L. x intermedia (IC50 = 46.3 µg/mL), and very low in 

H. officinalis  (IC50 = 367.7 µg/mL) (Table 13). All the IEOs showed activities below 20% in the 

range of assayed concentrations. The DPPH radical-scavenging activities of the ISREs were 

highly correlated to their contents in phenols, as previously observed for other solid residues 

from aromatic plants (Sánchez-Vioque et al., 2013).  

 

Stanković et al. (2014) also observed a low DPPH scavenging activity for the methanolic extract 

of H. officinalis. Sánchez-Vioque et al. (2013) reported comparable results for the scavenging 

capacity of an industrial solid residue of L. x intermedia, whereas Torras-Claveria et al. (2007) 

and (Parejo et al., 2002) observed lower scavenger capacity for the industrial solid residue of 

the same plant. As observed, the ISRE of L. x intermedia showed statistically similar results to 

that of the S. chamaecyparissus, but with half the amount of total phenols. Such discrepancies 

have been attributed to the different chemical reactions implicated in these methods, a H 

atom abstraction in the DPPH scavenging, and a reducing ability in the case of the Folin-

Ciocalteu test (Amorati et al., 2013). The DPPH scavenging activity of the solid residue after 

the industrial distillation and methanolic extraction of S. chamaecyparissus and S. 

rosmarinifolia has also been assayed, reporting similar results (Chibani et al., 2012; Sánchez-

Vioque et al., 2013; Elsharkawy et al., 2015). 

5.3.3. Ferric ion reducing antioxidant power (FRAP) 

All samples, except the IEOs of H. officinalis and L. x intermedia, showed moderate to high 

ferric ion reducing capacity and their IC0.5 values ranged from 25 µg/mL for the S. 

chamaecyparissus ISRE to 155.6 µg/mL for the IEO of S. chamaecyparissus (Table 13).  

 

According to previous studies, Stanković et al. (2014) observed a lower ferric reducing capacity 

for the methanolic extract of H. officinalis, whereas Blažeković et al. (2010) and Sánchez-

Vioque et al. (2013) reported for L. x intermedia similar results to those of our work. The 
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reducing capacity of the oil and the industrial solid residue ethanolic extract of S. 

rosmarinifolia have also been reported with similar results (Ruiz-Navajas et al., 2012; Sánchez-

Vioque et al., 2013). In contrast to the data of the DPPH scavenging method, the IEO of S. 

chamaecyparissus showed a moderate activity in the FRAP test. On the basis of the 

composition of this oil, lacking in phenolic terpenes, such reducing ability is a priori surprising. 

5.3.4. Iron and copper ion chelating activity 

The presence of iron and copper ions in foodstuff may act as catalysts of oxidative processes, 

leading to the formation of hydroxyl radicals and hydroperoxide decomposition via Fenton’s 

reaction, and consequently to the rancidity of foods (Halliwell, 1997; Halliwell et al., 1990). 

Therefore, the addition of chelating substances to foods reduces the availability of these metal 

ions and their participation in such oxidation reactions. Accordingly, certain phenols bearing 

chemical structures like o-dihydroxyl or adjacent keto and hydroxyl groups have been 

proposed as effective metal chelators (Rice-Evans et al., 1996a). The IEOs did not show iron 

chelating activity, except for the S. chamaecyparissus that showed a slight activity (IC50 = 

461.42) (Table 13), which is in agreement with a previous study on the iron chelating capacity 

of the oil of  S. chamaecyparissus (Ruiz-Navajas et al., 2013) . On the contrary, the ISREs 

presented moderate iron chelating activity, especially H. officinalis (IC50= 269.8 µg/mL), 

followed by S. chamaecyparissus (368.74 µg/mL).  The IEOs did not show cooper chelating 

activity, whereas among the ISREs, S. chamaecyparissus (IC50 = 199.42) was the only one with 

a significant activity.  

 

Unlike the DPPH or FRAP methods, the metal chelating activities of ISREs and IEOs did not 

correlate with the total phenol content. For example, the H. officinalis ISRE showed the highest 

iron chelating capacity despite its low phenol content. This supports previous studies that 

state that chelating capacities do not depend entirely on the phenol content but also on the 

presence or absence in the extract of certain chemical structures that enable the interaction 

with the metal ions. Such structures may include the abovementioned groups of  

  



 

 

 

 

 

 

Table 13 Total phenol content, DPPH scavenging activity, Ferric Ion Reducing Antioxidant Power (FRAP) and Fe2+ and Cu2+ chelating activities of the extracts. Data are the 
mean ± standard deviation of three assays. Different letters in the same column denotes statistical differences among extracts (p<0.05, ANOVA). 

 Total phenols2 DPPH scavenging  
activity3 FRAP4 Fe2+ chelating  

activity3 

Cu2+ chelating 
activity3 

Gallic acid1 - 0.76 ± 4.6a 1.40 ± 0.0a 153.21 ± 0.7a 47.34 ± 1.8a 

H. officinalis IEO 0.23 ± 0.0a n.d. n.d. n.d. n.d. 

H. officinalis ISRE 2.38 ± 0.2a 367.71 ± 5.3c 136.73 ± 2.3d 269.81 ± 4.7b > 600 

L. x intermedia IEO 0.21 ± 0.2a n.d. n.d. n.d. n.d. 

L. x intemedia ISRE 5.18 ± 0.1b 46.27 ± 1.5b 43.52 ± 2.5c 491.18 ± 26.1d > 600 

S. chamaecyparissus IEO 0.58 ± 0.0a n.d. 155.63 ± 4.3e 461.42 ± 38.4d n.d. 

S. chamaecyparissus ISRE 10.07 ± 0.8c 34.88 ± 0.9b 25.03 ± 1.6b 368.74 ± 29.5c 199.42 ± 5.0b 

n.d.: not determined. 
1  Reference antioxidant compound. 
2  Expressed as equivalent g of gallic acid/100 g of dry extract. 
3  IC50 : concentration (µg/mL) required to yield 50% of activity. 
4  IC0.5  : concentration (µg/mL) required to yield 0.5 absorbance units. 
In bold: strongest activities 
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phenols but also chemical groups present in other compounds like sugars, amino acids, 

organic acids, etc. (Sánchez-Vioque et al., 2013). 

5.3.5. Antioxidant assay using a linoleic acid model system 

In contrast to the other antioxidant tests of this work like DPPH or FRAP, the substrate to 

be protected from oxidation (linoleic acid) is present in this assay. The use of this type of 

antioxidant tests has been recommended because they give a more realistic approach to 

the lipid oxidation avoiding the overestimation of the antioxidant activity of certain samples 

(Amorati et al., 2013).  

 

In relation to the ISREs, S. chamaecyparissus showed a diminution of the lipid 

hydroperoxide content similar (p<0.05) to that of BHT after 24h of incubation. Despite the 

lipid hydroperoxide content significantly increased from 8.80% (24h) to 41.63% (48h), this 

increase was considerably lower in comparison with the other ISREs. After 72 h, the 

antioxidant activity of S. chamaecyparissus was still notable as deduced from the moderate 

formation of oxidation compounds (≈ 50%). On the contrary, the solid residues of H. 

officinalis and L. x intermedia did not show antioxidant capacities, with a formation of 

oxidation compounds higher than 90% after 24h. None of the IEOs prevented the formation 

of lipid hydroperoxides (Table 14). The formation of the two other products of oxidation, 

dienes and carbonyl groups, could not be monitored in the IEOs because of the 

spectrophotometric interferences previously explained in section 4.3.6. 

 

The good results of the S. chamaecyparissus ISRE are consistent with the antioxidant activity 

determined using the β-carotene/linoleate model system for an industrial solid residue of 

Santolina rosmarinifolia (Sánchez-Vioque et al., 2013). Additionally, Al-Ismail et al. (2007) 

measured the formation of conjugated dienes during the oxidation of corn oil in presence 

of the ethanolic crude extracts of various aromatic plants, and conclude that the extract of 

S. milfoil was the most effective, with even higher antioxidant capacity than α-tocopherol 

and similar to trolox. 



 

 

 

 

 

 

Table 14 Formation of conjugated dienes, lipid hydroperoxides and carbonyl groups with respect to the control (%) during the incubation of linoleic acid with IEOs and 
ISREs. Data are the mean ± standard deviation of the three incubations. Different letters in the same column denotes statistical differences among extracts (p<0.05, 
ANOVA). 

 Dose (µg/mL) 
Conjugated dienes Hydroperoxides Carbonyl groups1 

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 

BHT2 8.3 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 1.66 ± 1.4a 3.62 ± 0.8a 4.42 ± 3.3a 3.48 ± 1.6a 

H. officinalis IEO 333.3 n.d. n.d. n.d. 90.71 ± 8.1bc 100.0 ± 0.0d 100.0 ± 0.0c n.d. n.d. n.d. 

H. officinalis ISRE 166.7 100.0 ± 0.0c 100.0 ± 0.0c 100.0 ± 0.0c 100.0 ± 0.0c 100.0 ± 0.0d 100.0 ± 0.0c 100.0 ± 0.0c 100.0 ± 0.0c 100.0 ± 0.0c 

L. x intemedia IEO 333.3 n.d. n.d. n.d. 81.84 ± 7.1b 87.6 ± 3.3c 100.0 ± 0.0c n.d. n.d. n.d. 

L. x intemedia ISRE 166.7 100.0 ± 0.0c 100.0 ± 0.0c 100.0 ± 0.0c 94.50 ± 5.4bc 100.0 ± 0.0d 100.0 ± 0.0c 94.39 ± 7.5c 100.0 ± 0.0c 100.0 ± 0.0c 

S. chamaecyparissus IEO 333.3 n.d. n.d. n.d. 76.46 ± 4.8b 88.42 ± 1.2c 100.0 ± 0.0c n.d. n.d. n.d. 

S. chamaecyparissus ISRE 166.7 47.68 ± 9.6b 43.55 ± 10.1b 46.91 ± 1.2b 8.80 ± 3.3a 41.63 ± 6.5b 54.00 ± 3.6b 25.47 ± 7.7b 41.45 ± 9.4b 43.47 ± 8.0b 

n.d.: not determined. 
1   Aldehydes and ketones. 
2  Reference antioxidant compound: Butylated hydroxytoluene (BHT). 
In bold: strongest activities 
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5.4. PRODUCTION OF CHEESE COATINGS 

As explained in the Introduction, the occurrence of spoilage microorganisms during the 

ripening of the cheese is probably the major concern of the cheese industry, with 

contamination by fungi, especially by Penicillium species (Hymery et al., 2014), being of 

primary importance. The cheese industry makes use of different cheese covers as synthetic 

non-edible coatings. However, these coatings are non-degradable products, so the application 

of biodegradable natural compounds could be a potential alternative. Accordingly, the use of 

chitosan-based films, due to their known antimicrobial capacities (Plasencia-Jatomea et al., 

2003), has been widely suggested. Additionally, the addition of vegetal extracts with 

demonstrated antimicrobial and antioxidant capacities could even increase the preserving 

capacities of those chitosan coatings (Bonilla et al., 2016; Kalaycıoğlu et al., 2017). 

 

The purpose of the Objective 4 was to develop an edible cheese coating containing the most 

potent extract in relation to its capacities as antimicrobial and antioxidant, as well as avoiding 

aroma transmission to the coated cheese. The IEO of S. chamaecyparissus was the extract that 

presented the best antifungal capacities and certain antibacterial effects, but its strong odor 

could modify the organoleptic properties of the coated cheese. Besides, EOs contain volatile 

compounds that may well evaporate from the coating, decreasing the antimicrobial effects of 

films over time. Accordingly, the alternative was to select the ISREs due to antifungal and 

antibacterial capacities that were also present, expectedly avoiding aroma transmissions to 

cheeses. In this regard, the residue of S. chamaecyparissus exhibited the highest fungicidal 

effects, demonstrating growth inhibitions higher than 50%, whereas the H. officinalis residue 

was the most active against the assayed bacteria. Nonetheless, since the objective of 

developing cheese coatings is mainly to avoid fungal contamination over the cheese surface, 

it is transcendental to prioritize extracts with such capacities. Moreover, the antioxidant 

capacities of the ISRE of S. chamaecyparissus were also higher than those showed by the other 

tested extracts, showing even statistically similar results to those of the BHT in the linoleic acid 

model system method at 24h.  
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On the basis of the results, we selected the Industrial Solid Residue Extract of Santolina 

chamaecyparissus (SISRE) for its incorporation into a chitosan based edible coating. The goal 

is to study its viability as a fungal cover for Manchego cheese. Additionally, synergistic effects 

of the extracts in the chitosan films could be considered for further edible coating applications 

or for other applications in dairy products. 

5.4.1. Cheese properties 

The physico-chemical characterization of the artisanal Manchego cheese was performed in 

the rind and the inner mass as shown in Table 15. As observed, statistically different results 

(p<0.05) were observed for the chemical characterization of the surface and inner parts of the 

cheees, especially observed for its content in salt, showing a difference of 0.25%. In relation 

to the color parameters, the rind showed a darker (less L* values) and greener appearance 

than the center. Additionally, the analyses of water activity (determined only in the inner 

fraction) showed a high aw value of 0.93. The surface tension of cheese rind results showed 

that the Manchego cheese presented a quite hydrophobic skin as deduced by observing the 

spreading coefficient values (Ws) of the bromonaphtalene (0) and the water (-40), directly 

related to its content in fats (>37%). Moreover, the density of the Manchego cheese was 

calculated at 1.087 ± 0.1 kg/L. The statistical differences (p<0.05) in the physico-chemcal 

analysis observed between the rind and the center may well be attributed to the fact that the 

surface dries faster than the inside of the cheese. Additionally, the form of salting of the 

Manchego cheese is by inmersion into brine, so the difussion of salt occurs from the surface 

to the inner mass of the cheese, explaining the lower content in salt between the two 

measured parts. 
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Table 15 Physico-chemical analysis of Manchego cheese. Data are the mean ± standard deviation of three 
measures. Different letters denotes statistical differences among cheese parts (p<0.05, ANOVA). 

Test Rind Center 

Total solids (%) 67.23 ± 0.1a 66.08 ± 0.0b 

Fat (%) 37.22 ± 0.0a 37.25 ± 0.1b 

Proteins (%) 24.52 ± 0.1a 24.90 ± 0.0b 

Salt (%) 1.76 ± 0.0 a 1.51 ± 0.0b 

Humidity (%) 32.78 ± 0.1 a 33.93 ± 0.0b 

Color 

L* 65.24 ± 0.6 a 81.32 ± 1.0b 

a* -4.21 ± 0.3 a -2.68 ± 0.2b 

b* 16.31 ± 0.3 a 12.22 ± 0.8b 

Water activity n.a. 0.93 ± 0.0b 

pH n.a. 5.04 ± 0.01b 

Wa 

Water 104.23 ± 5.3 n.a. 

Glycerol 85.72 ± 4.4 n.a. 

Bromonahptalene 88.80 ± 0.0 n.a. 
    

Wc 

Water 144.20 ± 0.0 n.a. 

Glycerol 118.80 ± 0.0 n.a. 

Bromonahptalene 88.80 ± 0.0 n.a. 
    

Ws 

Water -39.97 ± 5.3 n.a. 

Glycerol -33.02 ± 4.4 n.a. 

Bromonahptalene 0.00 ± 0.00 n.a. 

n.a.: not assayed; Wa: work of adhesion (mJ/m2); Wc: work of cohesion 

(mJ/m2); Ws: spreading coefficient (mJ/m2) 

 

As observed in Table 15, the lower luminosity and greener color of the rind in comparison to 

the center could be related to the ripening of the cheese surface, in contradiction to the inner 

mass, as also observed by Licón et al. (2011), who studied the changes in luminosity 

ofManchego cheese over 60 days of ripening with different exposure times to air, showing 

lower L*, higher a*, but similar b* cordinates with increasing air exposure and ripening times. 

According to Rockland et al. (1987) aw values of 0.91 permits the development of mayority of 

bacteria, whereas values higher than 0.7 enhances the development of fungi. This being so, 

our cheese could be susceptible to developing spoilage microorganisms. Licón et al. (2012) 

studied the physico-chemical properties of a similar sheep’s pressed cheese, reporting similar 

results except for the total solids content (57.57%). Additionally, these authors studied the 

physico-chemical variations of the cheese over time, from 3 to 180 days, observing variations 

regarding the salt and total solid content, related to the weight of water throughout the 

maduration. Moreover, Licón et al. (2011) assayed the physico-chemical composition of a 
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similar pressed cheese at 30 days, reporting lower total solids content (59.72%). Finally, the 

‘Protected Designation of Origin’ of the Manchego cheese (D.O.P., 2011), reveals the following 

characteristics for the Manchego cheese: (1) total solid content >55%; (2) fat > 28%; (3) protein 

> 17%; (4) pH of 4.8-5.8; (5) pale bright yellow color. Accordingly, all the analyzed parameters 

complied with the required Manchego cheese regulations. Finally, the analysis of the cheese 

rind reported a very hydrophobic rind, so it was necessary to use a surfactant in the chitosan 

solution with the aim of decreasing its surface tension, allowing the chitosan solution to 

spread over the cheese surface (Cerqueira et al., 2009). 

5.4.2. Chitosan coatings properties 

The surface tension of the liquid solution coatings were calculated in 34.00 ± 0.23 mN/m for 

the chitosan-SISRE coating, whereas the control showed a similar value of 35.20 ± 0.55 mN/m. 

The spread coefficient of the chitosan-SISRE coating over the cheese surface was also 

evaluated, showing similar results for the control (-12.68 ± 2.67 mJ/m2) and chitosan-solution 

coatings (-12.53 ± 2.36 mJ/m2), noting the good spread of the coating over the cheese skin.   

 

In relation to the films, the tested properties are showed in Table 16.  According to the 

moisture content, the control reported a value higher than the chitosan-SISRE coating, but 

with a similar result for the control to that reported by Costa et al. (2015) (25.9%) for a 1.5% 

chitosan coating. In addition, the solubility tests showed that the presence of the SISRE in the 

coating prevents considerably the solubility of the film in the presence of water, enhancing 

this property. In relation to the swelling, we observed that the addition of the vegetal extract 

also enhanced considerably the capacity of the film to absorb water in contradiction to the 

control that was totally dissolved into water when this assay was performed. The increase of 

this property will avoid the dilution of the coating in waterlogged places. The reason for this 

swelling index increase might well be related to the presence of hydrophilic groups such as 

the carboxylic group of the major phenolic compound tentatively identified in the S. 

chamaecyparissus ISRE, which can interact with water (Kakaei et al., 2016). However, this is in 

contradiction to Shahbazi (2017), who observed a reduction in the swelling by the addition of 
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ethanolic grape seed extracts to a chitosan based film, which also present phenolic acids as 

the gallic acid (Shi et al., 2003). 

 

Table 16 Analytical properties of the different assayed films. Data are the mean ± standard deviation of three 
measures. Different letters denotes statistical differences among coatings (p<0.05, ANOVA) 

Property Control Chitosan-SISRE coating 

Moisture (%) 27.25 ± 1.6a 20.15 ± 1.0b 

Solubility (%) 49.27 ± 2.0a 32.82 ± 1.1b 

Swelling (%) 0.0 ± 0.0a 435.44 ± 24.7b 

Color 

L* 94.41 ± 0.9a 46.23 ± 4.5b 

a* -2.25 ± 0.4a 20.08 ± 1.8b 

b* 14.05 ± 3.0a 41.66 ± 5.1a 

Opacity (%) 5.25 ± 0.6a 23.67 ± 5.5b 

Thickness (mm) 0.08 ± 0.0a 0.16 ± 0.0b 

Mechanical properties 
Tensile strenght-TS (MPa) 9.57 ± 1.7a 3.12 ± 0.0b 

Elogation at break-EAB (%) 86.07 ± 13.9a 101.16 ± 6.4b 

WVP x 10-10 (g · (m · s · Pa)-1) 0.87 ± 0.6a 1.36 ± 0.0b 

Critical surface tension 

Work of adhesion-Wa (mJ/m2) 113.17 ± 7.0a 128.60 ± 1.5b 

Work of cohesion-Wc (mJ/m2) 144.20 ± 0.0a 144.20 ± 0.0a 

Spreading coefficient-Ws (mJ/m2) -31.03 ± 7.0a -15.60 ± 1.5b 

pH 4.16 ± 0.0a 4.21 ± 0.0b 

Density (kg/m3) 1.05 ± 0.0a 0.98 ± 0.0b 

 

The color of the SISRE-chitosan coating was, as expected, very different in comparison to the 

control (Fig. 70). Although the color does not affect the internal chemical properties of the 

cheese, it would be interesting to evaluate the consumer’s acceptance grade. 

 

a)  b)  

Fig.  70 Chitosan coatings color: a) Control; b) Chitosan ISRE-coating 

 

Luminosity of the chitosan-SISRE coating ranged from 38.33 to 54.50, a* value was between 

16.56 to 23.85 and the b* value from 30.99 to 50.15, providing the coating with the 
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characteristic brown color of the S. chamaecyparissus ISRE. The color showed similar values 

to those obtained by Shahbazi (2017) for the ethanolic grape seed extract, with similar results 

of luminosity and with similar color in a* coordinate (46.55 and 15.77, respectively), but with 

a bluer color (24.07), related to the characteristic color of the grape seed. The opacity was 

also considerably darker than the controls as expected, as also showed by Siripatrawan et al. 

(2010) who observed a decrease in luminosity and an increase in a* and b* values by 

increasing the amount of an aqueous green tea extract on a chitosan-based film. Finally, this 

reduction in the luminosity has also been observed by Gómez-Estaca et al. (2009), who 

reported an increase in film opacity as a result of the addition of antioxidants from borage 

extracts. The increase in the opacity of the films involves a reduction in transparency 

(Casariego et al., 2009).  

 

As to the coating thickness, the presence in the SISRE increases, as expected, the thickness of 

the films from 0.08 mm of the control to 0.14 mm of the chitosan-SISRE coating (values ranging 

from 0.103 to 0.167 mm). This is in agreement with Ayana et al. (2009) who observed an 

increase in film thickness by the increasing addition of an olive leaf extract into a 

methylcellulose film. However, Kalaycıoğlu et al. (2017) showed no differences between its 

control and a turmeric ethanolic extract in a chitosan coating. However this may be due to the 

fact that this author compares a pure control film containing 2% of chitosan with the turmeric 

coating that contains 1% of the polysaccharide.  

 

Regarding the mechanical properties, Siripatrawan & Harte (2010) studied the mechanical 

properties of chitosan films at different percentages of glycerol, observing that at a 

concentration of 30% (w/w chitosan), the mechanical properties were best. As observed, the 

addition of the SISRE reduced the tensile strength (TS), but increase the elongation-at-break 

(EAB) parameter compared to control, which according to Al-Hassan et al. (2012), results in a 

weaker film with higher elasticity. The presence of the hydroxyl groups of the phenolic 

compounds could play an important role in TS and EAB values due to possible interactions 

between this chemical groups with the –NH2 groups of the chitosan as previously suggested 

(Al-Hassan & Norziah, 2012; Shahbazi, 2017). In this connection, we observed a total phenolic 
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content of 10.1% in the S. chamaecyparissus ISRE. Additionally, this indirect effect has also 

been observed by Bourbon et al. (2011) who observed higher EAB at lower TS with the 

addition of different bioactive compounds (whey protein, glycomacropeptide and lactoferrin) 

to chitosan based films. Contrary to our results, Kalaycıoğlu et al. (2017) reported higher 

tensile strengths with the addition of an ethanolic turmeric extract, whereas Siripatrawan & 

Harte (2010) showed no statistically differences in TS and EAB values between a 2% green tea-

chitosan coating and its control. The explanation for these different values has been reported 

by Kalaycıoğlu et al. (2017), who  reviewed the trends in the change of TS values, observing 

that it is not clear how additives enhance or reduce this capacity, but concluded that an 

increase or reduction in TS is due to an increase or decrease in the intermolecular interactions 

between the different additives and the chitosan chains. 

 

The WVP is directly related to the capacity of water to permeate through the coatings, so low 

WVP values improves the structural integrity and mechanical-handling properties of future 

coated cheeses (Galus et al., 2015). The results showed that the water vapor permeability of 

the SISRE-chitosan coating increased slightly in comparison to the control, as also observed by 

Kalaycıoğlu et al. (2017), who observed an increase in the WVP for a chitosan film containing 

an ethanolic turmeric extract (1.53 x 10-10 g · (m · s · Pa)-1) in comparison to the control (1.12 

x 10-10 g · (m · s · Pa)-1). Finally, Bonilla & Sobral (2016) also studied the WVP for different 

ethanolic extracts coatings of rosemary made of pigskin gelatin reporting a value of 2.68 (x 10-

10 g · (m · s · Pa)-1) also and of 2.03 (x 10-10 g · g · (m · s · Pa)-1) for the control. Moreover, the 

addition of the SISRE to the coating makes the film much more hydrophilic as deduced by the 

spreading coefficient of the water over the SISRE coating in comparison to the control. This 

fact could be related to the presence of hydrophilic groups such as the carboxylic groups of 

the phenolic compounds, which can interact with water, as previously explained. Finally, the 

pH and density also showed statistical differences (p<0.05). 
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5.4.3. Respiration rates 

The results of the respiration exchanges of O2 and CO2 are shown in Fig. 71 and the growth of 

fungi is visually reported in Fig. 72. As observed in these figures, no differences (p<0.05) for 

the respiration of the oxygen were observed between control (0.78 mL · (kg · h)-1) and 

chitosan-SISRE coating (0.88 mL · (kg · h)-1), but they are shown for the uncoated cheese (1.41 

mL · (kg · h)-1). In relation to the carbon dioxide, both coatings and uncoated cheese showed 

statistically different values. However, the control showed a respiration value of CO2 (0.12 mL 

· (kg · h)-1) more closely related to the chitosan-SISRE coating (0.23 mL · (kg · h)-1) than to the 

uncoated cheese (0.43 mL · (kg · h)-1) as observed in the graph. In relation to the weight loss, 

the control showed a loss of 2.1%, the chitosan-SISRE coating was of 2.6%, whereas for the 

uncoated cheese this was of 2.5% (data not showed). Additionally, the relative humidity in the 

reactors was from 78% at the beginning of the experiment up to 89% at the end of the 

experiment.  

 

 

Fig.  71  O2 and CO2 transfer rates in Manchego cheese. Data are the mean ± standard deviation of three 
measures.  Different letters denotes statistical differences among respiration ratios (p<0.05, ANOVA). 

 

As appreciated in Fig. 72, the most visually affected cheese was the uncoated sample, followed 

by the control, whereas the least visibly contaminated sample was that covered with the 
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chitosan-SISRE coating, which showed just a few fungal colonies, as observed. Additionally, 

the brown color of the cheese coated with the vegetal extract film is also observable in this 

figure. 

 

 

Fig.  72 Visual aspect of the cheeses after 15 days of incubation. 

 

Other studies have been found based on the analysis of respiration rates of edible chitosan 

films with essential oils of Rosmarinus officinalis and Origanum vulgare, showing O2 

consumption values between 0.37 mL · (kg · h)-1 for a chitosan-oregano oil coating to 5.3 mL · 

(kg · h)-1 for the uncoated cheese, after 15 days of ripening (Cano-Embuena et al., 2017). In 

the same line, these authors reported a production of CO2 between 1.10 mL · (kg · h)-1 for the 

same chitosan-oregano oil film to 5.6 mL · (kg · h)-1 for the uncoated cheese, after 30 days of 

ripening. Moreover, Fedio et al. (1994) studied the gas exchange in a Swiss cheese, and found 

values between 1 to 2 mL · kg-1 · h-1. Finally, Cerqueira et al. (2009) also studied the gas 

exchange ratios of a recently pressed semi-hard Saloio cheese covered with a 1.5% 

galactomannan coating, showing a higher O2 consumption ratio of 13.65 mL · (kg · h)-1 for the 

uncoated cheese and of 8.33 mL · (kg · h)-1 for the coated cheese. Additionally, the CO2 

production of the coated cheese was of 9.27 mL · (kg · h)-1 and of 14.52 mL · (kg · h)-1 for the 

uncoated cheese. These differences may be related to the different chemical composition of 

the cheese and to the ripening stages (Cerqueira et al., 2009; Cano-Embuena et al., 2017). 
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Moreover, as observed in the cheeses of the picture, the presence of fungi is visually lower to 

that showed in the control coating, whereas the respiration of O2 and CO2 is lower for the 

control. This may be related to the major permeability of the film as observed for the WVP 

and to the internal chemical reactions inside the cheese, instead of metabolic respiration of 

microorganisms. 

 

As a result, we might say that the development of the chitosan-SISRE coating enhance some 

properties of the cheese as well as visually decreasing the appearance of spoilage fungi in the 

cheese. However, antifungal in vitro tests should be performed in order to confirm this 

statement 

 

5.5. BIOPLAGUICIDE EFFECTS OF AROMATIC PLANT EXTRACTS 

5.5.1. Insecticidal Activities 

Table 17 shows the insecticidal activities of IEOs and ISREs from selected plants. Among 

chewing insects, L. decemlineata was more sentitive to solid residue (ISRE) extracts while the 

essential oils (IEOs) were more effective against the polyphagous S. littoralis.  L x intermedia 

oil and S. chamaecyparissus residue showed the strongest antiffedant effect on S. littoralis 

and L. decemlineata, respectively. Feeding behavior of sucking M. persicae was mostly 

affected by H. officinalis ISRE and moderately by S. chamaecyparissus ISRE, whereas R. padi 

was strongly affected by the S. chamaecyparissus IEO. Finally, S. chamaecyparissus and L. x 

intermedia oils had strong ixodicidal activity against H. lusitanicum; whereas none of the 

samples showed nematicidal activity on M. javanica in the range of assayed concentrations. 

 

 



 

 

 

 

Table 17 Biocidal activities of the extracts against different target pests. Data are the mean ± standard error of three measures. Different letters in the same column 
denotes statistical differences among extracts (p<0.05, ANOVA). 

 
  

Insecticidal activity  Tickcide activity  Nematicidal activity 

  Coleoptera Lepidoptera  Hemiptera  Ixodida  Tylenchida 

  L. decemlineata S. littoralis  M. persicae R. padi  H. lusitanicum  M. javanica 

Sample  %FI1 ± SE 
 

%SI2 ± SE 
 

%M3 ± SE 
 

%M4 ± SE 

  EC50
5 (µg/cm2) EC50

5 (µg/cm2) LC50
5/ LC90

6 (µg/mg) LC50
5/ LC90

6 (µg/mg) 

H. officinalis IEO  43.18 ± 9.0ab 78.99 ± 8.1b 

 
30.79 ± 4.5a 53.55 ± 5.4a 

 
0.00 ± 0.0a 

 
5.13 ± 1.5a 

 n.d. 49 (31-67) n.d. n.d. n.d. n.d. 

H. officinalis ISRE  88.54 ± 4.2c 33.68 ± 10.7a  77.72 ± 4.0d 35.46 ± 5.8a  0.00 ± 0.0a  2.66 ± 6.7a 

  40 (9-51) n.d.  23 (15-36) n.d.  n.d.  n.d. 

L. x intermedia IEO  34.77 ± 9.8a 89.11 ± 6.7b 

 
44.66 ± 4.4ab 46.30 ± 6.2a 

 
90.93 ± 6.7b 

 
0.00 ± 0.9a 

 n.d. 25 (22-28) n.d. n.d. 28 (26-30) / 38 (34-42) n.d. 

L. x intermedia ISRE  81.39 ± 8.8c 50.77 ± 9.7ab  53.00 ± 6.0bc 34.41 ± 5.4a  0.00 ± 0.0a  0.22 ± 0.2a 

  7 (4-10) n.d.  n.d. n.d.  n.d.  n.d. 

S. chamaecyparissus IEO  68.86 ± 9.1bc 68.67 ± 7.4ab 

 
50.16 ± 4.9abc 90.88 ± 3.4b 

 
98.61 ± 1.4b 

 
3.39 ± 0.7a 

  n.d. n.d. n.d. 21 (13-35) 6.6 (6-7) / 11 (10-12) n.d. 

S. chamaecyparissus ISRE  96.47 ± 2.4c 29.55 ± 8.8a  67.82 ± 4.6cd 50.25 ± 5.1a  0.00 ± 0.0a  0.40 ± 0.4a 

   3 (1.5-6) n.d.  n.d. n.d.  n.d.  n.d. 
1 %FI: Feeding Inhibition percentage at 100 µg/cm2. 2 %SI: Settling Inhibition percentage at 100 µg/cm2; 3 %M: Mortality percentage at 40 µg/mg cellulose; 4 %M: Mortality 
percentage at 1µg/µl. 5 EC50/LC50 95% confidence limits (lower- upper) or the minimum concentration that produces 50% either feeding/settling inhibition or mortality; 6 
LC90 95% confidence limits (lower-upper) or the minimum concentration that produces 90% mortality; n.d.: not determined. In bold: strongest activities. 

 



V. RESULTS AND DISCUSSION                                    Gonzalo Ortiz de Elguea Culebras 

 

148 

 

Even though the oil of H. officinalis showed lower capacities in previous studies against 

Spodoptera litura (Isman et al., 2001), it has demonstrated potential capacities against 

Sitophilus oryzae (Coleoptera:Curculionidae) (Yi et al., 2006; Kim et al., 2016;), Thrips palmi 

(Thypsanoptera:Thripidae) and the mite Tetranychus urticae (Acari: Tetranychidae)(Roh et 

al., 2011; Salman et al., 2015). Finally, the lack of nematicidal activity is in accordance with 

the results obtained for this oil against M. javanica (Andrés et al., 2012) and against 

Bursaphelenchus xylophilus (Nematoda: Tylenchida) (Kong et al., 2006). In relation to the 

ethanolic extract of the solid residue, biocidal capacities have been attributed for a 

methanolic extract of H. officinalis against larvae of S. littoralis (R. Pavela, 2004a) and for 

the ethanolic extract of the plant against L. decemlineata (R. Pavela, 2004b) and Plutella 

xylostella (Lepidoptera: Yponomeutoidea) (Dover, 1985). On the contrary, no studies on 

alcoholic extracts of this plant against aphids and mites were located.  

 

Contrary to our results, Santana-Méridas et al. (2012) observed potential capacities for the 

hydro-distilled EO of L. x intermedia against L. decemlineata (87.2%) and M. persicae 

(90.5%), but similar to those obtained in our study against S. littoralis (80.6%). Likewise, 

Pavela (2005) and Julio et al. (2014) also attributed insecticidal behaviors to the essential 

oils of L. angustifolia, L. latifolia and L. luisieri against S. littoralis. This discrepancy can be 

related to differences in the chemical composition of the oils as previously observed for 

different Lavandula luisieri populations against these insects (Julio et al., 2014). In 

accordance with the biocidal capacities of L. x intermedia oil against beetles, potential 

effects have been observed on Sitophilus zeamais, Cryptolestes ferrugineusk (Coleoptera: 

Laemophloeidae), Tribolium confusum (Coleoptera:Tenebrionidae) and Acanthoscelides 

obtectus (Coleoptera:Chrysomelidae) (Papachristos et al., 2004; Cosimi et al., 2009; Theou 

et al., 2013). Additionally, the oil also previously exhibited capacities against Tetranychus 

urticae (Salman et al., 2015), T. cinnabarinus (Mansour et al., 1986) and Ixodes ricinus 

(Acari:Ixodidae) (Kröber et al., 2013). Similarly, the hydro-distilled EO of L. angustifolia has 

also showed repellency effects against the Hyaloma marginatum (Mkolo et al., 2007). As 

far as we know, there are no previous works on the nematicidal activity of the IEO from L. 

x intermedia against M. javanica, but lower capacities have been observed by Park et al. 



V. RESULTS AND DISCUSSION                                    Gonzalo Ortiz de Elguea Culebras 

 

149 

 

(2007) and Kong et al. (2006) for the essential oil of L. x intermedia against Bursaphelenchus 

xylophilus (Tylenchida: Parasitaphelenchidae). In the same line, Julio et al. (2016) and Oka 

et al. (2000) also reported no nematicidal activity for the oil of L. luisieri and L. officinalis 

against M. javanica. In relation to the bioplaguicide capacities of solid residues of this plant, 

no studies have been located in published literature. 

 

The potential bioplaguicide uses of the oil of S. chamaecyparissus for the control of insect 

pests have also been proposed by Seo et al. (2014), who observed substantial fumigant 

toxicity against the Japanese termite (Reticulitermes speratus; Isoptera: Rhinotermitidae). 

In addition, the biocide capacities of the EO have also been observed against the pea weevil 

Callosobruchus chinensis (Coleoptera:Chrysomelidae) (Righi-Assia et al., 2010) and against 

the spider mite Tetranychus urticae (Attia et al., 2012). Besides, as far as we know, this is 

the first published work on the biological abilities of S. chamaecyparissus oil against aphids 

and ticks. In relation to alcoholic extracts of S. chamaecyparissus, it has been attributed 

potential bioplaguicide effects have been attributed to different sesquiterpenes from a 

hexane crude extract of S. chamaecyparissus against S. littoralis (Barrero et al., 1999) and 

for the acetonic crude extract against Sitophilus zeamais (Potenza et al., 2006).  

5.5.2. Phytotoxic effects 

The allelopathic tests revealed low to moderate toxicity of the extracts against target plants 

(Table 18 and Fig. 73), with the monocotiledon L. perenne being mostly affected by the 

essential oils. The L. sativa germination was within normal ratios for all assayed extracts, 

whereas the ISRE of L. x intermedia slightly affected the root growth (-21.86%). Additionally, 

S. chamaecyparissus ISRE showed statistically (p<0.05) stimulant effects on L. sativa root 

development (+27.83%). In relation to L. perenne, the oil of S. chamaecyparissus showed 

moderate negative effects on the germination of this species at the initial stages, whilst full 

germination was observed at the end of the experiment. Additionally, S. chamaecyparissus 

oil demonstrated moderate inhibition effects on the leaf growth of the plant (-57.70%), but 

stimulant for L. x intermedia ISRE (+20.68%).



 

 

 

 

 

 

 

Table 18 Phytotoxic effects of the extracts on germination capacities at 200 µg/well. Data are the mean ± standard error of three measures. Different letters in the same 
column denotes statistical differences among extracts (p<0.05, ANOVA) 

Sample 
  

 Lactuca  sativa  Lolium perenne 
 24h 72h 168h  72h 120h 168h 240h 

H. officinalis IEO  97.22 ± 8.2a 99.17 ± 1.2a 100.0 ± 0.0a  66.67 ± 13.1ab 70.97 ± 7.3a 85.51 ± 8.1a 95.95 ± 6.0a 

H. officinalis ISRE  99.17 ± 1.2a 100.0 ± 0.0a 100.0 ± 0.0a  123.08 ± 12.3b 116.67 ± 10.0b 109.38 ± 8.4a 100.00 ± 4.8a 

L. x intermedia IEO  97.44 ± 4.1a 100.0 ± 0.0a 100.0 ± 0.0a  68.75 ± 11.1ab 85.48 ± 8.4ab 91.30 ± 4.6a 98.65 ± 3.4a 

L. x intermedia ISRE  92.31 ± 4.9a 99.17 ± 1.2a 100.0 ± 0.0a  100.0 ± 14.1ab 96.72 ± 12.4ab 88.73 ± 7.8a 93.51 ± 3.8a 

S. chamaecyparissus IEO  94.87 ± 3.6a 100.0 ± 0.0a 100.0 ± 0.0a  56.25 ± 10.2a 72.58 ± 8.5a 86.96 ± 7.1a 97.30 ± 4.0a 

S. chamaecyparissus ISRE   92.50 ± 4.5a 100.0 ± 0.0a 100.0 ± 0.0a   110.26 ± 26.4ab 101.85 ± 16.2ab 107.81 ± 6.9a 100.00 ± 3.8a 

Germination expressed as % control (acetone). In bold: stimulant and/or phytotoxic activities 



 

 

 

 

 

 

 

Fig.  73  Phytotoxic effects of the extracts on growth capacities at 200 µg/well. Data are the mean ± standard error of three measures. Different letters in the same assay 
denotes statistical differences among extracts (p<0.05, ANOVA). Negative percentages means phytotoxicity, whereas positive means stimulant effects.
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The allelopathic capacities of H. officinalis oil against L. sativa have also been assayed by De 

Almeida et al. (2010), reporting certain phytotoxicity only at high concentrations. Additionally, 

Santana-Méridas et al. (2012) also evaluated the phytotoxic activity of the EO of L. x 

intermedia Super against L. lactuca and L. perenne seeds, and observed negative effects 

similar to those presented in this work on both germinating and growth tests. Finally, Grosso 

et al. (2010) have proposed the oils of S. chamaecyparissus and thyme (Thymus vulgaris L.) as 

promising alternatives to synthetic herbicides due to their potential herbicidal activities 

against weed species and scarce detrimental effects on crops, especially on the assayed L. 

sativa seeds. Additionally, Verdeguer et al. (2013) also studied the phytotoxic capacities of 

aqueous crude extracts of Santolina chamaecyparissus L. showing that leaf extracts were 

more effective than flower extracts. 

5.5.3. Bioguided fractionation from an industrial solid residue extract with 
insecticidal capacities 

The aim of Objective 7 was to select an Industrial Solid Residue Extract with the best 

insecticidal capacities. The ISRE of S. chamaecyparissus was selected for the extraction of 

bioactive fractions against L. decemlineata due to these outstanding capacities against this 

beetle (EC50=3 (1.5-6) µg/cm2) as presented in Table 17, and also for the increasing interest in 

the control of this pest due to its ability to develop cross-resistance against conventional 

chemical insecticides (Alyokhin et al., 2006; Alyokhin et al., 2007). For this reason, the ISRE of 

S.chamaecyparissus was submitted to a bioguided fractionation by means of vacuum liquid 

chromatography in order to obtain active fractions against the Colorado potato beetle.  

 

The antifeedant activity from the bioguided frantionation of S. chamaecyparissus ISRE is 

presented in Table 19. The obtained yield of extraction was calculated at 73.74%, the reaminig 

percentage being missed by the silica gel during the fractionation. In relation to the 

antifeedant capacities of the fractions, Duncan’s test revealed the most active to be (indicated 

with the letter “f” in Table 19) fractions 4, 7, 16 and 23, showing percentages of around 85%. 

Nevertheless, taking into consideration yield of extractions, fractions 4, 16 and 23 were  
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Table 19 Antifeedant activity of S. chamaecyparissus ISRE frations against L. decemlineata. Data are the mean ± 
standard error of three measures. Different letters denotes statistical differences among fractions (p<0.05, 
ANOVA). 

Fraction Eluted in Yield (%) % FI (±SE) 

1 100% MeOH 0.79 10.81 ± 7.8a 

2 75%:25% He:EAc 4.08 50.60 ± 11.6bc 

3 75%:25% He:EAc 0.99 74.47 ± 7.3cdef 

4 75%:25% He:EAc 2.62 90.25 ± 3.8f 

5 50%:50% He:EAc 0.80 80.27 ± 5.3ef 

6 50%:50% He:EAc 1.93 79.99 ± 5.7ef 

7 50%:50% He:EAc 0.93 94.05 ± 2.5f 

8 50%:50% He:EAc 1.62 78.03 ± 5.7def 

9 100% EAc 1.84 80.09 ± 6.0ef 

10 100% EAc 2.53 50.69 ± 7.4bc 

11 100% EAc 5.21 45.80 ± 10.1b 

12 90%:10% EAc:MeOH 2.85 80.02 ± 8.3ef 

13 90%:10% EAc:MeOH 1.76 82.34 ± 4.5ef 

14 90%:10% EAc:MeOH 7.65 55.36 ± 12.5bcde 

15 90%:10% EAc:MeOH 1.87 73.03 ± 3.3cdef 

16 75%:25% EAc:MeOH 2.26 86.13 ± 3.6f 

17 75%:25% EAc:MeOH 8.02 70.78 ± 9.3bcdef 

18 75%:25% EAc:MeOH 17.56 52.12 ± 9.7bcd 

19 50%:50% EAc:MeOH 12.49 50.32 ± 9.7bc 

20 50%:50% EAc:MeOH 8.20 71.85 ± 8.5bcdef 

21 100% MeOH 9.82 70.13 ± 7.8bcdef 

22 100% MeOH 1.97 66.80 ± 11.8bcdef 

23 100% MeOH 2.20 83.81 ± 4.7f 

He: n-Hexane, EAc: Ethyl Acetate, MeOH: methanol. In bold: statistically  
(p<0.05, ANOVA) most active fractions (f) 

 

elected as the best potent candidates for the further obtention of insecticidal compounds 

against L. decemlineata. 

 

In relation to fractions 4 and 7, it is expected that these fractions contain mostly terpenes due 

to the low-medium polar system used for the extraction of this fraction (75%:25% n-

Hexane:Ethyl Acetate). In relation to fractions 16 and 23, a higher content in phenolic 

compounds is expected to be contained due to the higher polarity of the mobile phases 

(75%:25% EAc:MeOH and 100% MeOH, respectively). However, chemical analysis of these 

fractions should be performed in order to establish the chemical nature and composition of 
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the components contained in each fraction. Additionally, subsequent fractionation should also 

be performed in order to establish the single fractions, compound and/or compounds 

responsible for the bioplaguicide capacities of the S. chamaecyparissus ISRE against the 

Colorado Potato Beetle (L. decemlineata). 

 

5.6. INSECTICIDAL EFFECTS OF COMMON TERPENES 

Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae) or the Colorado potato beetle is 

a cosmopolitan pest widely distributed in Europe, America and Asia, and the most important 

pest with regard to potato crops. This insect poses serious problems due to its high capacity 

to acquire resistance to synthetic pesticides, but also due to its high fertility ratios (Alyokhin 

et al., 2006; Alyokhin et al., 2007). Thus, there is a need to create new safe alternative 

agrochemicals with the capability not only to control this pest, but also with little 

environmental damage, such as the EOs (Isman, 2000). Additionally, the huge variability of 

chemical profiles of essential oils and the existence of chemotypes from the same plants 

(Herraiz-Peñalver et al., 2015) may well decrease the apparition of resistance of L. 

decemlineata to these substances. In this sense, the individual bioassays of terpenes (main 

components of essential oils) could serve as a “biological fingerprint” to select oils with 

potential insecticidal activities and also to develop new plant chemotypes. Therefore, it is here 

proposed the study of 24 commercial terpenes commonly found in Mediterranean aromatic 

plants that come into contact with this beetle. 

5.6.1. Antifeedant effects 

The results obtained for all terpenes are presented in Table 20. The most active compounds 

were those that showed statistically the best results (indicated with the letters “e” & “f” in 

Table 20) Overall monoterpene hydrocarbons showed low antifeedant activity on L. 

decemlineata. On the contray, oxygenated monoterpenes showed an interesting level of 

activity, including as the strongest actives the carvacrol and (+)-terpinen-4-ol, that reached an 

inhibitory effect of around 90%. Thymol also demonstrated very strong ability (>80%), whilst  



 

 

 

 

Table 20 Feeding inhibition percentages of terpenes against L. decemlineata. Data are the mean ± standard 
error of three measures. Different letters denotes statistical differences among terpenes (p<0.05, ANOVA). 

Treatments Dose (µg/cm2) % FI1 (± SE) R2 (%)2 EC50 (Limits)3 EC90 (Limits)4 

Monoterpene hydrocarbons 

p-cymene 50.0 44.60 ± 10.6abc n.d. n.d. n.d. 

(+)-camphene 50.0 37.28 ± 9.1ab n.d. n.d. n.d. 

(S)-(-)-limonene 50.0 50.87 ± 12.2abcd n.d. ≈50 n.d. 

(R)-(+)-limonene 50.0 38.45 ± 10.0ab n.d. n.d. n.d. 

Myrcene 50.0 35.57 ± 11.0ab n.d. n.d. n.d. 

(+/-)-α-pinene 50.0 51.66 ± 10.4abcd n.d. ≈50 n.d. 

(-)-ß-pinene 50.0 33.70 ± 12.3ab n.d. n.d. n.d. 

γ-terpinene 50.0 18.62 ± 10.7a n.d. n.d. n.d. 

Oxygenated monoterpenes 

Carvacrol 50.0 90.92 ± 7.2ef 95.20 6.64 (1.4 - 11.3) 49.36 (28.8 - 255.5) 

 25.0 79.62 ± 10.1 

  12.5 67.35 ± 9.4 

 6.3 44.73 ± 10.5 

Thymol 50.0 81.54 ± 7.6def 92.75 10.76 (4.3 - 16.8) n.d. 

 25.0 73.58 ± 9.5 

  12.5 57.52 ± 12.2 

 6.3 33.66 ± 11.0 

(1S)-(-)-verbenone 50.0 72.90 ± 9.7cdef 99.77 25.41 (15.2 - 38.6) n.d. 

 25.0 50.41 ± 11.9 
 

 12.5 25.10 ± 10.5 

(+/-)-camphor 50.0 63.36 ± 11.5bcde 98.35 25.17 (12.2 - 42.6) n.d. 

 25.0 48.68 ± 10.9 
 

 12.5 38.01 ± 10.2 

(-)-borneol 50.0 21.15 ± 6.6a n.d. n.d. n.d. 

Eucalyptol 50.0 46.98 ± 9.2abc n.d. n.d. n.d. 

Linalool 50.0 41.70 ± 12.2abc n.d. n.d. n.d. 

(+)-Terpinen-4-ol 50.0 87.08 ± 5.0ef 98.06 10.31 (4.4 - 15.9) 52.66 (30.9 - 221.9) 

 25.0 74.44 ± 8.8 

  12.5 57.00 ± 13.0 

 6.3 35.79 ± 12.1 

α-terpineol 50.0 39.97 ± 10.9abc n.d. n.d. n.d. 

Esterified monoterpenes      

(-)-bornyl acetate 50.0 29.00 ± 11.5ab n.d. n.d. n.d. 

Linalyl acetate 50.0 60.65 ± 10.2bcde n.d. 40.14 (19.6 - 302.8) n.d. 

 25.0 27.05 ± 11.5    

Sesquiterpene hydrocarbons 

β-caryophyllene 50.0 34.70 ± 12.2ab n.d. n.d. n.d. 

Farnesene 50.0 46.56 ± 13.0abc n.d. n.d. n.d. 

(-)-α-gurjunene 50.0 36.57 ± 12.2ab n.d. n.d. n.d. 

Oxygenated sesquiterpenes 

Caryophyllene oxide 50.0 30.71 ± 7.3ab n.d. n.d. n.d. 

(-)-α-bisabolol 50.0 96.25 ± 1.9f 95.44 0.94 (0.5 - 1.5) 24.58 (10 - 70.5) 

 25.0 91.11 ± 7.8    

 12.5 87.02 ± 8.2    

 6.3 69.30 ± 13.5    

 3.1 67.48 ± 11.3    

 1.6 51.84 ± 11.3    

 0.8 49.71 ± 11.1    

n.d.: not detected; a %FI: Feeding Inhibition Percentage; b Adjusted coefficient of determination; c EC50: Effective 
concentration to obtain 50% inhibition; d EC90: Effective concentration to obtain 90% inhibition.
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(1S)-(-)-verbenone and (+/-)-camphor revealed moderate capacity, presenting percentages of 

60-75%. In the case of the compounds belonging to the esterified monoterpenes, only 

moderate activity was observed for linalyl acetate. Finally, the oxygenated sesquiterpene (-)-

α-bisabolol was the compound which displayed the strongest activity among all assayed 

compounds, showing EC50 and EC90 values considerably lower than those observed for the 

remaining evaluated compounds. 

 

The chemical structures of the most active terpenes are represented in Fig. 74: 

 

 

(1) Carvacrol 

 

(2) Thymol 

  

 

(3) (1S)-(-)-verbenone 

 

(4) (+/-)-camphor 

  

 

(5) (+)-Terpinen-4-ol 

 

(6) Linalyl acetate 

  

 

(7) (-)-α-bisabolol 

Fig.  74 Molecular structures of terpenes showing antifeedant activity against adults of Leptinotarsa 
decemlineata. 
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The antifeedant activity of α-pinene, β-pinene, eucalyptol, β-caryophyllene and caryophyllene 

oxide against L. decemlineata has also been previously reported (Rodilla et al., 2008). Among 

them, β-caryophyllene and caryophyllene oxide showed, in contradiction to our study, 

outstanding antifeedant capacities. Moreover, the β-pinene and α-pinene also presented 

higher activities than those observed in our work, whilst eucalyptol presented similar 

activities. Additionally, Kostić et al. (2007) studied the potential activity of the camphor against 

L. decemlineata adults and larvae, observing moderate effects, as also demonstrated through 

this study. These different capacities could be associated with possible resistances 

mechanisms of the beetle against certain compounds, as previously explained (Alyokhin et al., 

2006; Alyokhin et al., 2007). The insecticidal capacities of twenty eight terpenes were tested 

against Sitophilus zeamais (Coleoptera: Curculionidae), showing high activity for the terpinen-

4-ol also consistent with our reports (Yildirim et al., 2013). Additionally, Kim et al. (2010) also 

assayed the repellency aptitudes of different terpenes against the beetle Tribolium castaneum 

(Coleoptera: Tenebrionidae), observing that caryophyllene oxide, thymol, α-pinene, carvacrol 

and myrcene were the most active against the cited beetle; whilst γ-terpinene, p-cymene, 

camphene and linalool released very low bioactivities, as also demonstrated against L. 

decemlineata. Moreover, potential capacities have been attributed to the thymol and 

carvacrol against Alphitobius diaperinus (Coleoptera: Tenebrionidae) (Szczepanik et al., 2012) 

and to the carvacrol, γ-terpinene, thymol and terpinen-4-ol against Tribolium confusum and 

Ephestia kuehniella (Lepidoptera: Pyralidae) (Erler, 2005). Furthermore, Gillette et al. (2014) 

suggested a mixture containing verbenone, among others compounds, with the aim of 

avoiding the appearance of Dendroctonus ponderosae (Coleoptera: Curculionidae) on 

whitebark and limber pines.  

 

In relation to the (-)-α-bisabolol, in the published literature no study has been found on the 

antifeedant activity of this compound against L. decemlineata. However, De Andrade et al. 

(2004) studied the insecticidal effects of this terpene against the silverleaf whitefly Bemisia 

argentifolii (Hemiptera: Aleyrodidae) reporting high mortality capacities. In addition, Vila et 

al. (2010) attributed possible larvicidal activity to this compound against the yellow fever 

mosquito Aedes aegypti (Diptera: Culicidae), due to the major constituent of the  Plinia 
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cerrocampanensis oil. On the contrary, another study reported low effectiveness for the 

bisabolol against the Panstrongylus megistus (Hemiptera: Reduviidae) (Bar-Zeev, 1980). 

Although this compound was first isolated from Matricaria chamomilla in the 20th century 

(Kamatou et al., 2010), the interest from the cosmetic and pharmaceutical industries for this 

compound, has led to the search for different sources and strategies to increase the extraction 

and production of α-bisabolol. In this regard, Vila et al. (2010) proposed the essential oil of 

Morella parvifolia as a possible source, reaching a total content of 60%, De Andrade et al. 

(2004) reported a total content of 90% in the heartwood essential oil of a natural Brazilian 

population of Vanillosmopsis pohlii, whereas Kamatou & Viljoen (2010) reviewed different 

aromatic plants with high content in this compound, highlighting the Eremanthus 

erythropappus, Smyrniopsis aucheri and Salvia runcinata. Likewise, Salamon et al. (2016) have 

suggested different breeding mechanisms to develop German chamomile (Chamomila 

recutita) with higher contents in (-)-α-bisabolol. 

5.6.2. Allelopathic activity 

Results of allelopathic capacities are presented in Table 21 and Fig. 75. As observed, none of 

the compounds showed phytotoxicity against L sativa. The germination was within normal 

ratios for all assayed terpenes, except for (1S)-(-)-verbenone, that confirmed a total inhibition 

at 24h. However, full germination was observed after 48h. On the other hand, (+)-terpinen-4-

ol exhibited a statistical (p<0.05) positive stimulant effect (≈30%) on the growth of L. sativa 

roots. In addition, the tests on L. perenne presented a moderate adverse effect for the 

carvacrol against germination (26.8%) after 240h and against root (50.9%) and leaf growth  

(60.8%). Moreover, (-)-α-bisabolol presented certain negative effects on the normal 

development of the L. perenne leaves. 

 

The phytotoxic effects of thymol and carvacrol have also been reviewed by Amri, Hamrouni, 

et al. (2013) on different species. In this connection, Azirak et al. (2008) evaluated the 

potential phytotoxicity of carvacrol and thymol against six weeds, reporting high phytotoxicity 

for all of them, except against Alcea pallida. Additionally, Vokou et al. (2003) reported  



 

 

 

 

 

 

Table 21 Phytotoxic effects of active terpenes on germination capacities at 100 µg/well. Data are the mean ± standard error of three measures. Different letters in the same 
column denotes statistical differences among terpenes (p<0.05, ANOVA). 

Sample 
  Lactuca sativa   Lolium perenne 

  24h 48h   72h 120h 168h 240h 

Oxygenated monoterpenes                 

Carvacrol   100.0 ± 0.0a 100.0 ± 0.0a   19.51 ± 8.1b 35.71 ± 4.4b 46.15 ± 8.5b 73.24 ± 4.0a 

Thymol   90.00 ± 5.5a 100.0 ± 0.0a   60.98 ± 11.0ab 83.93 ± 11.9ab 92.31 ± 9.5a 97.18 ± 9.8a 

(1S)-(-)-Verbenone   0.00 ± 0.0b 100.0 ± 0.0a   78.05 ± 17.5a 89.29 ± 18.1a 95.38 ± 12.8a 101.41 ± 9.3a 

(+/-)-Camphor   100.0 ± 0.0a 100.0 ± 0.0a   80.49 ± 11.0a 98.21 ± 13.9a 93.85 ± 7.8a 94.37 ± 5.8a 

(+)-Terpinen-4-ol   100.0 ± 0.0a 100.0 ± 0.0a   68.29 ± 15.3ab 92.86 ± 23.2a 104.62 ± 15.4a 104.23 ± 7.8a 

Esterified monoterpenes                 

Linalyl acetate   100.0 ± 0.0a 100.0 ± 0.0a   87.80 ± 16.8a 107.14 ± 18.1a 107.69 ± 11.4a 101.41 ± 11.3a 

Oxygenated sesquiterpenes                 

α-bisabolol   92.50 ± 6.5a 100.0 ± 0.0a   80.49 ± 14.5a 76.79 ± 13.2ab 86.15 ± 12.3a 88.73 ± 10.4a 

Germination expressed as % control (acetone). In bold: stimulant and/or phytotoxic activities. 
  



 

 

 

 
 
 
 

 

Fig.  75  Phytotoxic effects of active terpenes on growth capacities at 100 µg/well. Data are the mean ± standard error of three measures. Different letters in the same 
column denotes statistical differences among terpenes (p<0.05, ANOVA). Negative percentages means phytotoxicity, whereas positive means stimulant effects. 
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exceptional phytotoxicity for the carvacrol, thymol and terpinen-4-ol and camphor against 

L. sativa, whereas no negative effects for the linalyl acetate were observed. Moreover, De 

Martino et al. (2010) assayed twenty seven monoterpenes, including carvacrol, thymol, 

camphor and linalyl acetate; showing for the camphor negative effects in the germination 

and growth of Raphanus sativus and in the growth of Lepidium sativum at high 

concentrations. Additionally, these authors also attributed negative effects for thymol at 

high concentrations against L. sativum. Finally, no studies were located on allelopathic 

effects of verbenone and α-bisabolol. Generally, carvacrol was the most damaging 

compound to seeds although its toxicity could be reduced in combination in synergisms 

with other non-phytotoxic insecticidal terpenes.  

 

As a result, the use of carvacrol and thymol over potato crops could result in negative 

effects, so they should be used in moderation. Additionally, (+)-terpinen-4-ol has been 

related to potential cytotoxicity on human cells. In this regard, the (-)-α-bisabolol is here 

proposed as a potential and economically exploitable compound for the development of 

natural bioplaguicide against the Colorado potato beetle or other coleopteran. This is due 

to its balance between moderate phytotoxicity, high antifeedant capacities and low 

toxicity to humans as certified by the Food and Drug Administration (FDA), which has 

granted this compound with Generally Regarded As Safe (GRAS) status, and by the 

Cosmetic Ingredient Review (CIR) Expert Panel (Andersen, 1999). 

 

 

 

 

 

 

 



 

 

 

 

  



 

 

 

 

  



VI. GENERAL DISCUSSION                           Gonzalo Ortiz de Elguea Culebras 

 

164 

 



VI. GENERAL DISCUSSION                           Gonzalo Ortiz de Elguea Culebras 

 

165 

 

This chapter aims to summarize the previous section and to establish possible relationships 

between the biological activities and the chemical composition of the IEOs and ISREs. It has 

been observed that the principle component of the biological activities of plants is, as widely 

reviewed and studied throughout the thesis, the essential oils. Moreover, it has also been 

demonstrated through this manuscript that the resultant solid residues from the distillation 

also present diverse biological capacities, mainly attributed to their content in phenols. To cite 

some examples we can highlight the better antifungal capacities of the S. chamaecyparisuss 

ISRE in comparison with the IEO of H. officinalis and L. x intermedia and the good antioxidant 

capacities of the by-products in relation to the oils. As a result, we have widely demonstrated 

that the use of such by-products in the food and agrochemical industry is more than justified. 

 

The antifungal capacities of the S. chamaecyparissus could be related to the 8-methylene-3-

oxatricyclo [5.2.0.0(2,4)]nonane or to the other minor compounds, due to the 1,8-cineole, 

showed low capacities for this compound against A. flavus (Vilela et al., 2009). In the case of 

the residue, the high phenol content (10%) could be responsible for this activity as reviewed 

previously for many other phenolic compounds (Martins et al., 2015). 

 

The potential bactericidal capacities of the oil of H. officinalis could be related to its content 

in cyanidin-3-rutinoside. In spite of not finding any study on the specific antibacterial activities 

of this compound, different extracts of Mauritia flexuosa rich in this anthocyanin have 

demonstrated notable antibacterial activities against Staphylococcus aureus, P. aeruginosa 

and Microccocus luteus (Koolen et al., 2013). Relating to the Lavandula x intermedia Super, 

the ISRE presented better antibacterial capacities than the IEO against P. fluorescens and the 

lactic bacteria. Lou et al. (2012) observed that the p-coumaric acid, chemically similar to the 

major compound found in the ISRE (p-coumaroyl tyrosine) showed potential capacities against 

bacterial pathogens. In addition, these authors suggested that this compound increases the 

outer and plasma membrane permeability, resulting in the loss of the barrier function. Finally, 

although the IEO of S. chamaecyparissus showed certain bactericidal capacities against P. 

fluorescens and the lactic acid bacteria, the ISRE of this plant did not reveal such effects.  
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The antioxidant capacities of the ISRE of S. chamaecyparissus are related to its much higher 

content in phenols in comparison with the other ISREs investigated (Sánchez-Vioque et al., 

2013). In addition, the high content (80%) of the tentatively identified salvianolic acid A could 

enhance such antioxidant properties (Chen et al., 2013). The ISRE of S. chamaecyparissus also 

showed good chelating properties which could be attributed to the presence of o-dihydroxyl 

groups (Rice-Evans et al., 1996b) in the salvianolic acid, as previously observed in the related 

compound salvianolic acid B (Zhao et al., 2008). Moreover, the ISRE of H. officinalis showed 

the best iron chelating effects that could be linked to the presence of o-dihydroxyl groups in 

the cyanidin-3-rutinoside, as previously reported for the cyanidin-3-rhamnoglucoside 

(Solomon et al., 2010). As expected, the IEOs did not present antioxidant activity due to the 

lack of phenolic compounds.  

 

According to the bioplaguicide capacities, this is the first study that shows the potential effects 

of the IEO of S. chamaecyparissus against R. padi and H. lusitanicum. Accordingly, such 

capacities could be related to the 8-methylene-3-oxatricyclo [5.2.0.0(2,4)]nonane or other 

minor compounds acting in positive synergism, since the 1,8-cineole has been attributed with 

low capacities against R. padi (Rodilla et al., 2008). Additionally, antifeedant tests also showed 

moderate effects against L. decemlineata and S. littoralis for this oil, which can be related to 

the 1,8-cineole as previously demonstrated against both target pests (Rodilla et al., 2008). In 

relation to the strong feeding inhibition of the S. chamaecyparissus ISRE against L. 

decemlineata, (Barrero et al., 1999) also attributed bioplaguicide activities for different 

sesquiterpenes isolated from a hexanic extract of S. chamaecyparissus against S. littoralis. 

According to the H. officinalis, the demonstrated potential capacities of the oil against S. 

littoralis can be related to its content in β-pinene as previously demonstrated by Rodilla et al. 

(2008). In accordance with the ISRE of H. officinalis, this was effective against L. decemlineata 

and M. persicae. Pavela (2004b) also reported good repellent effects for the ethanolic extract 

of this plant against this beetle; however, no relations were established between the extract 

and its chemical composition. In relation to the bioplaguicide capacities of the L. x intermedia, 

the EO showed the best capacities against S. littoralis, but was also very active against H. 

lusitanicum. The observed antifeedant effect of this IEO could be related to a synergistic effect 



VI. GENERAL DISCUSSION                           Gonzalo Ortiz de Elguea Culebras 

 

167 

 

between linalool and camphor (third major compound), due to the major compounds of this 

oil, the linalyl acetate and the linalool showed no capacities against this pest in previous 

studies (Pavela, 2014). Finally, the L. x intermedia ISRE only showed strong capacities against 

L. decemlineata. Accordingly, Pavela (2007) showed moderate antifeeding in high 

concentrations against this beetle when compared to other 9 assayed polyphenols.   

 

The IEO of S. chamaecyparissus was the only sample that showed moderate phytotoxicity on 

L. perenne. This could be attributed to its content in 1,8-cineole, one of the most potent 

allelochemicals in nature (Amri, L., et al., 2013). However, this is not consistent with the lack 

of activity on the model plants of the oil of H. officinalis, which contains a high percentage 

(54.4%) of 1,8-cineole. Therefore, the moderate negative effects of S. chamaecyparissus IEO 

could be attributed to other compounds acting alone or in synergisms. 

 

In accordance with the previous discussion and in general words, S. chamaecyparissus 

contains the extracts with the best antifungal, antioxidant and bioplaguicide capacities. For 

this reason, the ISRE of this plant was selected for the development of the edible cheese 

coating, showing also potential capacities for the further manufacture of films containing 

vegetal extracts of this species. However, possible mixtures of these extracts with others 

assayed in this thesis could even increase the potential effects showed by the S. 

chamaecyparissus extracts. These possibilities could include the addition of the ISRE of H. 

officinalis for its better antibacterial capacities or for its iron chelating capacities. Additionally, 

the addition of the solid by-product of L. x intermedia could also be justified not only for 

showing better bactericidal capacities than the S. chamaecyparissus, but also for its high 

production volume in many Mediterranean areas, especially in Castilla-La Mancha.  

 

The solid waste of S. chamaecyparissus also showed outstanding capacities against L. 

decemlienata; therefore, it was selected for the fractionation and selection of rich fractions 

with bioplaguicide capacities for the control of this pest beetle. Besides, as the ISRE of L. x 

intermedia also showed highlighting capacities against S. littoralis, this could also be chosen 

for the selection of potential bioplaguicide fractions, but its activity was lower than that of the 
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S. chamaecyparissus. In the same line, the ISRE of H. officinalis could also be selected for the 

same purpose, as it has been the only residue which showed antisettling capacities against M. 

persicae.  
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1. The chemical characterization of the Industrial Essential Oil (IEOs) showed that the 1,8-

cineole (52.9%) and β-pinene (16.4%) were the major compounds of Hyssopus 

officinalis, the linalyl acetate (37.6%) and linalool (28.6%) were the most abundant in 

Lavandula x intermedia, while 1,8-cineole (9.8%) and the tentatively identified 8-

methylene-3-oxatricyclo[5.2.0.0(2,4)]nonane (8.2%) were the most common in the oil 

of Santolina chamaecyparissus. 

 

2. The chemical characterization of the Industrial Solid Residue Extracts (ISREs) reported 

as the major compound for the Hyssopus officinalis the cyanidin-3-rutinoside (94.2%), 

whereas the most abundant for the Lavandula x intermedia and the Santolina 

chamaecyparissus were two p-coumaroyl tyrosines (73.3% and 9.3%) and the 

salvianolic acid A (80.5%), respectively 

 

3. The IEO that showed the best antifungal capacities was that of Santolina 

chamaecyparissus with percentages of growth inhibition after 7 days and at the 

concentration of 1% (w/v) of 75.82% against Aspergillus flavus, 96.48% against 

Penicillium roqueforti and 66.94% against Penicillium verrucosum. The ISRE of 

Santolina chamaecyparissus was also the most active antifungal with inhibitions of 

39.52% against Aspergillus flavus, 47.61% against Penicillium roqueforti and 16.23% 

against Penicillium verrucosum at the end of the assay. Accordingly, the Penicillium 

verrucosum showed the higher antifungal resistance to the assayed extracts. 

 

4. The most antibacterial IEO was that of Hyssopus officinalis, due its capacities against 

Pseudomonas fluorescens. Additionally, the ISRE of this plant also showed the best 

antibacterial capacities with potential capacities against Escherichia coli and moderate 

against Pseudomonas fluorescens RM14 and the lactic acid bacteria. The ISRE of 

Santolina chamaecyparissus was not able to inhibit any of the assayed bacteria. 

 

5. The IEOs did not show antioxidant properties, whereas the ISRE of Santolina 

chamaecyparissus was very effective, including a significant chelating activity of 
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copper cations. Additionally, the ISRE of Hyssopus officinalis showed the best chelating 

activity against iron cations. 

 

6. The ISRE of Santolina chamaecyparissus was selected for their balance between 

antifungal and antioxidant capacities for the development of edible cheese coatings.  

 

7. The addition of the vegetal extract enhanced all coating properties of the control 

coating except for the water vapor permeability and the tensile strength. Additionally, 

the gas exchange production of CO2 was higher than the chitosan-control, but showed 

more similar results to this than to the uncoated cheese. In addition, the chitosan-

SISRE coating showed visually lower fungal contamination in comparison to the 

chitosan-control and uncoated cheeses. 

 

8. The best antifeedant extract against Leptinotarsa decemlineata was the ISRE of 

Santolina chamaecyparissus, whereas the IEO of Lavandula x intermedia was the best 

against Spodoptera littoralis. The best extracts against Myzus persicae and 

Rhopalosiphum padi were the ISRE of Hyssopus officinalis and the IEO of Santolina 

chamaecyparissus, respectively. Moreover, the most ixocidal extract against 

Hyalomma lusitanicum proved to be the IEO of Santolina chamaecyparissus, followed 

by the oil of Lavandula x intermedia. On the contrary, the nematode Meloidogyne 

javanica was the only target pest not affected by any of the assayed extracts. The 

phytotoxicity assays reported that the only extract that showed moderate negative 

effects on Lolium perenne was the IEO of Santolina chamaecyparissus. 

 

9. In relation to the last conclusion, the ISRE of Santolina chamaecyparissus was elected 

as the most potential bioplaguicide extract for its outstanding capacities against 

Leptinotarsa decemlineata. 
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10. The fractionation of this residue released a total of 23 fractions, among which, 4 

reported statistically potential feeding inhibition capacities (p<0.05). 

 

11. The study of the 24 terpenes against Leptinotarsa decemlineata revealed that 7 

compounds showed statistically (p<0.05) feeding inhibition capacities, including 

carvacrol, thymol, (1S)-(-)-verbenone, (+/)-camphor, (+)-Terpinen-4-ol, linalyl acetate 

and α-bisabolol. Among them, the α-bisabolol showed the best capacities, being 

selected as the most potential candidate for the production of bioplaguicide products 

due to its moderate phytotoxicity, high antifeedant capacities and low toxicity to 

humans. 

 

 

Summarizing, this thesis demonstrates the validity of the use of essential oils and their 

resultant solid residues from the essential oil industry for its application in the preservation of 

cheeses and for the development of bioplaguicides. The use of these residues also results in 

benefits from the environmental, economic and social points of view. In addition, their use 

may be extended to applications other than those discussed in this manuscript; for example, 

they could be incorporated as well into the inner mass of the cheese to produce cheeses with 

functional (antioxidant) properties. In the same line, the coatings might also be applied in 

many other food products. Finally, the bioactive fractions obtained from the fractionation of 

the ISRE of S. chamaecyparissus may well be purified in order to elucidate the chemical 

compounds responsible for the bioplaguicide effects and to obtain pure compounds with 

stronger bioactive capacities.
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1. La caracterización química de los Aceites Esenciales Industriales (IEOs) demostró que 

el 1,8-cineol (52,9%) y el β-pineno (16,4%) fueron los principales compuestos de 

Hyssopus officinalis, mientras que el acetato de linalilo (37,6%) y el linalool (28,6% ) 

fueron los más abundantes en Lavandula x intermedia. Además, el 1,8-cineol (9,8%) y 

el 8-metileno-3-oxatriciclo [5.2.0.0 (2,4)] nonano (8,2%) fueron los más comunes en el 

aceite de Santolina chamaecyparissus. 

 

2. La caracterización química de los Extractos Industriales de los Residuos Sólidos (ISREs) 

mostró al cyanidin-3-rutinoside (94,2%) como el principal compuesto de Hyssopus 

officinalis, mientras que el más abundante para Lavandula x intermedia y Santolina 

chamaecyparissus fueron dos p-coumaroyl tirosinas (73,3% y 9,3%) y el ácido 

salvianólico A (80,5%), respectivamente 

 

3. El IEO que mostró las mejores capacidades antifúngicas fue el de Santolina 

chamaecyparissus con inhibiciones de crecimiento, a una concentración del 1% (m/v) 

y tras 7 días, del 75,82% frente a Aspergillus flavus, del 96,48% contra Penicillium 

roqueforti y del 66,94% contra Penicillium verrucosum. El ISRE de Santolina 

chamaecyparissus fue también el antifúngico más activo con inhibiciones del 39,52% 

frente a Aspergillus flavus, del 47,61% contra Penicillium roqueforti y del 16,23% contra 

Penicillium verrucosum al final del ensayo. Por otro lado, el Penicillium verrucosum 

mostró una mayor resistencia antifúngica a los extractos ensayados. 

 

4. El IEO más antibacteriano fue el de Hyssopus officinalis, dadas sus capacidades contra 

Pseudomonas fluorescens. Además, el ISRE de esta planta también mostró las mejores 

capacidades antibacterianas con capacidad potencial contra Escherichia coli y 

moderada frente a Pseudomonas fluorescens RM14 y las bacterias ácido-lácticas. El 

ISRE de Santolina chamaecyparissus no fue capaz de inhibir ninguna de las bacterias 

ensayadas. 
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5. Los IEOs no mostraron actividades antioxidantes, mientras que el ISRE de Santolina 

chamaecyparissus fue muy efectivo, incluyendo una importante actividad quelante de 

cationes de cobre. Además, el ISRE de Hyssopus officinalis mostró la mejor actividad 

quelante contra cationes de hierro.  

 

6. El ISRE de Santolina chamaecyparissus fue seleccionado por su balance entre sus 

capacidades antifúngicas y antioxidantes para el desarrollo de revestimientos 

comestibles de queso. 

 

7. La adición del extracto vegetal al revestimiento mejoró todas las propiedades con 

respecto al recubrimiento control, excepto en la permeabilidad al vapor de agua y la 

resistencia a la tracción. Además, la producción de CO2 fue mayor en comparación con 

el control de quitosano, pero mostró resultados más similares a este que al queso sin 

recubrir. Además, el recubrimiento de quitosano-SISRE mostró una contaminación 

fúngica visualmente más baja en comparación con los quesos recubiertos que con el 

control de quitosano y el queso sin recubrir. 

 

8. El mejor extracto antialimentario contra Leptinotarsa decemlineata fue el ISRE de 

Santolina chamaecyparissus, mientras que el IEO de Lavandula x intermedia fue el 

mejor contra Spodoptera littoralis. Los mejores extractos contra Myzus persicae y 

Rhopalosiphum padi fueron el ISRE de Hyssopus officinalis y el IEO de Santolina 

chamaecyparissus, respectivamente. Por otra parte, el extracto más garrapaticida 

contra Hyalomma lusitanicum resultó ser el IEO de Santolina chamaecyparissus, 

seguido por el aceite de Lavandula x intermedia. Por el contrario, el nematodo 

Meloidogyne javanica fue la única diana no afectada por ninguno de los extractos 

ensayados. Los ensayos de fitotoxicidad mostaron que el único extracto que mostró 

efectos negativos moderados sobre Lolium perenne fue el IEO de Santolina 

chamaecyparissus. 
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9. En relación con la última conclusión, el ISRE de Santolina chamaecyparissus fue elegido 

como el extracto bioplaguicida más potente por su excepcional capacidad contra 

Leptinotarsa decemlineata. 

 

10. El fraccionamiento de este residuo liberó un total de 23 fracciones, entre ellas, 4 

exhibieron estadísticamente (p <0,05) capacidades de inhibición de la alimentación. 

  

11. El estudio de los 24 terpenos contra Leptinotarsa decemlineata reveló que 7 

compuestos mostraron estadísticamente (p<0.05) capacidades de inhibición de la 

alimentación, incluyendo el carvacrol, timol, (1S)-(-)-verbenona, (+/)-alcanfor, (+)-

Terpinen-4-ol, acetato de linalilo y α-bisabolol. Entre ellos, el α-bisabolol mostró las 

mejores capacidades, siendo seleccionado como el candidato más potencial para el 

desarrollo de productos bioplaguicidas, dada su moderada fitotoxicidad, altas 

capacidades antialimentarias y baja toxicidad para los seres humanos. 

 

 

En resumen, esta tesis demuestra la validez del uso de aceites esenciales y sus residuos sólidos 

resultantes de la destilación industrial para su aplicación en la conservación de quesos y para 

el desarrollo de bioplaguicidas. El uso de estos residuos también da como resultado beneficios 

desde el punto de vista ambiental, económico y social. Además, sus usos pueden extenderse 

a aplicaciones que no sean las expuestas en este manuscrito; por ejemplo, podrían 

incorporarse también en la masa interna del queso para elaborar quesos con propiedades 

funcionales (antioxidantes). En la misma línea, los revestimientos también se pueden aplicar 

en muchos otros productos alimentarios. Finalmente, las fracciones bioactivas obtenidas del 

fraccionamiento del ISRE de S. chamaecyparissus pueden ser purificadas para dilucidar los 

compuestos químicos responsables de los efectos bioplaguicidas y para obtener compuestos 

puros con capacidades bioactivas más potentes. 
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