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Abstract

All over the years scientists have studied an extensive range of medicinal and
aromatic plants species which exist in nature and contain an unlimited category of
bioactive compounds that could potentially be used within an extensive range of
products including nutraceutical; pharmaceutical and even cosmetic. This seems to
be more substantial since scientists have detected an extensive range of negative
adverse effects among many of the synthetic compounds commonly used today.

In this research, we have selected plants which, are particularly well known
among people as being healthy and could have therapeutic for chronic and acute
diseases. Therefore, after the precise researches and discussions with native residents
of the selected regions-including the northwest of Iran and south Portugal, with focus
on the Algarve, about 14 different plant species were selected and identified for this
research. Among them, different individual parts of plants including seeds
(Portugues and Iranian Pimpinella anisum L., with Coriandrum sativum L., and
Levisticum officinale W. D. J. Koch., from Iran); flowers (Echium amoenum Fisch &
C.A. Mey., Echinacea angustifolia DC., Matricaria chamomilla L., and Althaea
officinalis L., from Iran); leaves (Thymus vulgaris L., Rosmarinus officinalis L.,
Salvia officinalis L., and Alisma plantago-aquatica L. subsp. orientale (Sam.)Sam.,
from Iran and Olea europaea L. var. sylvestris., from Portugal) have been studied.
Moreover the aerial parts of Lavandula pedunculata L. subsp. pedunculata., from
Portugal were selected and studied in this research.

An extensive range of in vitro chemical and microbial experiments as well as
optimization of different variables in the extraction process and encapsulation
efficiency of the bioactive compounds have been performed on the different species
of plants. Initially, the research intended to study the encapsulation of two of the
selected plants’ infusions including Olea europaea., and Alisma plantago-aquatica.,
with the preparation of calcium-alginate beads in combine of potato starch as a filling
substance to study and optimise the release kinetics and encapsulation efficiency of
the bioactive compounds in deionised water and simulated gastric fluid (SGF) (as
solvents) respectively for each plant. The results confirmed the positive role of the
potato starch, in a particular concentration, in the monitoring of release kinetics of
phenols from the CAS (Calcium Alginate Starch) beads.

On the other hand, the performance of the applied models of Response Surface
Methodology (RSM) and Artificial Neural Networks (ANN) on the optimisation of the
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release kinetics and encapsulation efficiency of the bioactive compounds from the
encapsulated infusion in simulated gastric fluid (SGF) as the solvent was compared,
and the ANN design was reported as the more accurate tool compared to RSM in the
prediction of the optimum range of the selected independent parameters including
potato starch as one of the variables.

Portugues P. anisum., seeds was selected to optimise the extraction process of
the bioactive compounds regarding the two selected independent variables, including
the time and temperature of extraction using water as a solvent. Maximum
desirability was obtained for DPPH-~ and TMA parameters. Gas Chromatography-
Mass Spectrometry (GC-MS) analysis was performed on P. anisum., seeds’ infusion
to determine the major compounds profile. The obtained results demonstrated that,
fatty acids with indicating 47.68% of the whole detected compounds are the most
detected predominant compounds found in the tested extracts followed by
triterpenoids; among fatty acids, linoleic acid in combine of oleic and palmitic acids
were detected as major compounds.

In the current research, the authors also detected bioactive compound content
alongside different anti-oxidant parameters of 10 different plants’ infusions picked
from Iran. In this regard, total phenolic content (TPC); total flavonoid content (TFC);
total chlorophyll content (TCC) values along with total anti-oxidant activity (TAA);
reducing power (RP); ferric reducing anti-oxidant power (FRAP); ABTS free radical
inhibition and the DPPH free radical scavenging activity of different plants species
were determined. The extraction of the bioactive compounds was performed using
different pathways; firstly: hot aqueous infusions were obtained at 90 °C within 5
minutes’ extraction time and cold aqueous extracts were obtained at room
temperature within 2 hours blending. Most of the achieved values for the hot
infusions were significantly higher compared to cold aqueous extracts. In some
cases, a few exceptions were found in P. anisum., and L. officinale., species (seeds)
justified by their tough and wooden textures (abnormality in extraction). The
Pearson correlation coefficient established that the highest anti-oxidant parameters
are related to phenols; chlorophylls and eventual further bioactive compound
existence such as triterpenoids; fatty acids; sterols or others rather than flavonoids
and further bioactive compounds. On the other hand, synergistic activity hypothesis
among at least two or more compounds were proposed. Mostly, the examined leaves,

particularly T. vulgaris., presented higher bioactivity than the other studied seeds and
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flowers species in this research. Gas Chromatography-Mass Spectrometry (GC-MS)
analysis was used in the identification of the bioactive compounds in the leaves and
two seeds. The achieved results demonstrated an extensive range of compounds with
eventual bioactivity including: fatty acids; fatty alcohols; sterols; triterpenoids;
monoacylglycerols; aromatics; alkanes; waxes; di-acids; a-hydroxy fatty acids and
sugars. It has been observed that in the leaves triterpenoids combined with sterols
are the most abundant compounds demonstrating 63.42; 47.64 and 33.51% of the
total characterised compounds respectively in R. officinalis., S. officinalis., and T.
vulgaris., while in the seeds, fatty acids were discovered as the most predominant
compounds, expressing 80.22, 49.04 and 47.68% of the specified compounds in
Iranian C. sativum., and P. anisum from Iran and from Portugal., respectively.
Betulinic, maslinic, ursolic and oleanolic acids were the most predominant
triterpenoids in the leaves and oleic, palmitic and linoleic acids were identified as the
most abundant fatty acid content in the seeds. The obtained results proposed that in
the plants, the synergistic effects among different bioactive compounds might be
expected.

According to the characterised and identified bioactive compounds of the
plants’ infusions in this study and their established potential health benefits, it could
be expected that these plants might demonstrate further potential health benefits for
human body such as anti-carcinogenic, anti-diabetic, anti-Alzheimer’s, anti-
Parkinson’s, or others. Therefore, this research expanded the research and studied
the potential health benefits including anti-bacterial and in vitro anti-diabetic, as
well as anti-Alizheimer’s disease, along with anti-radical and further anti-oxidant
properties of the plants. Finally the relations between the achieved in vitro results
with the characterised compounds of the Gas Chromatography-Mass Spectrometry
(GC-MS) were interpreted.

Selected leaves’ water infusions also were detected as stronger inhibitors in
supressing of the enzymes attributed in revealing of diabetes and Alzheimer’s
diseases. The anti-bacterial potential of some of the plants against five different
bacterial species showed that the selected Iranian plants, except E. angustifolia.,
(flower) inhibited E. faecalis in MIC value <0.156 mg. mL™, while other bacterial
species showed activities in MIC values <10 mg. mL™. Among flowers M.
chamomilla., and among leaves S. officinalis., alongside R. officinalis., revealed

slightly higher anti-bacterial activities than others.
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Alongside the abovementioned studies this research also studied the modelling
of the extraction of monomeric anthocyanins using microwave assisted extraction
(MAE) from L. pedunculata., picked in Algarve-Portugal. Three independent
variables were selected for two responses including TAA and TMA values, among
variables microwave power showed 465 W as the optimized value for the extraction
of monomeric anthocyanins.

In the final of this study, the inhibitory activities of Portugues P. anisum.,
seeds’ infusion against a-Amylase and Acetylcholinesterase (AChE) were
determined, confirming the eventual anti-oxidant; anti-diabetic and anti-Alzheimer’s
activities of this plant. Free fatty acids as well as terpenoids and sterols respectively,
have demonstrated higher quantities in Portugues P. anisum L., seeds. With respect
to the obtained results of inhibitory activities of this infusion against tested enzymes
and free radicals, it has been approved that compounds with free radical suppressing
activities might not able to participate in competitive enzymes suppressive reactions
with substrates. Therefore the needs to in vivo tests for obtaining most reliable results
are revealed.

This research aims to introduce novel and natural sources of bioactive
compounds that might be used in promoting good health, in general, and in particular
in the treatment of chronic disorders such as Alzheimer’s, diabetes, cancers as well
as Parkinson’s disease along with microbial infections. This research revealed that
the tested plants from Portugal and Iran could be potential sources of compounds
with an extensive range of application for health benefits as well as in nutraceutical,

pharmaceutical and cosmetic products.
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Resumo

Ao longo dos anos tem sido estudadas uma enorme diversidade de plantas,
aromaticas e medicinais, que existem na natureza e que contém inumeras categorias
de compostos bioativos que podem potencialmente ser utilizadas numa grande
variedade de produtos incluindo os nutracéuticos, farmacéuticos e até cosméticos.
Este facto assume maior relevancia atendendo a que alguns estudos ja realizados
detetaram uma variedade de efeitos adversos em muitos dos compostos sintéticos
utilizados atualmente.

Neste trabalho, em particular, foram selecionadas plantas que tém, de acordo
com conhecimento popular, propriedades importantes para a saude no geral, podendo
ainda potencialmente apresentar propriedades terapéuticas em doencas crénicas ou
agudas. Assim, apos a realizacdo de estudos e conversas com as populagdes locais,
do noroeste do Irdo e do sul de Portugal, com foco na regido algarvia, foram
selecionadas e identificadas 14 diferentes espécies de plantas. De entre elas foram
estudadas individualmente diferentes partes das plantas, incluindo sementes
(Pimpinella anisum L., de Portugal e do Irdo, e Coriandrum sativum L., e Levisticum
officinale W.D.J. Koch., do Irdo); flores (Echium amoenum Fisch & C.A. Mey.,
Echinacea angustifolia DC., Matricaria chamomilla L., e Althaea officinalis L., do
Irdo) e folhas (Thymus vulgaris. L., Rosmarinus officinalis L., Salvia officinalis L., e
Alisma plantago-aquatica L. subsp. orientale (Sam.) Sam., do Irdo e Olea europaea
L. var. sylvestris., do Portugal). Além disso, foi estudada uma mistura homogénea da
parte aérea de Lavandula pedunculata L. subsp. pedunculata., de Portugal.

Foi realizada uma gama extensa de testes, in vitro, quimicos e microbiol6gicos
assim como a otimizacdo de diferentes variaveis do processo de extracdo e eficiéncia
de encapsulacdo de compostos bioativos das diferentes espécies de plantas
selecionadas. Inicialmente, pretendia-se estudar a encapsulacéo de infusdes aquosas
das duas plantas selecionadas O. europaea, e A. plantago-aquatica, com a
preparacdo de cépsulas de alginato de calcio combinadas com amido de batata,
enguanto substancia de preenchimento, com o objetivo de otimizar os modelos para a
cinética de libertacdo e eficiéncia de encapsulacdo dos compostos bioativos
utilizando como solvente agua desionizada e Fluido Gastrico Simulado (SGF),
respectivamente para cada planta. Os resultados confirmaram o papel positivo do
amido de batata, numa determinada concentracdo, na monitorizagdo da cinética de

libertacdo de fenois das capsulas de alginato de célcio e amido (CAS).
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Por outro lado, foram comparados o desempenho dos modelos aplicados de
metodologia de superficie de resposta (RSM) e de redes neurais artificiais (ANN) na
otimizacdo da cinética de libertacdo de eficiéncia de encapsulacdo dos compostos
bioativos das infusdes encapsuladas no SGF. O desenho por ANN foi reportado como
uma ferramenta mais exata em comparagdo com o desenho por RSM na previsao da
gama 6tima dos pardmetros independentes selecionados incluindo o amido da batata
como uma das variaveis.

As sementes de P. anisum, de Portugal foram selecionadas para otimizar o
processo de extracdo dos compostos bioativos para duas varidveis independentes
selecionadas, o tempo e a temperatura de extragdo utilizando &gua como solvente. O
valor méximo foi obtido para os pardmetros DPPH~ e TMA. Com o0 objetivo de
determinar o perfil dos principais compostos presentes, foi ainda efetuada uma
analise de cromatografia gasosa acoplada a um espectrometro de massa (GC-MS) as
infusdes aquosas obtidas para as sementes de P. anisum. Os resultados mostram o
teor em &cidos gordos como 0s compostos predominantes, sendo cerca de 47,68 %
dos compostos totais detetados, seguido de triterpendides. De entre os acidos gordos,
0 acido linoleico em combinacdo com os acidos oleico e palmitico foram os
principais compostos detetados.

No decorrer deste trabalho, foram ainda analisados o teor em compostos
bioativos juntamente com diferentes parametros antioxidantes para as infusdes de 10
diferentes plantas do Irdo. Foram determinados os contetdos de fendlicos totais
(TPC), de flavonoides totais (TFC) e de clorofila (TCC) bem como as seguintes
atividades: antioxidante total (TAA), poder redutor (RP), poder redutor férrico total
(FRAP) e captura de radicais ABTS e DPPH das diferentes plantas. A extragdo dos
compostos bioativos foi realizada utilizando diferentes métodos. Primeiramente,
foram realizadas infusdes aquosas a duas diferentes temperaturas, uma extracdo a
quente a 90 °C por um periodo de 5 minutos e uma extracdo a frio a temperatura
ambiente por um periodo de 2 horas. Na maioria dos casos, 0s resultados das
infusdes a quente foram significativamente superiores aos resultados da extracdo a
frio, sendo a excecdo as sementes, P. anisum e L. officinale, provavelmente devido a
sua textura lenhosa. O coeficiente da correlagdo de Pearson estabeleceu que os
parametros de antioxidantes mais elevados estdo relacionados com 0s compostos
fenolicos, clorofilas e eventualmente com a existéncia de outros compostos bioativos

como os triterpenos, acidos gordos, esterdis entre outros e ndo com os flavonoides e
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outros compostos bioativos. Por outro lado, foi proposta a hipdtese de existir
atividade sinergética entre pelo menos dois destes compostos. As folhas examinadas,
em particular as folhas pertencentes ao T. vulgaris, apresentaram na sua maioria
melhores atividades bioativas quando comparados com os resultados obtidos para as
sementes e para as flores estudadas. Foi efetuada uma analise de cromatografia
gasosa acoplada a um espectrometro de massa (GC-MS) para identificar os
compostos bioativos em folhas e em duas sementes. Tendo sido encontrada uma
grande diversidade de compostos com eventual atividade bioativa incluindo: acidos
gordos e alcoois gordos, esterdis, triterpenos, monoacilglicerdis, aromaticos, alcanos,
ceras, didcidos, e aclcares. Foi observado para as folhas de R. officinalis, S.
officinalis, e T. vulgaris, que os tripterpenos combinados com os ester0is sdo 0s
compostos mais abundantes sendo respetivamente 63,42; 47,64 e 33,51% dos
compostos bioativos totais caracterizados, por sua vez, as sementes tém
maioritariamente acidos gordos, na sua composi¢do, contabilizando 80,22; 49.04 e
47.68% do total de compostos identificados, para C. sativum, do Irdo e o P. anisum,
do Irdo e de Portugal, respetivamente. Os acidos betulinico, maslinico, ursélico e
oleandlico foram os triterpenos predominantes nas folhas enquanto que os acidos
oleico, palmitico e linoleico foram identificados como os mais abundantes nas
sementes. Os resultados obtidos permitiram propor que existem provavelmente
efeitos sinergéticos entre os diferentes compostos bioativos presentes nas plantas.

De acordo com os compostos bioativos, caracterizados e identificados nas
infusdes, das plantas usadas neste estudo e os seus potenciais efeitos benéficos para a
salde, podem ser ainda previstos outros efeitos benéficos para a saude,
nomeadamente atividade anticarcinogénica, antidiabética assim como efeito benéfico
na prevencao de doencas de Alzheimer e de Parkinson. Assim, o estudo foi alargado
para o potencial efeito benéfico, na saide humana, ao nivel antibacteriano e
antidiabético, bem como no combate & doenga de Alzheimer, conjuntamente com a
atividade anti-radical e propriedades antioxidantes. Finalmente, os resultados
obtidos, in vitro, foram interpretados e relacionados com os resultados dos
compostos bioativos obtidos por GC-MS. Infusdes aquosas, de folhas das plantas
selecionadas, mostraram ainda ter forte inibicdo da actividade de enzimas
especificos, que se sabem estar relacionada com o diabetes e Alzheimer.

O potencial antibacteriano de algumas plantas foi testado recorrendo a 5

espécies bacterianas. As plantas Iranianas, a excegdo da E. angustifolia, (flor),
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inibiram a E. faecalis (MIC <0.156 mg. mg™) enquanto outras espécies bacterianas
mostraram atividade em valores MIC <10 mg. mL™ Entre as flores, a M.
chamomilla, demonstrou atividade antimicrobiana ligeiramente maior enquanto nas
folhas, a S. officinalis, juntamente com a R. officinalis foram as que tiveram o0s
melhores resultados.

Adicionalmente, foi realizada a modelagdo da extragdo de antocianinas
monomeéricas utilizando um método de extracdo assistido por microondas (MAE) da
L. pedunculata, colhida no Algarve-Portugal. Foram selecionadas trés variaveis
independentes para duas variaveis de resposta incluindo valores de TAA e TMA,
entre as variaveis a poténcia de microondas apresentou um valor otimizado de 465 W
para a extracdo de antocianinas monoméricas.

No final deste estudo, foi ainda determinada a atividade antidiabética e anti-
Alzheimer das infusdes obtidas a partir das sementes de P. anisum, Portuguesas,
utilizando as enzimas a-amilase e acetilcolinesterase (AChE) respetivamente,
confirmando assim a existéncia de atividade desta infusdo. Os acidos gordos livres,
bem como os triterpenos e esterdis, foram 0s compostos presentes em maior
quantidade nas sementes desta planta. Os resultados de inibicdo de atividade das
enzimas e radicais livres testados para esta infusdo aquosa demonstraram que 0S
compostos com atividade sequestrante de radicais livres podem nédo participar de
modo competitivo nas reacdes de supressdo de enzimas com substratos, apesar destes
dados sdo necessarios testes, in vivo, para obter resultados mais conclusivos.

Este trabalho teve como objetivo principal identificar novas fontes naturais de
compostos bioativos que possam ser utilizadas na promocéo da saide humana e em
particular no tratamento de doencas cronicas, como o Alzheimer, diabetes, cancro e
Parkinson e ainda infecGes bacterianas. Este estudo mostrou que as plantas
Portuguesas e Iranianas testadas podem ser fontes potenciais de compostos com uma
grande diversidade de aplicacdo para a saude, assim com aplicacdo em diferentes

produtos nutracéuticos, farmacéuticos e cosméticos.
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Motivation, Aims and Thesis Outline







Chapter 1

1.1.Thesis Motivation

Today, the consumption of natural products with medicinal potential is
improving. Natural phytochemicals accessible in various sources such as leaves,
branches as well as the roots and flowers of plants are noticed extensively due to
their bioactivity; well-being advantages and functional ingredients. The various
known advantages of herbaceous extracts, such as being anti-diabetic, anti-
Alzheimer’s disease, anti-carcinogenic, anti-Parkinson’s; anti-radical as well as
anti-microbial potentials have been estimated at different functions. Unlike chemical
medicines that act with several negative physical and mental adverse effects, herbal
medicines have presented the least adverse effects. Most of the reputed plants with
diagnosed medicinal properties belong to the plant species Compositae,
Umbelliferae, Labiatae (Lamiaceae), Myrtacae and Lauracae.

Previous findings have shown that the medicinal properties of the explored herbs
are often caused by the existence of bioactive and mainly phenolic compounds [1].
The examined extracts have been often discussed by in vitro assays for the
determination of potential anti-oxidant, anti-radical, anti-microbial, anti-diabetic
and anti-Alzheimer’s properties.

The foundation of the warp and woof process of extraction using various solvents
has been screened in various studies [2, 3]. The target compounds’ extraction is
composed of multiple phases and depends on the nature of the sample matrix and the
category and behaviour of target compounds within the matrix. The use of organic
solvents, such as ethanol, methanol and acetone, as well as boiling water, might
extract undesirable compounds. To avoid this phenomenon in the extraction
procedure of this project, the authors have used water with two different
temperatures (RT and 90 °C) and have optimised the extraction procedure using
microwave-assisted extraction (MAE) to prevent the aforementioned disadvantages.
The main differences in the mechanism of extraction by convection (normal
extraction) and MAE were mentioned. In the heat transfer in the convectional
process, convection, conduction and radiation phenomena from external to internal
surfaces play substantial roles, while in MAE, the energy is transferred directly to the
materials through the conversion of electromagnetic energy into thermal energy [4].
Therefore, if the solvent (water in this study) is polarised and contains ions, it could
therefore absorb microwave energy to heat up the environment, therefore the MAE

method has been selected and performed in this thesis.



Chapter 1

The study on the identification of various plants with potential health benefits
and the characterisation of their bioactive compounds presenting different potential
health benefits was the major aim in the expansion of this project. Several
established facts have been considered when defining this thesis, from which the
following are kept on mind as the predominant facts:

1. The parts of plants (leaves, seeds, flowers, roots), their tissue (wooden and and/or
soft and crisp) and the structures of the prepared beads of the encapsulated
extracts could reveal substantial impacts in the release of the bioactive
compounds from the matrix into solvents. Hot water acts as the main influential
factor in the extraction of available bioactive compounds of plant tissue.
Although extraction at higher temperatures might decompose the bioactive
compounds’ profiles and this loss might limit the use of thermo-related extraction
approaches of the bioactive compounds [5], the optimisation of the extraction
conditions such as the time of extraction and extraction method could increase
the extraction performance.

2. Solvent temperature express an effective impact on the physico-chemical
properties (colour, viscosity) and bioactivity potentials of the extracts [6]. The
bioactivity includes different parameters such as anti-diabetic, anti-A/zheimer’s
and anti-Parkinson’s diseases, anti-carcinogenic, anti-microbial and other
properties, some of which have been studied in this survey.

3. An extensive range of phytochemicals, mainly including fatty acids; terpenoids;
sterols and others might be detected in extracts [7, 8]. On the other hand, several
studies have revealed phenols as the major phytochemicals with bioactivity and
potential health benefits in plants [9], and furthermore, the existence of the higher
correlations between phenolic compounds and different detected bioactivity
parameters of plants might be established [10].

4. The encapsulation of the infusions with bioactivity using the calcium alginate
method might be efficient in controlling the release kinetics of compounds [11,
12]. The optimised concentration of filler substances such as casein and starch in
sodium alginate beads could control the release kinetic of bioactive compounds
in both water and simulated gastric fluids. Artificial Neural Network (ANN) and
Response Surface Methodology (RSM) could be applied in the modelling of the
extraction method and release kinetics of bioactive compounds. ANN and RSM

tools might demonstrate a higher performance in the modelling of the release
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kinetics of encapsulated compounds [13, 14]; therefore the authors track both of
these and compare the obtained results.

1.2. Research Aims

In the current research, the major objectives were to discover the plants with
the most potential health benefits including anti-oxidant, anti-radical reducing
power, anti-bacterial, anti-diabetic, and anti-Alzheimer’s as well as finding which
parts of the examined plant species contain considerable quantities of bioactive
compounds and which plant species show higher bioactivity. Moreover, the profile of
bioactive compounds was characterised using GC-MS analysis to reveal what
categories of the compounds are mostly associated with presenting potential health
benefits.

To accomplish the main objectives, different specific objectives were
considered throughout the study:

1. The development and validation of simple and/or environmentally authoritative
extraction methods of bioactive compounds with the optimised conditions from
plants used traditionally in Portugal and Iran with the least unwelcome extracted
compounds.

2. The development and validation of an appropriate encapsulation method for the
infusions combined with the optimal concentration of potato starch and a study of
the physico-chemical properties of the prepared beads and release kinetics of the
encapsulated bioactive compounds in different environments as solvents such as
the simulated human gastro-intestinal environment (simulated gastric fluid
(SGF)).

3. The development and validation of in vitro based experiments for the
determination of reducing powers, anti-radical, anti-diabetic and anti-
Alzheimer’s disease potentials of various plant extracts as well as the anti-
bacterial activities and a comparison of the obtained data.

4. A characterisation of the bioactive compounds profile of the plants’ extracts
using GC-MS analysis.

5. The modelling and optimisation of the extraction conditions of the bioactive
compounds of plants and/or released kinetics of the encapsulated extracts using
Response Surface Methodology (RSM) and Artificial Neural Network (ANN)
tools.

1.3. Outline of the thesis



Chapter 1

With respect to the main objectives of this study, the current thesis
presentation is arranged into 10 different chapters.

In the Current Chapter (Chapter 1), the motivation, research objectives and

the thesis outline have been organised.

In Chapter 2, the different potential health benefits of medicinal plants,
including anti-oxidant, anti-diabetic and anti-carcinogenic, alongside the potential
anti-microbial properties and their mechanisms of action have been reviewed,
discussed and interpreted. Moreover, the correlation coefficient between the
bioactive compounds and detected health potential parameters of the previous
studies were revealed.

In Chapter 3, the encapsulated extracts of Portugues Olea europaea L. var.
sylvestris., leaves using the calcium alginate method combined with different
concentrations of potato starch (Calcium Alginate Starch beads (CAS)) along with
the different extraction times of the beads were optimised for the release kinetics
and encapsulation efficiency of the bioactive compounds with anti-oxidant
properties. The impacts of the different concentrations of the potato starch on the
visual and physical properties of the prepared beads were also screened.

In Chapter 4, Portugues P. anisum L., seeds were selected to model the
extraction of bioactive compounds. Two different independent variables were
optimised for eight selected responses (anti-oxidant parameters) by the central
composite design (CCD) of the Response Surface Methodology (RSM). The
bioactive compounds’ profile was characterised using GC-MS analysis.

The simulated gastric fluid (SGF) solution has been used in the screening of
the encapsulation efficiency and release Kinetics of the encapsulated bioactive
compounds of Alisma plantago-aquatica L., leaves’ extract in Chapter 5. Three
independent variables have been optimised using the Response Surface Methodology
(RSM) and Artificial Neural Network (ANN) models for the optimisation of the
encapsulation efficiency of TPC as a response. The reliabilities of the RSM and ANN
models have been compared and interpreted.

The 10 selected Iranian plants, including three leaves; three seeds and four
flowers were studied in Chapter 6 for different bioactive compound contents and
anti-oxidant parameters. Three leaves and two seeds were also characterised using
GC-MS analysis to identify the bioactive compounds’ profiles and their

proportions.
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In Chapter 7, the inhibition activities of 10 selected plant extracts against
three different enzymes that might be attributed in revealing diabetes and
Alzheimer’s diseases were studied. The anti-bacterial potential of hot and cold
aqueous infusions of those selected plants against five different bacterial species
associated in revealing foodborne pathogens and wound infections were also
determined. The relation between detected enzyme inhibition activities and
characterised compounds with GC-MS analysis of the extracts were interpreted.

The extraction of the total monomeric anthocyanins (TMA) content from L.
pedunculata L. subsp. pedunculata., has been modelled in Chapter 8, using the
Box-Behnken design (BBD) of Response Surface Methodology (RSM). Three
independent variables, including microwave irradiation power; irradiation time and
solvent to sample proportion; have been optimised for the maximum values of the
responses including TMA and TAA parameters. The reliability of the design with
the optimal conditions has been reported.

In Chapter 9, the anti-oxidant and some enzymes (attributed in the
revealing of chronic disorders) inhibitive activities of Portugues P. anisum L.,
seeds have been screened, the compound profiles of this plant have been
characterised; the outcomes of the experiments were interpreted with the
characterised compounds with GC-MS analysis.

Finally, Chapter 10 reveals the overall conclusions of the results obtained

and the main achievements of this study.

1.4. Work Plan of the Thesis

To accomplish the objective proposed in this thesis, this research has been
expanded into four different elements including sampling, extraction of bioactive
compounds, experiments and outcomes exhibition, regarding the progression
presented obviously in Figure 1.1.
The major parts of this study have been performed in:
- The Food Science Lab (FSL), Faculty of Science and Technology (FCT),
University of Algarve
GC-MS analysis has been carried out in:
- Center for forest studies, Instituto Superior de Agronomia, University of Lisbon.
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Iranian plants including three leaves, three seeds and four flowers along with three Portuguese \
plants species including one seed, one leaf and one aerial part).
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\ Anti-bacterial /

Development of experimental outcomes, GC-MS analysis and modelling
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Paper I: A review of the health benefit potentials of herbal plant infusions and their mechanism
of actions.

Paper II: Release kinetics and encapsulation efficiency of bioactive compounds through
encapsulated Olea europaea L. var. sylvestris., leaves’ infusion.

Paper III: Modelling of the extraction and screening of bioactive compounds of anise infusion
using GC-MS analysis

Paper IV: Modelling of the release kinetic and encapsulation efficiency of phenolic compounds
in simulated gastric fluid (SGF) using RSM and ANN.

Paper V: Screening of the bioactivity potential of some reputed plants using a GC-MS analysis.
Paper VI: Medicinal chemistry, phytochemical profiles and the potential health benefits of a
selected group of plants.

Paper VI1I: Modelling of microwave assisted extraction (MAE) of anthocyanins (TMA).

@er VIII: Screening of the anti-oxidant and enzyme inhibition potentials of Portu@

Pimpinella anisum L., seeds by GC-MS.

Figure 1.1 Work plan performed through the development of this research. 8
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The main experimental outcomes achieved during the three initial phases are
presented as scientific articles revealed through Chapters 2 to 9 of this thesis.
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CHAPTER 2.

Health benefit potentials of herbal plant infusions and their mechanism of

actions

This chapter reviews different studies performed on the potential health effects
of medicinal plants. The main aim of this chapter is discussing the mechanism of

actions of the potential health benefits of the studied plants
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Abstract

Nowadays, there has been a universal propensity to application of natural
phytochemicals accessible in diverse intrinsic rich sources such as fruits, leaves,
branches as well as roots of different plants because of existence of substituents with
bioactive potentials, well-being advantages and functional ingredients. The
preservative consequence of many herbs and spices are proposing the existence of
compositions with varied remedial specifications in their structures. Plants are
classified by geographical status and inharmonious territory that created further than
several thousands herbages with various advantages. The various superiority of
herbaceous infusions, such as anti-diabetic, anti-carcinogenic, anti-microbial and
anti-oxidant are appeared in diverse functions. Phenolic as well as secondary
metabolite components have been reported as the major components having health
superiority, and follow this, superb relationship between those advantages and
various measured anti-oxidant values, such as reducing power, scavenging and
inhibition capability of free radicals, metal gelation activity and etc. are observed.
Hence, the current review intends to debate the effectual fragments of medicinal

plants with vulnerary potentials and explains their mechanism of functions.

Keywords: Herbal plant infusions; anti-oxidant; anti-diabetic; anti-

carcinogenic; TPC; TFC.
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Chapter 2

2.1. Introduction

Plants with medicinal potentials and their secondary metabolites have been
identified and applicated in dishes from the earliest history of human settlement;
herbal medicine in ancient systems as well as advanced medicine has created one of
the most effectual science bases for security in different areas of the mankind. For
many of years, herbal plants have been used for distinct goals. Herbal plants are
generally defined as one year gramineous herbs with not any strict contexture.
Dependent on the type of plants, one part including, (flowers, leaves, seeds, branch
or roots) or whole sectors (aerial parts or roots) could be accomplished in treatment
of acute and chronic diseases, food products and nutritional improvement. After
entering herbs into digestive systems, body initiates consuming them and stave off
the waste as well as free radicals bounded to the fibres of the herbs and in general
purify useful contents into body cells. Due to unending advantages and considerable
benefits, plants with medicinal potentials are anticipated to get applied widely in
human nutrition to improve not only the healthiness of human’s body cells but also
ensure the mental or psychological health. Unlike chemical medicines that act with
several negative physical and sometimes mental adverse effects, herbal treatments
have shown minimal side effects or maybe no losses. There is a global tension in
the application of recognized potent herbal plants as a food ingredient, medicines
and cosmetic products. Regarding the fact; plants are widely applicable for
treatment of diseases.

Anti-oxidative properties of the extracts usually are expressed, not only by
some recognized compounds such as carotenoids, flavonoids or polyphenols
available, but also by secondary metabolic agents through several mechanisms. The
two main mechanism of actions of flavonoids are that they expose UV protection and
express metal chelation effects (Aleksic & Knezevic 2014). Polyphenols are
involved in a large variety of various compounds depending on the types of the
target plants, such as rosemarinic acid (in rosemary). Anti-inflammatory properties of
some herbal plants are proposed as one reason of their anti-cancer potentials as well.
The relevant compounds decrease the inflammatory leg which betides as a proof of
dermal ageing (Aleksic & Knezevic, 2014). However, the application of herbs
against diseases is not widely popular as much as it might have been expected. The
institute of national cancer researches has diagnosed more than about 30,000 herbs

with anti-carcinogenic potentials (Kaliora et al., 2014). The reputed plants with
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diagnosed medicinal properties appertain to the clan as follow: Compositae,
Umbelliferae, Labiatae (Lamiaceae), Myrtacae, and Lauracae. Carcinogenics have
generally been individualized in the complex and multistage functions involved in
causing breaking out in the ruined cells (Franco et al., 2008). Former findings have
shown that the medical properties of the explored herbal herbages are often created
by the availability of phenolic compounds. The examined infusions are often
discussed the extent of in vitro assay for characterization of anti-oxidant
activities, including the reduction of Fe3* and Fe?*, the capability to
scavenge DPPH-—and inhibit ABTS*radicals and conservation against Fe?*
inducing lipid peroxidation or metal chelating potentials. Therefore, this
research characterizes and discusses the anti-oxidative; anti-diabetic and anti-
microbial activities of the selected plants and specifies the most bioactive
components of different herbal plant species commonly used in Portugal and Iran

and explains their mechanism functions against disorders attacking human cells.

2.2. Principle of the extraction by solvent

The foundation, warp and woof of the process of extraction by solvent is
studied in various inquiries (Carvalho et al., 2011; Kaliora et al., 2014). Concisely,
the performance of the extraction substantially depends on the nature of the sample
matrix, the target type to be extracted and manner of the target compounds within
the matrix. Presented flow of extraction of inharmonic samples by a model, pointed
the sample particles are permeable and inscribed by an organic stratum. The target
compounds extraction have been composed by multiple steps: Initially, to separate
the target from the extraction locus, the compound is first absorbed from its primal
site into the sample matrix, in second stage, target is dispersed from organic tissue to
enclose to the matrix-fluid juncture. Then, target travels into the extraction
disposition, where is distributed within the lenticels, thereby reaching the leg of the
extraction that is impressed by relocation. The ultimate step of the extraction
procedure is the locality and circumstances of the target within the sample
structure. Thereupon, the extraction flow includes several stages as follows: (1)
absorption to the similitude of the matrix; (2) dissolving in a solvent hole or
absorption on the surface; (3) dissolving in a matrix micro hole and chemically
bonded to the matrix; (4) dissolving in solvent (Pawliszyn, 2003). The specification
of matrix has a central impress in the extraction procedure. Camel in 2001
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introduced extraction method of targets, and solubilisation as most important stages
in herbal plant infusions, in the other word determination the type of solvent is a
critical leg in this subject (Camel, 2001). Application organic solvent, such as
ethanol, methanol and acetone as well as boiling water, might extract some officious
compounds (toxic compounds in case of existence); therefore, for the solvent
extraction procedure, application of water at low temperature is more appreciated
than organic solvent and boiling water, due to the feasibility to eliminate or diminish
toxic components in the final obtained infusions. Thus, the applications of the
obtained extracts in the final products have more advantages as well as the minimal
negative adverse effects. Therefor it is tried in this study to extraction process get

performed by water as a solvent.

2.3. Anti-oxidant activity

The most reputed groups of combinations with anti-oxidant potentials in herbs
are presented as follows: known vitamins, such as vitamins E and C, polyphenols,
flavonoids as well as pigments amongst carotenoids and anthocyanins. Anti-oxidants,
even in low concentrations, significantly retard or prevent oxidation reactions of
susceptible ingredients like lipids. In addition, anti-oxidanzs’ actuality are associated
with decreased DNA damages and lipid peroxidation, which adjust the immune
performance and reduce virulent metamorphosis of the cells (Torbeyns, 2012-2013).
Several studies have introduced, phenolic compounds as the principal bioactive
phytochemicals with anti-oxidant activities and health advantages (Javanmardi et al.,
2003). Furthermore existence highly strong correlation coefficient between phenolic
compounds and various determined anti-oxidative activity parameters of several
sectors of plants has been proved (Qingming et al., 2010). The TPC quantity in 23
varieties of Ocimum basilicum L. accession infusions from Iran were determined and
expressed that total phenolic content varied in multiple accessions, also this study
showed, the central sections of plants’ structure are demonstrating the higher
quantity of TPC than other parts; furthermore, total anti-oxidant activity (TAA) (Y)
and total phenolic contents (TPC) of Iranian basils offered a good linear

correlation coefficient together (R?=0.71), (Javanmardi et al., 2003).
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Figure 2.1 Linear correlation of Trolox equivalent anti-oxidant capacity (TEAC) (Y) versus
the Barnes phenolic content (X) of 23 Iranian Ocimum basilicum L., using regression
program (%) (Javanmardi et al., 2003).

Some researchers also proposed that Iranian Ocimum accessions L., which
often are incorporated in Iranian diet daily, are strong free radical scavengers and
could be announced as wealthy sources of innate anti-oxidants for pharmaceutical
aspects as important as nutraceutical and commercial goals. Regarding, existence an
extensive range of various indigenous anti-oxidant compounds involving phenols in
Iranian Ocimum accession L., specification and evaluation of those compounds with
contrast the contents of each species necessitates more researches (Javanmardi et al.,
2003). Due to availability of various quantities of bioactive compounds, different
plants offer different bioactivity. Each plant usually contains different phenolic
compounds, which offer various strengths of anti-oxidant activity. By using
HPLC analysis, rosmarinic acid has been determined as a predominant phenolic
acid in Iranian basil accessions. Phenols and flavonoids are known as compounds
with biological activities in herbs and have repeatedly been identified as natural
anti-oxidants in wide range of fruits and vegetables species with bioactive and health
avails potentials. For instance, organic acids, such as vanillic, ferulic, caffeic are
available in extensive forms in some plant species. Also in the other research
flavonoids and total phenolic contents of herbal plant extracts are identified as
compounds with high radical scavenging capabilities (Torbeyns, 2012-2013). Studies

on phenolic composition and anti-oxidant capacity of six Artemisia species showed a
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highly linear relevancy (R?=0.85) between the TPC and DPPH~ scavenging
activity values of Artemisia (Carvalho et al., 2011). After determination the
DPPH~ scavenging activity value of Artemisia leaf extract, it was approved;
Artemisia species are portaging free radical scavengers. Inquiry on the phenolic
content of herbs is extensive and focused on the proper subset plants of Lamiaceae
clan due to existence of extensive confine of bioactive potentials they are
demonstrating (Fecka & Turek, 2008). Some scientists have indicated, on some
selected Greek herbal infusions examined, R. officinalis L., has shown the lowest
contents of TPC value while the highest magnitude was observed in St John’s Wort.
According to the results, as have been expected St John’s Wort exhibited the
greatest bioactivity and rosemary the minim, whilst two other plants in the study, i.e.
Cretan dittany and Marjoram, indicated the equal quantity. Moreover a positive
substantial correlation coefficient among obtained value for DPPH-~ scavenging
power with flavonoids and polyphenols contents was found (p<0.01) (Kaliora et al.,
2014). To provide more, the similar outcomes were observed between p-OH benzoic
acid, protocatechuic acid, gallic acid, epicatechin, cathechin, kaempherol and
querecetin and anti-free radical activities (Kaliora et al., 2014). Some researchers
have evaluated the correlation coefficient between anti-oxidant activity (obtained by
different assays) and TPC value, and submitted existence an intense relevance in all
carried out assays with an exception. Diverse anti-oxidant compounds also vary in
displaying biological potential, and might act cooperatively, antagonistically or
synergistically together or with other compounds available in green extracts. With
notice to the observed results of different researches, it could be concluded that
polyphenols are probably the most abundant and dominant anti-oxidant doer in
herbal plant extracts. However it was also established that there 