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ABSTRACT 

Plants are used with several purposes, like in medicine, decoration, food and as 

sustainable resource of chemical products. Medicine is increasingly receptive to their 

use. The interaction between antibiotic exposure and the transmission of resistance 

within and between individuals results in a worrying antibacterial resistance. The 

compounds extracted from plants have different mechanisms of action from antibiotics 

and can have an important role in the treatment of resistant microbial strains.  

The main bioactive compounds from plants are phenolics and polyphenols, 

which involve simple phenols, phenolic acids, quinones, flavones, flavonoids, flavonols, 

tannins and coumarins, terpenoids and essential oils, alkaloids, lectins and polypeptides. 

To obtain these compounds there are some methods that are usually used, like solid-

liquid extraction, Soxhlet, microwave assisted extraction and superfluid critical 

extraction. 

The main purpose of this study was to investigate the methods of extraction of 

two plants in order to obtain the best extracts with higher bioactive properties, 

particularly, antimicrobial and antioxidant. Extracts from Olea europaea (olive) and 

Acacia dealbata (mimosa), obtained by solid-liquid extraction, ultrasounds extraction, 

Soxhlet and micro-wave extraction, were tested in their antimicrobial and antioxidant 

activity. Different solvents (methanol, ethanol, acetone, dichloromethane, hexane and 

water) were tested in solid-liquid and ultrasounds extraction. 

In relation to the extraction yield, methanol and water were considered the best 

solvents to solid-liquid and ultrasound extractions. Comparing all the techniques used in 

the current study, Soxhlet and micro-wave were the methods that were able to achieve 

the best extraction efficiency. For olive leaves the efficiency was 12.3 ± 1.2% and 10.7 

± 0.8% and for mimosa leaves it was 13.4 ± 1.4 %and 11.9 ± 1.8%, respectively.  

It was concluded that mimosa and olive can produce extracts with similar 

antimicrobial and antioxidant activities. Ethanol proved to be the best solvent to extract 

compounds with antimicrobial activity, whereas to extract compounds with antioxidant 

properties acetone proved to be the best solvent. Soxhlet and micro-wave extractions 

were the best techniques to extract compounds with antimicrobial activity, whereas to 

extract compounds with antioxidant activity any method was highlighted. 
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In most cases, extracts were more efficient against S. aureus than E. coli, 

suggesting the susceptibility of S. aureus due to the permeability of the cell wall. It was 

also proved that with the decreasing of extract concentration the antimicrobial activity 

also decreases, being interesting to find what is the minimal concentration at which the 

extract is efficient. The combination of extracts of olive and mimosa with tetracycline 

and erythromycin against E. coli and S. aureus was not benefic to improve the 

antimicrobial action, and the leave extracts and the leaves themselves were not efficient 

on quorum-sensing inhibition. 
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RESUMO 

 As plantas são usadas em diversos fins, como na medicina, decoração, 

alimentação e, ainda, como recurso sustentável de produtos químicos. A medicina está 

cada vez mais recetiva ao seu uso. A interação entre a exposição a antibióticos e a 

transmissão da resistência entre indivíduos resulta numa preocupante resistência 

antibacteriana. Os compostos extraídos das plantas têm diferentes mecanismos de acção 

dos antibióticos e podem ter um papel importante no tratamento de estirpes de 

microrganismos resistentes. 

 Os principais compostos bioactivos das plantas são os alcalóides, compostos 

fenólicos e polifenóis, que envolvem os fenóis simples, ácidos fenólicos, quinonas, 

flavonas, flavonóides, taninos e cumarinas, lectinas e polipéptidos e terpenenóides e 

óleos essenciais. Para obter estes compostos existe algumas técnicas que são 

normalmente usadas, como a extração sólido-líquido, Soxhlet, extração com micro-

ondas e extração por fluido supercrítico. 

 O principal objetivo deste estudo foi investigar os métodos de extração de duas 

plantas para obter os extratos com propriedades bioativas mais revelantes, 

particularmente propriedades antimicrobianas e antioxidantes. Extratos de Olea 

europaea (oliveira) e Acacia dealbata (mimosa), obtidos por extração sólido-líquido, 

extração com ultra-sons, Soxhlet e extração com micro-ondas, foram testados nas suas 

atividades antimicrobianas e antioxidantes. Diferentes solventes (metanol, etanol, 

acetona, diclorometano, hexano e água) foram testados na extração sólido-líquido e com 

ultra-sons. 

 Em relação ao rendimento de extração, o metanol e a água foram considerados 

os melhores solventes para extração sólido-líquido e com ultra-sons. Comparando todas 

as técnicas usadas neste estudo, Soxhlet e extração com micro-ondas foram os métodos 

que promoveram a melhor eficácia de extração. Nestas técnicas, para as folhas de 

oliveira a eficiência foi de 12.3 ± 1.2% e 10.7 ± 0.8% e para as folhas de mimosa foi de 

13.4 ± 1.4% e 11.9 ± 1.8%, respetivamente. 

 Concluiu-se que as folhas de mimosa e oliveira podem produzir extratos com 

atividade antimicrobiana e antioxidante similar. Etanol provou ser o melhor solvente 

para extrair compostos com atividade antimicrobiana, enquanto que, para extrair 

compostos com propriedades antioxidantes, a acetona provou ser o melhor solvente. 
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Extrações com Soxhlet e micro-ondas foram as melhores técnicas para extrair 

compostos com atividade antimicrobiana. Para extrair compostos com atividade 

antioxidante nenhuma técnica se sobressaiu. 

 Na maioria dos casos, os extratos foram mais eficientes contra S. aureus do que 

E. coli, sugerindo a suscetibilidade de S. aureus devido à permeabilidade da parede 

celular. Foi provado que, com a diminuição da concentração do extrato a atividade 

antimicrobiana também diminui, sendo interessante descobrir qual é a concentração 

mínima em que o extracto é eficiente. A combinação dos extratos de oliveira e mimosa 

com tetraciclina e eritromicina contra E. coli e S. aureus não foi benéfica na melhoria da 

atividade antimicrobiana dos antibióticos e os extratos das folhas e as próprias folhas 

não foram eficientes na inibição do quorum-sensing. 
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CHAPTER 1 - Work Outline 

 
1.1 Background  

Plants have been used with several purposes, like in medicine, decoration, food 

and as sustainable resource of chemical products. Medicine is one of the areas where 

plants are becoming a great subject of study, being increasingly receptive to their use. 

Actually, the evolution of bacterial resistance to antibiotics is becoming more and more 

an issue of concern. A promising alternative could be the antimicrobial compounds 

extracted from plants, which have different mechanisms of action from antibiotics and 

can have an important role in the treatment of resistant microbial strains (Abreu et al., 

2012). The search for new anti-infective agents (including vaccines) could also be 

answered by plant extracts. 

There are studies that have been reported that extracts from plants are effective 

in treating febrile illnesses, sleeping sickness, wounds, diarrhea, reproductive and liver 

problems, circulatory and respiratory problems and parasitic infections. Therefore, they 

have a great power in health care (Chah et al., 2006; Obi et al., 2006). Their main 

compounds are alkaloids, lectins, polypeptides, phenolics, polyphenols, terpenoids and 

essential oils, which have recognized antimicrobial and antioxidant properties (Cowan, 

1999; Karou, 2005; Gallo, 2010). 

To obtain the extracts from plants there are several techniques that can be used. 

Solid-liquid, Soxhlet, supercritical fluid and micro-wave assisted extractions are some 

examples (Aziz, 2006; Tatke and Jaiswal, 2011). 

1.2 Objectives 

The main purpose of this study was to investigate the methods of extraction of 

two plants in order to obtain the best extracts with higher bioactive properties, 

particularly, antimicrobial and antioxidant. Extracts from Olea europaea (olive) and 

Acacia dealbata (mimosa), obtained by solid-liquid extraction, ultrasounds extraction, 

Soxhlet and micro-wave extraction were tested for their antimicrobial and antioxidant 

activities. Different solvents (methanol, ethanol, acetone, dichloromethane, hexane and 

water) were tested in solid-liquid and ultrasounds extraction. Many studies about Olea 

europaea demonstrate its antimicrobial and antioxidant properties, suggesting that it can 
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be used in diverse applications. Therefore, the results obtained with the extracts from 

this plant were taken as reference values. About Acacia dealbata, an invasive plant, 

information on the extracts bioactivity is lacking. 

 The antimicrobial activity of the extracts was assessed against two bacteria. S. 

aureus, a Gram-positive bacterium, and E. coli, a Gram-negative bacterium, were 

chosen for this study since they are considered two of the most clinical significant 

bacteria involved in drug-resistant infections (Simões et al., 2008). Antimicrobial 

properties were evaluated with the extracts alone and together with two antibiotics, 

erythromycin and tetracycline. Thereby, it was possible to observe if these combinations 

are benefic or not. Moreover, the leaves and extracts of plants were also tested for their 

capacity of inhibiting quorum-sensing (QS).  

The antioxidant activity was studied by two methods: using 2,2-diphenyl-1-

picrylhydrazyl (DPPH) and 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) 

(ABTS). The goal of both tests was to evaluate the capacity of the redox molecules 

from the plants extracts to scavenge the free radicals. 

 The main objective of this work was to verify what was the type of extraction 

which allowed to obtain extracts with the highest antimicrobial and antioxidant 

activities, in order to maximize the extraction yield of the bioactive products with 

potential medicinal application.  

 

1.3 Thesis Organization 

This thesis is divided in 6 Chapters and respective subchapters.  

It starts with a background of the theme in Chapter 1, where the main goals of 

the study are presented.  

Chapter 2 is dedicated to a literature review about the plants and their relevance 

in diverse applications, focusing on the use of plant extracts in the clinical setting. The 

main bioactive compounds from plants are briefly described, as well as the main 

methods to extract them and the relation between the extraction solvent and the 

compounds extracted.  

Chapter 3 provides information on the assessment of the extraction efficiency of 

Olea europaea and Acacia dealbata extracts, using different techniques and extraction 

solvents. The goal of this work was to find the type of extraction and the solvent which 

caused the higher efficiency.  
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Chapter 4 shows the data from the bioactivity assessment of Olea europaea and 

Acacia dealbata extracts. Extracts were tested for their antimicrobial potential, alone 

and together with antibiotics, and for their antioxidant activities. This chapter aims to 

evaluate the antimicrobial and antioxidant activities of the plant extracts and to conclude 

about the best extraction method that produces an extract with high bioactive properties. 

Finally, Chapter 5 presents the main conclusions about this study and gives 

suggestions for future research. 
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CHAPTER 2 - Literature Review 

2.1 Introduction 

It is known that there are 250000 to 500000 species of plants on Earth (Borris, 

1996) and they are used with several purposes, in areas such as medicine, decoration, 

food and as sustainable resources of chemical products. Plants produce diverse 

secondary metabolites and part of this chemical diversity helps to protect plants against 

pathogenic microorganisms (Dixon, 2001).  

Medicine is increasingly receptive to the use of plants. The interaction between 

antibiotic exposure and the transmission of resistance within and between individuals 

results in a worrying antibacterial resistance (Guillemot, 1999). The relationship 

between antibiotic use and bacterial resistance is most evident when resistance is due to 

mutations selected during therapy, which can result in clinical failure of the therapeutic 

strategy (Guillemot, 1999). Plants have different mechanisms of action of current 

antibiotics (Abreu et al., 2012) and can be a promising alternative and/or complement. 

Several plants have shown to have medicinal applications. Giving some 

examples, Webster et al. (2006) reported the antiviral, antifungal and antibacterial 

effects of Heracleum maximum and Chiang et al. (2003) reported the efficiency of 

Plantago major in the treatment of infectious diseases. Traditional systems of medicine, 

modern medicines, nutraceuticals, food supplements, folk medicines, pharmaceutical 

intermediates and chemical entities for synthetical drugs use medicinal plants as the 

main bio-resource of drugs (Ncube et al., 2008). 

Apart from their medicinal use, plants also have a great potential as an 

alternative resource for the production of polymeric materials. Characteristics such as 

renewability, world-wide availability and low price make them industrially attractive. 

Plants products have another advantage: with some chemical modifications it is possible 

to obtain suitable monomers for many different applications, including these medicinal 

(Espinosa and Meier, 2011).   
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2.2 The main compounds from plants 
 

Many of the compounds of the plants act as defense mechanisms against 

predation by microorganisms, insects and herbivores. Furthermore, they have other 

functions, for instance some terpenoids are responsible for plant favour (e.g., terpenoid 

capsaicin) and quinones and tannins are responsible for plant pigment (Cowan, 1999). 

The major groups of bioactive compounds from plants are summarily presented in this 

section.  

2.2.1 Alkaloids 

Alkaloids are a diverse group of low molecular-weight, heterocyclic nitrogen 

compounds derived mostly from amino acids. As secondary metabolites found in 

approximately 20% of plant species, these compounds are purported to play a defensive 

role against herbivores and pathogens (Ziegler and Facchini, 2008). Owing to their 

potent biological activity, many of the approximately 12000 known alkaloids have been 

exploited as pharmaceuticals, stimulants, narcotics and poison (Ziegler and Facchini, 

2008). 

In most cases, the mechanism of action of alkaloids is attributed to their ability 

to intercalate with DNA (Phillipson and O’Neill, 1997). Antimicrobial activity is also 

due to an activity depending upon the chemical composition of the extracts and the 

membrane permeability of the microbes (Savoia, 2012). Alkaloids also possess 

antioxidant effects. They reduce nitrate generation which is useful for proteins synthesis 

(Tiwari et al., 2011).  

There are many studies involving the properties of the alkaloids, for example, 

Karou et al. (2005) investigated the antimicrobial activity of alkaloids from Sida acuta 

against Gram-positive and Gram-negative bacteria. The alkaloids showed good 

antimicrobial activity against several microorganisms tested. 

2.2.2 Lectins and polypeptides 

Peptides which are inhibitory to microorganisms are often positively charged 

and contain disulfide bonds (Zhang and Lewis, 1997). The mechanism of antimicrobial 

action of these compounds is thought to be the formation of ion channels in the 

microbial membrane or competitive inhibition of adhesion of microbial proteins to host 

polysaccharide receptors (Terras et al., 1993). Important examples of peptides are the 
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thionins (47 amino acid residues), which are toxic to yeasts and both Gram-negative and 

Gram-positive bacteria (Caleya et al., 1972). 

Lectins are proteins/glycoproteins commonly found in seed, bark, stem and 

leaves (Varki et al., 1999). They have at least one non-catalytic domain that exhibits 

reversible binding to specific monosaccharides or oligosaccharides. They can bind to 

the carbohydrate moieties on the surface of erythrocytes and agglutinate the 

erythrocytes, without altering the properties of the carbohydrates (Lam and Ng, 2011). 

These compounds have been used for blood typing due to their ability to distinguish 

carbohydrate determinants in human blood cells. They are also efficient in defense 

against fungal and bacterial pathogens (Varki et al., 1999). Also, lectins and 

polypeptides have mainly antiviral activity. They block viral fusion or adsorption and 

forms disulfide bridges (Tiwari et al., 2011).  

2.2.3 Phenolic and polyphenols 

2.2.3.1 Simple phenols and phenolic acids 

Some of the simplest bioactive compounds consist of a single substituted 

phenolic ring, like cinnamic and caffeic acids. These are representatives of a wide group 

of phenyl-propane-derived compounds (Cowan, 1999). The caffeic acid is effective 

against viruses, bacteria  and fungi (Brantner et al., 1996).  

Catechol and pyrogallol are hydroxilated phenols and the site and number of 

hydroxyl groups on the phenol group are thought to be related to their relative toxicity 

to microorganisms, wherein an increased hydroxylation results in increased toxicity 

(Geissman, 1963). Catechol has two –OH groups and pyrogallol has three. There are 

phenolic compounds that contain a C3 side chain at a lower level oxidation and no 

oxygen; they are classified as essential oils and often cited as antimicrobial as well. An 

example is eugenol, which is considered microbialstatic against both fungi (Duke et al., 

2002) and bacteria (Cowan, 1999). 

Phenolic acids are aromatic secondary plant metabolites (Stalikas, 2007). 

Predominant phenolic acids include hydroxibenzoic acids and hydroxicinnamic acids 

(Cai et al., 2006). Many of the phenolic acids like cinnamic and benzoic acid derivatives 

exist in all plants and plant-derived foods (like fruits, vegetables and grains) (Shahidi 

and Nacsk, 1995). Only a small percentage exists in the free acid form, since the major 

fraction is linked through ester, ether or acetal bonds to cellulose, proteins, lignin, 

flavonoids or glucose (Stalikas, 2007). Then, the phenolic acids have a great diversity. 



 Dissertation for Master Degree in Bioengineering  

8 
 

Figure 1 shows the structure of three typical phenolic acids, namely the p-coumaric 

acid, the caffeic acid and the ferulic acid. 

 

Figure 1 - Structure of three typical phenolic acids (adapted from Huang et al., 2009). 

The antioxidant activity of phenolic compounds is mainly due to their redox 

properties, which allow them to act as reducing agents, hydrogen donors and singlet 

oxygen quenchers. Furthermore, they have a metal chelation potential (Gallo et al., 

2010). 

The radical scavenging ability of phenolic acids depends on the number and 

position of hydroxyl groups and methoxy substituents in the molecules (Cai et al., 

2006). Furthermore, these compounds and analogs can inhibit tumor cells and induce 

apoptosis by inducing cell cycle arrest; regulate signal transduction pathways; induce or 

inhibit some enzymes and enhance detoxification. Finally, some phenolic acids and 

analogs also exhibit antibacterial, antifungal, antiviral, antimutagenic and anti-

inflammatory activities (Silici et al., 2007; Chaubal et al., 2005; Larrosa et al., 2006). 

2.2.3.2 Quinones 

Quinones are aromatic rings with two ketone substitutions and they are 

characteristically highly reactive. The switch between diphenol (or hydroquinone) and 

diketone (or quinone) occurs easily through oxidation and reduction reactions (Cowan, 

1999).  

These compounds are a source of stable free radicals and they complex 

irreversibly with nucleophilic amino acids in proteins, often leading to inactivation of 

the protein and loss of function (Stern et al., 1996). Then, the potential range of quinone 

antimicrobial effects is great. 

There are four types of quinones, namely anthraquinones, phenanthraquinones, 

naphthoquinones and benzoquinones (Cai et al., 2004). The largest class of natural 

quinones is the first, anthraquinones. They occur more widely in the medicinal and 

dietary plants than other natural quinones (Cai et al., 2006). One of the types of the 

p-coumaric acid: R1 = H; R2 = H 

caffeic acid: R1 = H; R2 = OH 

ferulic acid: R1 = H; R2 = OCH3 
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anthraquinones is the hydroxyanthraquinones and they usually have one to three 

hydroxyl groups on the anthraquinone structure (Cai et al., 2004).  

Huang et al. (2009) described several medicinal herbs where they found 

quinones, for example Polygalaceae, Rubiaceae, Boraginaceae, Labiatae, Leguminosae 

and Myrsinaceae. 

Figure 2 illustrates the prototypical member of this class, cyclohexadienedione. 

 

Figure 2. Structure of 1,4-benzoquinone or cyclohexadienedione, the prototypical member of the quinones. 

2.2.3.3 Flavones, flavonoids and flavonols 

Flavones are phenolic structures containing one carbonyl group (Figure 3 (a)). 

Flavonols are phenolic structures containing one carbonyl group plus a 3-hydroxyl 

group (Cowan, 1999). Flavonoids are also hydroxylated phenolic substances but occur 

as a C6-C3 until linked to an aromatic ring (Figure 3 (b)). These compounds are planar 

molecules ubiquitous in plants, formed from the aromatic amino acids phenylalaine, 

tyrosine and malonate (Stalikas, 2007). One example of flavonoids is the catechins 

(Cowan, 1999). 

 

Figure 3. Structures of (a) flavones and (b) flavonoids (adapted from Huang et al., 2009). 

The antimicrobial activity of flavonoids is probably due to their ability to 

complex with bacterial cell walls and soluble proteins, as well as with bacterial 

membrane (Cowan, 1999). These compounds have also been linked to reducing the risk 

of major chronic diseases including cancer, because they have powerful antioxidant 
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activities in vitro, being able to scavenge a wide range of reactive species (Hollman and 

Katan, 2000). 

Flavonoid compounds exhibit inhibitory effects against multiple viruses, like 

human immunodeficiency virus (HIV) (Critchfield et al., 1996) and respiratory 

syncytial virus (RSV) (Barnard et al., 1993). 

Although there are several studies about the topic, there is no clear predictability 

for the degree of hydroxylation and toxicity to microorganisms relatively to the 

flavonoids and flavones. 

Flavonoids are the most common pigments, together with chlorophyll and 

carotenoids, and they generally occur in plants as glycosylated derivatives. Two of the 

most important functions of the flavonoids are the catalytic action in the light phase of 

photosynthesis and the regulation of the ion channels involved in phosphorylation 

(Pietta et al., 1999). 

2.2.3.4 Tannins 

Tannins are natural and water-soluble compounds with molecular weights 

ranging from 500 to 4000 g/mol (Cai et al., 2004) and they are present in many plant 

foods (Chung et al., 1998). 

Tannins are a group of polymeric phenolic substances capable of tanning leather 

or precipitating gelatin from solution (astringency). They are found in almost every 

plant part, like bark, wood, leaves, fruits and roots (Scalbert, 1991). There are two 

groups of tannins. One is the hydrolysable tannins; in this group, tannins are based on 

gallic acid. The other group is the condensed tannins, also called proanthocyanidins, 

which are derived from flavonoids monomers. Tannins are commonly found combined 

with alkaloids, polysaccharides and, particularly, proteins (Han et al., 2007). 

The antimicrobial action of tannins is probably due to their ability to inactivate 

microbial adhesins, enzymes and cell envelop transport proteins (Cowan, 1999). 

Tannins also have antimutagenic, anticarcinogenic and antioxidant activities (Chung et 

al., 1998). 

Oligomeric proanthocyanidins (Figure 4) are considered to be the most potent 

antioxidants in tannins and they are frequently used in health care and cancer treatments 

(Huh et al., 2004). 
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Figure 4 - Structure of the oligomeric proanthocyanidins (adapted from Huang et al., 2009). 

2.1.3.5 Coumarins 

Coumarins (Figure 5) are phenolic substances made of fused benzene and α-

pyrone rings (Kennedy and Thornes, 1997) and they are responsible for the 

characteristic odor of hay (Hoult and Payá, 1996). Warfarin is an important coumarin 

which has antimicrobial properties (Rice et al., 2003). 

 

Figure 5. Structure of a simple coumarin. 

These compounds are obtained by the cyclization of cis-ortho-hydroxicinnamic, 

belonging to the phenolics with the basic skeleton of C6 + C3, and this cyclization forms 

lactones (Cai et al., 2004). 

Coumarins are present in plants in the free form and as glycosides (Fresco et al., 

2006). Cai et al. (2006) characterized these compounds with a great chemical diversity, 

mainly differing in the degree of oxygenation of their benzopyrane moiety. Major 

coumarin constituents include simple hydroxilcoumarins, furocoumarins, 

isofurocoumarins, pyranocoumarins, bicoumarins and di-hydro-isocoumarins 

(Surveswaran et al., 2007; Cai et al., 2003). Studies reported that these compounds have 

antimicrobial, anti-inflammatory, antioxidant, anticoagulation, antiestrogenic and 

sedative activity (Paramjeet et al., 2012). 

Huang et al. (2009) described the medicinal herbs where they found coumarins, 

specifically Umbelliferae, Asteraceae, Convolvulaceae, Leguminosae, Magnoliaceae, 

Oleaceae, Rutaceae, and Ranunculaceae, such as simple coumarins from Artemisia 
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annua, furocoumarins from Angelica sinensis, pyranocoumarins from Citrus aurantium 

and isocoumarins from Agrimonia pilosa. 

2.2.4 Terpenoids and essential oils 

Essential oils are secondary metabolites that are highly enriched in compounds 

based on an isoprene structure (Cowan, 1999). The general chemical structure of 

essential oils is C10H6 and they are called terpenes; they occur as diterpenes, triterpenes, 

tetraterpenes, hemiterpenes and sesquiterpenes. Terpenoids are these compounds 

containing additional elements, usually oxygen (Cowan, 1999). Camphor is a 

monoterpene and farnesol and artemisn are sesquiterpenoids. 

Terpenoids are active against bacteria, fungi, viruses and protozoa (Cowan, 

1999). 

It is speculated that the mechanism of antimicrobial action of terpenes involves 

membrane disruption by the lipophilic compounds (Cowan, 1999). Terpenoids and 

essential oils have antidiarrhoeal activity. They inhibit release of autocoids and 

prostaglandins (Tiwari et al., 2011).  

Terpenes are the most numerous and structurally diverse plant natural products. 

Then, these compounds offer much potential in an array of industrial and medicinal 

applications (Zwenger and Basu, 2008). They have a complex nomenclature. The single 

isoprene unit (five carbon molecule) represents the most basic class of terpenes, the 

hemiterpenes. A terpene is an isoprene unit bonded with a second isoprene and it is also 

called a monoterpene (C10) (Zwenger and Basu, 2008). 

Some important terpenes are menthol and pyrethrins (insecticides), limonene 

and digitoxigenin (Croteau et al., 2000), besides the most known, the rubber. Rubber is 

a polyterpene, composed of repeating subunits of isoprene (Zwenger and Basu, 2008). 

 

2.3 Extraction of the phytochemicals compounds  
 

There are several methods of extraction that can be used to obtain the plants 

compounds. Solid-liquid, Soxhlet, supercritical fluid and micro-wave assisted 

extractions are some examples (Aziz, 2006; Tatke and Jaiswal, 2011; Patil and 

Shettigar, 2010). 
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2.3.1 Solid-liquid extraction 

The first step of this type of extraction is the contact of an appropriate solvent 

with the product to be treated for a certain period of time. This enables the transfer of 

the soluble constituent or solute to the solvent. The second step is the separation of the 

solid phase from the liquid. The recovery of the solute and solvent are also included in 

the complete process. This is done by another operation such as evaporation or 

distillation (Aziz, 2006). To increase the extraction efficiency of the compounds it is 

possible to vary some parameters, such as the solvent, the temperature and the agitation.  

Simeonov and Koleva (2012) published a study wherein by solid-liquid 

extraction they extracted tannins (with 70% ethanol and water) from Geranium 

sanguineum L. and studied the extraction kinetics, the influence of solid phase particle 

size and the liquid-solid ratio on extraction rate. Also, using a solid-liquid extraction, 

Simeonov et al. (2011) extracted from Tribulus terrestris furostanal saponins. They 

used methanol as the extraction solvent. Wongkittipong et al. (2004) used the same type 

of extraction for leaves and stems of Andrographis paniculata in ethanol-water solvent 

(0, 60, 70 e 80% in ethanol) in order to obtain andrographolide, a diterpenoid lactone. 

Mirela et al. (2007) extracted the terpenic and phenolic compounds by solid-liquid 

extraction from Olea europaea, using ethanol as solvent. 

2.3.2 Soxhlet 

The sample is placed in a thimble-holder (usually a filter paper inside the main 

chamber of the apparatus) that is gradually filled with condensed fresh extraction 

solvent from a distillation flask. When the solvent reaches the overflow level, a siphon 

aspirates the solute from the thimble-holder and unloads it back to the distillation flask. 

Therefore, the extracted analytes are carried into the bulk liquid (Luque de Castro and 

Priego-Capote, 2010). After extraction the solvent is removed, typically by means of a 

rotary evaporator, yielding the extracted compound. The non-soluble portion of the 

extracted solid remains in the thimble, and is usually discarded (Jensen, 2007). Figure 6 

represents a conventional Soxhlet extractor, where is indicated the position of the heat 

source, the distillation flask, the sample, the siphon, the extractor and the condenser.  
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Figure 6. Conventional Soxhlet extractor (Luque de Castro and Priego-Capote, 2010). 

The main advantages of this method are to be a very simple methodology that 

requires little training and can extract more sample mass than most of the latest 

techniques (such as supercritical-fluid extraction). Besides that, the sample is repeatedly 

in contact with fresh portions of the extractant, which facilitates the displacement of the 

transfer equilibrium. Also, the sample throughput can be increased by performing 

several simultaneous extractions in parallel, which is facilitated by the low cost of the 

basic equipment (Luque de Castro and Priego-Capote, 2010).  Lastly, no filtration is 

required after the process. 

Ahmad et al. (2009) described the Soxhlet extraction with methanol and n-

hexane from Elephantopus scaber L. and the study shows that methanol is better in 

terms of extraction yield. The different yields of extracts might be influenced by the 

polarities of solvents (Romdhane and Gourdon, 2001). This happens for all parts of the 

plant.  

2.3.3 Microwave assisted extraction (MAE) 

A microwave device is composed of four major components. The microwave 

generator, also called magnetrom, is responsible for generation of microwaves. The 

gave wide is used to direct the propagation of microwave from the source to the 

microwave cavity. The applicator is where the sample holder and the sample are placed. 

The last component is the circulator, which regulates the movement of microwaves only 

in the forward direction (Tatke and Jaiswal, 2011). 

There are two microwave systems for extraction: closed extraction vessels/multi-

mode microwave ovens and focused microwave ovens. The first is brought by 

controlled pressure and temperature. As the name suggests, in the focused microwave 
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ovens only the part of the extraction vessel containing the sample is focused for 

irradiation with microwave. This process can also be named as microwave assisted 

Soxhlet or solvent extraction (Mandal et al., 2007). This process is based on exposing 

the analytes to the solvent through cell rupture (Jyothi et al., 2010). 

With this method, the plants can contain microscopic traces of moisture that 

serves as the target for the microwave heating. Due to microwave heating, the moisture 

is heated up inside the plant cell, evaporates and generates tremendous pressure on the 

cell, because of the swelling of the plant cell. The pressure pushes the cell wall from 

inside, stretching and ultimately rupturing it (Mandal et al., 2007), thus the exudation of 

active constituents from the ruptures cells occurs, hence increasing the yield of 

phytoconstituents (Tatke and Jaiswal, 2011). There are some factors which affect MAE, 

namely the solvent nature and the volume, extraction time, microwave power, 

temperature and matrix characteristics (Mandal et al., 2007). MAE methods require 

shorter time, less solvent and provide higher extraction rates and with lower cost (Gallo 

et al., 2010). 

Gallo et al. (2010) described the MAE of phenolic compounds from 

Cinnamomum zeylanicum, Coriandrum sativum, Cuminum cyminum and Crocus 

sativus. In this experiment, the efficiency of extraction of bioactive compounds obtained 

with the microwave extraction process was in general about four times higher than that 

resulting from sonication extraction. Earlier, Pan et al. (2003) had already shown that 

MAE has more efficiency than conventional techniques in the extraction of tea 

polyphenols and tea caffeine. On the other hand, Waksmundzka-Hajnos et al. (2004) 

concluded the MAE is not an appropriate method for furanocoumarin recovery. They 

studied the optimal conditions for the extraction of furanocoumarins from fruits of 

Archangelica officinalis and determined that some compounds, like imperatorin and 

phellopterin, may be transformed during pressurized MAE. 

2.3.4 Supercritical fluid extraction (SFE) 

In this method a gas, usually CO2, is compressed into a dense liquid and it is 

pumped through a cylinder containing the material to be extracted. The extract-laden 

liquid is pumped into a separation chamber where the extract is separated from the gas 

and the gas is recovered for re-use. It is very easy to recover the supercritical solvent 

after extraction, it is only necessary to adjust the pressure and/or the temperature 
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(Doughari, 2012). One advantage of this process is the fact that the final extract has 

virtually no solvent residues left in it (gas evaporates completely) (Patil, 2010). 

SFE has been increasingly used in the extraction of plant volatile components 

and essential oils (Pourmortazavi and Hajimirsadeghi, 2007). There are several studies 

with supercritical fluids to extracts compounds from plants. Fadel et al. (1999) made a 

research performed with eucalyptus which demonstrates the differences that exist 

between the composition and functional properties of extracts obtained with SFE and 

hydrodistillation. Supercritical fluid extracts had a higher content of sesquiterpenes and 

oxygenated compounds (Fadel et al., 1999). 

2.3.5 Ultrasounds extraction  

This type of extraction utilizes acoustic cavitation to cause molecular movement 

of solvent and sample (Jerman et al., 2010). Cavitation forces are the result of the 

propagation of ultrasound pressure (Knorr et al., 2002). In the case of plants, bubbles 

can explosively collapse and generate localized pressure causing plant tissue rupture 

and improving the release of intracellular substances into the solvent (Knorr et al., 

2002). 

There are two commons devices for ultrasounds extraction. The more widely 

used is the bath system but the one which offers more advantages is the probe system. 

This provides directly cavitation in the solution, being more efficient (Priego-Capote 

and Luque de Castro, 2004). 

Jerman et al. (2010) studied the extraction of phenolic compounds of olive fruit 

(Olea europaea) with ultrasounds extraction. The authors used a high intensity probe 

sonication. They studied different parameters (sonication time, temperature, solvent 

composition and extraction steps) in order to optimize the extraction. It was concluded 

that the method used was more efficient in comparison to ultrasound bath and agitation.  

 

2.4 Extraction solvent 
 

For all of these techniques a solvent extraction is needed. The extraction solvents 

can be various and the choice is influenced by what is pretended with the extract and 

what are the targeted compounds to be extracted (Das et al., 2010). The low toxicity, 

ease of evaporation at low heat, promotion of rapid physiologic absorption of the extract 

and inability to cause the extract to complex or disassociate are the main characteristics 
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to be a good solvent. The factors that affect the choice of the solvent are, briefly, the 

quantity of phytochemicals to be extracted, rate of extraction, diversity of different 

compounds existing in the initial matrix, diversity of inhibitory compounds extracted, 

ease of subsequent handling of the extracts, toxicity of the solvent in the bioassay 

process and potential health hazard of the extractants (Eloff, 1998). 

Then, the type of solvent is essential on the successful determination of 

biologically active compounds from plant material (Tiwari et al., 2011). Table 1 shows 

the main solvents used to extract the different compounds, according to Cowan (1999). 

Table 1. Main solvents used for active compounds extraction (Cowan, 1999). 

Water  Ethanol Methanol Ether Acetone Chloroform  

Anthocyanins Tannins Anthocyanins Alkaloids Phenols Terpenoids 

Starches Polyphenols Terpenoids Terpenoids Flavonols Flavonoids 

Tannins Polyacetylenes Saponins Coumarins   

Saponins Flavonols Tannins Fatty acids   

Terpenoids Terpenoids Xanthoxyllines    

Polypeptides Sterols Totarol    

Lectins Alkaloids Quassinoids    

  Lactones    

  Flavones    

  Phenones    

  Polyphenols    

 

Water is an universal solvent and it is mainly used to extract compounds with 

antimicrobial activity. However, organic solvents extracts give more consistent 

antimicrobial activity than water extracts. Water soluble flavonoids, such as 

anthocyanins, have no antimicrobial activity and water soluble phenolics are only 

important as antioxidant compound (Dask et al., 2010). Acetone dissolves many 

hydrophilic and lipophilic components from plants, is volatile and has low toxicity, 

which makes it an useful extractant. It is very used for antimicrobial studies, where 

more phenolic compounds are required to be extracted (Tiwari et al., 2011; Dask et al., 

2010). Ethanolic extracts have high amounts of polyphenols, which means they are 

more efficient in cell wall and seeds degradation which have nonpolar character and 

cause polyphenols to be released from cells (Dask et al., 2010). Methanol is more polar 
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than ethanol but it has a cytotoxic nature, which makes it unsuitable for extraction in 

certain studies (Tiwari et al., 2011).  

The composition of the plant extract is influenced by the temperature, solvent 

extracting power, extraction time and method adapted for the extraction (Ksouri et al., 

2009). This variability is due to the different affinities of these compounds for solvent 

extraction and specialty to the polarity of the molecules constituting of the solvent 

(Hayouni et al., 2007). Therefore, it is necessary to optimize the solvent/concentration 

to utilize in order to obtain the highest possible yield of the desired compounds.  
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CHAPTER 3 – Evaluation of Extraction 
Efficiency of Olea europaea and 
Acacia dealbata 

3.1 Introduction 

Man has used plants since the start of humankind. In the course of time, plants 

became a useful source of disease cure and health improvement across various human 

communities (Vinatoru, 2001). Compounds of plants, such as alkaloids, phenolic and 

terpenoids, have currently recognized antimicrobial and antioxidant properties (Cowan, 

1999; Karou, 2005; Gallo, 2010). 

The selection of the proper extraction method is very important for the 

qualitative and quantitative studies of bioactive compounds from plants. The different 

techniques of extraction have all the same goals in the process: to extract targeted 

bioactive compounds from complex plant samples, to increase sensitivity of bioassay by 

increasing the concentration of targeted compounds, to convert the bioactive 

compounds into a more suitable form for detection and separation and to provide a 

strong and reproducible method that is independent of variations in the sample matrix 

(Smith, 2003). The extracting power of different solvents in use and the application of 

heat and/or mixing are the basis of most techniques (Azmir et al., 2013). 

Soxhlet and solid-liquid extraction belong to the conventional or classic 

techniques of extraction. Nowadays, the major challenges of conventional extractions 

are longer extraction time, requirement of costly and high purity solvents, evaporation 

of the huge amount of solvent, low extraction selectivity and thermal decomposition of 

thermo labile compounds (Luque de Castro and Garcia-Ayuso, 1998). To overcome 

these limitations, new techniques are been introduced, as micro-wave and ultrasound 

extractions (Azmir et al., 2013).   

This chapter aims to select the solvent and extractions conditions in order to 

achieve the maximum recovery of bioactive compounds from selective plants, Olea 

europaea and Acacia dealbata. 
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3.2 Material & Methods 

3.2.1 Plants 

  Acacia dealbata and Olea europaea were selected for this study.  

3.2.1.1 Acacia dealbata (mimosa) 

Leaves of Acacia dealbata (Figure 7) were studied. 

 

Figure 7. Leaves and flower of Acacia dealbata. 

3.2.1.2 Olea europaea (olive) 

Leaves of Olea europaea (Figure 8) were studied. 

 

Figure 8. Leaves of Olea europaea. 

3.2.2 Collection of the leaves 

Olive leaves were collected in the middle of February and mimosa leaves were 

collected in the beginning of March, in the year of 2013. The collection area was Braga 

(Portugal). 

3.2.3 Extraction of leaves 

Several extraction methods were used for both plants. For every extraction 

leaves were cut in small pieces with approximately 5 mm of length and 4 mm of width 

and the amount used was 5 g of wet weight. 



 Dissertation for Master Degree in Bioengineering  

21 
 

3.2.3.1 Solid-Liquid Extraction 

Leaves were placed in a flask (capacity of 250 mL) with 50 mL of the solvent at 

20 ºC (Lovibond) with magnetic shaking (Velp Scientific) for 1 h according to the 

method suggested by Tomsone et al. (2012). Water, acetone, ethanol, dichloromethane, 

methanol and hexane (Sigma-Aldrich) were the solvents used for the extraction. 

3.2.3.2 Ultrasounds Extraction 

Leaves were placed in a lidded flask (capacity of 220 mL) with 50 mL of the 

solvent and then put in a sonicator (P Selecta) for 1 h. Water, acetone, ethanol, 

dichloromethane, methanol and hexane (Sigma-Aldrich) were the solvents used.  

3.2.3.3 Soxhlet Extraction 

Leaves were placed on a filter paper inside the main chamber of the Soxhlet (P 

Selecta) and the solvent (approximately 300 mL of water) was placed on the top of the 

Soxhlet apparatus. Extraction time was 16 h. 

3.2.3.4 Micro-wave extraction 

Microwave-assisted extractions were performed with a modified version of the 

domestic Electric Co. WP700P17-3 oven (2450 MHz, China), with an input power of 

1200 W and frequency of 2450 MHz.  

A round bottom flask with a capacity of 100 mL was introduced into the 

microwave and coupled to an external condenser. Cooling liquid was water at 5 °C from 

a thermostatic bath. The top of the condenser was attached to an L-shaped tube 

containing activated carbon in order to adsorb any compound that could be released. 

The condenser was used to prevent sample evaporation, minimizing the volume 

variation. All experiments were performed in a fume hood, using a microwave radiation 

detector (MSM128, Meet Int., Hong Kong) to check for leaks during operation.  

Leaves and 50 mL of water were placed in the flask with some glass beads to 

prevent superheating. The micro-wave was operated at a nominative output power of 

397 W, which corresponds to an effective output power of 162 W (Homem et al., 2013). 

 

After all the extractions the extracts were evaporated in a rotary evaporator 

(Büchi Rotovapor R-114), except the samples with water which were lyophilized, in 

order to remove the solvent. Dry extracts are then taken in dimethyl sulfoxide (DMSO) 

or methanol, depending on the test to perform. 
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3.2.4 Extraction Efficiency 

Extraction efficiency was calculated by the Equation [1]. 

  

                      ( )   
  

  
                        Equation [1], 

In which me is the mass of the extract and ml is the initial mass of the leaves, 

before the extraction (wet weight). 

3.2.5 Statistical Analysis 

Data were analyzed using the statistical program SPSS 21.0 (Statistical Package 

for the Social Sciences). The data was analyzed using One-Way Anova. Significance 

level for the difference was set at p < 0.05. 

 

3.3 Results and Discussion 

Mimosa is an invasive tree and it is widely spread in several parts of the world, 

namely in Chile, Madagascar, South Africa, France, Spain and Portugal (Richardson 

and Rejmánek, 2011). Although there are several studies in America and Africa about 

the impact of mimosa in biodiversity (Lorenzo et al., 2010), in Europe little is known, 

despite the large areas currently invaded. In Portugal, mimosa is considered one of the 

most aggressive species and it is found in all Portuguese provinces (Ferreira et al., 

2011). Ferreira et al (2011) said that one way to control the distribution of this invasive 

plant should be its use as raw material, and they proved that it may be a promising 

renewable raw-material for bioethanol production. The high content in polysaccharides 

of mimosa gives it the ability to be fractionated by chemical methods to yield products 

suitable for the chemical, food and pharmaceutical industries (Yánez et al., 2009). 

Therefore, the potential biotechnological harnessing of this plant deserves to be 

explored. 

In relation to olive, this is one of the oldest known cultivated trees in the world 

(Zamora et al., 2001). It contains oleuropein (a polyphenolic iridoid glycoside), oleacein 

and oleanolic acid as active substances (Susalit et al., 2011). It has a fruit, usually 

named olive fruit, which is a green drupe, becoming generally blackish-purple when 

fully ripe (Pinheiro and Silva, 2005). It is known that this species have been used since 

ancient times in order to combat high blood pressure, atherosclerosis and diabetes 

(Jänicke et al., 2003). Nowadays, studies show that the olive leaf extract has an effective 
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activity against various diseases, such as coronary artery disease, high cholesterol level, 

arrhythmia, cancer, overweight, osteoporosis, herpes, flu and colds and some bacterial, 

fungus and yeast infections. Furthermore, it is an allergen free product (Ritchason, 

2000). Lee and Lee (2010), as well as Sudjana et al. (2009), showed in their studies that 

Olea europaea has antioxidant and antimicrobial activity. 

The extraction efficiency for every extraction and solvent for both plants was 

determined and it can be seen in Table 2. 

Table 2. Extraction efficiency (%) per extraction technique and solvent used with both olive and mimosa leaves. 

 Olive Mimosa 
 Extraction Technique Extraction Technique 

Solvent Solid-

Liquid 
Ultrasounds Soxhlet 

Micro-

wave 

Solid-

Liquid 
Ultrasounds Soxhlet 

Micro-

wave 

Water 5.7±0.9 6.2±0.9 12.3±1.2 10.7±0.8 8.1±0.8 6.4±1.2 13.4±1.4 11.9±1.8 

Methanol 
7.2±0.3 6.0±1.1 - - 7.9±0.4 5.7±1.1 - - 

Ethanol 4.1±1.3 4.6±0.7 - - 6.0±2.2 4.2±1.3 - - 

Acetone 6.8±1.1 7.4±0.3 - - 5.1±0.8 2.8±0.0 - - 

Dichloromethane 
6.2±1.6 2.8±0.3 - - 4.1±1.5 3.8±2.1 - - 

Hexane 0.9±0.1 3.2±1.3 - - 7.8±2.1 3.7±0.1 - - 

 

According to Altıok et al. (2008) the choice of the solvent is the most important 

factor affecting the efficiency of solid-liquid extraction. In relation to olive leaves, this 

type of technique/solvent caused extraction efficiencies from 0.9 ± 0.1% to 7.2 ± 0.3%. 

Hexane was the weakest solvent. Methanol was the best solvent and for the others there 

was not found significant differences (p>0.05). For mimosa leaves, solid-liquid 

extraction was from 4.1 ± 1.5% to 8.1 ± 0.8%. Here, the weakest solvent was 

dichloromethane and the best was water (p<0.05).  

Methanol and water were the best solvents for ultrasounds extraction (p<0.05). 

Jerman et al. (2010) also considered methanol as the best solvent to extract phenols by 

ultrasounds, pure or combined with water (80/20, v/v). This solvent did not degrade the 

phenols present, since no hydrogen peroxide neither large proportion of free radicals are 

formed due to cavitation when exposed to sonication (Paniwnyk et al., 2011). Ahmad 

(2009) reported that the different yields might be influenced by the polarities of the 

solvents, which can explain the variation in the results. It was also reported by Ahmad 

in 2009 in the extraction of chemical ingredients of Elephantopus scaba L. and Klejdus 
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et al. (2005) in the extraction of isoflavones soybeans samples that methanol is a better 

solvent for extraction than hexane, which supports the results for this experience. 

According to Cowan (1999), methanol and water are the solvents that can extract more 

diversity of compounds, which can explain the higher extraction efficiency.  

Ultrasounds extraction offers numerous advantages comparing to conventional 

extraction techniques, like solid-liquid extraction. An improved efficiency, reduced 

extraction time and low solvent consumption make this technique one of the most used 

(Chen et al., 2007). However, although in the current study it have been used the same 

extraction time and the same quantity of solvent, the ultrasounds extraction did not 

obtained an higher extraction efficiency than solid-liquid extraction. Comparing all the 

solvents, for olive leaves the average extraction yield for solid-liquid extraction was 4.7 

± 2.1% and for ultrasounds extraction was 5.0 ± 1.8%, and this difference is not 

significant (p>0.05). For mimosa leaves the values were 6.5 ± 1.7% and 4.4 ± 1.4%, 

respectively, and this difference is also not significant (p>0.05). 

The extraction techniques which provide a more efficient extraction were the 

Soxhlet and the micro-wave extraction, and the differences between them were not 

significant (p>0.05). This happened for both plants. Soxhlet has a great advantage in 

relation to the others methods used: no filtration is required after the process. 

Furthermore, it is a very simple method and can extract more sample mass than most of 

latest alternatives, such as micro-wave assisted extraction. Nevertheless, a long time is 

required for extraction and a large amount of extractant is wasted (Luque de Castro and 

Priego-Capote, 2010). The superiority in the extraction yield of micro-wave extraction 

was also showed by Gallo et al. (2010). The authors extracted phenolic compounds 

from Cinnamomum zeylanicum, Coriandrum sativum, Cuminum cyminum and Crocus 

sativus and the efficiency of extraction of bioactive compounds obtained with micro-

wave extraction was in general about four times higher than that resulting from 

ultrasounds extraction. 

 

3.4 Conclusions 

Water and methanol proved to be the solvents that caused a higher efficiency for 

solid-liquid and ultrasounds extractions for olive and mimosa extracts. The polarity of 

the solvents can explain the differences in the extraction yield. 
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Comparing all the solvents, the differences were not significant between solid-

liquid and ultrasounds extraction. 

Soxhlet and micro-wave extractions showed to be the methods with higher 

efficiency to extract compounds of olive and mimosa. 
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CHAPTER 4 – Analysis of the 
Bioactivity of Olea europaea and 
Acacia dealbata Extracts  

4.1 Introduction 

Plants extracts can be a promising alternative to current antimicrobials, 

particularly antibiotics, taking in account the evolution of bacterial resistance (Abreu et 

al., 2012). Many compounds of plants have recognized antimicrobial and antioxidant 

properties. Giving some examples, alkaloids have been exploited as pharmaceuticals, 

stimulants, narcotics and poison due to their potent biological activity (Ziegler and 

Facchini, 2008) and they have good antimicrobial activity against several 

microorganisms (Karou et al., 2005). Phenolic compounds have antioxidant activity 

mainly due to their redox properties, which allow them to act as reducing agents, 

hydrogen donors and singlet oxygen quenchers (Gallo et al., 2010) and some phenolic 

acids and analogs also exhibit antibacterial, antifungal, antiviral, antimutagenic and 

anti-inflammatory activities (Silici et al., 2007; Chaubal et al., 2005; Larrosa et al., 

2006). Tannins have antimicrobial (Cowan, 1999), antimutagenic, anticarcinogenic and 

antioxidant activity (Chung et al., 1998). Studies also reported that coumarins have 

antimicrobial, anti-inflammatory, antioxidant, anticoagulation, antiestrogenic and 

sedative activity (Paramjeet et al., 2012). 

The analysis of the bioactivity of the phytochemicals compounds is very 

important to understand their potential applications in clinical settings. The antioxidant 

activity of the natural compounds is related to the three major groups: vitamins, 

phenolics and carotenoids (Halliwell, 1996). Temple (2000) reported that the frequent 

consumption of natural oxidants is associated with a lower risk of cardiovascular 

disease and cancer, which indicates their potential application. Also, the efficacy of 

antimicrobial effects of antibiotics can be improved by combining them with extracts of 

plants against several pathogens, such as S. aureus and E. coli (Adwan and Mhanna, 

2008). Besides that, the combination between antibiotics and phytochemical compounds 

can help in the prevention of the development of microbial resistance (Sakharkar et al., 

2009). 
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This chapter aims to evaluate the antimicrobial and antioxidant activities of Olea 

europaea and Acacia dealbata extracts, complementing the previous chapter on the role 

of selection of an extraction method and solvent to maximize the biological effects of 

the plant extracts.  

 

4.2 Material & Methods  
  

4.2.1 Extracts 

The extracts from Olea europaea and Acacia dealbata previously obtained were 

used in this chapter.  

4.2.2 Bacterial Strains 

The bacteria used in this study were obtained from the Spanish Type Culture 

Collection (CECT): the Gram-negative bacterium Escherichia coli (CECT 434), the 

Gram-positive bacterium Staphylococcus aureus (CECT 976) and the Gram-negative 

Chromobacterium violaceum (ATCC 12472). E. coli and S. aureus were distributed 

over the surface of Mueller-Hinton Agar (MHA, Merck) and incubated for 24 h at 27 ± 

3 ºC and C. violaceum was distributes over the surface of Luria-Bertani Agar (LBA, 

Merck) and incubated for 24 h at 27 ± 3 ºC. 

4.2.3 Antimicrobial Activity Assessment   

Antimicrobial activity was tested using a modification of the disc diffusion 

method originally described by Bauer et al. (1966). Bacteria were grown overnight and 

the turbidity was adjusted to match 0.5 in McFarland standards with sterile saline 

(Spectrometer VWR V-1200). Petri dishes with 90 mm of diameter were prepared with 

approximately 20 mL of MHA. Sterile filter paper discs (6 mm of diameter) 

impregnated with 10 µL of the samples were placed on the agar plate seeded with the 

respective bacteria. The plates were incubated at 37 ˚C for 24 h. Discs impregnated with 

DMSO were used as negative control. After incubation, the diameter in mm of the 

inhibitory zones around the discs was recorded (Saavedra et al., 2010). 

4.2.4 Antioxidant Activity Assessment 

Assays used to estimate the antioxidant capacity of the plants mostly include 

ABTS (Leong and Shui, 2002) and DPPH (Gil et al., 2002). 
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4.2.4.1 ABTS Assay 

A stock solution included 7.4 mM ABTS solution (Sigma-Aldrich) and 2.6 mM 

potassium persulfate solution (Sigma-Aldrich). Then these two stock solutions were 

mixed in equal quantities and allowed to react for 12 h at room temperature in the dark. 

The resulting solution was diluted by mixing 1 mL of this solution with 60 mL of 

methanol to obtain an absorbance of 1.10 ± 0.02 units at 734 nm. The samples are then 

mixed with the prepared solution (1:20 V/V) and allowed to react for 2 h in a dark 

condition. The absorbance was taken at 734 nm (Spectrometer VWR V-1200). The 

standard curve was linear between 25 and 800 µM Trolox (Sigma-Aldrich) and the 

results are expressed in µM Trolox equivalents (TE)/g fresh mass (Thaipong et al., 

2006). 

4.2.4.2 DPPH Assay 

A stock solution included 0.024 mg/mL DPPH solution (Sigma-Aldrich) in 

methanol. The working solution was prepared by mixing 10 mL of the stock solution 

with 45 mL of methanol to obtain an absorbance of 1.10 ± 0.02 units at 515 nm. The 

samples (150 µL) are then mixed with the working solution (2850 µL) and allowed to 

react for 24 h in a dark condition. The absorbance was taken at 515 nm (Spectrometer 

VWR V-1200). The standard curve was linear between 25 and 800 µM Trolox and the 

results are expressed in µM TE/g fresh mass (Thaipong et al., 2006). 

 

4.2.5 Antibiotics-Extracts Dual Combination Assay 

To study the antimicrobial effects of the extracts with antibiotics, the extract 

(dissolved in DMSO) was inserted in MHA medium (at a final concentration of 5000 

µg/mL) after autoclaved and cooled. Suspensions were prepared mixing bacteria from 

an overnight culture with sterile saline solution in order to obtain a final cell turbidity 

matching 0.5 McFarland standards (Spectrometer VWR V-1200). The cellular 

suspension was poured over hardened MHA/extracts plates using a sterilized cotton 

swab and allowed to set. Antibiotic discs containing erythromycin (15 µg/disc) and 

tetracycline (30 µg/disc) (Sigma-Aldrich), according to the Clinical Laboratory 

Standards Institute standards (CLSI, 2005), were placed on the surface of the plates and 

then the plates were incubated at 37 ˚C for 48 h (Saavedra et al., 2010). The zones of 

grown inhibition were measured after 24 and 48 h (CLSI, 2005). 



 Dissertation for Master Degree in Bioengineering  

30 
 

4.2.6 Antibiotics-Extracts Dual Combination Classification 

The effect of dual combinations of antibiotics and extracts was classified 

according to Saavedra et al. (2010):  

• antagonism (-) 

 if [inhibition halo – (antibiotic inhibition halo + extract inhibition halo)/2] < 0;  

• indifference (+) 

if 0 ≤ [inhibition halo – (antibiotic inhibition halo + extract inhibition halo)/2] < 

antibiotic inhibition halo or extract inhibition halo;  

• additive (++) 

if antibiotic inhibition halo < [inhibition halo – (antibiotic inhibition halo + 

extract inhibition halo)/2] < 2 × antibiotic inhibition halo or extract inhibition halo;  

• synergy (+++) 

if inhibition halo > 3 × antibiotic inhibition halo or extract inhibition halo. 

For the classification was selected the highest inhibition halos caused by the 

antibiotic or phytochemical application for each condition tested. 

4.2.7 Quorum-sensing Inhibition (QSI) 

Chromobacterium. violaceum was grown overnight in LB broth at 30 ˚C with 

shaking. To test the plant leaves, they were placed in LB agar plates and overlain with 5 

mL of LBA soft (tempered at 45 ˚C) containing 10
6 

CFU/mL of the C. violaceum. Then 

the plates were incubated at 30 ºC for 24 h and, after this, the color was examined. To 

test the extracts of the plants the cell suspension was prepared in order to obtain 10
6 

CFU/mL of the C. violaceum (by mixing with LB broth). Sterile filter paper discs (6 

mm of diameter) impregnated with 10 µL of the extracts were placed on LB agar plates 

seeded with 100 µL of the respective bacterium. Then the plates were incubated at 30 ºC 

for 24 h and, after this, the color was examined (McLean et al., 2004). 

4.2.8 Statistical Analysis  

The statistical analysis of the results obtained was performed as described in 

section 3.2.5.  
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4.3 Results and Discussion 

4.3.1 Antimicrobial Activity Assessment 
 

Olive leaves – solid-liquid and ultrasounds extractions 

  

Regarding to olive leaves extracted with solid-liquid extraction, activity for 

almost all solvents was found, as indicated in Table 3. Concentrations of the plant 

extracts were not standardized, ranging from 48.9 mg/mL for hexane to 254.1 mg/mL 

for acetone. Concentrations depend on the volume of DMSO used to dissolve the dry 

extracts. 

Table 3. Antibacterial activity of olive leaves extracts for solid-liquid extraction and for the selected solvents 
against S. aureus and E. coli – diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

Extract 
concentration 

(mg/mL) 
150.3 100.5 84.9 254.1 253.2 48.9 

S. aureus 0.0±0.0 16.7±1.2 25.3±2.3 22.7±1.2 8.7±0.6 11.3±1.2 

E. coli 0.0±0.0 16.7±1.2 16.7±1.2 14.7±1.2 0.0±0.0 12.0±2.0 

 

 The extraction with water did not show activity against any microorganism. 

Several studies support that the olive leaves in the aqueous extracts have antimicrobial 

activity against pathogenic bacteria (Aliabadi et al., 2012; Keskin et al., 2012). 

Therefore, maybe, if some conditions were different, for example if the extraction time 

was superior, the results would have been different for these extracts. 

The extraction with dichloromethane only showed activity against S. aureus. All 

the other extracts presented activity for both bacteria. Ethanol and acetone were the 

solvents that caused the highest inhibition halo (p<0.05) against S. aureus and the 

differences between these solvents were not significant (p>0.05). For these solvents the 

activity was superior against S. aureus (p<0.05). According to Cowan (1999), ethanol 

and acetone are highly efficient in the extraction of phenolic compounds. Concerning 

the effects of the extracts obtained against E. coli, there were no significant differences 

between the antimicrobial activity of methanol, ethanol, acetone and hexane (p>0.05). 

The fact that the antimicrobial activity is higher against S. aureus is supported 

by Simões et al. (2008). This species is Gram-positive and the permeability of the cell 

wall can make it more susceptible and, for that reason, does not restrict the penetration 
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of antimicrobials. However, this only happens with the extracts obtained with ethanol, 

acetone and dichloromethane. For methanol and hexane extracts there was no 

significant differences on the effects caused by the plant extracts on both Gram-positive 

and Gram-negative bacteria (p>0.05). 

 

 In order to have more consistent results on the relation between the solvent used 

and antimicrobial effects, the concentrations of the extracts were standardized and tested 

at 5 mg/mL. This concentration is also more appropriated to use the extracts in 

medicine. The results are shown in Table 4.   

Table 4. Antibacterial activity of olive leaves extracts at 5 mg/mL for solid-liquid extraction and for the selected 
solvents against S. aureus and E. coli - diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

S. aureus 0.0±0.0 0.0±0.0 10.7±0.6 0.0±0.0 0.0±0.0 0.0±0.0 

E. coli 0.0±0.0 0.0±0.0 11.0±0.0 0.0±0.0 0.0±0.0 0,0±0.0 
 

 With lower concentrations the results were very different. All the extracts lost 

their antimicrobial activity, except the sample extracted with ethanol. However, this 

extract also lost some activity against both species, since the inhibition halo decreased 

58% against S. aureus (p<0.05) and 52% against E. coli (p<0.05). However, with a 

concentration of 5 mg/mL the activity of this extract did not change depending on the 

Gram-type of the bacteria. 

These results indicate that it is necessary a concentration relatively high of olive 

leaves extract to have antimicrobial activity. It would be interesting to discover the 

minimal concentration of the extract to obtain activity 

 

 The results on the antimicrobial activity of olive leaves extract obtained by 

ultrasounds extraction are shown in Table 5. The concentrations of the extracts range 

from 59.6 mg/mL (with methanol) to 239.3 mg/mL (with acetone). 

Table 5. Antibacterial activity of olive leaves extracts for ultrasounds extraction and for the selected solvents 
against S. aureus and E. coli – diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

Concentration 
(mg/mL) 

123.4 59.6 168.6 239.3 93.4 161.3 

S. aureus 11.3±1.2 18.7±1.2 27.3±2.3 18.7±1.2 0.0±0.0 15.0±1.4 

E. coli 9.3±0.6 16.7±1.2 16.7±1.2 14.0±2.0 0.0±0.0 11.3±1.2 
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Ethanol, with its ability to extract phenolic compounds (Cowan, 1999), seems to 

be the best solvent to extract olive leaves, since its activity causes the higher inhibition 

halo against S. aureus (p<0.05). The sample extracted with dichloromethane did not 

show activity against both S. aureus and E. coli. 

For water, methanol, acetone and hexane the results did not significantly differ 

for both bacteria (p>0.05). Once again, for ethanol, S. aureus is the bacterium more 

susceptible to the antimicrobials (p<0.05). The exterior membrane of E. coli, with a set 

of outer membrane proteins, which are powerful barriers to the antimicrobials, can 

explain the lower inhibition halos (Simões et al., 2008). 

 

 As for the solid-liquid extraction, the concentrations of the extracts were 

standardized to 5 mg/mL and the results of the antimicrobial activity assessment are 

presented in Table 6. 

Table 6. Antibacterial activity of olive leaves extracts at 5 mg/mL for ultrasounds extraction and for the selected 
solvents against S. aureus and E. coli - diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

S. aureus 9.3±0.0 0.0±0.0 10.7±0.6 9.3±0.6 0.0±0.0 0.0±0.0 

E. coli 0.0±0.0 0.0±0.0 10.7±0.6 10.7±0.6 0.0±0.0 0.0±0.0 
 

 In this case, extracts with methanol and hexane did not show antimicrobial 

activity. Extracts with water and dichloromethane only demonstrate activity against S. 

aureus and, as already said, this is the bacterium more susceptible to the plant extracts. 

For extracts with ethanol and acetone the results were similar for both bacteria and there 

were no significant differences (p>0.05). No solvent extraction excelled in this assay: 

results are similar for water, ethanol, acetone and dichloromethane against S. aureus 

(p>0.05) and for ethanol and acetone against E. coli (p>0.05).  

 Comparing to higher concentrations, extracts performed with methanol and 

hexane lost their activity with the decrease of concentration. The same happened with 

the extract obtained with water which lost activity against E. coli. Differences were not 

observed by decreasing the concentration for extracts with water against S. aureus and 

with acetone against E. coli (p>0.05). Ethanol was more efficient in extract 

antimicrobial compounds with a high concentration (p<0.05) and the same happened 

with extracts performed with acetone, but only against S. aureus.  
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Mimosa leaves – solid-liquid and ultrasounds extractions 

 

 The results for mimosa leaves extract from solid extraction are presented in this 

section. The concentrations of the extracts ranged from 100.2 mg/mL (with 

dichloromethane) and 253.3 mg/mL (with ethanol) on a first approach (Table 7), having 

been later standardized to 5 mg/mL (Table 8). 

Table 7. Antibacterial activity of mimosa leaves extracts for solid-liquid extraction and for the selected solvents 
against S. aureus and E. coli – diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

Concentration 
(mg/mL) 

106.3 140.5 253.3 190.4 100.2 145.7 

S. aureus 0.0±0.0 16.7±1.2 28.0±2.0 12.0±0.0 0.0±0.0 11.3±1.2 

E. coli 0.0±0.0 16.7±1.2 13.3±1.2 10.0±0.0 0.0±0.0 10.0±0.0 
 

 

Table 8. Antibacterial activity of mimosa leaves extracts at 5 mg/mL for solid-liquid extraction and for the 
selected solvents against S. aureus and E. coli - diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

S. aureus 0.0±0.0 0.0±0.0 10.0±1.0 0.0±0.0 0.0±0.0 0.0±0.0 

E. coli 0.0±0.0 0.0±0.0 9.3±0.6 0.0±0.0 0.0±0.0 0.0±0.0 

 

 With the extracts at higher concentrations the results were similar to olive 

leaves extract. Ethanol was the only solvent that caused different activities depending 

on the bacteria (p<0.05). It also seems that ethanol is the best solvent to extract 

antimicrobial compounds against S. aureus (p<0.05). With extracts of water and 

dichloromethane no activity was found against the microorganisms. Extracts with 

methanol, acetone and hexane did not express differences between both bacteria 

(p>0.05).  

For the test with the extracts at 5 mg/mL only the ethanol showed activity 

against the bacteria, which proves its good ability to extract the antimicrobials 

compounds from plants. However, its activity was less efficient with the decreased 

concentration against both bacteria (p<0.05). 

 

Relatively to the ultrasounds extraction, the results are shown in Table 9 

(concentrations of the extracts range from 19.0 mg/L with hexane to 181.5 with 

methanol) and Table 10 (concentrations at 5 mg/mL).  
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Table 9. Antibacterial activity of mimosa leaves extracts for ultrasounds extraction and for the selected solvents 
against S. aureus and E. coli – diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

Concentration 
(mg/mL) 

93.4 181.5 129.1 27.5 24.4 19.0 

S. aureus 10.0±1.8 9.3±0.6 25.3±2.3 15.0±0.0 0.0±0.0 12.0±0.0 

E. coli 0.0±0.0 16.7±1.2 16.7±1.2 16.7±1.2 0.0±0.0 12.0±0.0 
 

Table 10. Antibacterial activity of mimosa leaves extracts at 5 mg/mL for ultrasounds extraction and for the 
selected solvents used against S. aureus and E. coli - diameter of inhibition (mm). 

Solvents Water Methanol Ethanol Acetone Dichloromethane Hexane 

S. aureus 10.0±1.8 0.0±0.0 10.0±1.0 0.0±0.0 0.0±0.0 0.0±0.0 

E. coli 0.0±0.0 0.0±0.0 9.7±0.6 0.0±0.0 0.0±0.0 0.0±0.0 

 

Once again the extract with dichloromethane did not show activity against the 

bacteria for any concentration. In relation to the extract with water the decrease of the 

concentrations did not cause changes in the antimicrobial activity: antimicrobial activity 

was found against S. aureus but not against E. coli.  

Ethanol demonstrated to be the best solvent and, once again, its activity 

decreased with the decrease of the concentration (p<0.05). The extract performed with 

ethanol was again more efficient against S. aureus than against E. coli (p<0.05), but 

only for the higher concentration. Extracts with acetone and hexane at higher 

concentrations did not present differences against the Gram-positive and Gram-negative 

bacteria (p>0.05). 

With the extracts at 5 mg/mL, the extracts with methanol, acetone, 

dichloromethane and hexane did not show antimicrobial activity. Water and ethanol 

presented similar results against S. aureus (p>0.05). 

Regarding to the sample extracted with methanol at 181.5 mg/mL, a higher 

antimicrobial activity was found against E. coli than against S. aureus (p<0.05), which 

contradicts what Simões et al. (2008) reported. However, this result can be supported by 

the previous findings of Taguri et al. (2006). The authors said that there is no relation 

between the Gram-type and the antimicrobial activity and that it depends on bacterial 

species, mode of action of the phytochemicals and its physico-chemical properties.  
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Olive and mimosa leaves – Soxhlet and micro-wave extractions 

 

 The extractions with Soxhlet and micro-wave used water as solvent and the 

results are presented in Table 11 (concentrations between 82.3 mg/mL and 123.5 

mg/mL) and Table 12 (standardized concentrations at 5 mg/mL). 

Table 11. Antibacterial activity of olive and mimosa leaves extracts for Soxhlet and micro-wave extraction against 
S. aureus and E. coli - diameter of inhibition (mm). 

Water  

Plant Olive Mimosa 

Concentration 
(mg/mL) 

89.3 82.3 123.5 100.2 

Extractions Soxhlet Micro-wave Soxhlet Micro-wave 

S. aureus 14.0 ± 0.8 14.3 ± 1.2 14.7 ± 0.5 14.3 ± 0.5 

E. coli 11.0 ± 0.0 11.7 ± 0.5 0.0 ± 0.0 0.0 ± 0.0 

 

Table 12. Antibacterial activity of olive and mimosa leaves extracts at 5 mg/mL for Soxhlet and micro-wave 
extraction against S. aureus and E. coli - diameter of inhibition (mm). 

Water – 5 mg/mL 

Plant Olive Mimosa 

Extractions Soxhlet Micro-wave Soxhlet Micro-wave 

S. aureus 11.0 ± 0.0 10.7 ± 0.5 10.3 ± 0.5 9.3 ± 1.2 

E. coli 10.0 ± 1.4 9.7 ± 0.9 0.0 ± 0.0 0.0 ± 0.0 

 

 For higher concentrations there are no significant differences in the antibacterial 

activity between the type of extraction for both plants, and the same happened with the 

extract at 5 mg/mL (p>0.05). Once again, the activity is higher against S. aureus 

(p<0.05) for higher concentrations. Decreasing the concentration made the extracts to 

lose some activity against S. aureus.  

  Extracts obtained from mimosa leaves did not show activity against E. coli. 

Soxhlet and micro-wave extractions proved to be ineffective in the extraction of 

antimicrobial compounds from mimosa. This probably happened because the extracts 

do not have a sufficient antibacterial power to pass the exterior membrane of the Gram-

negative bacterium (Simões et al., 2008). Maybe if the conditions of extraction were 

different, like a higher time of extraction, the activity would be found. 

 When comparing the samples with water for all the techniques, it is possible to 

conclude that there is a distinct advantage in the antimicrobial activity of the extracts 

from Soxhlet and micro-wave extractions in relation to those from solid-liquid and 
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ultrasounds extraction. This confirms the advantages of these techniques already 

described by Gallo et al. (2010) and Luque de Castro and Priego-Capote (2010). 

To resume the study of the antimicrobial activity of the plants it is possible to 

say that olive and mimosa leaves proved to have antimicrobial properties. Antimicrobial 

activity of oleuropein, a constituent of olive, has been extensively studied and reported 

(Bisignano et al., 1999; Aziz et al., 1998), but the available information is reduced about 

the entire extract. Studies report that the antimicrobial efficiency of the olive leaves 

extracts are directly related with their polyphenols, which already proved that can 

inhibit the sporulation of Bacillus cereus and growth of E. coli, Klebsiella pneumoniae, 

Salmomella typhimurium, Vibrio parahaemolyticus and S. aureus (Korukluoglu et al., 

2010; Sudjana et al., 2008). About mimosa leaves the information on the antimicrobial 

activity of its extracts are scarce.  

For both plants, ethanol seemed to be the best solvent for solid-liquid and 

ultrasounds extraction to extract the compounds that confer antimicrobial activity. 

Ethanol is highly efficient in the extraction of tannins, flavonols, polyphenols, 

polyacetylenes, terpenoids, sterols and alkaloids and many of these compounds have 

recognized for their antimicrobial properties (Cowan, 1999; Karou et al., 2005). Burt 

(2004) reported that terpenoids and phenolic compounds give to essential oils the 

antimicrobial power and Omulokoli et al. (1997) reported that there are common 

diterpenoids alkaloids with antimicrobial properties. Cushnie and Lamb (2005) 

referenced the antimicrobial properties of flavonoids. Korukluoglu et al. (2010) studied 

the effect of the extraction solvent on the antimicrobial activity of some bacteria, 

including E. coli and S. aureus. They reported that the choice of the solvent influences 

the phenolic distribution and concentration of the extracts, which affects the 

antimicrobial activity. In that study, acetone was considered the best solvent to extract 

antimicrobial (phenolic compounds) from olive leaves. 

 It was observed that the reduction of the concentration of the extracts caused loss 

of activity, being this complete in some cases. Korukluoglu et al. (2010) also reported 

that the inhibitory effects of the olive extracts increased with increasing concentration, 

which corroborates these results. 

It was common to observe a higher antimicrobial activity against S. aureus, 

principally for the extracts performed with ethanol, which is apparently due to the 

absence of an outer membrane layer, typical of Gram negative bacteria. This result is 

contradictory to the study of Markin et al. (2003), which found evidences that E. coli is 
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more susceptible to the olive leaves extract than S. aureus. However, Taguri et al. 

(2006) reported that there is no relationship between the Gram-type and the 

antimicrobial susceptibility. 

There was no method of extraction that excelled in the extraction of 

antimicrobial compounds. Comparing the extractions performed with water the 

antimicrobial activity is similar for all samples (p>0.05) and this happened for olive and 

mimosa leave extracts. 

4.3.2 Antibiotic-Extract Dual Combination Assessment 

The antimicrobial activity of the extracts was also tested in combination with 

two antibiotics, tetracycline and erythromycin, in order to maximize the positive effects 

on bacterial inactivation and killing. The phytochemicals present in extracts plants have 

usually a minimum inhibitory concentration (MIC) higher than antibiotics and 

sometimes they cannot be used in medicine as sole agents. The effect of the 

combination of antibiotics and extracts is an important assessment, since some 

compounds of plants are known to modulate or modify resistance mechanisms in 

bacteria (Tegos et al., 2005). 

Methanol, water and hexane were the chosen extraction solvents, with the goal 

to test solvents with different polarities. The chosen strains, S. aureus and E. coli, are 

considered susceptible to tetracycline and erythromycin (results no shown).  

Tables 13 and 14 show the results of this test and its classification as antagonism 

(-), indifference (+), additive (++) and synergy (+++), as explained in section 4.2.6. 

 

Table 13. Classification of the antimicrobial potential of antibiotic-extract dual combination against S. aureus as 
antagonism (-), indifference (+), additive (++) and synergy (+++). 

 
Olive 

(Methanol) 
Olive 

(Water) 
Olive 

(Hexane) 
Mimosa 

(Methanol) 
Mimosa 
(Water) 

Mimosa 
(Hexane) 

Tetracycline (+) (-) (+) (+) (+) (+) 

Erythromycin (-) (-) (-) (+) (-) (-) 
 

Table 14. Classification of the antimicrobial potential of antibiotic-extract dual combination against E. coli as 
antagonism (-), indifference (+), additive (++) and synergy (+++). 

 
Olive 

(Methanol) 
Olive 

(Water) 
Olive 

(Hexane) 
Mimosa 

(Methanol) 
Mimosa 
(Water) 

Mimosa 
(Hexane) 

Tetracycline (+) (+) (+) (+) (+) (+) 

Erythromycin (+) (+) (+) (+) (+) (+) 
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 Regarding to the activity against S. aureus the combination between the extracts 

and tetracycline caused an insignificant antimicrobial activity, except for the olive 

leaves extract with water. With this extract the effect is antagonistic. However, the 

combination between the extracts and erythromycin caused an antagonism effect in 

almost all extracts, except the mimosa leaves extract with methanol (the effect is 

indifferent). This antagonistic effect found in some combinations occurred probably 

because some compounds of the plants extracts inhibited completely the biological 

activity of the antibiotics. Their biological activity was inhibited probably by reducing 

their stability or bioavailability or by increasing their metabolism, which causes a 

reduced effect comparatively to the effect of antibiotics alone (Lila and Raskin, 2005). 

About the activity against E. coli the results are similar for all extracts and both 

antibiotics: the effect of the combination is indifferent. Therefore, there are no 

advantages in using the extracts of olive and mimosa in combination with tetracycline 

and erythromycin against this bacterium. 

4.3.3 Quorum-Sensing Inhibition Assessment 

 In this study the leaves of the both plants were tested, as well as the extracts 

obtained with water, methanol and hexane. The pigmentation of the indicator 

microorganism, purple-colored, provides a naturally occurring and the color was 

observed without additional substrates. The results of the QSI are presented in Table 15 

(olive) and Table 16 (mimosa). The results are presented as the effects of the extracts in 

C. violaceum growth (inhibition halo) and also the effects of extracts in QSI, through 

the detection of pigment inhibition (QS halo).  

 

Table 15. Quorum-sensing inhibition for olive leaves and olive leaves extracts. 

 
Olive 

Leaves 
Olive leaves 

extract (methanol) 
Olive leaves 

extract (water) 
Olive leaves 

extract (hexane) 

QSI pigment Yes Yes Yes Yes 

Inhibition 
halo (mm) 

0 0 15.0±1.4 11.5±2.1 

QS halo 
(mm) 

0 0 0 0 
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Table 16. Quorum-sensing inhibition for mimosa leaves and mimosa leaves extracts. 

 
Mimosa 
Leaves 

Mimosa leaves 
extract (methanol) 

Mimosa leaves 
extract (water) 

Mimosa leaves 
extract (hexane) 

QSI pigment Yes Yes Yes Yes 

Inhibition 
halo (mm) 

0 0 20.0±1.4 12.0±1.4 

QS halo 
(mm) 

0 0 0 0 

 

The quorum-sensing modulate the expression of genes involved in processes 

related with the survival, virulence and pathogenicity of bacteria. Functions like 

swarming, biofilm formation, secretion of virulence factors and acquiring competency 

represent an important role in bacterial infections in living systems pathogenicity and 

are related with QS (Vattem et al., 2007). QSI represents a natural strategy used by 

plants and other organisms with an important impact in the formation of biofilms and is 

now recognized as a global regulatory mechanism in bacteria (McLean et al., 2004). 

Tests with the leaves of the plants did not present inhibition of the bacterium 

growth, as well as it did not present quorum-sensing inhibition. Figure 9 (a) shows the 

result of the QS test for olive leaves, where is possible to see the pigment but not the 

inhibition. The same happened for the extracts performed with methanol, for both 

plants. This means that the samples tested did not show antimicrobial activity against C. 

violaceum. Extracts performed with water and methanol demonstrated antimicrobial 

activity but they were not efficient in QSI. Figure 9 (b) shows the result of the QS test 

for methanol extract of olive leaves, where is possible to see the inhibition of the 

bacterium growth. Activity of the water extracts was significantly higher for the hexane 

extracts (p<0.05). 

 

 

Figure 9. QSI assessment in (a) olive leave and (b) methanol extract of olive leaves. 

(a) (b) 
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Diverse studies showed the effectiveness of several plants in QSI with C. 

violaceum, as Tecoma capensis, Laurus nobilis and Lavandula angustifolia (Al-

Hussaini and Mahasneh, 2009). Al-Hussaini and Mahasneh (2009) used extract 

concentrations higher than those used in the present study (5 mg/mL). So, maybe if 

higher concentrations had been tested, the results would be different and maybe, the 

extracts from Olea europaea and Acacia dealbata would successfully inhibit QS. 

4.3.4 Antioxidant Activity Assessment 

In this test the approach is based on an electron transfer and involves reduction 

of a colored oxidant. ABTS test is based in formation of ABTS blue/green which can be 

reduced by antioxidants. DPPH test is based on the reduction of purple DPPH to 1,1-

diphenyl-2-picryl hidrazina (Floegel et al., 2011). Results of antioxidant activity 

assessment are expressed in Trolox equivalent/g fresh mass, wherein Trolox equivalent 

is a synthetic vitamin E analogue (Martysiak-Zurowska and Wenta, 2012). 

Olive leaves 

Results for olive leaves extracts from solid-liquid and ultrasound extractions 

with methanol, ethanol, acetone, dichloromethane and hexane at 5 mg/mL are presented 

in Table 17 and Table 18, respectively. 

Table 17. Antioxidant activity estimated by DPPH and ABTS of olive leaves extracts at 5 mg/mL for solid-liquid 
extraction and for the selected solvents (expressed in TE/g fresh mass). 

Solvents Methanol Ethanol Acetone Dichloromethane Hexane 

DPPH (TE/g 
fresh mass) 

166.5±2.8 402.9±5.7 734.6±7.9 560.8±10.9 322.9±2.9 

ABTS (TE/g 
fresh mass) 

46.1±6.9 210.4±6.8 607.9±4.4 517.9±5.1 382.9±2.9 

 

Table 18. Antioxidant activity estimated by DPPH and ABTS of olive leaves extracts at 5 mg/mL for ultrasounds 
extraction and for the selected solvents (expressed in TE/g fresh mass). 

 Methanol Ethanol Acetone Dichloromethane Hexane 

DPPH (TE/g 
fresh mass) 

107.3±7.9 372.3±10.8 539.2±12.9 449.8±3.4 309.8±6.9 

ABTS (TE/g 
fresh mass) 

184.3±12.2 208.6±10.7 719.4±5.9 526.5±4.9 569.4±10.7 
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For both techniques, the extract obtained with acetone is the one with the highest 

antioxidant ability, for DPPH and ABTS (p<0.05). This confirms the studies of Cowan 

(1999) and Gallo et al. (2010). These authors stated that acetone is one of the main 

solvents used to extract phenolic compounds from plants and these compounds have a 

high antioxidant activity. Acetone dissolves many hydrophilic and lipophilic 

compounds from plants, which makes it a very useful solvent (Eloff, 1998).    

 For both extractions, in relation to the extract with lower antioxidant power, 

methanol is the solvent which was less efficient to extract compounds with antioxidant 

properties, as assessed by both DPPH as ABTS assays. Relatively to the ultrasounds 

extraction, methanol and ethanol originated the extracts with less antioxidant activity 

(p>0.05) with the method of ABTS. 

 The antioxidant activity of plant extracts is strongly dependent on the nature of 

the extracting solvent, due to the presence of several antioxidant compounds of diverse 

chemical characteristics and polarities. Polar solvents are most frequently employed for 

the recovery of polyphenols, which are one of the main groups of compounds more 

responsible for antioxidant activity (Peschel et al., 2006). Actually, ethanol, acetone, 

ethyl acetate, methanol and aqueous mixtures of them have been extensively used to 

extract compounds from plants and plant-based foods with antioxidant properties, such 

as broccoli and rosemary (Peschel et al., 2006: Abdille et al., 2005). By this way, it was 

not expected that methanol and ethanol provided the extracts with lower antioxidant 

activities. 

 

 Table 19 presents the results of antioxidant activity for olive leaves extracts with 

water for every types of extraction. 

Table 19. Antioxidant activity estimated by DPPH and ABTS of olive leaves extracts at 5 mg/mL for extraction 
techniques with water (expressed in TE/g fresh mass). 

Water 

Extractions 
Solid-
Liquid 

Ultrasounds Soxhlet Micro-wave 

DPPH (TE/g 
fresh mass) 

686.5±6.9 677.9±4.0 738.6±5.5 740.8±10.8 

ABTS (TE/g 
fresh mass) 

414.8±5.9 459.2±11.9 450.4±6.9 482.3±9.7 
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With the method of DPPH, differences between the types of extraction were not 

found: all the extracts had similar antioxidant potential (p>0.05). The same did not 

happened with the ABTS method; the solid-liquid extraction proved to be less efficient 

in extracting antioxidant compounds. 

 

Mimosa leaves 

The acetone extracts proved to be those with higher antioxidant activity, as 

indicated in Table 20 and Table 21. This fact is probably due to the presence of phenolic 

compounds. 

Table 20. Antioxidant activity estimated by DPPH and ABTS of olive leaves extracts at 5 mg/mL for solid-liquid 
extraction and for the selected solvents (expressed in TE/g fresh mass). 

 Methanol Ethanol Acetone Dichloromethane Hexane 

DPPH (TE/g 
fresh mass) 

739.8±6.9 312.2±8.8 782.9±4.7 225.8±11.8 84.4±6.0 

ABTS (TE/g 
fresh mass) 

474.8±4.3 514.2±6.9 607.9±5.9 539.2±12.9 392.9±7.5 

 

Table 21. Antioxidant activity estimated by DPPH and ABTS of mimosa leaves extracts at 5 mg/mL for ultrasounds 
extraction and for the selected solvents (expressed in TE/g fresh mass). 

 Methanol Ethanol Acetone Dichloromethane Hexane 

DPPH (TE/g 
fresh mass) 

730.8±4.8 477.21±12.8 770.1±6.6 44.4±4.5 134.4±8.7 

ABTS (TE/g 
fresh mass) 

451.1±6.6 534.2±14.9 607.9±7.9 502.3±10.8 464.8±5.9 

  

Acetone and methanol were the best solvents to extract antioxidant compounds 

with the DPPH method, for both extractions. In several studies, methanol is considered 

the best solvent to extract antioxidant compounds (Sultana et al., 2009). With the ABTS 

method, dichloromethane joined to acetone as the best solvents, in solid-liquid 

extraction, (p<0.05). With ultrasounds extractions only acetone was highlighted as the 

best solvent.  

For extracts with water, the highest values of antioxidant ability for DPPH were 

found for solid-liquid, ultrasounds and Soxhlet extraction (p<0.05). Assays with ABTS 

did not show significant differences between the types of extraction (p>0.05). Results 

are presented in Table 22. 
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Table 22. Antioxidant activity estimated by DPPH and ABTS of mimosa leaves extracts at 5 mg/mL for extraction 
techniques with water (expressed in TE/g fresh mass). 

Water 

Extractions 
Solid-
Liquid 

Ultrasounds Soxhlet Micro-wave 

DPPH (TE/g 
fresh mass) 

765.8±8.9 756.5±4.2 698.6±12.0 595.1±2.1 

ABTS (TE/g 
fresh mass) 

356.7±5.9 387.3±5.5 338.6±9.1 387.3±9.8 

 

To finalize the study about the antioxidant properties of the studied plants, it is 

possible to conclude that both of them can produce extracts with antioxidant activity. 

Several studies have already reported the antioxidant activity of olive leaves extract, 

such as Fitó et al. (2007), who reported the antioxidant properties of the extracts and the 

corresponding health benefits such as cardioprotective and chemopreventive effects. 

The presence of oleuropein and phenolic compounds is an important factor for 

antioxidant capacity of olive leaf extracts (Lee et al., 2009). 

The magnitude of the antioxidant power depends on the extraction solvent used. 

For both plants, acetone was the solvent that originated the extracts with higher 

antioxidant potential as assessed by both methods (DPPH and ABTS), which is 

probably due to its ability to extract phenolic compounds. Phenolic compounds have 

antioxidant activity mainly due to their redox properties, which allow them to act as 

reducing agents, hydrogen donors and singlet oxygen quenchers (Gallo et al., 2010). 

 According to Martysiak-Zurowska and Wenta (2012), DPPH method has lower 

sensitivity than ABTS, probably because the DPPH method has more limitations. ABTS 

radical is reactive towards most antioxidants and it is soluble in both aqueous and 

organic solvents (Cano et al., 2000), while DPPH is more restrictive. However, in the 

current study, DPPH assay obtained in most cases the highest values. For that reason, 

DPPH method was considered a more useful method in the assessment of antioxidant 

activity witholive and mimosa leaves extracts. 

 Despite the observed differences between the values of DPPH and ABTS 

methods, the most important information to retain is that, almost always, both assays 

ranked the extracts in a similar order. Both gave acetone extracts as the most effective 

free radical scavenger and this evidence is actually more relevant than knowing the 

exact chemical reactivity of each sample (Wooton-Beard et al., 2011). 
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 Comparing the plants used in the current study, differences were not observed 

between the antioxidant activities for the extracts with higher antioxidant properties 

(extracts of acetone) (p>0.05). Then, olive and mimosa extracts have similar ability to 

scavenge free radicals.  

Lou et al. (2012) studied the antioxidant properties of Morus alba L. (mulberry 

fruits) and they found values between 75 µM TE/g fresh mulberry fruits and 240 µM 

TE/g fresh mulberry fruits for ABTS method and 95 µM TE/g fresh mulberry fruits and 

180 µM TE/g fresh mulberry fruits for DPPH method, which indicates that olive and 

mimosa have higher antioxidant activity than mulberry fruits. In fact, the values of 

antioxidant activity in the current study are extremely high comparing with other 

studies. Wang et al. (1996) studied the antioxidant activity of 12 fruits and they 

obtained from 1 µM TE/g for melon to 15 µM TE/g for strawberry.  

 

4.4 Conclusions 

This work allowed to conclude that Olea euopaea and Acacia dealbata extracts 

have antimicrobial and antioxidant activities. 

Typically, ethanol was the solvent that could extract compounds with more 

antimicrobial properties. This means that it was apparently very efficient in the 

extraction of phenolic compounds (Cowan, 1999). On the contrary, extracts with 

dichloromethane were rarely efficient against the bacteria, which allow to conclude that 

this solvent was not a good option. 

In most cases, antimicrobial activity of the extracts was superior against S. 

aureus, which suggest the susceptibility of the bacterium due to the permeability of the 

cell wall (Simões et al., 2008). With the decreasing of the extracts concentration, 

extracts lost some activity, and, in some cases, they suffered complete loss of activity.  

Comparing all the extracts performed with water, it was found that Soxhlet and 

micro-wave extractions are those for which the extracts have higher antimicrobial 

activity.  

 The combination between the plant extracts and antibiotics did not prove to be 

beneficial. No plant showed positive effects in bacterial killing when combined with 

tetracycline and erythromycin. 
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 Extracts with water and hexane from both plants had antimicrobial activity 

against C. violaceum but they were not efficient in QSI. Antimicrobial activity of water 

extracts was superior than that of hexane extracts. Leaves and methanol extracts did not 

obtained antimicrobial activity against C. violaceum and they were not efficient in QSI.  

 In relation to antioxidant activity, it was concluded that acetone was the best 

solvent to extract compounds with antioxidant properties. 

DPPH method achieved the highest values in most cases, whereby it was 

considered the method more useful in determination of antioxidant activity of olive and 

mimosa extracts. However, both methods ranked the extracts almost always in the same 

order.  

Comparing with previous studies, it was found that olive and mimosa leave 

extracts have much higher antioxidant activity than some fruits, like melon and 

strawberry.  

Any method excelled in the extraction of antioxidant compounds. 
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CHAPTER 5 – Conclusions and 
Perspectives for Future Work 

 Differences found between the results of bioactivity of Olea europaea extracts in 

previous studies and the present study can be explained by the preparation of the 

extracts. Usually, the extracts come from powdered leaves and are boiled or autoclaved 

and in this study the extracts were obtained from fresh leaves. Besides that, the choice 

of extraction solvent, crop origin, harvesting time and climate may influence the leaf 

composition, which can influence the bioactivity of extracts (Sudjana et al., 2008). 

In relation to the extraction yield, methanol and water were considered the best 

solvents to solid-liquid and ultrasound extractions. Despite the advantages reported in 

the literature about ultrasound extraction, solid-liquid extraction allowed to obtain 

extracts with similar extraction efficiency. Comparing all the techniques used in the 

current study, Soxhlet and micro-wave were the methods that were able to achieve the 

best extraction efficiency. 

It can be concluded that mimosa and olive leaves can provide extracts with 

antimicrobial and antioxidant activities. Ethanol proved to be the best solvent to extract 

compounds with antimicrobial activity, whereas for extract compounds with antioxidant 

properties acetone proved to be the best solvent. Dichloromethane was considered a 

weakest solvent to extract antimicrobial compounds. This happened for both mimosa 

and olive leaves. It was also concluded that olive and mimosa extracts have similar 

bioactivity. Soxhlet and micro-wave extractions were the best techniques to extract 

compounds with antimicrobial activity, whereas to extract compounds with antioxidant 

activity no method was highlighted. 

In most cases, extracts were more efficient against S. aureus than E. coli, 

suggesting the higher susceptibility of S. aureus due to the permeability of the outer 

layer of the cell. It was also demonstrated that, by decreasing the extract concentration,, 

the antimicrobial activity also decreases (in some cases the extract lost completely its 

activity at 5 mg/mL). As so, it would be interesting to find what is the minimal 

inhibitory concentration for each extract. The combination of extracts of olive and 

mimosa with tetracycline and erythromycin against E. coli and S. aureus was not 

benefic and the extract leaves and the leaves themselves were not efficient on QSI. 

To conclude, no extraction solvent was the best in all of the parameters tested. 
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It would be interesting in a future work to make a more detailed study about the 

leaves extracts, particularly on the identification of the molecules present in extracts, 

using chromatographic techniques. The analysis of the cytotoxic activity of the extracts 

against selected cell lines would provide relevant information on the potential 

therapeutic potential of the plant products. 

  



 Dissertation for Master Degree in Bioengineering  

49 
 

References 

 

Adwan. And Mhanna M., 2008. Synergistic Effects of Plant Extracts and Antibiotics on 

Staphylococcus aureus Strains Isolated from Clinical Specimens. Middle-East Journal of 

Scientific Research. 3 (3): 134-39. 

Al-Hussaini R., and Mahasneh A, 2009. Microbial Growth and Quorum Sensing 

Antagonist Activities of Herbal Plants Extracts. Molecules. 14: 3425-35. 

Aliabadi M., Darsanaki R., Rokhi M., Nourbakhsh M. and Raeisi G., 2012. Antimicrobial 

Activity of Olive Leaf Aqueous Extract.  Annals of Biological Research. 3(8): 4189-91. 

Altıok E., Bayçın D., Bayraktar O. and Ülkü S., 2008. Isolation of Polyphenols from the 

Extracts of Olive Leaves (Olea europaea L.) by Adsorption on Silk Fibroin. Separation and 

Purification Technology. 62(2): 342-48. 

Abdille M., Singh R. , Jayaprakasa G. and Jens B., 2005. Antioxidant Activity of the 

Extracts from Dillenia indica Fruits. Food Chemistry. 90: 891-96. 

Abreu A., McBain A and Simões M., 2012. Plants as Sources of New Antimicrobials and 

Resistance-modifying Agents. Natural Product Reports. 29(9): 1007-21.  

Ahmad A., Alkarkhi A., Hena S., Khim L., 2009. Extraction, Separation and Identification 

of Chemical Ingredients of Elephanthopus Scaber L. Using Factorial Design of Experiment. 

International Journal of Chemistry 1(1). 

Aziz N., Farag S., Mousa L. and Abo-Zaid M., 1998. Comparative Antibacterial and 

Antifungal Effects of Some Phenolic Compounds. Microbios. 93: 43–54. 

Aziz M., 2006. Solvent Extraction of Oleoresins from Vanilla plants (Vanilla planifolia 

Andrews) by Using Soxhlet Extractor. Faculty of Chemical Engineering and Natural Resources, 

Kolej Universiti Kejuruteraan & Teknologi Malaysia.  

Azmir J., Zaidul I., Rahman M., Sharif K., Mohamed A., Sahena F., Jahurul M., Ghafoor 

K., Norulaini N. and Omar A., 2013. Techniques for Extraction of Bioactive Compounds from 

Plant Materials: A review. Journal of Food Engineering. 117: 426–36.  

Barnard D., Huffman J., Meyerson L. and Sidwell R., 1993. Mode of Inhibition of 

Respiratory Syncytial Virus by a Plant Flavonoid, SP-303. Chemotherapy. 39(3): 212-7. 

Bauer A., Kirby M., Sherria J. and Turck M., 1966. Antibiotic Susceptibility Testing by 

Standard Single Disc Diffusion Method. American Journal of Clinical Pathology. 45: 493-96. 

Bisignano G., Tomaino A., Lo Cascio R., Crisafi G., Uccella N. and Saija A., 1999. On the 

In Vitro Antimicrobial Activity of Oleuropein and Hydroxytyrosol. Journal of Pharmacy and 

Pharmacology. 51: 971–74. 



 Dissertation for Master Degree in Bioengineering  

50 
 

Borris R., 1996. Natural Products Research: Perspectives from a Major Pharmaceutical 

Company. Journal of Ethnopharmacology 51(1–3): 29–38.  

Brantner A., Males Z., Pepeljnjak S. and Antolić A., 1996. Antimicrobial Activity of 

Paliurus spina-christi Mill. (Christ's thorn). Journal of  Ethnopharmacology. 52(2): 119-22. 

Burt, S. 2004. Essential Oils: Antibacterial Properties and Potential Applications in Food. 

A review. International Journal of Food Microbiolgy. 94: 223–53. 

Cai Y., Luo Q., Sun M. and Corke H., 2004. Antioxidant Activity and Phenolic 

Compounds of 112 Traditional Chinese Medicinal Plants Associated with Anticancer. Life 

Sciences. 74: 2157–84.  

Cai Y., Sun M. and Corke H., 2003. Antioxidant Activity of Betalains from Plants of the 

Amaranthaceae. Journal of Agricultural and Food Chemistry. 51: 2288–94.  

Cai Y., Sun M., Xing J., Luo Q. and Corke H., 2006. Structure-radical Scavenging Activity 

Relationships of Phenolic Compounds from Traditional Chinese Medicinal Plants. Life 

Sciences. 78: 2872–88. 

Caleya R., Gonzalez-Pascual B., García-Olmedo F and Carbonero P., 1972. Susceptibility 

of Phytopathogenic Bacteria to Wheat Purothionins in vitro. Applied Microbiology. 23(5): 998-

00. 

Cano A., Acosta M. and Arnao M., 2000. A Method to Measure Antioxidant Activity in 

Organic Media: Application to Lipophilic Vitamins. Redox Report. 5(6): 365-70. 

Chah K., Eze C., Emuelosi C., Esimone C., 2006. Antibacterial and Wound Ealing 

Properties of Mechanistic Extracts of Some Nigerian Medicinal Plants. Journal of 

Ethnopharmacology. 104: 164–67.  

Chaubal R., Mujumdar A., Misar A. and Deshpande N., 2005. Isolation of Phenolic 

Compounds from Acacia nilotica with Topical Anti-inflammatory Activity. Asian Journal of 

Chemistry. 17: 1595–99. 

Chen F., Sun Y., Zhao G., Liao X. Hu X., Wu J. and Wang., 2007. Optimisation of 

Ultrasound-assisted Extraction of Anthocyanins in Extract Using High Performance Liquid 

Chromatography-mass Spectrometry. Ultrasonics Sonochemistry. 14: 767–78. 

Chiang L., Chiang W., and Chiang M. and Linn C., 2003. In vitro Cytotoxic, Antiviral and 

Immunomodulatory Effects of Plantago major and Plantago asiatica. American Journal of 

Chinese Medicine. 31(2): 225-34. 

Chung K., Wong T., Wei C., Huang Y. and Lin Y., 1998. Tannins and Human Health: A 

Review. Critical Reviews in Food Science and Nutrition. 38(6): 421–64. 

Clinical and Laboratory Standards Institute (CLSI), 2005. NCCLS M100-S15: 

Performance Standards for Antimicrobial Susceptibility Testing: Fifteen Informational 

Supplement. 25(1). 



 Dissertation for Master Degree in Bioengineering  

51 
 

Cowan M., 1999. Plant Products as Antimicrobial Agents. Clinical Microbiology Reviews. 

12(4): 564-82. 

Critchfield J., Butera S. and Folks T., 1996. Inhibition of HIV Activation in Latently 

Infected Cells by Flavonoid Compounds. AIDS Research and Human Retroviruses. 12(1): 39-

46. 

Croteau R., Kutchan T. and Lewis N., 2000. Natural Products (Secondary Metabolites). In 

Buchanan B, Gruissem W, Jones R (Eds.), Biochemistry and Molecular Biology of Plants. 

Rockville, MD: American Society of Plant Physiologists. 1250-18. 

Cushnie T. and Lamb A., 2005. Antimicrobial Activity of Flavonoids. International Journal 

of Antimicrobial Agents. 26: 343–56. 

Das K., Tiwari R. and Shrivastava D., 2010. Techniques for Evaluation of Medicinal Plant 

Products as Antimicrobial Agent: Current Methods and Future Trends. Journal of Medicinal 

Plants Research. 4(2): 104-11. 

Dixon R., 2001. Natural Products and Plant Disease Resistance. Nature. 411: 843–47. 

Duke J., Bogenschutz-Godwin M., duCellier J and Duke P., 2002. Handbook of Medicinal 

Herbs. Second Edition. 

Doughari J., 2012. Phytochemicals: Extraction Methods, Basic Structures and Mode of 

Action as Potential Chemotherapeutic Agents. In Phytochemicals - A Global Perspective of 

Their Role in Nutrition and Health. InTech. 

Eloff J., 1998. Which Extractant Should Be Used for the Screening and Isolation of 

Antimicrobial Components from Plants? Journal of Ethnopharmacology. 60: 1–8. 

Espinosa L. and Meier M., 2011. Plant Oils: The Perfect Renewable Resource for Polymer 

Science. European Polymer Journal. 47: 837–52. 

Fadel H., Marx F., El-Sawy A. and El-Gorab A., 1999. Supercritical Extraction of Savory 

Oil: Study of Antioxidant Activity and Extract Characterization. Journal of Supercritical Fluids. 

14: 129-38. 

Ferreira S., Gil N., Queiroz J., Duarte A. and Domingues F., 2011. An Evaluation of the 

Potential of Acacia dealbata as Raw Material for Bioethanol Production. Bioresource 

Technology. 102: 4766–73. 

Fitó M., de la Torre R., Farré-Albaladejo M., Khymenetz O., Marrugat J. and Covas M., 

2007. Bioavailability and Antioxidant Effects of Olive Oil Phenolic Compounds in Humans: a 

Review. Annali dell'Istituto Superiore di Sanita. 43: 375–81. 

Floegel A., Kim D., Ching S., Koo S., Chun O., 2011. Comparison of ABTS/DPPH Assays 

to Measure Antioxidant Capacity in Popular Antioxidant-rich US Foods. Journal of Food 

Composition and Analysis. 24: 1043–48. 



 Dissertation for Master Degree in Bioengineering  

52 
 

Freiburghaus F., Kaminsky R., Nkunya M. and Brun R., 1996. Evaluation of Africa 

Medicinal Plants for their In-vitro Trypanacidal Activity. Journal of Ethnopharmacology. 55: 1-

11. 

Fresco P., Borges F., Diniz C., and Marques M., 2006. New Insights on the Anticancer 

Properties of Dietary Polyphenols. Medicinal Research Reviews. 26: 747–66. 

Gallo M., Ferracane R., Graziani G., Ritieni A, and Fogliano V., 2010. Microwave 

Assisted Extraction of Phenolic Compounds from Four Different Spices. Molecules. 15(9): 

6365-74.  

Geissman T., 1963. Flavonoid Compounds, Tannins, Lignins and Related Compounds. In: 

Florkin M and Stotz EH (eds). Pyrrole Pigments, Isoprenoid Compounds and Phenolic Plant 

Constituents, New York, USA: Elsevier Press. 265. 

Gil M., Tomas-Barberan F., Hess-Pierce B. and Kader A., 2002. Antioxidant Capacities, 

Phenolic Compounds, Carotenoids, and Vitamin C Contents of Nectarine, Peach and Plum 

Cultivars from California. Journal of Agricultural and Food Chemistry. 50: 4976–82. 

Guillemot D., 1999. Antibiotic Use in Humans and Bacterial Resistance. Current Opinion 

in Microbiology. 2(5): 494-8.  

Halliwell B., 1996. Antioxidants in Human Health and Disease. Annual Review of 

Nutrition. 16: 33–50. 

Han X., Shen T. and Lou H., 2007. Dietary Polyphenols and Their Biological Significance. 

International Journal of Molecular Science. 8: 950–88.  

Hollman P. and Katan M., 2000. Flavonols, Flavones and Flavanols - Nature, Occurrence 

and Dietary Burden. Journal of the Sciences of Food and Agriculture. 80: 1081–93. 

Homem V., Alves A. and Santos L., 2013. Microwave-assisted Fenton’s Oxidation of 

Amoxicillin. Chemical Engineering Journal. 220: 35–44. 

Hoult J. and Payá M., 1996. Pharmacological and Biochemical Actions of Simple 

Coumarins: Natural Products with Therapeutic Potential. General Pharmacology. 27(4): 713-22.  

Huang W., Cai Y. and Zhang Y., 2009. Natural Phenolic Compounds From Medicinal 

Herbs and Dietary Plants: Potential Use for Cancer Prevention. Nutrition and Cancer. 62(1): 1-

20.  

Huh Y., Hong T. and Hong W., 2004. Effective Extraction of Oligomeric Proanthocyanidin 

(OPC) from Wild Grape Seeds. Biotechnology and Bioprocess Engineering. 9: 471–75. 

Jänicke C., Grünwald J. and Brendler T., 2003. Handbuch Phytotherapie. 

Wissenschaftliche Verlagsgesellschaft, Stuttgart. 

Jensen W., 2007. The Origin of the Soxhlet Extractor. Journal of Chemical Education. 

84(12): 1913.  

Jerman T., Trebse P. and Vodopivec B., 2010. Ultrasound-assisted Solid Liquid Extraction 

(USLE) of Olive Fruit (Olea europaea) Phenolic Compounds. Food Chemistry. 123: 175–82. 



 Dissertation for Master Degree in Bioengineering  

53 
 

Joshi D., 2012. Herbal Drugs and Fingerprints: Evidence Based Herbal Drugs. Springer. 

10-11. 

Jyothi D., Khanam S. and Sultana R., 2010. Optimization of Microwave Assisted Solvent 

Extraction of Withanolides From Leaves of Ashwagandha. Pharmacie Globale (IJCP) . 4(1).  

Karou D., Savadogo A., Canini A., Yameogo S., Montesano C., Simpore J., Collizi V. and 

Traore A., 2005. Antibacterial Activity of Alkaloids from Sida acuta. African Journal of 

Biotechnology. 4 (12): 1452-57.  

Kennedy R. and Thornes D., 1997. Coumarins: Biology, Applications and Mode of Action. 

Wiley.  

Keskin D., Ceyhan N., Ugur A, and Dbeys A., 2012. Journal of Food, Agriculture & 

Environment. 10(2): 99-102. 

Knorr D., Ade-Omowaye B. and Heinz V., 2002. Nutritional Improvement of Plant Foods 

by Non-thermal Processing. Proceedings of the  Nutrition Society. 61(22): 311–18. 

Korukluoglu M., Sahan Y., Yigit A., Ozer E. and Gucer S., 2010. Antibacterial Activity 

and Chemical Constitutions of Olea europaea L. Leaf Extracts. Journal of Food Processing and 

Preservation. 34: 383-96. 

Ksouri R., Falleh H., Megdiche W., Trabelsi N., Hamdi B., Chaieb K., Bakhrouf A., 

Magné C. and Abdelly C., 2009. Antioxidant and Antimicrobial Activities of the Edible 

Medicinal Halophyte Tamarix gallica L and Related Polyphenolic Constituents. Food and 

Chemical Toxicology. 47: 2083–91. 

Lam S. and Ng T., 2011. Lectins: Production and Practical Applications. Applied 

Microbiology and Biotechnology. 89(1): 45-55  

Larrosa M., Tomas-Barberan F. and Espin J., 2006. The Dietary Hydrolysable Tannin 

Punicalagin Releases Ellagic Acid that Induces Apoptosis in Human Colon Adenocarcinoma 

Caco-2 cells by Using the Mitochondrial Pathway. The Journal of Nutritional Biochemistry. 17: 

611–25. 

Lee O. and Lee B., 2010. Antioxidant and Antimicrobial Activities of Individual and 

Combined Phenolics in Olea europaea Leaf Extract. Bioresource Technology. 101: 3751–54. 

Lee O., Lee O., Lee B., Lee J., Lee H., Son J., Park C., Shetty K. and Kim Y., 2009. 

Assessment of Phenolics-enriched Extract and Fractions of Olive Leaves and Their Antioxidant 

Activities. Bioresource Technology. 100: 6107–13. 

Leong L. and Shui G., 2002. An Investigation of Antioxidant Capacity of Fruits in 

Singapore Markets. Food Chemistry. 76: 69–75. 

Lila M. and Raskin I., 2005. Health-related Interactions of Phytochemicals. Journal of 

Food Science. 70(1): 20-27. 

Lorenzo P., González L. and Reigosa M., 2010. The Genus Acacia as invader: the 

characteristic case of Acacia dealbata Link in Europe. Annals of Forest Science. 67: 101. 



 Dissertation for Master Degree in Bioengineering  

54 
 

Lou H., Hu Y., Zhang L., Sun P. and Lu H., 2012. Nondestructive Evaluation of the 

Changes of Total Flavonoid, Total Phenols, ABTS and DPPH Radical Scavenging Activities, 

and Sugars During Mulberry (Morus alba L.) Fruits Development by Chlorophyll Fuorescence 

and RGB Intensity Value. LWT - Food Science and Technology. 47: 19-24. 

Luque de Castro M, Garcia-Ayuso L, 1998. Soxhlet Extraction of Solid Materials: an 

Outdated Technique with a Promising Innovative Future. Analytica Chimica Acta. 369(1–2): 1–

10. 

Luque de Castro M. and Priego-Capote F., 2010. Soxhlet Extraction: Past and Present 

panacea. Journal of Chromatography. 1217: 2383–89. 

Mandal V., Mohan Y. and Hemalatha S., 2007. Microwave Assisted Extraction – An 

Innovative and Promising Extraction Tool for Medicinal Plant Research. Pharmacognosy 

Reviews. 1(1).  

Markin D., Duek L. and Berdicevsky I. 2003. In vitro Antimicrobial Activity of Olive 

Leaves. Mycoses. 46: 132–36. 

Martysiak-Zurowska D. and Wenta W., 2012. A Comparison of ABTS and DPPH Methods 

for Assessing the Total Antioxidant Capacity of Human Milk. Acta Scientiarum Polonorum., 

Technologia Alimentaria. 1(11): 83-89. 

McLean R., Pierson III L. and Fuqua C., 2004. A Simple Screening Protocol for the 

Identification of Quorum Signal Antagonists. Journal of Microbiological Methods. 58: 351– 60. 

Ncube N., Afolayan A. and Okoh A., 2008. Assessment Techniques of Antimicrobial 

Properties of Natural Compounds of Plant Origin: Current Methods and Future Trends. African 

Journal of Biotechnology. 7(12): 1797-06. 

Omulokoli E, Khan B. and Chhabra S., 1997. Antiplasmodial Activity of Four Kenyan 

Medicinal plants. Journal of Ethnopharmacology. 56(2): 133-37.  

Obi R.., Iroagba I. and Ojiako O., 2006. Virucidal Potential of Some Edible Nigerian 

Vegetables. African Journal of Biotechnology. 5:1785–88.  

Pan X., Niu G. and Liu H., 2003. Microwave-assisted Extraction of Tea Polyphenols and 

Tea Caffeine from Green Tea Leaves. Chemical Engineering and Processing: Process 

Intensification. 42(2): 129-33. 

Paniwnyk L., Beaufoy E., Lorimer J. and Mason T., 2001. The Extraction of Rutin from 

Flower Buds of Sophora japonica. Ultrasonics Sonochemistry. 8: 299–01. 

Paramjeet M., Dipak S. and Arti D., 2012. Overview of Synthesis and Activity of 

Coumarins. E-International Scientific Research Journal IV. 16-35.  

Peschel W., Sanchez-Rabaneda F., Dn W., Plescher A., Gartzia I., Jimenez D., Lamuela-

Raventos R., Buxaderas S. and Condina C., 2006. An Industrial Approach in the Search of 

Natural Antioxidants from Vegetable and Fruit Wastes. Food Chemistry. 97: 137-50. 



 Dissertation for Master Degree in Bioengineering  

55 
 

Phillipson, J. D., and M. J. O’Neill. 1987. New Leads to the Treatment of Protozoal 

Infections Based on Natural Product Molecules. Acta Pharmaceutica Nordica. 1: 131-44. 

Pietta P., Simonetti P., 1999, in Packer L., Hiramatsu M. and Yoshikawa, T. (Eds), 

Antioxidant Food Supplements in Human Health, Academic Press, San Diego 283-08. 

Pinheiro P. and Silva J., 2005. Chemometric Classification of Olives from Three 

Portuguese Cultivars of Olea europaea L. Analytica Chimica Acta. 544: 229–35. 

Pourmortazavi S. and Hajimirsadeghi S., 2007. Supercritical Fluid Extraction in Plant 

Essential and Volatile Oil Analysis. Journal of Chromatography. 1163(1–2): 2–24.  

Priego-Capote F. and Luque de Castro M., 2004. Analytical Uses of Ultrasound I. Sample 

Preparation. Trends in Analytical Chemistry. 23: 644–53. 

Richardson D. and Rejmánek M., 2011. Trees and Shrubs as Invasive Alien Species – a 

Global Review. Diversity and Distributions. 17: 788–09. 

Ritchason J., 2000. Olive Leaf Extract-Potent Antimicrobial, Antiviral and Antifungal 

Agent, Woodland Publishing; Australia. 

Rice P., Perry R., Afzal Z. and Stockley I., 2003. Antibacterial Prescribing and Warfarin: a 

Review. British Dental Journal. 194: 411 – 15. 

Romdhane M. and Gourdon C., 2001. Investigation in solid-liquid extraction influence of 

ultrasound. Chemical Engineering Journal 87: 11–19.  

Saavedra M., Borges A., Dias C., Aires A., Bennett R., Rosa S. and Simões M., 2010. 

Antimicrobial Activity of Phenolics and Glucosinolate Hydrolysis Products and their Synergy 

with Streptomycin against Pathogenic Bacteria. Medicinal Chemistry. 6: 174-83. 

Sakharkar M., Jayaraman P., Soe W., Chow V., Sing L. and Sakharkar K., 2009. In vitro 

combinations of antibiotics and phytochemicals against Pseudomonas aeruginosa. Journal of 

Microbiology and Immunology and Infectious. 42(5): 364-70. 

Savoia D., 2012. Plant-Derived Antimicrobial Compounds. Future Microbiology. 7(8): 

979-90. 

Scalbert A., 1991. Antimicrobial Properties of Tannins. Phytochemistry 30(12): 3875-83.  

Simões M., Rocha R., Coimbra M. and Vieira M., 2008. Enhancement of Escherichia coli 

and Staphylococcus aureus Antibiotic Susceptibility Using Sesquiterpenoids. Medicinal 

Chemistry. 4: 616-23. 

Stern J., Hagerman A., Steinberg P. and Mason K., 1996. Phlorotannin-protein Interactions. 

Journal of Chemical Ecology. 22(10).  

Shahidi F. and Nacsk M., 1995. Food Phenolics: Sources, Chemistry, Effects, and 

Application, Technomic Publishing Company, Inc., Lancaster.  

Silici S., Unlu M. and Vardar-Unlu G., 2007. Antibacterial Activity and Phytochemical 

Evidence for the Plant Origin of Turkish Propolis from Different Regions. World Journal of 

Microbiology and Biotechnology. 23: 1797–03.  



 Dissertation for Master Degree in Bioengineering  

56 
 

Simeonov E. and Koleva V., 2012. Solid-liquid Extraction of Tannins from Geranium 

Sanguineum L. – Experimental Kinetics and Modelling. Chemical and Biochemical Engineering 

Quarterly. 26(3): 249–55.  

Simeonov E., Koleva V. and Chilev C., 2011. Solid Liquid Extraction of Furastanal 

Saponins from Tribulus terrestris. Journal of the University of Chemical Technology and 

Metallurgy. 46(3): 309-14. 

Smith R., 2003. Before the Injection - Modern Methods of Sample Preparation for 

Separation Techniques. Journal of Chromatography A. 1000(1–2): 3–27. 

Stalikas C., 2007. Extraction, Separation, and Detection Methods for Phenolic Acids and 

Flavonoids. Journal of Separation Science. 30: 3268-95. 

Sudjana A., D’Orazio C., Ryan V., Rasool N., Ng J., Islam N., Riley T., Hammer K., 2009. 

Antimicrobial Activity of Commercial Olea europaea (olive) Leaf Extract. International Journal 

of Antimicrobial Agents. 33: 461–63. 

Sultana B., Anwar F. and Ashraf M., 2009. Effect of Extraction Solvent/Technique on the 

Antioxidant Activity of Selected Medicinal Plant Extracts. Molecules. 14: 2167-80. 

Surveswaran S., Cai Y., Corke H. and Sun M., 2007. Systematic Evaluation of Natural 

Phenolic Antioxidants from 133 Indian Medicinal Plants. Food Chemistry. 102: 938–53. 

Susalit E., Agus N., Effendi I., Tjandrawinata R., Nofiarny D., Perrinjaquet-Moccetti T. 

and Verbruggen M., 2011. Olive (Olea europaea) Leaf Extract Effective in Patients with Stage-

1 Hypertension: Comparison with Captopril. Phytomedicine. 18: 251–58. 

Taguri T., Tanaka T. and Kouno I., 2006. Antibacterial Spectrum of Plant Polyphenols and 

Extracts Depending upon Hydroxyphenyl Structure. Biological & Pharmaceutical Bulletin. 

29(11): 2226-35. 

Tatke P. and Jaiswal Y., 2011. An Overview of Microwave Assisted Extraction and its 

Applications in Herbal Drug Research. Research Journal of Medicinal Plant 5(1): 21-31.  

Tegos G., Stermitz F, Lomovskaya O. And Lewis K., 2002. Multidrug Pump Inhibitors 

Uncover Remarkable Activity of Plant Antimicrobials. Antimicrobial Agents of Chemotherapy. 

46(10): 3133-41. 

Temple N., 2000. Antioxidants and Disease: More Questions than Answers. Nutrition 

Research. 20: 449–59. 

Terras F., Schoofs H., Thevissen K., Osborn R., Vanderleyden J., Cammue B. and 

Broekaert W., 1993. Synergistic Enhancement of the Antifungal Activity of Wheat and Barley 

Thionins by Radish and Oilseed Rape 2S Albumins and by Barley Trypsin Inhibitors. Plant 

Physiology. 103(4): 1311–19. 

Thaipong K., Boonprakob U., Crosby C., Cisneros-Zevallos L. and Byrne D., 2006. 

Comparison of ABTS, DPPH, FRAP, and ORAC Assays for Estimating Antioxidant Activity 

from Guava Fruit Extracts.  



 Dissertation for Master Degree in Bioengineering  

57 
 

Thomsone L., Kruma Z. and Galoburda R., 2012. Comparison of Different Solvents and 

Extraction Methods for Isolation of Phenolic Compounds from Horseradish Roots (Armoracia 

rusticana). World Academy of Science. Engineering and Technology. 64. 

Tiwari P., Kumar B., Kaur M., Kaur G. and Kaur H., 2011. Phytochemical Screening and 

Extraction: A Review. Internationale Pharmaceutica Sciencia. 1(1): 98-06. 

Varki A., Cummings R., Esko J. et al., 1999. Essentials of Glycobiology. Chapter 30: Plant 

Lectins. Cold Spring Harbor (NY): Cold Spring Harbor Laboratory Press. 

Vattem D., Mihalik K., Crixell S. And McLean R. Dietary Phytochemicals as Quorum 

Sensing Inhibitors. Fitoterapia. 78: 302–10. 

Vinatoru M., 2001. An Overview of the Ultrasonically Assisted Extraction of Bioactive 

Principles from Herbs. Ultrasonics Sonochemistry. 8(3): 303–13. 

Wang H., Cao G. and Prior R., 1996. Total Antioxidant Capacity of Fruits. Journal of 

Agricultural and Food Chemistry. 44: 701–05. 

Waksmundzka-Hajnos M., Petruczynik A., Dragan A., Wianowska D. and Dawidowicz A., 

2004. Effect of Extraction Method on the Yield of Furanocoumarins from Fruits of 

Archangelica officinalis Hoffm. Phytochemical Analysis. 15(5): 313-90. 

Webster D., Taschereau P., Lee T. and Jurgens T., 2006. Immunostimulant Properties of 

Heracleum maximum Bartr. Journal of Ethnopharmacology, 106: 360–63. 

Wongkittipong R., Prat L., Damronglerd S. and Gourdon C., 2004. Solid–liquid Extraction 

of Andrographolide from Plants - Experimental Study, Kinetic Reaction and Model. Separation 

and Purification Technology. 40(2): 147–54. 

Wooton-Beard P., Moran A. and Ryan L., 2011. Stability of the Total Antioxidant Capacity 

and Total Polyphenol Content of 23 Commercially Available Vegetable Juices Before and After 

in vitro digestion measured by FRAP, DPPH, ABTS and Folin–Ciocalteu methods. Food 

Research International. 44: 217–24. 

Yánez R., Romani A., Garrote G., Alonso J. and Parajo J., 2009. Processing of Acacia 

dealbata in Aqueous Media: First step of a Wood Biorefinery. Industrial and Engineering 

Chemical Research. 48: 6618–26. 

Zamora R., Alaiz M. and Hidalgo F., 2001. Influence of Cultivar and Fruit Ripening on 

Olive (Olea europaea) Fruit Protein Content, Composition, and Antioxidant Activity. Journal of 

Agriculture and Food Chemistry. 49: 4267−70. 

Zhang Y. and Lewis K., 1997. Fabatins: New Antimicrobial Plant Peptides. 149(1): 59-64. 

Ziegler J. and Facchini P., 2008. Alkaloid Biosynthesis: Metabolism and Trafficking. 

Annu. Rev. Plant Biol. 59: 735–69.  

Zwenger S. and Basu C., 2008. Plant Terpenoids: Applications and Future Potentials. 

Biotechnology and Molecular Biology Reviews. 3 (1): 1-7.  

  



 Dissertation for Master Degree in Bioengineering  

I 
 



 Dissertation for Master Degree in Bioengineering  

I 
 

 
 
 
 
 
 
 
Appendix 

  



 Dissertation for Master Degree in Bioengineering  

II 
 



 Dissertation for Master Degree in Bioengineering  

III 
 

 A. Antioxidant Activity – Linear regression 
 

A.1 ABTS method 
 

 

Figure A.1. Linear regression for antioxidant activity estimated by ABTS method. 

 

A.2 DPPH method 
 

 

Figure A.2. Linear regression for antioxidant activity estimated by DPPH method. 
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