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Resumo

Melilotus indicus e Pterospartum tridentatum sao duas plantas com alto teor de compostos fendlicos. Os
objetivos deste estudo sao compilar os métodos publicados para a determinagao de compostos fendlicos
nas plantas em estudo e a validacao de um método para a determinacao destes compostos em extratos
das mesmas. Foi realizada uma revisao cldssica em trés bases de dados de estudos publicados desde
2000 para a determinacao de compostos fendlicos nas plantas de interesse. A validacao de um método
de andlise destes compostos por cromatografia liquida de elevada eficiéncia, contemplou parametros
como linearidade, precisao, exatidao, limites de detecao e quantificacdao, sequida de uma andlise
preliminar em extratos. A literatura relata a analise de vinte e oito a vinte e nove compostos,
respetivamente nos extratos de M. indicus e P. tridentatum. Foram estipuladas curvas de calibracao para
hesperidina, dcidos cafeico e clorogénico, com limites de quantificacao inferiores a 2,98 pg.mL™. A
precisao apresentou valores inferiores a 15% e a exatidao variou entre 90 e 114%. Uma analise preliminar
quantificou rutina, dcidos clorogénico e cafeico, e identificou rutina, quercetina-3-glucdsido, hesperidina,
acidos galico, clorogénico e cafeico, nos extratos de M. indicus, e quantificou rutina, hesperidina, dcidos

gdlico e clorogénico, nos extratos de P. tridentatum.

Palavras-chave: Melilotus indicus; Pterospartum tridentatum; validacao; quantificacao; compostos

fendlicos



Abstract

Melilotus indicus and Pterospartum tridentatum are two plants with high content of phenolic compounds.
The objectives of this study are to compile the published methods for the determination of phenolic
compounds in the plants under study, and the validation of a method for the determination of these
compounds in extracts of them. A classical review was carried out in three databases of studies published
since 2000 for the determination of phenolic compounds in the plants of interest. The validation of a
method for the analysis of these compounds by high performance liquid chromatography contemplated
parameters such as linearity, precision, accuracy, limits of detection and quantification, followed by a
preliminary analysis in extracts. The literature reports the analysis of twenty-eight to twenty-nine
compounds, respectively in M. indicus and P. tridentatum extracts. Calibration curves were stipulated for
hesperidin, caffeic and chlorogenic acids, with quantification limits below 2.98 pg.mL™. The precision
showed values below 15% and the accuracy ranged between 90 and 114%. A preliminary analysis
quantified rutin, chlorogenic and caffeic acids, and identified rutin, quercetin-3-glucoside, hesperidin,
gallic, chlorogenic and caffeic acids, in M. indicus extracts, and quantified rutin, hesperidin, gallic and

chlorogenic acids, in P. tridentatum extracts.

Keywords: Melilotus indicus; Pterospartum tridentatum; validation; quantification; phenolic compounds
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1. Introduction

1.1. Theimpact of plants on health

Plants and their benefits have accompanied humanity since the beginning, in food, medicine and to
survival (Santid et al, 2017; Sen & Samanta, 2014). Khan (2014) suggests that communities in the
prehistoric era used the medicinal effects of plants. Moreover, ancient civilizations also categorised
medicinal plants, such as: the Atharvaveda in traditional Indian medicine - a sacred text of Hinduism that
described medicinal treatments (2000 BC); the Eber Papyrus - one of the oldest medical treatises of the
Egyptian culture (1550 BC); Hippocrates (460-337 BC) considered the father of medicine, identified about
400 medicinal substances from plants; as well as Mithridates VI (133 BC - 63 BC), king of Pontus, in
Hellenic culture, tried to develop a universal antidote for poisoning (Cheng, 20071; Griffin & D'Arcy, 1996;
Khan, 2014). This medicinal plant knowledge was shared between generations and, in present times after
being scientifically confirmed, some of those plants are included in the official pharmacopoeias (Santio et
al,2017).

The demand for natural products, especially those obtained from plants, has taken a crucial role in
the development of alternative approaches to conventional medicines (Borges et al, 2016). Medicinal
plant means any plant or plant-derived substance, with minimal or no industrial processing, used for
therapeutic purposes (Tilburt, 2008). According to World Health Organization data, the search for herbal
treatments combined with conventional medicines has increased significantly in recent years (WHO,
2021).

Phytochemicals, namely secondary metabolites, are "bioactive compounds from different parts of
plants such as seeds, cereals, vegetables, fruits, leaves, roots, spices and herbs” (Ferreira & Abreu, 2007,
p. 36), may have multiple therapeutic purposes (e.g. antioxidant, antimicrobial, anti-inflammatory,
antitumour). The combination of different compounds has represented a significant increase in beneficial
effects when compared to individual use, such as d -tocopherol which, in association with kaempferol,
has a higher inhibitory power of lipid oxidation caused by free radicals (Albuquerque et al, 2021; Phan et
al., 2018). Previous studies have demonstrated the versatility of these compounds in acute and chronic
diseases, and approximately 20% of known plants have been used in pharmaceutical trials with positive
health outcomes (Altemimi et al, 2017; Phan et al, 2018). Some phytochemicals, such as chlorogenic acid
(CLA) and naringin (NAR), are known for antioxidant and free radical scavenging activities, while
kaempferol has been suggested to increase insulin sensitivity and prevent complications associated with
diabetes (Ahangarpour et al, 2019; Alkhalidy et al., 2018; Altemimi et al, 2017; Bacanli et al, 2019). On the
other hand, some bioactive compounds such as caffeic acid (CA) is described to mediate inflammation

through proteins, others like hesperidin (HESP) to inhibit histamine release during an allergic reaction (Choi



et al, 2018; Deshetty et al, 2020; Zhu et al, 2018). Furthermore, phytochemicals such as quercetin (QUE)
and rutin (RUT) are also responsible for preventing or decreasing the penetration of ultraviolet (UV)
radiation into skin tissues and, consequently, reducing to a great part the endogenous reactions
responsible for oxidative stress, inflammation, and deoxyribonucleic acid damage (Dobrikova &
Apostolova, 2015; Kamel & Mostafa, 2015; Skarupova et al, 2020). Another application of bioactive
compounds from plants (e.g., luteolin) is the maintenance of neuronal balance and the treatment of
cognitive disorders (Kumar & Khanum, 2012; Nabavi et al, 2015).

At this point, nearly 10000 phytochemicals have been identified, while others remain unknown (Al-
Ishaq et al, 2020). These compounds have in their constitution primary metabolites (e.g. chlorophylls,
proteins and amino acids) and secondary metabolites (such as phenolic compounds, carotenoids,
alkaloids, nitrogen and organosulfur compounds) (Ferreira & Abreu, 2007; Roy & Datta, 2019). Phenolic
compounds (PC) are one of the most studied metabolites, with in vitro, in vivo, and clinical trials
demonstration of evidence (Kumar & Khanum, 2012; Lattanzio, 2013), and are the target of the present

study.

1.2. Phenolic compounds: classification and biological activities

Approximately, more than 8000 PC have been identified, however, there is no agreement about
their classification (Nollet & Gutierrez-Uribe, 2017; Santana-Galvez & Jacobo-Veldzquez, 2018).
According to the different types of classification, the following methods have been used most frequently:
a) flavonoid - non-flavonoid, b) number of aromatic rings, c) carbon skeleton, and d) base chemical
structure (Santana-Galvez & Jacobo-Veldzquez, 2018).

Some authors such as Ferreira & Abreu (2007) and Roy & Datta (2019) defend that PC can be
subdivided into different classes, phenolic acids, flavonoids, stilbenes, coumarins and tannins, while others
such as Albuquerque et al. (2021) and Také et al. (2020) include lignans as an additional group (Figure 1.1).
Chemical structure and biological activity are the main factors in the differentiation between the several

groups (Roy & Datta, 2019; Také et al, 2020).
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Figure 1.1 - Classification model for phenolic compounds adapted from Roy & Datta (2019) and Takd et al. (2020).

PC show beneficial biological activities for the organism such as antibacterial, anti-inflammatory,
antigenotoxic, hepatoprotective, and antimutagenic (Lyu et al, 2020). In addition, they exhibit a protective
capacity against a wide range of oxidation and metabolic damage (Kumar & Khanum, 2012).The
concentration of these compounds depends, simultaneously, on several factors such as the type of plant,
the season, the growing and harvesting conditions and storage (Arnoso et al, 2019).

Phenolic acids are subdivided into two groups: hydroxycinnamic acids (HCA) and hydroxybenzoic
acids (HBA), and show an acidic profile as a result of the carboxyl group present in their chemical structure
(Haminiuk et al, 2012). CA, ferulic, } -coumaric, and sinapic acids are the most frequent of the HCA, which
derived essentially from cinnamic acid (Bento-Silva et al, 2020; Kumar & Goel, 2019). On the other hand,
HBA, derived from benzoic acid, are most found as } -hydroxybenzoic, protocatechuic, vanillic, gallic (GA)
and syringic acids (Albuquerque et al, 2021; Bento-Silva et al, 2020; Kumar & Goel, 2019). Melilotus
indicus and Pterospartum tridentatumare two plants present in the portuguese flora that will be the target
of this study. The compounds present in Table 1.1, are the most relevant phenolic acids in these plants, as
well as their described bioactivities. As a result of their numerous applications, phenolic acids have
received special scientific interest due to their therapeutic, cosmetic, and food properties (Kumar & Goel,
2019: Prince et al, 2011).



Table 1.1- Phenolic acids and their biological activities.

Main Class Subclass Phenolic Bioactivities Reference
compound

Phenolic Acid  Hydroxycinnamic Antioxidant, anti-inflammatory, (Albuquerque et al,

acids antimicrobial, antitumour, 2021; Kumar & Goel,
antimetastatic, antiviral, UV-B 2019; Skarupova et al,
protective activities. 2020)
Antioxidant, antibacterial, antiviral, (Gil & Wianowska, 2017;
hepatoprotective, cardioprotective, anti-  Kumar & Goel, 2019;
inflammatory, antipyretic Naveed et al, 2018)
neuroprotective, antimicrobial,
antidiabetic activities.

Hydroxybenzoic GA Antioxidant, antimicrobial, anti- (Albuquerque et al,

acids inflammatory, antitumour, 2021; Fernandes &

neuroprotective, anticarcinogenic Salgado, 2016; Li et al,
activities. 2017)
UV-B - Ultraviolet B; CA — Caffeic acid; CLA — Chlorogenic acid; GA — Gallic acid.

Flavonoids, one of the most frequent secondary metabolites found in plants, have been
characterised and subdivided into several subclasses, including flavones, flavanols, flavonols, flavanones,
isoflavones and anthocyanidins (Ferreira & Abreu, 2007; Rosa et al., 2019; Roy & Datta, 2019). These
metabolites exhibit two aromatic rings (A and B) and a heterocyclic ring (C) (Figure 1.2) as a similar feature
(Hosseinzadeh et al, 2020; Rosa et al, 2019; Tuenter et al, 2020). The main differences between
subclasses are in the saturation degree and oxidation of the C-ring and the C-ring carbon position that

attaches to the B-ring (Hosseinzadeh et al, 2020; Tuenter et al, 2020).

Figure 1.2 - Basic structure of flavonoids adapted from Rosa et al. (2019).

In the past years, flavonoids have been the subject of increasing interest because of their potential
beneficial effects, including anti-inflammatory activity, protection of the cardiovascular system,
regulation of neuronal function, prevention of age-related neurodegeneration and/or antioxidant activity
(Altemimi et al, 2017; Haminiuk et al., 2012; Kumar & Khanum, 2012: Liu et al, 2019: Tuenter et al., 2020).
The biological activity is directly related to the configuration, substitution and number of hydroxyl groups
present, which will give a greater or lesser antioxidant activity (Albuquerque et al, 2021). Table 1.2
describes the most relevant flavonoids present in M. indicus and P. tridentatum and their biological

activities.



Table 1.2 - Flavonoids and their biological activities.

Main Class  Subclass Phenolic Bioactivities Reference
compound
Flavonoids  Flavones Apigenin Antioxidant, anti-inflammatory, antiviral, (Albuguerque et al,
antiproliferative, antitumour, 2021; Lee et al, 2015;
antineurodegenerative, antidepressant Liu et al, 2019; Salehi et
activities and promoting of dermal al,2019)
density and elasticity.

Luteolin Antioxidant, anti-inflammatory, (Albuguerque et al,
antitumour, neuroprotective, antiallergic 2021, Manzoor et al,,
activities and activating of dopamine 2019; Seelinger et al,
transporters. 2008)

Flavonols QUE and Antioxidant, anti-inflammatory, (Albuguerque et al,
derivatives antitumour, cardioprotective, 2021; Kumar & Khanum,

{e.g., RUT) immunoprotective, UV protective, 2012; Ramzan, 2015;
antihypertensive, Skarupova etal, 2020;
antihypercholesterolemic, Ulusoy & Sanlier, 2020)
antiatherosclerotic, anti-obesity,
anticarcinogenic, cytoprotective,
neuroprotective, antithrombotic, and
antiallergic activities.

Kaempferol Antioxidant, anti-inflammatory, (Albuquerque et al,
antitumour, cardioprotective, 2021;Byun etal, 2012;
antiangiogenic, antiadipogenic, Liao etal, 2016;
antimicrobial and antidiabetic activities. Tatsimo et al, 2012)

Flavanones = HESP Antioxidant, anti-inflammatory, (Albuguerque et al,
antitumour, antiallergic, antihypertensive, ~ 2021; Li & Schluesener,
neuroprotective, anticarcinogenic, 2017, Skarupova et al,
hepatoprotective, nephroprotective, 2020; Stevens etal,
gastroprotective, analgesic, insulin- 2019)
sensitizing and immunomodulatory
activities.

NAR Antioxidant, anti-inflammatory, (Albuguerque et al,
anticarcinogenic, antibacterial, 2021; Chen et al,, 2016;
gastroprotective, antimutagenic, Stevens et al, 2019)
hepatoprotective,immunoprotective,
cardioprotective and antiviral activities.

Isoflavones  Genistein Antioxidant, estrogenic, stimulating of (Albuguerque et al,

collagen biosynthesis, wound healing,
UV-B protective, cardioprotective and
antitumour activities.

UV-B - Ultraviolet B; QUE - Quercetin; RUT - Rutin; HESP — Hesperidin; NAR — Naringin.

1.3. Quantification of phenolic compounds

2021: Chaves, 2015;
Pedro et al, 2013;
Skarupova etal, 2020;
Thangavel et al, 2019)

To support these potential human health benefits, a detailed profiling of these phytochemical
compounds is required. Prior to this characterisation, harvesting, preparation and extraction of the
extracts is carried out to improve their quality in the process (Fischer et al, 2011; Ignat et al,, 2011). After
sample preparation, a chemical analysis is required and, for that, analytical techniques are used for the
separation, identification and quantification of the compounds in study (Bagetta et al, 2012). According to

the literature review, several analytical techniques have been reported for the analysis of plant-derived



compounds, including thin-layer chromatography (TLC), gas chromatography (GC), supercritical fluid
chromatography and high performance liquid chromatography (HPLC) (Bagetta et al, 2012; Santos &
Magalhaes, 2020).

Among the analytical methods reported for the quantification of PCin M. indicus and P. tridentatum,
GC coupled with mass spectrometry detector (MS) (Saleem et al, 2021), HPLC coupled with diode array
detector (DAD) (Aires et al,, 2016; Roriz et al., 2014), HPLC-MS (Gomaa et al, 2015) or HPLC coupled with
UV-visible detector (Vis) (Luis et al, 2011) are most commonly used.

HPLC (Figure 1.3),is one of the most used efficient techniques in several natural products analysis,
and it has been recognised since the 1980s for its ability to separate, identify and quantify efficiently

(Bagetta et al, 2012; Santos & Magalhaes, 2020; Waters Corporation, s.d.).

(StationaryPhase) | | - — -
Data System
© Injector
(Samples/Standards) [© 0000
Detector
Solvents ®
(Mobile Phase) ®
I
Waste

Pump and Solvent Delivery

System

Figure 1.3 - Scheme of High Performance Liquid Chromatography equipment adapted from Waters Corporation (s.d.).

Chromatographic techniques have several advantages including their “high reproducibility, good
linear range, ease of automation and its ability to analyse the number of constituents of the herbal
preparation” (Bagetta et al, 2012, p. 110). However, when the chromatography result gives a
chromatogram with closely peaks and a high degree of scanning complexity, there is a need to optimise
the process (Bagetta et al, 2012). Therefore, using preparative chromatographs, changing the stationary
and mobile phases, and replacing the column, could increase their resolution, speed and reproducibility
(Bagetta et al., 2012; Hakkimane & Guru, 2017). The introduction of HPLC-DAD could be an advantage for
this technique, since it increases detection, sensitivity, and reduces analysis time and cost (Bagetta et al.,

2012; Haminiuk et al, 2012; Santos & Magalhaes, 2020). Regarding the stationary phase, the reverse



phase (RP) presents advantages in the separation of PC due to its low cost, less pollution and higher
stahility compared to normal phase (Haminiuk et al, 2012; Mattonai et al, 2019; Peraman et al, 2014;
Santos & Magalhdes, 2020). In reverse phase, the stationary phase consists mostly of a porous
hydrophobic silica gel support, with lower polarity than the mobile phase, where elution is faster for less
hydrophobic compounds, while the retention time (Ry) is higher for more hydrophobic compounds (Dias et
al, 1999; Hakkimane & Guru, 2017; Haminiuk et al, 2012). In addition, the most frequently used stationary
RP for the separation of PC is Octadecyl (C18) silica (Aires et al, 2016; Dias et al, 1999; Gomaa et al., 2015;
Haminiuk et al,, 2012). Since, the chemical structure of PCis very similar to each other, a gradient elution is
normally used, so the mobile phase runs in a binary system (Haminiuk et al, 2012), using a polar solvent
(usually ultrapure water acidified with formic, acetic, or phosphoric acids) and a less polar solvent
(acetonitrile (ACN) or methanol (MeOH)) (Dias et al,, 1999; Haminiuk et al,, 2012). On the other hand, there
is not a universal maximum absorbance in the UV and visible regions for the identification and
quantification of the different PC. Therefore, itis necessary to determine the optimum absorbance of each

compound (Haminiuk et al, 2012).

1.4. Validation of an analytical method

When a new analytical method is developed, or there is a change to some parameter or objective in
existing methods, the validation of the method becomes unequivocal to ensure the quality and reliability
of its results (EMA, 1995 Ermer & Miller, 2005; FDA, 2015). In 1990, the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) emerged with the
mission to harmonise international regulatory guidelines for new drugs and other analytical areas,
between Europe, the United States and Japan (Ermer & Miller, 2005; ICH, s.d.). However, these standards
should not be considered as simple checklists, but as basic premises for the method validation and safety
of the analytical process (Ermer & Miller, 2005). These requirements should be identified by the operator,
ensuring appropriate acceptance and validation criteria (Shabir et al, 2007).

The criteria generally evaluated in a HPLC method validation, for the identification and

quantification of compounds, are described in Table 1.3.



Table 1.3 - Validation criteria frequently evaluated in identification and quantification tests and the minimum number of
determinations required (Ermer & Miller, 2005).

Analytical Process Validation criteria Minimum number
Identification Specificity Not applicable
Quantification Linearity 5
Range Not applicable
Accuracy 9o
Precision
Repeatability 6or9°
Intermediate precision (2 series)¢
Reproducibility®
Limit of detection Dependent on approach

Limit of quantification
2 considered in the context of standardising an analytical procedure; ® a minimum of three concentrations in triplicate is required; ¢ it requires a
minimum of six determinations at 100% of the test concentration or nine determinations within the validated range, with three concentrations in
triplicate; ® a minimum of two series of determinations are required, changing the operator, the equipment, the measurement day, or a comhination
of all factors, and the minimum number of tests for each series is the same as described in repeatability.

Specificity is considered the basis of any analytical procedure (Ermer & Miller, 2005). This criteria
allows the evaluation of the unequivocal presence of a certain compound, whenitis expected the presence
of others in the sample (e.g. impurities) (Ermer & Miller, 2005; ICH, s.d.). In opposition to ICH, many
analytical organizations argue that specificity is the culmination of selectivity, where the results obtained
are exclusive to the compound under study (Ermer & Miller, 2005; Paz, 2018).

Linearity permits the evaluation of the direct proportionality between the results obtained and the
concentration of the compound, within a certain range (Ermer & Miller, 2005; ICH, s.d.). To do this, it is
necessary to verify the model calibration using calibration curves, constructed with five or more
concentrations of the standard in study (Ermer & Miller, 2005; Paz, 2018; Singh, 2013). Linearity should be
based on the curve equation (which in most cases results in a linear calibration), correlation and linear

regression analysis. The expression is given, according to equation (1) (Araujo, 2009; Paz, 2018):

y=S(x)+b (1)
where y are the y-axis values (instrumental signal), Sis the slope of the calibration curve, x are the x-axis

values (mass or concentration of the standards), and b is the y-axis intercept of the calibration curve.

The analysis of the correlation between two quantitative variables, xand yis done according to the
Pearson correlation coefficient (R), and its value, to be considered acceptable and adequate, should be
0.995 or higher (Kumar et al, 2015; Paz, 2018). As far as regression is concerned, it uses the least-squares
adjustment to find the line that better matches the experimental results (RELACRE, 2000).

Range refers to the interval between the maximum and minimum concentration of the compound,

including limit concentrations, at which adequate precision, accuracy and linearity results are found



(Araujo, 2009; Ermer & Miller, 2005; ICH, s.d.; Paz, 2018). Thus, the range requires validation of other
parameters of the analytical process (Ermer & Miller, 2005).

Precision measures the degree of closeness (degree of dispersion) of the results obtained in
multiple samples of the same compound, in specified conditions (ICH, s.d.). To evaluate precision, three
levels can be considered, including repeatability, intermediate precision and reproducibility (Ermer & Miller,
2005). Repeatability is the ability of the analytical method to be precise within a short period of time, while
maintaining the same experimental conditions (same sample/standard, same day, same operator, same
equipment, same laboratory) (Araujo, 2009; Ermer & Miller, 2005; Paz, 2018). Intermediate precision
determines if the results obtained are precise when experimental variables are changed, such as operator,
day of measurement, equipment, using the same sample and laboratory (ICH, s.d.; Paz, 2018). The
reproducibility of an analytical method is commonly evaluated in interlaboratory tests (Araujo, 2009; ICH,
s.d)

Accuracy evaluates the closeness between the experimental value obtained and the value taken as
the conventional or reference value (Araujo, 2009; ICH, s.d.). In quantification tests, the minimum number
of determinations required to assess the accuracy of the analytical method s nine, with three replicates of
three different concentrations, within the specified range (Ermer & Miller, 2005). Accuracy can be
determined using several approaches, including: determination of the compound concentration in the
sample, using the standard addition method; determination of the percent recovery by measuring the
analyte at known analytical concentrations, in blank matrix samples; comparison of results obtained with
certified reference materials; and comparison of the results of one or more different analytical methods
(Araujo, 2009; ICH, s.d.; RELACRE, 2000).

Limit of detection (LOD) allows to determine the lowest amount of compound that the method can
detect, but not necessarily quantify (Araujo, 2009; Ermer & Miller, 2005). It is necessary to consider the
noise of the equipment and, thus, determine the minimum reliable compound concentration that the
method can detect (Araujo, 2009; Paz, 2018). Usually, the LOD represents a signal two to three times the
noise of the equipment (Araujo, 2009; ICH, s.d.). LOD can be determined according to the equation (2) (ICH,
s.d.):

LOD=3x5,/S (2
using the standard deviation of the y-axis intercept of the calibration curve (S,), and the slope of the

calibration curve (S).

Limit of quantification (LOQ) is the lowest quantity of a compound in a sample that the method can

guantify, with acceptable levels of precision and accuracy (Araujo, 2009; Ermer & Miller, 2005). In contrast



to the previous criteria, the LOQ corresponds to a signal ten times the noise of the equipment (Araujo,

2009; ICH, s.d.), and can be determined according to the equation (3) (ICH, s.d.):

LOQ=10x5,/5 3)
where, Sy is the standard deviation of the response-axis intercept of the calibration curve, and S is the

slope of the calibration curve.

In addition to these main parameters, the sensitivity of the analytical method can be determined by
interpreting the slope of the calibration curve. Thus, the greater the slope, the more sensitive the method
is, due to the higher sensitivity to discriminate small variations in concentration (RELACRE, 2000).

The objectives of this study are to compile published methods for the determination of phenolic
compounds in aqueous and methanolic extracts of M. indicus and P.tridentatum and to validate a HPLC-

DAD method for the detection and quantification of CA, CLA and HESP in these extracts.
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2. Analytical methods for the detection and quantification of phenolic compounds in

Melilotus indicus and Pterospartum tridentatum

Abstract

The use of plants for therapeutic purposes has been the result of scientific advances over the last few
years. Melilotus indicus and Pterospartum tridentatum belong to the third family of flowering plants, the
Fabaceae. For biological, pharmaceutical and cosmetic applications, a full characterisation of the plants
and their bioactive compounds is initially required. The aim of this review is to gather information,
compiling the several detection and quantification methods, the phenolic compounds identified and their
quantities present in these plants. A literature search was carried out in PubMed, Science Direct and
SciELO using the following isolated and combined keywords "Melilotus indicus", "Pterospartum
tridentatum”, "Phenolic compounds”, “Detection”, "Quantification”, selecting studies published since 2000
that referred analytical methods for the detection and quantification of phenolic compounds in M. indicus
and P. tridentatum. For M. indicus, three methods were found in the literature, only two of which quantified
phenolic compounds. A total of twenty-eight compounds were identified, such as catechin and
dihydroquercetin, while twenty-one were quantified, namely chlorogenic and caffeic acids. The range of
guantification varied from 0.16 + 0.02 (hesperidin) to 826.60 + 21.10 (quercetin-3-0-rutinoside) pg.g™" dry
weight. For P. tridentatum, eight methods were found for the characterisation of phenolic compounds. A
total of twenty-nine compounds were identified such as rosmarinic acid and 7-methylorobol, while
twenty-one were quantified, e.g., genistein and quercetin-3-0-rutinoside. Quantification ranged from
53.2+ 0.2 (sissotrin) to 32200.0 + 2600.0 (vanillic acid) pg.g™ dry weight. These studies showed different
methods that identify and quantify phenolic compounds in M. indicus and P. tridentatum extracts,
particularly high performance liquid chromatography, and were able to identify several classes of phenolic
compounds, including hydroxycinnamic and hydroxybenzoic acids, flavonols, flavones, isoflavones and
flavanones. However, it is necessary to develop new methods to improve the separation, identification

and quantification of phenolic compounds.

Keywords: Melilotus indicus, Pterospartum tridentatum, phenolic compounds, detection, quantification
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2.1. Introduction

Over the years, several plants have been studied with the purpose of obtaining compounds of
therapeutic interest. The Fabaceae is considered the third family of flowering plants with approximately
19500 referenced species and 750 genera, to which M. indicusand P. tridentatum belong (Batanony et al,
2020: Roriz et al, 2014).

The genus Melilotus has more than 18 annual and biennial species studied (Ahmed et al, 2012,
Kanzana et al, 2021; Yan et al, 2017). M. indicus, also commonly known as “anafe-menor, coroa-de-rei,
trevo-de-cheiro, trevo-de-namorado”, is one of the small-sized annual species (about 50cm high), with
light yellow flowers and it can be found widely in the Asian and European continent (Ahmed & Al-Refai,
2014; Saleem et al., 2021; Talavera et al, 2000). Flowering period is between March and August (Ahmed
et al, 2012). In Portugal, it is generally distributed along the coast, but can also be found in the interior of
the central regions of the country (Figure 2.1)(Lourenco et al, 2021; Sociedade Portuguesa de Botanica,
s.d.-a). This plant offers several potential beneficial effects such as analgesic, antioxidant, insecticide,
emollient, astringent, antibacterial, anticoagulant, and anti-inflammatory (Ahmed & Al-Refai, 2014; Bashir
et al, 2022; Saleem et al, 2021). However, in high doses, Melilotus species are considered poisonous (Abd
El-Hafeez et al, 2018). Additionally, these species are used in the agricultural sector as green manure and

to fix nitrogen in the saline soils (Kanzana et al, 2021).
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Figure 2.1 - Photographs and distribution map of Melilotus indicus in Portugal.

A) Photograph of the M. indicus plant, taken by (Porto, s.d.-a);
B) Photograph of M. indicus fruits, taken by (Porto, s.d.-b);

C) Distribution map of M. indicus in Portugal with 54 records by different Flora-On: Flora de Portugal Interactiva
collaborators (Lourenco et al, 2021).

P. tridentatum, commonly known as “carqueja” and previously known as Chamaespartium

tridentatumand Genistella tridentate, belongs to the subfamily Papilionoideae (Balan6et al,, 2016; Ferreira
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et al, 2012; Goncalves et al, 2020), it is a small endemic shrub which grows spontaneously in North Africa
and the Iberian Peninsula (Aires et al, 2016; Luis et al., 2011; Roriz et al,, 2014). In Portugal, P. tridentatum
is essentially distributed along the coast in the centre-south of the country, and it is homogenous in the

north and centre (Figure 2.2) (Sociedade Portuguesa de Botanica, s.d.-h).
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Figure 2.2 - Photographs and distribution map of Pterospartum tridentatumin Portugal.

A) Photograph of the native vegetation of P. tridentatumn, taken by (Pereira, s.d.);

B) Photograph of the P. tridentatum plant, taken by (Porto, s.d.~c);

() Distribution map of P. tridentatum in Portugal with 1106 records by different Flora-On: Flora de Portugal
Interactiva collaborators (Araujo et al, 2021).

Its flowers are usually used to treat diseases related to the respiratory system, as well as for their
depurative and hypoglycaemic effect (Paulo et al, 2008; Roriz et al, 2014; Vitor et al, 2004). Traditionally,
the use of this plant is associated to the treatment of various diseases related to the cardiovascular,
including hypertension, hypercholesterolaemia and diabetes; respiratory such as colds, pneumonia and
bronchitis; and gastrointestinal systems, like gastric and intestinal problems, liver and bladder
complications (Gongalves et al, 2020). The presence of phytochemical compounds with biological activity
showed, in studies published by Aires et al. (2016) and Roriz et al. (2014), an antioxidant and antimicrobial
profile of P. tridentatum.

The biological effects described in both plants may be related to the presence of polyphenols,
commonly named PC, secondary metabolites of plant extracts (Aires et al, 2016; Goncalves et al, 2020;
Saleem et al, 2021). Toimprove scientific knowledge and for further possible therapeutic and/or cosmetic
applications of these and other plants, itis necessary to perform a full characterisation of their compounds.
The aim of this review is to gather information, compiling the several detection and quantification methods

in M. indicus and P. tridentatum, the PCidentified and their quantities.
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2.2. Methods

A literature search was carried out in PubMed, Science Direct and SciELO using the following
isolated and combined keywords: "Melilotus indicus”, " Pterospartum tridentatum’, "Phenolic compounds”,
“Detection” "Quantification". From this search, scientific articles published between 2000-2022 were
analysed. The selection criteria were studies referring analytical methods for the detection and

quantification of PCin M. indicus and P. tridentatum and their amounts.

2.3. Results and Discussion

Initially, twenty-four articles were considered for analysis. Subsequently, thirteen were excluded
since they did not analyse the identification and quantification of the PC of the plants in study. The review

of the selected articles is presented below.

2.3.1. Analysis of phenolic compounds in Melilotus indicus

For M. indicus, three methods were found in the literature for the detection and quantification of PC,
which identified a total of twenty-eight compounds (Table 2.1).

The method used by Ahmed & Al-Refai (2014) employed various chromatographic techniques,
including HPLC-UV/Vis, HPLC coupled with infrared detector (IR), and HPLC-MS/MS, for the separation
and identification of eight PC. It identified six flavonols (QUE, quercetin 3-0-b-D-glucopyranoside,
quercetin 3-0-U-L-rhamnopyranoside, dihydroquercetin, isorhamnetin 3-0-b-D-glucopyranoside and
isorhamentin 3-0-b-D-rutinoside) and two flavanols (catechin and epicatechin). These compounds were
not quantified. The method described by Gomaa et al. (2015), the HPLC-UV/Vis and HPLC-ESI/MS were
effective to identify and quantify thirteen PC. These compounds consisted of six flavonols (kaempferol,
kaempferol-7-0-glucoside, QUE, RUT, myricetin and hyperoside), two flavones (apigenin and luteolin),
three isoflavones (daidzein, daidzin and genistin) and two flavanones (HESP and NAR). This method
showed that the most common compound was RUT with 826.60 + 21.10 pg.g™ dry weight, while HESP
was the component that showed the lowest quantified amount with 0.16 + 0.02 pg.g™” dry weight.
Flavonols were the dominant class of flavonoids in ripe seeds. In Bashir et al. (2022) method, the
quantification was performed by HPLC-UV/Vis. In this study, a total of nine phenolic compounds were
identified and quantified, including: one flavonol (QUE), four HCA (CA, CLA, p-coumaric and m-coumaric

acids) and four HBA (syringic, GA, vanillic and benzoic acids). QUE was the phenolic component present in
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the highest amount with 7.63 pg.g™ dry weight, while GA and m-coumaric acid showed the lowest amount

with 0.36 pg.g™ dry weight. Phenolic acids were the dominant PC in an ethanolic extract (Table 2.1).

Table 2.1- Content of the phenolic compounds identified and quantified in Melilotus indicus extracts by three analytical methods.

HPLC- UV/Vis, HPLC-IR

Method and HPLC-MS/MS HPLC-UV/Vis HPLC-UV/Vis
(Reference) (Ahmed & Al-Refai and HPLC-ESI/MS (Bashir etal, 2022)
(Gomaa et al, 2015)
2014)
Plant part Aerial parts Ripe seeds N/S
Plant extract Ethanolic Methanolic Ethanolic
Wavelengths N/S 310 and 380 nm 280nm
. A: deionized water: acetic A: water and acetic
Mobile phase N/S acid (98:2) and B:MeOH  acid (94:6) and B: ACN
Phenolic compounds Detection Quantification (ug.g™' dry weight)
Apigenin - 460+0.61 -
Benzoic acid - - 5.42
CA - - 1.44
Catechin X - -
CLA - - 5.92
Daidzein - 4490+ 416" -
Daidzin - 0.79+0.07" -
Dihydroquercetin X - -
Epicatechin X - -
GA - - 0.43
Genistin - 552 +0.45* -
HESP - 0.16+0.02* -
Hyperoside - 42.30+5.10* -
Isorhamentin 32D DAjlucopyranoside X - -
Isorhamentin 320D D Zutinoside X - -
Kaempferol - 230+0.22" -
Kaempferol-7-0-glucoside - 0.79+0.05*
QUE X 1.30+£0.13" 7.63
RUT - 826.60+21.10" -
Quercetin 32D DAjlucopyranoside X - -
Quercetin 32 ZJA_Zhamnopyranoside X - -
Luteolin - 2.40+0.29* -
Myricetin - 0.76 £ 0.04" -
NAR - 0.79+0.06* -
Syringic acid - - 1.59
Vanillic acid - - 5.62
m-coumaric acid - - 0.36
p-coumaric acid - - 0.56

*Results in terms of mean + standard deviation; N/S — Not specified; x — Detected; CA — Caffeic acid; CLA — Chlorogenic acid; GA — Gallic acid; HESP
— Hesperidin; QUE — Quercetin; RUT — Rutin; NAR — Naringin.

To compare the different methods, it will be necessary to obtain more data concerning the identified
compounds and their amounts. Furthermore, a change in the mobile phase may influence the quantities
obtained as well as the separation of the compounds (Bagetta et al, 2012; Hakkimane & Guru, 2017). In
addition, the plant part, solvent and extraction method may have some influence, since there is a diversity
in the bioactive compounds and solubility properties present in plants, and thus, there is no ideal solvent

for maximum extraction of all biological components (Gongalves et al,, 2020; Mahdi-Pour et al, 2012). On

15



the other hand, the use of additional wavelengths could identify and quantify other polyphenols, such as
Aires et al. (2016) who identified and quantified biochanin A and ferulic acid at 320 nm and apigenin at 370

nm.

2.3.2. Analysis of phenolic compounds in Pterospartum tridentatum

For P. tridentatum, eight methods were found in the literature, where four of them identified PC
(Table 2.2), while the other four were able to quantify PC (Table 2.3). For the analysis of the results only
the main PC of each method were considered. Twenty-nine compounds were identified for PC detection
methods (Table 2.2), while twenty-one were quantified (Table 2.3).

Concerning detection methods, Vitor et al. (2004) used HPLC- Electrospray lonisation (ESI)/MS
and was able to identify five PC in flowers. Of these compounds, four were isoflavones (5,5Njdihydroxy-
3Njmethoxy-isoflavone-7-0-b-glucoside genistin, prunetin and sissotrin) and one flavonol (quercetin-
3-0-glucoside(Q3G)). Paulo et al. (2008) identified nine PC, in flowers, using the HPLC-ESI/MS method.
The agueous extract contained six isoflavones (55NjDihydroxy-3Njmethoxy-isoflavone-7-0-b-
glucoside, 7-methylorobol, genistein, genistin, prunetin and sissotrin) and three flavonols (myricetin-6-C-
glucoside, Q3G and RUT). The study by Ferreira et al. (2012) evaluated the agueous extract using the
ESI/MS method. This, identified five PCin flowers, being two flavone (luteolin-O-glucuronide and luteolin-
0-(0-acetyl)-glucuronide), two flavonols (isorhamnetin-O-hexoside and pentahydroxy-flavonol-di-0-
glucoside) and one HCA (rosmarinic acid). Pedro et al. (2013) performed the identification of phenolic
compounds using various chromatographic techniques, including HPLC-DAD and LC-ESI/MS. This study
identified six compounds in the aqueous extract, including three isoflavones (biochanin A, genistein-8-C-
glucoside and sissotrin) and three flavonols (myricetin-6-C-glucoside, Q3G and taxifolin-6-C-glucoside)

(Table 2.2).
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Table 2.2 - Content of the phenolic compounds identified in Pterospartum tridentatum extracts by four analytical methods.

Method HPLC-ESI/MS HPLC-ESI/MS ESI/MS HPLC-DAD and
(Reference) (Vitor etal, 2004)  (Paulo etal, 2008) (Ferreira et al, LC-ESI/MS
' ’ 2012) (Pedro etal, 2013)
Plant part Flowers Flowers Flowers N/S
Plant extract Aqueous Aqueous Aqueous Aqueous
Wavelengths 254 nm N/S N/S 200-500 nm
A:MeOH: ACN 0.1% aqueous
Mobile phase (95:5) B: water formic a(lid: ACN N/S A CB)ON? %O-IEIFA
with 0.1% TFA (80:20) e
Phenolic compounds Detection
5,5NjDihydroxi-3Njmethoxy-
isoflavone-7-0-b-glucoside X X B B
7-Methylorobol - X - -
Biochanin A - - - X
Genistein - X - -
Genistein-8-C-glucoside - - - X
Genistin X X - -
Isorhamnetin-0-hexoside - - X -
Luteolin-O-glucuronide - - X -
Luteolin-0-(0-acetyl)-glucuronide - - X -
Myricetin-6-C-glucoside - X - X
Pentahydroxy-flavonol-di-O- _ _ % _
glucoside
Prunetin X X - -
03G X _ X
RUT - X - -
Rosmarinic acid - - X -
Sissotrin X X - X
Taxifolin-6-C-glucoside - - - X

N/S — Not specified; x — Detected; TFA - Trifluoroacetic acid; Q3G — Quercetin-3-0-glucoside; RUT — Rutin.

In guantification methods, the process used by Luis et al. (2011) was HPLC-UV/Vis. This study
quantified PC in stems, leaves and flowers. In stems and leaves, a total of eight polyphenols were
guantified, including four HCA (CA, CLA, p-coumaric and ferulic acids), three HBA (vanillic, syringic and
ellagic acids) and one flavonol (Q3G). Vanillic acid was the phenolic component present in highest amount
with 32200.0 + 2600.0 pg.g™" dry weight, while ferulic acid and Q3G presented low amounts with 7400.0
+ 800.0 and 6600.0 + 300.0 pg.g™” dry weight, respectively. Phenolic acids were the dominant PC in
stems and leaves. The same method was used to quantify in flowers. In this case, the method quantified
two HCA (CA and ferulic acid), three HBA (vanillic, syringic and ellagic acids) and one flavonol (Q3G), in a
total of six PC. In contrast, ferulic acid was the dominant compound in the flower extract, having a
concentration of 22200.0 + 600.0 pg.g™ dry weight, whereas CA and syringic acid showed lower amounts
with 3100.0 + 300.0 and 1900.0 + 400.0 pg.g™ dry weight, respectively. HPLC-UV/Vis was unable to
detect and quantify CLA and p-coumaric acid in the flower extract. These results showed that the method
quantified more PC and higher amounts in stems and leaves, but the greatest amounts of ferulic and ellagic

acids, and Q3G were quantified in flowers. Roriz et al. (2014) performed the quantification of PCin flowers
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by HPLC-DAD/MS. This method identified thirteen polyphenols, namely six flavonols (Q3G, RUT,
quercetin deoxyhexosyl-hexoside, quercetin O-hexoside, dihydroquercetin and myricetin-6-C-
glucoside) and seven isoflavones (5,5Njdihydroxy-3Njmethoxy-isoflavone-7-0-d -glucoside, genistin,
genistein, biochanin A, methylbiochanin A, prunetin and sissotrin). Dihydroquercetin was the phenolic
component present in highest amount with 3873.6 + 34.1 ug.g™ dry weight, while RUT and sissotrin
presented low amounts, having a concentration of 125.7 +1.3and 53.2 + 0.2 ug.g™" dry weight, respectively.
In Aires et al. (2016) method, the quantification was performed by HPLC-UV/DAD. This study identified
and quantified nine PC. These compounds consisted of an HCA (ferulic acid), three flavonols (Q3G, RUT
and dihydroquercetin), four isoflavones (genistin, genistein, biochanin A and sissotrin) and one flavone
(apigenin). Like the previous method, dihydroquercetin was the dominant compound in the analysed
extract, but with a higher amount of 21760.0 + 30.0 ug.g™” dry weight. On the other hand, apigenin and
ferulic acid presented lower amounts with 440.0 + 2.0 and 270.0 + 2.0 pg.g™ dry weight, respectively.
Although dihydroquercetin was the component in greatest amount, isoflavones were the predominant
class. Liquid chromatography (LC) coupled with UV/DAD detectors, used by Goncalves et al. (2020),
identified and quantified four phenolic components in flowers, of which two flavonols (Q3G and RUT) and
two isoflavones (genistin and genistein). Genistein was the phenolic component that showed the highest
quantified amount in the ethanolic extract, with a concentration of 8640.0 + 90.0 pg.g™ dry weight, while

genistin showed the lowest amount with 1780.0 + 200.0 pg.g™” dry weight (Table 2.3).
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Table 2.3 - Content of phenolic compounds quantified in Pterospartum tridentatum extracts by four analytical methods.

HPLC-
Method HPLC-UV/Vis pap/ms  HPLC-UV/DAD - HPLC-UV/DAD
(Reference) (Luis et al, 2011) (Roriz et al, (Aires etal, (Gongalves etal,
2016) 2020)
2014)
Plant part Stems and leaves Flowers Flowers N/S Flowers
Plant extract Methanolic Methanolic Methanolic Ethanolic
280,320 and
Wavelengths 280nm 280-370nm 280and 350 nm
370nm
A: 2% acetic acid
A: water with acetic acid A: 0.1% formic A: water with In water .
. L 1% of TFA B: 0.5% acetic
Mobile phase B: ACN/solvent A acid in water B:ACNwith1%  acid in water and
(6:4;V/V) B:ACN ' °
’ TFA ACN (50:50;
V/V)
Phenolic compounds Quantification (ug.g™' dry weight) *
5,5NjDihydroxy-3Nj
methoxy-isoflavone- - - 941+059 - -
7-0-d -glucoside
Apigenin - - - 440.0+2.0 -
Biochanin A - - 4335120 2890.0+4.0 -
CA 18200.0+3000.0 3100.0+300.0 - - -
CLA 17800.0+600.0 N/D - - -
Dihydroquercetin - - 3873.6+341 21760.0+30.0 -
S 10400.0 +
Ellagic acid 9700.0 +1800.0 400.0 - - -
- 22200.0 +
Ferulic acid 7400.0+£800.0 600.0 - 270.0+2.0 -
Genistein - - 1671+£3.4 12010.0 +30.0 8640.0+90.0
Genistin - - 162.9+3.0 16750.0+40.0 1780.0+200.0
Methylbiochanin A - - 105.4+1.8 - -
Myricetin-6-C- - - 1316.7+23 - -
glucoside
Prunetin - - 372.6+2.6 - -
03G 6600.0 +300.0 9300.0+700.0 9632143 1230.0+10.0 5880.0+30.0
RUT - - 125.7+1.3 1580.0+30.0 2100.0+3.0
Quercetin
deoxyhexosyl- - - 1001415 - -
hexoside
Quercetin O-hexoside - - 4747128 - -
Sissotrin - - 532+0.2 1370.0+2.0 -
Syringic acid 8300.0+800.0 1900.0 £ 400.0 - - -
Vanillic acid 32200.0+2600.0 4200.0+900.0 - - -
p-coumaric acid 16800.0 +3200.0 N/D - - -

*Results interms of mean + standard deviation of three replicates; N/D — Not detected; N/S — Not specified; CH - Chosen wavelength; CA - Caffeic
acid; CLA - Chlorogenic acid; 3G — Quercetin-3-0-glucoside; RUT — Rutin.

Comparing the four methods that quantified the compounds (Table 2.3), the study that identified
and quantified more PC was HPLC- DAD/MS from Roriz et al. (2014). Only the method of Ferreira et al.
(2012) was unable to identify Q3G (Table 2.2), but it is possible to confirm the presence of this compound
in the aqueous, methanolic and ethanolic extracts. Also, the compounds genistein and genistin are
susceptible to be detected in all the extracts analysed. The HPLC-UV/Vis method showed interesting
values of PC, however, the introduction of more wavelengths beyond 280 nm could quantify more classes,

as demonstrated by the methods of Aires et al. (2016), who quantified isoflavones at 320 nm, and Roriz et
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al. (2014), who quantified flavones in a range between 350 and 370 nm. The selection of the extraction
solvent may have influenced the results obtained, since less polar solvents cause the release of PC
(methanolic and ethanolic extracts), while solvents such as water allows the extraction of more polar
components (aqueous extracts) (Goncalves et al, 2020). It should be noted that a gradient elution was
used in all methods to achieve a good separation (Gomaa et al, 2015). Flowers are the plant parts most
frequently used for the identification and quantification of phenolic compounds. Analysis of other plant
parts could identify and quantify different compounds, as demonstrated by Luis et al. (2011) when

analysing stems, leaves and flowers.

2.4. Conclusion

As a conclusion, there are different methods that have identified and quantified PCin M. indicus and
P. tridentatum extracts, particularly using HPLC. These methods identified different classes, namely HCA
and HBA, flavonols, flavones, isoflavones and flavanones in M. indicus, and HCA and HBA, flavonols,
flavones and isoflavones in P. tridentatum. These bioactive compounds may be directly connected with
the biological potential of these plants, showing, among other, antioxidant and antimicrobial activities. In
M. indicus, RUT was the most common compound, with 826.60 + 21.10 pg.g™ dry weight in the methanolic
extract, while QUE with 7.63 pg.g™ dry weight, was in the ethanolic extract. In P. tridentatum was vanillic
acid, with 32200.0 + 2600.0 pg.g™” dry weight, in methanolic extract, while genistein with 8640.0 + 90.0
Hg.g” dry weight, was in the ethanolic extract. However, for M. indicus extracts new methods need to be
developed to compare identified and quantified PC.

As future investigation, it might be interesting to perform a RP-HPLC method using the optimal
wavelengths for each compound, in methanolic and aqueous extracts of these plants, to identify and
quantify more classes of PC. On the other hand, the use of different plant parts and extraction solvent

and/or extraction methods may reveal other results.

20



3. Quantification of phenolic compounds in Melilotus indicus and Pterospartum

tridentatum with a High Performance Liquid Chromatography method

Abstract

Melilotus indicus and Pterospartum tridentatum, plants frequently present in portuguese flora, contain
secondary compounds with potential biological activity, such as phenolic compounds, carotenoids,
alkaloids, nitrogen and organo-sulphur compounds. Phenolic compounds, one of the most studied
secondary metabolites, have improved the quality of life due to their potential therapeutic effects, being
used as anti-inflammatory, antimicrobial, antimicrobial and antioxidant agents. The purpose of the
present study was the identification and quantification of phenolic compounds (caffeic acid, chlorogenic
acid and hesperidin) in aqueous and methanolic extracts from Melilotus indicus and Pterospartum
tridentatum. A high performance liquid chromatography method described in the literature was adapted,
optimised and validated, while another study, performed in the same research team, did the same for other
four compounds (gallic acid, quercetin-3-glucoside, rutin and naringin). Parameters validated were
linearity, range, sensitivity, limits of detection and quantification, precision and accuracy. Five point
calibration curves were determined for all three analytes, showing good linearity parametres, such as
correlation coeficient higher then 0.999. The limits of detection were lower then 0.09 pg.mL™, while the
limits of quantification were no greater then 2.98 ug.mL™. Precision showed values lower than 14.9% and

accuracy, expressed as recovery, ranged from 90.2 to 114.1%. The validated method allowed a preliminary

identification and quantification, of caffeic acid (106 pg.g™ dry weight) ||  EGczcNzGzG

Hg.g™ ), Hg.g” )
( Hg.9 ).
the q -3-
( Hog ( mHgg’ )
( ugg’ ) ( Hg.g”
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