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Introduction 

The rapid growth of world population, jointly with better life conditions, caused 

an increasing food request over the last years, also promoted by the latest 

technological improvements which allowed a higher amount of available viands. 

This phenomenon led to a consequent increasing production of waste material 

deriving from the manufacturing processes, of which disposal expenses directly 

encumber on the industries or farmers, and may considerably affect the price of the 

final products.  

 

 

By-products of agroalimentary productions typical of Southern Italy: 

”Ficodindia dell’Etna”, “Fico bianco del Cilento”, “Mandorla di Toritto” and 

“Mandorla d’Avola” , “Pistacchio di Bronte”. 

Southern Italy is characterized by an intensive agricultural manufacture, which 

represents one of the major economic resources. Due to the peculiar climatic 

conditions, as well as to former commercial trades, each region is distinguished for 

its typical products, featured by a remarkable number of varieties, deep-rooted in 

local culinary traditions and also in folklore spectacles.  

Among the umpteen typical productions, mainly represented by fruits and 

vegetables, noteworthy are “Ficodindia dell’Etna” (Opuntia ficus indica Mill.), 

“Fico bianco del Cilento” (Ficus carica L.), “Mandorla di Toritto” and “Mandorla 

d’Avola” (Prunus dulcis Mill.), “Pistacchio di Bronte” (Pistacia vera L.). 

 

“Ficodindia dell’Etna”. 

Such denomination refers to 

three of the most widespread 

nopal cactus varieties cultivated in Sicily, which are “Sulfarina”, 

“Muscaredda” and “Sanguigna”, differentiated by the color of their fruits, 
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yellow, white and red, respectively, awarded with the Protected Designation 

of Origin (PDO) label in 2003. Even if highly adaptable and pervasive, nopal 

cactus found an ideal habitat on Etna vulcan slopes, thanks to the warm 

climate and fertile soil. The fruits are juicy, sweet and larger if compared to 

those obtained elsewhere, this beacause of a process known as “scozzolatura”, 

consisting in chopping off the flowers of the first blooming (falling between 

the end of May and the beginning of June), in order to induce a second 

blooming (falling during August) affording larger fruits available during the 

winter. 

Prickly pears are mostly consumed fresh, sometimes dried, but also employed 

for the production of juices, jams and liquors.  

 

“Fico bianco del Cilento”. 

Achieving the Protected 

Designation of Origin 

(PDO) in 2006, the fig 

variety Dottato is cultivated in the Cilento area, which represents the 

Southern part of Campania region. It shows a smaller size if compared to the 

common red fig, and even if the external peel appears green as usual for the 

red variety, the internal edible part is light brown, converging to white, 

feature responsible of its denomination (“bianco”, which in Italian means 

white).  

Generally figs are consumed fresh or dried, or used for the production of 

marmelade; in Cilento area this peculiar fig variety is mostly employed sun-

dried, prior peel, for the production of traditional preparations, like the 

“Capocollo di fichi”, consisting in several dried figs pressed to form a 

cylinder reminescent of the homonymic sausage, or to produce dried fig 
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skewers by tucking them on wooden sticks and occasionally covered with 

bitter chocolate.  

 

“Mandorla di Toritto” and 

“Mandorla d’Avola”. The 

two most renowned 

almond breeds in Italy. 

The former is represented by the cultivar Filippo Cea, of which still subsists 

the mother plant, and is cultivated in the outskirts of Toritto, a small city 

located in the central area of Apulia region. The latter is cultivated in the 

most Southern area of Sicilia region, close to Avola city, and is represented 

by the cultivars Fascionello, Pizzuta and Romana. Although growing in the 

meridional area of the Italian boot, their harvesting periods are rather 

different, since in Apulia almonds are collected in late August or September, 

while in Sicily harvesting occurs in June; such difference might be due to the 

different climatic conditions. Even if they are often consumed as they are, 

fresh or roasted, these almond varieties are plenty employed in confectionery 

and pastry, more in industrial processes than in homemade preparations. 

 

“Pistacchio verde di 

Bronte”. Probably the 

most appreciated 

pistachio in Italy, the 

variety Napoletana is cultivated on the Western slopes of Etna vulcan, in the 

cities of Bronte, Adrano and Biancavilla, and was awarded in 2009 with the 

Protected Designation of Origin (PDO) label, characterized by rich aroma 

and flavor, an intense green color of the seed and a lively violet color of the 

integument. It is a very profitable economic source, so that it is called “green 
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gold” by the local farmers, since its cultivation generates a profit of more 

than 20 millions euro/production year, with the trees fruiting occurring in 

alternating years.  

Even if widely consumed fresh, or better roasted and salted, pistachios 

represent the main ingredient of numerous typical desserts, especially 

Sicilian, and thanks to the recent food trends they are more and more 

employed in cookery for the preparation of innovative dishes. 

 

The above mentioned agroalimentary products are part of the local culinary 

traditions of Southern Italy, and play a key role in the economic maintenance of 

agricultural companies and farmers. Their peculiar features, like their taste and 

flavor, made them to be widely known all over the Italian territory; in addition, 

international trades allowed these products to be experienced abroad. Thus, over 

the last years it has been attended to a growing demand of such products on the 

national and international markets, in particular by food industries, where they are 

mainly employed for mass productions. This resulted in the yield of a considerable 

amount of collateral waste material with no commercial value, of which disposal 

costs encumber on companies and farmers, and therefore affecting the price of the 

finished products. 

Moreover, even if much is known about their nutritional properties and benefits 

exerted on human health, a lack of information about their metabolome still persists 

in some cases. A deeper knowledge of their chemical composition may give rise to 

a higher value, asserting the quality of the “Made in Italy” brand and supporting 

these products in the treacherous struggle against uncontrolled importations from 

non-European countries, which threaten local economy because of lower prices 

often associated to lower quality, as well as representing a potential risk for the 

health of consumers due to not exhaustive inspections. 
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Furthermore, in the frame of a “green economy” development, aiming at 

awarding an economic value and reducing, or even better nullifying their disposal 

costs, research has payed great attention to agricultural industry wastes, focusing 

on the main vegetable and fruit manufacturing by-products. They might be 

employed for several secondary scopes, like animal fodder or as compost, as well 

as for the production of bio-fuel.  

In particular, the leaves of the “Fico bianco del Cilento”, the early flowers of the 

“Ficodindia dell’Etna”, the leaves, husks and shells of the “Mandorla di Toritto”, 

“Mandorla d’Avola” and “Pistacchio di Bronte” have no useful applications, albeit 

in the past years several attempts assayed to find out secondary scopes for these 

biomasses. 

Main target of the present PhD project was to define the metabolome of the main 

by-products, and edible parts in certain cases, of the selected agroalimentary 

productions, focusing the attention on valorizing waste materials as potential 

sources of bioactives, pointing out their perspective employment in nutraceutics, 

for the production of dietary supplements, in cosmetics, for the manufacture of 

formulations possessing peculiar properties, or even in medical therapies, for the 

treatment of diseases related to certain onset conditions like oxidative stress.  

Particularly, the targets achieved during the PhD are the following: 

- chemical profile definition of the different parts of the selected plant species 

Opuntia ficus indica Mill. cv. Sulfarina, Ficus carica L. cv. Dottato, Prunus 

dulcis Mill. cvs. Filippo Cea, Fascionello, Pizzuta, Romana and Pistacia vera L. 

cv. Napoletana; 

- development of methods for qualitative and quantitative analysis of extracts 

obtained from the different parts of the selected plant species; 

- preliminary evaluation of the obtained extracts bioactivity, focusing the attention 

on the antioxidant properties. 
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Experimental plan 

 

Extraction of the selected plant parts 

Due to the countless typologies of metabolites found in plant tissues, the choice 

of an extraction method is a critical step for the subsequent analyses. Many are the 

parameters that must be considered, such as solvent polarity, extraction time, 

temperature, solvent/drug ratio and the extraction mechanisms. In particular, the 

most appropriate solvent must be chosen according to the targeted metabolites 

planned to be extracted and investigated. Moreover, a further issue to be considered 

is the environmental impact of the selected chemicals, because of the pollution 

related to their production and disposal. Therefore, targeted extraction protocols 

were developed for each plant material, by employing standard laboratory methods, 

as well as traditional homemade processes by using “eco-friendly” solvents, in the 

frame of a “green” and sustainable research. 

 

Qualitative and quantitative analysis 

 Aiming at defining their chemical composition, the sundry typologies of 

extracts obtained from the different parts of the investigated plant species were 

explored by liquid chromatography coupled to mass spectrometry (LC-MS), 

following an untargeted metabolomics approach. LC-MS proved over the last years 

to be a powerful tool in phytochemistry and food chemistry, able to detect in a single 

analysis a high number of metabolites of a plant matrix; furthermore, structural 

information can be achieved by performing appropriate fragmentation experiments. 

Best results are obtained by employing modern Ultra High Pressure Liquid 

Chromatographs (UHPLC) coupled to ElectroSpray Ionization sources (ESI) with 

multicollisional Ion Traps (IT) or Quadrupole-Time of Flight (QToF) analyzers, 

resulting in a quick separation, fragmentation and detection of a wide range of 

analytes. The above mentioned analyzers are able to perform tandem mass 
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spectrometry experiments, enhancing the number of obtained information as well 

as to determine the accurate mass of the detected ions with a higher reliability, if 

compared to instruments of past generations. Hence, in accordance to this, high 

resolution mass spectrometers (QToF and Orbitrap) were employed. 

However, for an irrefutably structural characterization of the main constituents, 

in most cases crude extracts were submitted to sequential fractionating steps, 

selected according to the complexity and the chemical characteristics of the 

extracts, and to the compounds of interest as well. Mainly preparative and semi-

preparative techniques were approached, sometimes preceded by clean-up 

operations, exploiting their capability to lead to a rapid isolation of pure 

compounds. 

Structural elucidation of isolated compounds was principally performed by 

NMR spectroscopy and mass spectrometry. 

NMR spectroscopy showed to be an essential analytical method for an 

unambiguous structural elucidation of small molecules, also because of the broad 

selection of available experiments, able to return a very high amount of structural 

information. In particular, monodimensional experiments (1H-NMR) were 

performed to achieve preliminary information, plenty satisfactory to assess the class 

of the analyzed molecules; subsequently, two-dimensional experiments were 

carried out in order to acquire heteronuclear spectra (HMBC, HSQC), to identify 

the molecule functional groups and moieties, together with scalar coupling 

homonuclear spectra (COSY), to establish the spin systems.  

In addition, for a further confirmation of the assigned identities, the characterized 

molecules were analyzed by high resolution mass spectrometry experiments with 

direct injection in the ESI source (ESI/HRMS/MS), to determine their accurate 

mass and evaluate the matching of their fragmentation patterns with the attributed 

structure.       
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Along with Liquid Chromatography (LC), Gas Chromatography (GC) proved to be 

a versatile analytical method in phytochemical and food analysis, as well as in 

cosmetic, pharmaceutical and environmental fields, thanks to its capacity to 

separate in very short times a huge number of molecules; such capacity has 

improved after the introduction of capillary columns, leading to a High Resolution 

Gas Chromatography (HRGC). Usually gaschromatographs are coupled to 

universal or selective detectors, like Flame Ionization Detector (FID) and Electron 

Capture Detector (ECD), respectively, but for more advanced applications mass 

spectrometers are employed, especially in food quality and environmental controls. 

According to these considerations, GC-FID was used to investigate the non-

polar fraction of the edible parts of selected plant species, due to the reduced 

analysis times if compared to its liquid counterpart and the uncomplete 

appropriateness of this last method. The analyses were carried out adopting a 

targeted approach, aimed at the identification of specific metabolites, easily 

detected by FID and identified by comparison with reference standards. 

Where possible, quantitative analyses were performed after metabolite profiling 

analyses. For the polar identified metabolites, quantification was carried out by LC-

ESI/QTrap/MS/MS experiments by a Multiple Reaction Monitoring (MRM) 

approach, a very selective mass tandem experiment; on the other hand, non-polar 

constituents were quantified by GC-FID experiments on the basis of the peak areas 

using integration data.  

 

Evaluation of antioxidant activity of the selected plant extracts 

Aiming at valorizing by-products as a potential source of bioactives to be 

employed for secondary scopes, like nutraceutics and cosmetics, preliminary 

chemical assays were carried out on the obtained extracts, in order to assess 

eventual properties of interest, focusing the attention on highlighting their 

antioxidant activity. Therefore, the total phenolic content was determined at first, 
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by performing the Folin-Ciocalteu assay. Successively, on the basis of the obtained 

results, radical scavenging activity was evaluated by performing DPPH∙ and 

ABTS•+ assays.   
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1.1 Introduction 

Nopal cactus (Opuntia ficus indica Mill.) is a Cactacea native of Mexico, widely 

spread all over the world thanks to its capability to adapt itself to almost all types 

of climates. The stem is constituted by several cladodes covered by thorns, which 

are structurally modified leaves. During the blooming period, yellow flowers 

appear on the cladodes, successively producing the fruits commonly named prickly 

pears. These are juicy and sweet, and of various colours depending on the different 

varieties.  

A noteworthy application of nopal cactus plantations is the breeding of 

Dactylopius coccus, a scale insect better known as cochineal, employed for the 

production of a red pigment identified with the label E120, and approved by Food 

and Drug Administration (FDA) as food colorant thanks to its safety for human 

consumption. 

 However, the main purpose of its extensive cultivation, even if spontaneous, is 

the production of the sweet and juicy fruits, consumed mostly fresh, very 

appreciated by the local population and deep-rooted in the traditional cookery for 

the manufacture of jams and juices. In Sicily three are the main cultivars: Sulfarina, 

Sanguigna and Muscaredda, characterized by yellow-orange, red and white colored 

berries, respectively; thanks to their unique taste and flavor, probably due to the 

peculiar climate and the growing location, such cvs. were awarded with the 

Protected Designation of Origin (PDO) label, and named “Ficodindia dell’Etna”. 

 The natural blooming period occurs starting from the last decade of May till the 

first half of June, leading to the production during August of fruits named 

“Agostani”. Nevertheless, the number and the size of such fruits are trifling. To 

overcome these problems, in Sicily local farmers perform a technique named 

“scozzolatura”, consisting in chopping off the flowers of the first blooming period, 

to induce a second and more abundant blooming in August, returning a higher 

number of fruits available in winter, characterized by a bigger size, named 
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“Bastardoni”. Notwithstanding, the “scozzolatura” technique clearly shows a 

disadvantage: the plant wastes generated by this process, represented by the 

chopped off flowers, must be disposed of, resulting in additional costs for the 

producers.  

The flowers are used in traditional medicine as infusions for their depurative and 

diuretic effects, as well as in the treatment of urological affections and kidney 

colics, and also for their ability to promote renal calculus expulsion (Pitrè G., 1949). 

Moreover, flowers showed to possess antimicrobial activity and wound healing 

properties (1Ammar et al., 2015). 

Although the metabolite profile of O. ficus indica flowers has been already 

explored, most part of the existing reports focused the attention on Tunisian, 

Moroccan and Mexican varieties; hence, a lack of information about the Italian 

varieties, especially Sicilian, still persists (2Ammar et al., 2015; Benayada et al., 

2014).  

Therefore, in order to achieve a deepest knowledge about the chemical 

composition of the Sicilian O. ficus indica cv. Sulfarina flowers deriving from the 

first blooming, main by-products of the chopping off process, and to valorize such 

biomass as a potential source of bioactives, the EtOH/H2O extract of the trimmed 

flowers was investigated. 

The phytochemical investigation of the h EtOH/H2O extract of  Sicilian O. ficus 

indica cv. Sulfarina flowers led to the isolation and characterization of two 

phenylbutanoic acids, several flavonoids reported for their antioxidant and 

antinflammatory activities (Pietta P., 2000), and a glycosylated phenolic derivative 

never reported before in Opuntia genus. In this chapter the following topics are 

reported: 

- evaluation of the total phenolic content by Folin-Ciocalteu assay, followed 

by determination of the radical scavenging activity by performing DPPH∙ 

and ABTS•+ assays; 
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- isolation, by chromatographic techniques, and characterization, by NMR 

experiments, of the main constituents detected by LC-

ESI/LTQOrbitrap/MS/MS analyses; 

- quantification of the main constituents by UHPLC-ESI/QTrap/MS/MS 

experiments, exploiting the advantages of the MRM approach. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



________________________________________________________________Chapter 1 

16 
 

Opuntia ficus indica Mill. flowers 

 

The flowers are large and solitary, with a perianth made up of 

spirally arranged yellow-orange tepals.   

 

 

1.2 Results and discussion 

1.2.1 Antioxidant activity and LC-ESI/LTQOrbitrap/MS/MS analysis 

To evaluate the phenolic content of the EtOH/H2O extract of the Sicilian nopal 

cactus flowers, Folin-Ciocalteu assay was performed. The results showed a 

phenolic content of 246.24 ± 4.17 mg GAE/g of dried extract. Successively, on the 

basis of the obtained promising results, the radical scavenging activity of the extract 

was tested by DPPH∙ (IC50 = 88.51± 2.11 μg/mL) and ABTS•+ (TEAC value = 1.54 

mM ± 0.09) assays. 

On the basis of the preliminary assays results, with the aim of correlating the 

phenolic content and the antioxidant activity with the chemical composition of the 

tested EtOH/H2O extract, a LC-ESI/HRMS/MS analysis was carried out to achieve 

a first overview on the chemical composition of the extract. In particular, a high 

performance liquid chromatograph coupled to a linear ion-trap and a high resolution 

analyzer, with electrospray ionization source, was employed. Experiments were 

performed in negative ion mode and in data dependent scan mode, in which the 

most intense peaks in the LC-MS spectrum are selected as precursor ions and 

fragmented. 
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Figure 1.1 LC-HRMS profile in negative ion mode of the EtOH/H2O extract of O. ficus indica flowers 

The LC-HRMS/MS spectrum analysis of the EtOH/H2O extract showed peaks 

with m/z values ascribable to phenolics, with fragmentation patterns typical of 

glycosylated flavonoids (4-12) and phenylbutanoic acids (1-2), as well as a 

glycosylated phenolic derivative (3) (Table 1.1). 

 

Table 1.1 Compounds identified in the EtOH/H2O extract of O. ficus indica flowers 

N° Rt 
Calculated 

Mass 
[M-H]- Δppm MS2(%) 

Molecular 

Formula 
Compound 

1 11.9 256.0583 255.0508 1.68 
209(5), 193(30), 

179(12), 

165(100) 

C11H12O7 piscidic acid2 

2 18.68 240.0633 239.0561 1.70 

221(24), 
195(20), 

179(100), 

177(71), 
149(64) 

C11H12O6 eucomic acid2 

3 19.04 330.0950 375.08941 1.69 
329(100), 

167(21) 
C14H18O9 woodorien2 

4 28.2 770.2269 769.2201 1.05 

605(75), 

315(50), 
314(100) 

C34H42O20 

isorhamnetin-3-O-β-
D-(di-2'',6''-α-L-

rhamnosyl)-

glucopyranoside2 

5 29.59 610.1533 609.1467 1.82 
301(100), 

300(41) 
C27H30O16 

quercetin-3-O-β-D-

rutinoside 2 

6 30.85 464.0954 463.0881 1.30 
301(100), 

300(54) 
C21H20O12 

quercetin-3-O-β-D-

galactopyranoside2 

7 31.17 464.0954 463.0883 1.75 
301(100), 

300(46) 
C21H20O12 

quercetin-3-O-β-D-

glucopyranoside2 

8 32.25 624.1690 623.1620 1.22 
315(100), 

300(24) 
C28H32O16 

isorhamnetin-3-O-β-

D-robinobioside2 
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9 32.62 594.1584 593.1513 1.27 285(100) C27H30O15 
kaempferol-3-O-β-D-

rutinoside2 

10 32.81 624.1690 623.1621 1.20 
315(100), 

300(27) 
C28H32O16 

isorhamnetin-3-O-β-

D-rutinoside2 

11 33.83 478.1111 477.1034 1.54 

357(22), 

315(34), 

314(100) 

C22H22O12 
isorhamnetin-3-O-β-

D-galactopyranoside2 

12 34.34 478.1111 477.1031 1.52 

357(19), 

315(32), 

314(100) 

C22H22O12 
isorhamnetin-3-O-β-

D-glucopyranoside2 

1Observed as formate adduct. 2 The identification of this compound was corroborated by isolation and NMR spectra 

analysis 

 

 

1.2.2 Isolation and characterization of phenolics from the EtOH/H2O extract of 

O. ficus indica flowers 

With the aim to univocally identify the detected compounds, the EtOH/H2O 

extract was submitted to purification by size-exclusion chromatography, the 

profiles of the collected fractions were monitored by Thin Layer Chromatography 

(TLC) and further purified by Revrese Phase High Pressure Liquid 

Chromatography with Refractive Index detector (RP-HPLC-RI), yielding two 

phenylbutirric acids (1, 2), one glycosylated phenol (3) and nine glycosylated 

flavonoids (4-12). The structural elucidation of the isolated compounds was carried 

out by comparing their experimental NMR spectroscopic data with literature (Jiang 

et al., 2002; Maier et al., 2015; Xu et al., 1993; Kazuma et al., 2003); moreover, as 

confirmation of the assigned identity, ESI/HRMS experiments were performed to 

determine the accurate masses, as well as ESI/HRMS/MS experiments to acquire 

the fragmentation spectra of each isolated compound. 

On the basis of the information obtained from the performed experiments, it was 

possible to identify the isolated flavonoids as isorhamnetin 3-O-(di-2'',6''-O-α-L-

rhamnosyl)-β-D-glucopyranoside (4), quercetin 3-O-β-D-rutinoside (5), quercetin 

3-O-β-D-galactopyranoside (6), quercetin 3-O-β-D-glucopyranoside (7), 

isorhamnetin 3-O-β-D-robinobioside (8), kaempferol 3-O-β-D-rutinoside (9), 

isorhamnetin 3-O-β-D-rutinoside (10), isorhamnetin 3-O-β-D-galactopyranoside 

(11) and isorhamnetin 3-O-β-D-glucopyranoside (12) (Fig. 1.1).  
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Flavonoids are widespread in plant kingdom, playing a key role in several 

mechanisms like phytoalexins, inhibiting the growth of pathogenic microrganisms, 

seed germination, promoting buds sprouting, UV-filters, protecting the plant from 

dangerous radiations, and pollinators attractants, promoting seeds dispersion 

operated by lured insects or animals (Amalesh et al., 2011). This phenolic 

phytoconstituents are daily assimilated through diet, and a growing number of 

scientific reports highlighted their beneficial effects exerted on human health, 

mainly due to their antioxidant properties, accountable of inhibiting lipid 

peroxidation and as consequence counteracting atherosclerosis origination; 

moreover, flavonoids proved to be strong radical scavengers, useful to prevent 

potential damages originated by oxidative stress events (Atmani et al., 2009), as 

demonstarted by in vitro and in vivo tests, highlighting their capacity to prevent cell 

damage induced by free radicals, as well as to prevent the onset of several hearth 

diseases (Matias et al., 2014; Pietta P., 2000). Moreover, some flavonoids showed 

to possess antimicrobial activity against Staphylococcus, Streptococcus and 

Pseudomonas species, and promising anticancer properties too (Cushnie et al., 

2005; Kandaswami et al., 2005). 



________________________________________________________________Chapter 1 

20 
 

 

Figure 1.1 Compounds isolated from the EtOH:H2O extract of O. ficus indica flowers 

 

The occurrence of flavonoids in the flowers of the Sicilian nopal cactus may 

suggest their potential employment in the production of dietary supplements, with 

remarkable benefits for human health, or in the manufacture of cosmetic 

formulations rich in phenolics, able to counteract skin damage induced by oxidative 

agents. However, the listed flavonoids have been exhaustively reported in the 

flowers of the Tunisian and Portuguese varieties of O. ficus indica, with the only 
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exception of compound 4, exclusively reported in the cladodes, evidencing a 

persisting lack of information about the metabolite profile of varieties originating 

from different areas (2Ammar et al., 2015; De Leo et al., 2010).  

Besides flavonoids, a glycosylated phenolic compound was isolated and 

identified as 3-O-(β-D-glucopyranosyloxy)-4-hydroxybenzoic acid methyl ester, 

most commonly known as woodorien (3), named after the plant species 

Woodwardia orientalis, from which it was firstly isolated and identified (Xu et al., 

1993). It showed a noteworthy in vitro activity against herpes simplex virus 1 

(HSV-1), suggesting a potential employment of O. ficus indica flowers for the 

treatment of Herpes labialis, better known as cold sores, reducing the recovery 

period usually lasting 10 days. Moreover, to the best of our knowledge, woodorien 

(3) has never been reported before in Opuntia species (Xu et al., 1993). 

Finally, the purification of the EtOH:H2O extract of O. ficus indica cv. Sulfarina 

flowers led to the isolation of two phenylbutirric acid derivatives, identified as 

piscidic acid (1) and eucomic acid (2). For both compounds in vitro interesting 

antinflammatory activity, in particular against intestinal inflammatory states, has 

been reported (Simmler et al., 2011). In addition, for piscidic acid (1) antioxidant 

activity, mainly due to its capacity to chelate iron, has been demonstrated (Mata et 

al., 2016).  

Below the structural elucidation of compounds 1 and 2 by interpretation of their 

1H-NMR (Fig. 1.2 for 1, Fig. 1.5 for 2), HSQC (Fig. 1.3 for 1, Fig. 1.6 for 2) and 

HMBC (Fig. 1.4 for 1, Fig. 1.7 for 2) spectra will be briefly discussed. 

The 1H-NMR spectrum of compound 1 (Fig. 1.2) showed two signals at δ 6.67 

(d, J = 8.6 Hz) and 7.11 (d, J = 8.6 Hz), attributed respectively to H-3,5 and H-2,6 

of a 1,4-disubstituted aromatic ring. Moreover, a signal at δ 4.32 (s), and two signals 

at δ 3.00 (d, J = 14.2 Hz) and 3.03 (d, J = 14.2 Hz) typical of geminal protons, were 

evident. The signal at δ 4.32 exhibited in the HMBC spectrum (Fig. 1.4) a 

correlation with the carbon resonances at δ 42.3 (C-7), at δ 174.6 (C-10) and 175.3 
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(C-11), and at δ 81.3 (C-8); this last one also showed HMBC correlations with the 

proton signals at δ 3.00 (d, J = 14.2 Hz) and 3.03 (d, J = 14.2 Hz), attributed to H2-

7, and the signals at δ 7.11 (d, J = 8.6 Hz) attributed to H-2,6. Thus, the structure of 

compound 1 was identified as piscidic acid (Maier et al., 2015). 

 

 

Figure 1.2 1H-NMR spectrum of compound 1 

 

 

 

Figure 1.3 HSQC spectrum of compound 1 
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Figure 1.4 HMBC spectrum of compound 1 

 

In the 1H-NMR spectrum of compound 2 (Fig. 1.5) signals ascribable to H-2,6 

at δ 7.11 (d, J = 8.6 Hz), to H-3,5 at δ 6.67 (d, J = 8.6 Hz) and to H2-7 at δ 2.81 (d, 

J = 11.2 Hz) and 3.18 (d, J = 11.2 Hz) were once again observed; two signals 

ascribable to H2-9 at δ 2.64 (d, J = 13.2 Hz) and at δ 2.93 (d, J = 13.2 Hz) showed 

in the HMBC spectrum (Fig. 1.7) correlations with the carbon resonances at δ 45.2 

(C-7), 76.2 (C-8) 177.1 (C-10) and 180.3 (C-11). On the basis of the above 

evidences compound 2 was identified as eucomic acid (Simmler et al., 2011). 
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Figure 1.5 1H-NMR spectrum of compound 2 

 

 

 

 

Figure 1.6 HSQC spectrum of compound 2 
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Figure 1.7 HMBC spectrum of compound 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.2 1H (600 MHz) and 13C (150 MHz) NMR spectral data of compounds 

1 and 2  

 1 2 

 C H (J in Hz) C H (J in Hz) 

1 128.2 - 128.3 - 

2 131.3 7.11, d(8.6) 131.3 7.11, d(8.6) 

3 115.1 6.67, d(8.6) 115.2 6.67, d(8.6) 

4 157.6 - 157.5 - 

5 115.1 6.67, d(8.6) 115.2 6.67, d(8.6) 

6 131.3 7.11, d(8.6) 131.3 7.11, d(8.6) 

7 42.3 3.00, d(14.2) 

3.03, d(14.2) 

45.2 2.81, d(11.2) 

3.18, d(11.2) 

8 81.3 - 76.2 - 

9 76.1 4.32, s 44.1 2.64, d(13.2) 

2.93, d(13.2) 

10-COOH 174.6 - 177.1 - 

11-COOH 175.3 - 180.3 - 

In MeOH-d4 
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1.2.3 Quantitative analysis of the EtOH:H2O extract of O. ficus indica Mill. cv. 

Sulfarina flowers 

To evaluate the content of the major constituents identified in the EtOH:H2O 

extract of the Sicilian nopal cactus flowers, a quantitative analysis was performed 

by UHPLC-ESI/QTrap/MS/MS experiments by a MRM approach.  

To achieve accurate results, a UHPLC-ESI/QTrap/MS/MS method was 

developed; standard solutions of the compounds of interest were submitted to 

ESI/MS and ESI/MS/MS experiments by direct infusion in the ESI source of the 

mass spectrometer, and the main transitions observed during the MS/MS analyses 

were used to optimize the instrument tuning settings for each analyzed standard, 

allowing to develop a selective MRM method (Table 1.3). Successively, standard 

solutions were used to produce standard mixtures at different concentrations, and 

analyzed by LC-ESI/MS/MS experiments in order to assess the calibration curves 

for each compound of interest. The results were expressed as mean of three 

experiments, and the calibration curves were generated by plotting the peaks areas 

in function of the reported concentrations. Finally, a diluted solution of the 

EtOH:H2O extract was analyzed in triplicate in the same operating conditions.  

 
Table 1.3  Instrument settings used for the quantitative analysis of the major compounds of O. ficus indica 

flowers EtHO:H2O extract 

Compound [M-H]- MS/MS DP EP CE CXP 

piscidic acid (1) 255 165 -70 V -8 V -30 V -16 V 

eucomic acid (2) 239 149 -70 V -8 V -30 V -16 V 

quercetin 3-O-β-D-rutinoside (5) 609 301 -45 V -9.4 V -40 V -37 V 

quercetin 3-O-β-D-

galactopyranoside (6) 
463 301 -167 V -11 V -30 V -37 V 

quercetin 3-O-β-D-

glucopyranoside (7) 
463 301 -167 V -11 V -30 V -37 V 

isorhamnetin-3-O-β-D-

robinobioside (8) 
623 313.9 -165 V -12 V -35 V -37 V 

isorhamnetin 3-O-β-D-rutinoside 

(10) 
623 313.9 -165 V -12 V -35 V -37 V 

isorhamnetin 3-O-β-D-

galactopyranoside (11) 
477 313.9 -165 V -12 V -35 V -37 V 

isorhmanetin 3-O-β-D-

glucopyranoside (12) 
477 313.9 -165 V -12 V -35 V -37 V 

 DP Declustering Potential, EP Entrance Potential, CE Collision Energy, CXP Collision Cell Exit Potential 
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To ensure a correct workflow, along with the reproducibility of the experiments 

and of the obtained results, the UHPLC-ESI/QTrap/MS/MS method employed for 

the quantitative analyses was validated according to the European Medicine 

Agency guidelines (EMA Quality guidelines ICH Q2). In particular, all 

experiments were performed in triplicate; accuracy was determined by analyzing 

random standard solutions after calibration curves were assessed, while precision 

was evaluated by analyzing the same concentration in standard in triplicate, and 

repeating the experiments in different days. Moreover, a satisfactory linearity was 

observed in the quantification concentrations range of all the analytes, with a 

correlation coefficient (R2) between 0.995 and 0.999 (Table 1.4).  

 

Table 1.4 Quantitative data of O. ficus indica flowers EtOH:H2O extract, (MRM, negative ion mode). Five-

point calibration, with nine standards. LOQ (Limit of quantification) and LOD (Limit of detection) 

expressed as ng/mL 

Compound R2 Regression line 
LOQ 

(ng/mL) 

LOD 

(ng/mL) 

piscidic acid (1) 0.9989 y=590x-10100 16.0 3.0 

eucomic acid (2) 0.9994 y=342x+603 19.0 4.0 

quercetin 3-O-β-D-rutinoside (5) 0.9995 y=1420x-14900 16.0 2.0 

quercetin 3-O-β-D-galactopyranoside (6) 0.9993 y=541x+18000 15.0 4.0 

quercetin 3-O-β-D-glucopyranoside (7) 0.9993 y=541x+18000 16.0 3.0 

isorhamnetin-3-O-β-D-robinobioside (8) 0.9950 y=1250x-10000 21.0 5.5 

isorhamnetin 3-O-β-D-rutinoside (10) 0.9996 y=786x-6410 12.0 2.0 

isorhamnetin 3-O-β-D-galactopyranoside (11) 0.9991 y=5060x+9550 11.0 2.5 

isorhmanetin 3-O-β-D-glucopyranoside (12) 0.9987 y=5400x +31600 12.0 2.5 

 

The obtained results (Table 1.5) highlighted the EtOH:H2O extract of O. ficus 

indica flowers as a rich source of phenolics reported for their antioxidant and 

antinflammatory properties; in particular, piscidic acid (1) and eucomic acid (2) 

resulted among the most abundant constituents, while isorhamnetin 3-O-β-D-

robinobioside (8), also known as narcissin and extensively reported for its radical 

scavenging activity, resulted the most abundant flavonoid (Hyun et al., 2006).  

These promising results suggested a potential use of the EtOH:H2O extract for 

applications in cosmetics and nutraceutics.  



________________________________________________________________Chapter 1 

28 
 

 

1.3 Conclusions 

The EtOH:H2O extract of Opuntia ficus indica Mill. cv. Sulfarina flowers 

showed to possess a considerable phenolic content, and a noteworthy antioxidant 

activity as well. The LC-ESI/LTQOrbitrap/MS/MS analysis evidenced the 

occurrence of phenolics, mainly represented by glycosylated flavonoids and 

phenylbutanoic acids, together with a minor glycosylated phenolic derivative. The 

subsequent multiple-steps purification of the crude extract confirmed the results 

obtained from the LC-HRMS/MS analysis, leading to the isolation of two 

phenylbutanoic acids, namely piscidic acid (1) and eucomic acid (2), reported for 

their antinflammatory properties (Simmler et al., 2011), a glycosylated phenol 

known as woodorien (3), with interesting anti-HSV-1 activity, and nine flavonoids 

with different glycosylation levels. Quantitative analyses carried out by UHPLC-

ESI/QTrap/MS/MS experiments confirmed the EtOH:H2O extract of the Sicilian 

nopal cactus flowers as a source of phenolics with renowned antioxidant properties.  

 

 

 

 

Table 1.5 Concentrations (μg/mg of dried extract) of the major compounds identified in the flowers 

extract of O. ficus indica obtained by employing an UHPLC system coupled to a Sciex (Foster City, 

CA, USA) 6500 Q-Trap instrument. 

Compound 

  

Concentration 

  

SD 

piscidic acid (1)  30.7  ± 1.28 

eucomic acid (2)  36.55  ± 0.84 

quercetin 3-O-β-D-rutinoside (5)  22.55  ± 0.61 

quercetin 3-O-β-D-gal (6)  29.65  ± 1.62 

quercetin 3-O-β-D-glc (7)   22.15  ± 0.77 

isorhamnetin-3-O-β-D-(6’’-α-L-rha)-gal (8)  36.15  ± 2.16 

isorhamnetin 3-O-β-D-rut (10)  24.5  ± 1.03 

isorhamnetin 3-O-β-D-gal (11)  12.5  ± 0.42 

isorhmanetin 3-O-β-D-glc (12)  17.55  ± 0.68 

Mean in μg/mg of dried extract (n=3). Standard Deviation of three independent experiments. 
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1.4 Experimental section 

 

Plant Material 

EtOH:H2O flowers extract of Opuntia ficus indica cv. Sulfarina was provided by 

Bionap s.r.l. (Belpasso, CT, Italy), stored by arrival at 4°C, until its usage for the 

analyses. 

 

Chromatographic purification 

Column chromatography was performed on Sephadex LH-20 (Pharmacia). HPLC-

RI separations were performed on instrument described in general experimental 

procedures, using a Knauer Eurospher 100-10 C-18 column (300 x 8 mm, 10 μm). 

 

LC-ESI/LTQOrbitrap/MS/MS and LC-ESI/LTQOrbitrap/MS procedures 

LC-HRMS experiments were carried out on instrument reported in general 

experimental procedures. LC separation was performed on a Waters (Milford, MA, 

USA) X-Select RP C18 column (150 mm x 2.1 mm, 3.5 μm), at a flow rate of 0.2 

mL/min. Employed mobile phases were (A) water and (B) acetonitrile, both 

acidified at 0.1% formic acid. Elution gradient was: 0 min 5% B (held for 3 

minutes), 28 min 23% B (held for 3 minutes), 52 min 26% B, 77 min 40% B, 82 

min 80% B, 84 min 100% B (held for 6 minutes), returning to strart conditions in 7 

min. Injection volume was 10 μL, keeping the column at room temperature. 

The ESI source parameters were set as following: source voltage at 5.0 kV, 

capillary voltage at -12 V, tube lens offset at -121.47 V, capillary temperature at 

280°C, sheath gas at 30 (arbitrary unit) and auxiliary gas flow at 10 (arbitrary unit).  

 

 

 

 



________________________________________________________________Chapter 1 

30 
 

Isolation 

100 mL of the liquid extract were dried in vacuo; 2.87 g of crude extract were 

obtained. The dried extract was submitted to a liquid/liquid extraction 

(BuOH:H2O), yielding 1.04 g of BuOH extract. Solvent was dried in vacuo and the 

withered extract dissolved in 8 mL of MeOH and fractionated on a Sephadex LH-

20 column (100 x 5 cm), using MeOH as mobile phase, affording 50 fractions (8 

mL each), monitored by TLC. Fractions 15 and 16 (44.9 mg) were 

chromatographed by semipreparative HPLC using MeOH:H2O (2:3) as mobile 

phase (flow rate 2.0 mL/min) to yield compound 3 (0.4 mg, Rt = 14.0 min). 

Fractions 19 and 20 (22.0 mg) were chromatographed by semipreparative HPLC 

using MeOH:H2O (12:13) as mobile phase (flow rate 2.0 mL/min) to yield 

compound 4 (0.5 mg, Rt = 8.4 min). Fractions 22-23 (58.2 mg) were 

chromatographed by semipreparative HPLC using MeOH:H2O (12:13) as mobile 

phase (flow rate 2.0 mL/min) to yield compound 10 (2.3 mg, Rt = 27.0 min). 

Fractions 24-26 (91.7 mg) were chromatographed by semipreparative HPLC using 

MeOH:H2O (12:13) as mobile phase (flow rate 2.0 mL/min) to yield compounds 5 

(5.0 mg, Rt = 18 min), 7 (1.5 mg, Rt = 13.5 min) and 9 (3.3 mg, Rt = 25.1 min). 

Fractions 27 and 28 (25.0 mg) were chromatographed by semipreparative HPLC 

using MeOH:H2O (12:13) as mobile phase (flow rate 2.0 mL/min) to yield 

compound 8 (0.8 mg, Rt = 25.1 min). Fractions 32-33 (15.7 mg) were 

chromatographed by semipreparative HPLC using MeOH:H2O (9:11) as mobile 

phase (flow rate 2.0 mL/min) to yield compounds 11 (0.8 mg, Rt = 31.7 min) and 

12 (0.5 mg, Rt = 31.8 min). Fractions 34-36 (20.2 mg) were chromatographed by 

semipreparative HPLC using MeOH:H2O (2:3) as mobile phase (flow rate 2.0 

mL/min) to yield compounds 1 (1.2 mg, Rt = 8.0 min), 2 (1.1 mg, Rt = 16.0 min) 

and 6 (0.9 mg, Rt = 26.0 min). 
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UHPLC-ESI/QTrap/MS/MS quantitative analysis  

Quantitative analysis was carried out on instrument reported in general 

experimental procedures. LC separation was performed on a Phenomenex 

(Torrance, CA, USA) Luna Omega C18 column (100 x 2.1 mm, 1.6 μm). The 

mobile phases were (A) water and (B) acetonitrile, both acidified at 0.1% formic 

acid. Elution gradient was: 0 min 5% B (held for 0.63 minutes), 9.16 min 23% B 

(held for 0.92 minutes), 18 min 26% B, 25.62 min 40% B, 27.14 min 100% B (held 

for 1.53 minutes), 28.82 min 5% B (held for 1.07 minutes). Source temperature was 

set at 349°C, column temperature was 40°C, flow rate was 0.44 mL/min and 

injection volume 10 μL.      

 

Total Phenolic Content 

As reported in general experimental procedures. 

 

DPPH∙ radical scavenging activity 

As reported in general experimental procedures. 

ABTS•+ radical scavenging activity 

As reported in general experimental procedures. 

 

NMR analysis 

As reported in general experimental procedures. 
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2.1 Introduction 

Among the plant species growing in the Mediterranean basin, common fig (Ficus 

carica L.) certainly is one of the most widespread and characteristic, contributing 

to adorn the Italian landscapes, in particular the meridional coasts. It is a tree 

belonging to the Moraceae family and originating from Anatolia region, plenty 

cultivated for the production of its edible fruits. The part commonly considered to 

be the fruit is named syconium, a fleshy structure representing the inflorescence, 

with numerous little flowers not visible from the outside. They develope a large 

number of little achenes, representing the true fruits and forming an infructescence, 

with a sweet and juicy pulp considered the edible part. Only after ripening, with the 

tearing of the syconium, the flowers become visible. In most cases figs are eaten 

fresh, but often they are air-dried and employed for the manufacturing of traditional 

products. Campania region is famous for typical recipes, as the “fig skewers”, 

prepared by tucking the dried figs on wooden sticks, sometimes stuffed with 

almonds and covered with chocolate. For the preparation of such specialities a 

particular and very appreciated fig variety is employed, named Dottato, cultivated 

in the Cilento area (Salerno district) and characterized by reduced size, bright peel 

and pulp, intense and sweet taste. Due to its features and the cultivation site, this fig 

cultivar has been renamed “Fico bianco del Cilento”, and awarded with the 

Protected Designation of Origin (PDO) label.  

The Ficus leaves found several applications in traditional medicine, in particular 

for treating diabetes, hypertension and to reduce triglycerides levels (Khadabadi et 

al., 2007; Gond et al., 2008; Perez et al., 1998). This evidence suggests the possible 

occurrence of phytochemicals with biological activity, prompting a potential use of 

F. carica leaves in secondary applications. 

The aim of this work was to investigate the chemical composition of F. carica 

cv. Dottato leaves, in order to determine the bioactive constituents and to valorize 

such unexploited resource. In fact, to the best of our knowledge, there is only one 
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study carried out on the Italian cv. Dottato leaves, but originating from Calabria 

(Marrelli et al., 2014), with no information about the metabolite profile of the cv. 

Dottato leaves deriving from “Fico bianco del Cilento” PDO production. 

Therefore, a comprehensive phytochemical investigation was carried out on F. 

carica cv. Dottato leaves “Fico bianco del Cilento” PDO, leading to the 

identification of several coumarins, peculiar constituents of the Ficus genus, minor 

phenolic derivatives and glycosylated flavonoids, both O- and C-glycosylated. In 

the present chapter, the following topics will be described: 

- isolation and characterization by 1D and 2D NMR experiments of the main 

constituents detected in the LC-ESI/LTQOrbitrap/MS/MS experiments; 

- comparison of different extracts by LC-ESI/LTQOrbitrap/MS experiments; 

- evaluation of the total phenolic content and radical scavenging activity of 

the prepared extracts.   
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Ficus carica L. leaves 

 

The wide and thick leaves are deeply lobed with 3 or 5 

lobes, with a dark green color and characterized by a 

peculiar fragrance. 

  

2.2 Results and discussion 

2.2.1 LC-ESI/LTQOrbitrap/MS/MS metabolite profiling of the MeOH extract of 

F. carica cv. Dottato leaves 

The MeOH extract of F. carica cv. Dottato leaves was submitted to LC-

ESI/LTQOrbitrap/MS/MS experiments in negative ion mode to achieve 

preliminary information about its chemical composition. The LC-HRMS profile 

(Fig. 2.1) exhibited several peaks whose accurate m/z values allowed the 

assignment of their molecular formula (Table 2.1). The analysis of the 

fragmentation pattern produced in LC-HRMS/MS experiments from each peak and 

the comparison of mass data with online databases and literature, permitted to 

putatively identify most of peaks as belonging to four main metabolite classes, i. e. 

C-glycosylated (5, 8, 11, 12, 16) and O-glycosylated flavonoids (18, 21, 23, 24, 29), 

phenolic derivatives (1-3, 9, 27) and coumarin derivatives (6, 7, 10, 13-15, 17, 19, 

20, 22, 25, 26, 28, 30-32) (Table 2.1).  
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Figure 2.1 LC-HRMS profile in negative ion mode of the MeOH extract of F. carica cv. Dottato leaves 

 

 
Table 2.1 Compounds identified and putatively identified in the MeOH extract of F. carica cv. Dottato leaves 

N° Rt 
Calculated 

Mass 
[M-H]- Δppm MS2(%) 

Molecular 

Formula 
Compound 

1 3.81 286.0688 285.0622 0.54 
153(100), 152(29), 

109(12) 
C12H14O8 

dihydroxybenzoic acid 

pentoside 

2 4.3 418.1111 417.1043 1.32 
285(41), 241(100), 
199(23), 153(40) 

C17H22O12 
dihydroxybenzoic acid 

dipentoside 

3 4.58 354.0970 353.0890 1.62 
191(100), 179(18), 

173(23) 
C16H18O9 3-O-caffeoylquinic acid 

4 5.5  387.0690  
387(100), 365(52), 

225(39) 
 unknown 

5 5.87 580.1428 579.1339 1.65 

561(18), 519(17), 

489(100), 459(97), 

399(37), 369(32) 

C26H28O15 
luteolin C-hexoside C-

pentoside 

6 6.03 366.0950 365.0869 0.32 203(100), 159(32) C17H18O9 psoralic acid1 

7 6.21 396.1056 395.0971 0.90 
233(61), 201(100), 

189(19) 
C18H20O10 

3-[5-(β-D-

glucopyranosyloxy)-7-
methoxy-6-benzofuranyl]-

(2Z)-2-propenoic acid1 

8 6.6 564.1479 563.1391 1.30 

545(22), 503(36), 

473(84), 443(100), 

383(29), 353(43) 

C26H28O14 
apigenin C-hexoside C-

pentoside 

9 6.74 296.0532 295.0463 0.66 
179(100), 133(68), 

115(10) 
C13H12O8 caffeoylmalic acid 

10 6.78 364.0794 409.0766 1.47 363(8), 201(100) C17H16O9 bergaprol hexoside  

11 7.07 564.1479 563.1394 0.62 
545(15), 503(21), 

473(100), 443(81), 

383(49), 353(58) 

C26H28O14 
apigenin C-hexoside C-

pentoside 

12 7.07 448.1005 447.0919 0.32 357(56), 327(100) C21H20O11 luteolin C-hexoside 

13 7.26 410.0849 409.0766 0.48 363(9), 201(100) C18H18O11 bergaprol hexoside 

14 7.39 368.11073 367.1026 0.55 205(100), 161(12) C17H20O9 

5-(β-D-glucopyranosyloxy)- 

6-benzofuranpropanoic acid1 



________________________________________________________________Chapter 2 

41 
 

15 7.73 162.0316 161.0249 1.63 117(100) C9H6O3 umbrelliferone1 

16 7.88 432.1056 431.0972 0.85 341(7), 311(100) C21H20O10 apigenin C-hexoside 

17 7.95 366.0950 365.0868 1.58 203(100), 159(12) C17H18O9 isopsoralic acid1 

18 8.05 610.1533 609.1445 1.21 301(100) C27H30O16 

quercetin 3-O-β-D-

rutinoside1 

19 8.06 204.0422 203.0354 1.56 159(100) C11H8O4 

3-(6-hydroxy-5-

benzofuranyl)-(E)-2-

propenoic acid1 

20 8.5 396.1056 395.0974 0.22 233(100), 189(11) C18H20O10 

3-[5-(β-D-
glucopyranosyloxy)-7-

methoxy-6-benzofuranyl]-

(2E)-2-propenoic acid1 

21 8.58 464.0954 463.0864 1.62 
301(100), 300(26), 

255(12) 
C21H20O12 

quercetin 3-O-β-D-

glucopyranoside1 

22 8.7 408.1420 407.1333 1.52 227(100) C20H24O9 marmesinin 

23 9.05 594.1584 593.1494 1.20 285(100) C27H30O15 kaempferol O-rutinoside 

24 9.55 448.1005 447.0917 1.04 285(100), 284(51) C21H20O11 kaempferol O-hexoside 

25 9.74 428.1318 427.1234 0.69 
381(100), 219(92), 

187(26) 
C19H24O11 

benzofuranpropanoic acid 
methyl ester hexoside 

26 10.22 412.1369 411.1353 1.25 249(100) C19H24O10 methylpicraquassioside A 

27 10.46 360.0845 359.0783 1.34 
197(38), 179(26), 

161(100) 
C18H16O8 rosmarinic acid 

28 11.5 206.0579 205.0502 1.66 161(100) C11H10O4 
hydroxybenzofuranpropanoic 

acid 

29 12.12 462.1162 461.1096 1.00 299(100) C22H22O11 chrysoeriol O-hexoside 

30 12.54 202.0266 201.0198 1.84 173(100) C11H6O4 5-hydroxypsoralen1 

31 14.02 186.0473 185.0384 0.48 
141(100), 129(18), 

113(24) 
C11H6O3 psoralen1 

32 16.44 218.0579 217.0487 0.43 202(100), 173(14) C12H10O4 5-methoxypsoralen1 
1The identification of this compound was corroborated by isolation and NMR spectra analysis 

 

 

In particular, for phenolic derivatives, both compound 1 (m/z 285.0622) and 

compound 2 (m/z 417.1043) showed in tandem mass spectrum a product ion at m/z 

153 and 285, respectively, originated from the neutral loss of a pentosyl moiety (-

132 Da), with only compound 2 yielding a further product ion at m/z 153 due to the 

neutral loss of a second pentosyl moiety (Table 2.1). By considering the assigned 

molecular formulae (C12H14O8 for 1 and C17H22O12 for 2) and the occurrence in 

MS/MS spectra of a product ion at m/z 109 and 241, respectively, formed by neutral 

loss of a CO2 molecule (-44 Da), compounds 1 and 2 could be tentatively assigned 

as dihydroxybenzoic acid pentoside (1) and dihydroxybenzoic acid dipentoside (2) 

in agreement with literature data (Tao et al., 2015) (Table 2.1). 

 The MS/MS spectrum of compound 3 (m/z 353.0890) showed the characteristic 

and diagnostic fragmentation pattern of a caffeoylquinic acid derivative, that, in 
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agreement with scientific literature data, could be putatively identified as 3-O-

caffeoylquinic acid (Clifford et al., 2003) (Table 2.1).  

Compound 9 (m/z 295.0463) yielded a fragmentation pattern characterized by 

two diagnostic product ions at m/z 179 and 133, originated by the neutral loss of a 

dehydrated malic acid and a caffeic acid moiety, respectively, so allowing to 

suggest for 9 the structure of caffeoylmalic acid (Ammar et al., 2015) (Table 2.1). 

 Furthermore, compound 27 (m/z 359.0783) exhibited in the tandem mass 

spectrum a base peak at m/z 161 likely corresponding to a dehydrated caffeic acid 

anion, along with two minor ions at m/z 197 and 179 likely corresponding to a 

hydroxyhydrocaffeic acid anion and to a caffeic acid anion, respectively, enabling 

a putative identification of compound 27 as rosmarinic acid  (Boudiar et al., 2018) 

(Table 2.1). 

 Compounds 18, 21, 23, 24, and 29 exhibited a molecular formula and 

fragmentation patterns ascribable to O-glycosylated flavonoids, in particular all 

showing in MS/MS spectrum a base peak corresponding to the aglycone ion and 

originated by the neutral loss of a hexose moiety (-162 Da) or a hexose-

dehydrohexose moiety (-308 Da). Thereby, considering the full HRMS spectrum, 

the accurate m/z value for each [M-H]- ion and data present in literature and in 

database (FoodB), compounds 18, 21, 23, 24, and 29 were putatively identified as 

quercetin 3-O-β-D-rutinoside, quercetin 3-O-β-D-glucopyranoside, kaempferol O-

rutinoside, kaempferol O-hexoside and chrysoeriol O-hexoside, respectively (Table 

2.1). 

Differently, C-glycosylated flavonoids were easily recognized and identified by 

their highly diagnostic fragmentations, exhibiting peculiar neutral losses of 30, 60, 

90 and 120 Da, related to the 2,3A, 0,4A, 0,3A and 0,2A cleavages occurring on the 

sugar rings, respectively. Jointly with the accurate m/z values determined in HRMS 

and the calculated molecular formulae, compounds 5, 8, 11, 12, and 16 were 

putatively identified as luteolin C-hexoside C-pentoside, apigenin C-hexoside C-
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pentoside, apigenin C-hexoside C-pentoside (isomer), luteolin C-hexoside and 

apigenin C-hexoside, respectively, in agreement with database like FoodB (Table 

2.1). On the countrary of their O-glycosylated homologous, this class of flavonoids 

has been underestimated over the years, although an increasing number of 

publications pointed out a wide range of biological activities, like antioxidant, 

anticancer, hepatoprotective, antidiabetic, antinflammatory and antimicrobial, 

evidencing the beneficial effects for human health (Xiano et al., 2016). 

Finally, compounds 6, 7, 10, 13-15, 17, 19, 20, 22, 25, 26, 28, 30-32 showed in 

MS/MS experiments product ions originated by characteristic neutral losses of a 

carbon dioxide (-44 Da), of water molecules (-18 Da), and of dehydrated hexose 

moieties (-162 Da) (Table 2.1). On the basis of the structural information achieved 

from the fragmentation spectra, the accurate m/z values and the calculated formulae, 

compared with data reported in scientific literature and online databases, it was 

possible to putatively identify the compounds as coumarin derivatives (Table 2.1) 

(Ammar et al., 2015; Belguith-Hadrichea et al., 2017). 

 

2.2.2 Isolation and characterization 

With the aim to unambiguously determine the chemical structure of the main 

detected constituents, the MeOH extract of F. carica cv. Dottato leaves was first 

fractionated on a Sephadex LH-20 column, and then purified by RP-HPLC-RI and 

RP-HPLC-UV/Vis. The structure of the isolated molecules was elucidated by 1D 

and 2D heteronuclear (HSQC, HMBC) NMR experiments, and confirmed by 

ESI/HRMS/MS experiments.  

Compounds 18 and 21 were identified as quercetin 3-O-β-D-rutinoside and 

quercetin 3-O-β-D-glucopyranoside, respectively (Fig. 2.2). Such quercetin 

derivatives have been extensively reported in scientific literature for their several 

biological activity, like antimicrobial, anticancer and antiviral, but mostly for their 

intense antioxidant and antinflammatory properties (Shashank et al., 2013). 
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Moreover, various coumarin derivatives were identified as psoralic acid (6), 3-

[5-(β-D-glucopyranosyloxy)-7-methoxy-6-benzofuranyl]-(2Z)-2-propenoic acid 

(7), 5-(β-D-glucopyranosyloxy)-6-benzofuranopropanoic acid (14), umbrelliferone 

(15), isopsoralic acid (17), 3-(6-hydroxy-5-benzofuranyl)-(E)-2-propenoic acid   

(19), 3-[5-(β-D-glucopyranosyloxy)-7-methoxy-6-benzofuranyl]-(2E)-2-propenoic 

acid (20), 5-hydroxypsoralen (30), psoralen (31) and 5-methoxypsoralen (32) (Fig. 

2.2) by an extensive analysis of the 1D and 2D (HSQC, HMBC) NMR spectra and 

comparing the achieved spectral data with scientific literature (Wei et al., 2011; 

Luzl et al., 2015; Wei et al., 2014; Trinh et al., 2018; Takahashi et al., 2017; Cheng 

et al., 2017). 

Furanocoumarins are a class of natural compounds characterized by a furan ring 

fused with a coumarin. They can be grouped into the linear type, where the 

(dihydro)furan ring is attached at C(6) and C(7), and the angular type, carrying the 

substitution at C(7) and C(8). Linear furocoumarins, also known as psoralens are 

principally distributed in four angiosperm families: Apiaceae, Moraceae, Rutaceae 

and Leguminosae, while the angular (dihydro)furanocoumarins are less widely 

distributed and primarily confined to the Apiaceae and Leguminosae (Bourgaud et 

al., 2006). Literature data on Ficus genus highlights the occurrence of linear 

furanocoumarins belonging both to psoralen and pseudopsoralen classes. In detail, 

psoralen and pseudopsoralen are the 7H-furo[3,2-g]chromen-7-one and the 6H-

furo[2,3-g]chromen-6-one, respectively, derived by a different construction of a 

furan ring on the benzene moiety of coumarin. The chemical investigation of F. 

carica leaves afforded psoralen (6, 17, 19, 30-32) and pseudopsoralen derivatives 

(7, 14 and 20). Compounds 6, 7, 14, 17, 19 and 20 are coumarin derivatives. 

Therefore, their numbering is based referring to the coumarin skeleton. 
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Figure 2.2 Compounds isolated from the MeOH extract of F. carica cv. Dottato leaves 

The 1H-NMR spectrum of compound 6 (Fig. 2.3) showed two singlets at δ 7.76 

and 7.27, two doublets at δ 7.58 (d, J = 2.5 Hz) and at δ 6.66 (d, J = 2.5 Hz), typical 

of a benzofurane ring, confirmed by the correlations of each proton with the 

germinal carbon observed in the HSQC spectrum (Fig. 2.4). The signal ascribable 

to H-5 at δ 7.76 (s), exhibited in the HMBC spectrum (Fig. 2.5) correlations with 

C-4 at δ 131.7, C-7 at δ 154.4, C-9 at δ 152.2 and C-3' at δ 106.7. The 1H-NMR 

signals at δ 5.89 and δ 7.15 (H-3 and H-4, respectively), with a JHz typical of a cis 

olefinic function, showed HMBC correlation with C-2 at δ 173.2, suggesting the 

occurrence of a cis-cinnamic acid derivative. Moreover, 1H-NMR-spectrum 

showed an additional signal at δ 4.85 (d, J = 8.0 Hz, H-1 Glc), correlating in the 

HMBC spectrum with C-9 at δ 152.2. The achieved structural information, jointly 

with data of scientific reports, allowed to identify compound 6 as psoralic acid (Luzl 

et al., 2015). 
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Figure 2.3 1H-NMR spectrum of compound 6 

 

 

 

Figure 2.4 HSQC spectrum of compound  
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Figure 2.5 HMBC spectrum of compound 6 

 

The 1H-NMR spectrum of compound 17 (Fig. 2.6) was similar to that observed 

for compound 6. However, the JHz constants of the signals at δ 6.49 (d, J = 16.2 Hz, 

H-3) and 7.95 (d, J = 16.2 Hz, H-4), pointed out the occurrence of a trans-olefinic 

chain, suggesting compound 17 as isopsoralic acid (Cheng et al., 2017).  

 

Figure 2.6 1H-NMR spectrum of compound 17 
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The 1H-NMR spectrum of compound 7 (Fig. 2.7) showed signals at δ 7.11 (s), δ 

7.64 (d, J = 2.3 Hz) and δ 7.03 (d, J = 2.3 Hz), typical of the benzofurane ring, and 

olefinic protons at δ 6.08 and δ 7.00 (each, d, J = 12.7 Hz). Moreover, a signal at δ 

4.05 (s), ascribable to a methoxy function, was observed. The comparison of the 

NMR spectra of compounds 6 and 7 revealed the absence of the singlet proton H-

5, replaced by a methoxyl function. The analysis of the HMBC correlations 

suggested a different construction of a furan ring on the benzene moiety respect to 

compound 6. In detail, the HMBC spectrum (Fig. 2.9) showed correlations between 

the proton signal at δ 7.11 (H-8) with the carbon resonance at δ 157.1 (C-6), δ 154.1 

(C-9), δ 114.3 (C-10) and at δ 105.5 (C-2'). The absence of further correlations with 

C-5 prompted us to establish for compound 7 pseudopsoralen-like structure.  

Finally, the 1H-NMR spectrum showed an additional signal at δ 4.98 (d, J = 7.8 Hz, 

H-1 Glc), correlating in the HMBC spectrum with C-9 (δ 154.1). Thus, compound 

7 was identified as 3-[5-(β-D-glucopyranosyloxy)-7-methoxy-6-benzofuranyl]-

(2Z)-2-propenoic acid (Wei et al., 2014). 

 

 

Figure 2.7 1H-NMR spectrum of compound 7 
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Figure 2.8 HSQC spectrum of compound 7 

 

 

 

Figure 2.9 HMBC spectrum of compound 7 
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NMR data of compound 20 (Fig. 2.10) suggested that it differed from 7 only for 

the trans configuration of the olefinic function. Thus it was identified as 3-[5-(β-D-

glucopyranosyloxy)-7-methoxy-6-benzofuranyl]-(2E)-2-propenoic acid (Trinh et 

al., 2018). 

 

 

 

Figure 2.10 1H-NMR spectrum of compound 20 
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2.2.3 Coumarins 

Coumarins are phenylpropanoid derivatives, originating from an ortho-

hydroxylation followed by a cyclization occurring between the hydroxy and the 

carboxylic groups, with consequent loss of a water molecule. These biosynthetic 

steps generate the main backbone, which can be target of further substitutions and 

cyclizations, yielding different sub-classes like prenylated coumarins, linear 

furanocoumarins, methylendioxy-coumarins, pyranocoumarins and angular 

furanocoumarins (Bourgaud et al., 2006) (Fig. 2.11). 

 

Table 2.2 1H (600 MHz) and 13C (150 MHz) NMR spectral data of compounds 

6 and 7  

 6 7 

 C H (J in Hz) C H (J in Hz) 

1 - - - - 

2 173.2 - 170.8 - 

3 125.5 5.89, d(12.4) 123.7 6.08, d(12.7) 

4 131.7 7.15, d(12.4) 133.8 7.00, d(12.7) 

5 122.2 7.76, s 151.4 - 

6 123.2 - 157.1 - 

7 154.4 - 113.0 - 

8 99.6 7.27, s 94.1 7.11, s 

9 152.2 - 154.1 - 

10 129.6 - 114.3 - 

2’ 145.5 7.58, d(2.5) 105.5 7.03, d(2.3) 

3’ 106.7 6.66, d(2.5) 144.2 7.64, d(2.3) 

Glc     

1 103.1 4.85. d(8.0) 102.1 4.98, d(7.8) 

2 74.4 3.32, m 74.4 3.50, m 

3 77.6 3.36, m 77.9 3.51, m 

4 71.0 3.41, m 70.8 3.44, m 

5 77.9 3.35, m 78.0 3.46, m 

6 61.8 3.81, dd(2.1, 12.1) 

3.62, dd(5.4, 12.1) 

62.1 3.74, dd(5.5, 12.4) 

3.92, dd(1.4, 12.4) 

MeO   59.4 4.05, s 

In MeOH-d4 
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Figure 2.11 Most common coumarin classes 

 

Their occurrence has been reported in several species belonging to Ficus genus 

(1Wei et al., 2001; Trinh et al., 2018; Duan et al., 2018; Marrelli et al., 2014), and 

different biological activities were attributed to this class of compounds. 

They showed to possess good antioxidant and radical scavenging properties (Al-

Majedy et al., 2017), as well as potential anticancer activity (Thakur et al., 2015). 

However, coumarins are since long and mainly reported as powerful anticoagulants, 

due to their inhibitory effects on the vitamin K epoxide reductase, blocking the 

hepatic synthesis of several clotting factors (Lowenthal & Birnbaum, 1969). This 

interesting activity shown by coumarins led to their direct employment in 

anticoagulant therapy, aimed at controlling blood fluidity, and to a production of 

several synthetic analogues, finalized to enhance their efficacy and to reduce the 

main side effects, as hepatotoxicity (Kubrak et al., 2017). On the other hand, the 

anticoagulant properties made coumarins widely exploited for long time as 

rodenticides; notwithstanding, their massive use in disinfestations generated a 

concerning resistance of the survived animals and related offspring towards this 

class of compounds, resulting less effective and highlighting the need for new 

derivatives, mainly synthetically produced (Valchev et al., 2008). 
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Moreover, many coumarins showed to possess sunscreening properties, while 

certain subclasses, as furanocoumarins, exhibited photosensitizing activity; 

however, it was taken advantage from this last one activity, leading to their 

successful employment in the treatment of vitiligo and psoriasis (Kasperkiewicz et 

al., 2016).  

In addition, due to their noteworthy biological activities, many research groups 

showed great interest towards them, producing synthetic analogues which showed 

a noteworthy in vitro efficacy in inhibiting the TNF-α expression. Further 

derivatives proved to possess promising anticancer activity, along with the capacity 

to inhibit Monoamine Oxidase A and B (MAO-A/B) and acetylcholinesterase 

(AChE), suggesting a potential employment in the treatment of Alzheimer’s disease 

(Li et al., 2012; Togna et al., 2014; Hirsh et al., 2001; Viña et al., 2012; Xie et al., 

2013). 

 

2.2.4 “Eco-friendly” extractions and comparison of their chemical composition 

by LC-ESI/LTQOrbitrap/MS experiments 

F. carica leaves have been widely used in traditional medicine for the 

preparation of remedies as infusions to counteract adverse health conditions, in 

particular for treating diabetes and hypercholesterolemia. This kind of extraction 

method results compatible with human consumption, as well as for application in 

other fields. In order to propose extraction protocols suitable with the 

manufacturing of nutraceutical and cosmetic formulations, as well as human 

consumption, and moreover employing solvents relatively cheap, non-toxic and 

easily available, besides infusion, other typologies of extracts were prepared, and 

their chemical composition compared by LC-ESI/LTQOrbitrap/MS experiments. 

For the preparation, ethanol (EtOH) 96% and water were employed. The dried 

leaves were extracted by maceration with EtOH 96% and an ethanol:water 

(EtOH:H2O) (1:1, v/v) solution, while decoction and infusion were prepared by 
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using only water. The operative procedures were sperimentally optimized, starting 

from protocols described in scientific reports.  

The comparison of the LC-HRMS profiles (Fig. 2.12), acquired in negative ion 

mode, pointed out interesting differences among the employed methods, 

highlighting a discreet selectivity towards determined chemical classes. 

 

 

Figure 2.12 Comparison of LC-HRMS profiles, in negative ion mode, of the MeOH, EtOH, EtOH:H2O 
extracts, infusion and decoction obtained from F. carica cv. Dottato leaves 

In particular, EtOH and infusion resulted effective in extracting coumarins 6 and 

7, while the peak related to the C-glycosylated flavonoid 8 resulted more intense in 

decoction, even if, along with compound 9, it was also evident in infusion and 

EtOH:H2O extract. Similarly, coumarin 26 and compound 3 were detected in 

EtOH:H2O extract, infusion and decoction; furthermore, in these last two, as well 

as in the EtOH extract, the peak ascribable to coumarin 14 was observed. Common 

feature to all the “eco-friendly” extracts was the occurrence of flavonoid 18 as 

major constituent. 

These discussed results evidenced a good selectivity of the employed extraction 

methods towards phenolics, suggesting the employment of F. carica cv. Dottato 
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leaves for the manufacturing of herbal preparations with potential beneficial effects 

for human health. 

 

2.2.5 Total phenolic content and radical scavenging activity of the different 

extracts of F. carica cv. Dottato leaves 

The prepared extracts were tested to assess their total phenolic content (Table 

2.3), and the results evidenced the EtOH:H2O extract as the richest one in phenolics 

(76.42 ± 4.97 GAE mg/g dried extract), if compared to the others. The following 

evaluation of the radical scavenging activity, performed by DPPH∙ and ABTS•+ 

assays, confirmed it as the best one, since exerting the strongest activity (IC50 = 

55.20 ± 8.47 μg/mL and TEAC = 0.24 ± 0.02 mM) in comparison to the remaining 

extracts (Table 2.3). Thus, maceration by using the EtOH:H2O (1:1, v/v) solution 

resulted the best method to prepare an extract with the highest phenolic content and 

antioxidant activity, among the proposed extraction methods. 

 

 

 

 

Table 2.3 Total phenolic content, DPPH• and ABTS•+ radical scavenging activity of the different extracts of F. carica cv. 

Dottato leaves 

Sample 

Total phenolic 

content 
 DPPH•  ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

MeOH 44.57 ± 4.97  121.52 ± 14.35  0.14 ± 0.02 

EtOH 31.79 ± 1.15  213.28 ± 35.40  0.06 ± 0.01 

EtOH:H2O 76.42 ± 4.97  55.20 ± 8.47  0.24 ± 0.02 

Infusion 54.20 ± 4.72  55.53 ± 9.62  0.16 ± 0.03 

Decoction 26.61 ± 3.89  66.61 ± 6.57  0.09 ± 0.01 

            

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

a Values are expressed as gallic acid equivalents (GAE) mg/g of dried extract. b Values are expressed as μg/mL. c Values 

are expressed as concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL 
solution of the tested extract. d Standard Deviation of three independent experiments. 
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2.3 Conclusions 

The accurate analysis of the LC-HRMS and LC-HRMS/MS spectra acquired for 

the MeOH extract of F. carica L. cv. Dottato leaves highlighted the occurrence of 

several coumarin derivatives, O-glycosylated and C-glycosylated flavonoids, and 

phenolic acids putatively identified on the basis of their spectral data compared with 

those reported in scientific literature. 

The phytochemical investigation of the MeOH extract allowed the isolation and 

characterization of ten coumarins and two O-glycosylated flavonoids. 

Moreover, EtOH:H2O extract showed to possess a discreet phenolic content, as 

well as antioxidant activity.   

The obtained results may support a potential employment of F. carica cv. 

Dottato leaves as a valuable source of bioactives for secondary scopes. 

 

 

 

2.4 Experimental section 

  

Plant material 

The F. carica cv. Dottato leaves were collected in Prignano Cilento, Salerno, 

Italy, in September 2016, and air dried. 

 

Chromatographic purification 

Column chromatography was performed on Sephadex LH-20 (Pharmacia). 

HPLC-RI separations were performed on instrument described in general 

experimental procedures, using a Knauer Eurospher 100-10 C-18 column (300 x 8 

mm, 10 μm). HPLC-UV/Vis separations were performed on instrument described 

in general experimental procedures, using a Phenomenex (Torrance, CA, USA) 

Synergi Hydro RP-80A column (250 x 10 mm, 10μ). 
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LC-ESI/LTQOrbitrap/MS/MS and LC-ESI/LTQOrbitrap/MS procedures 

LC-HRMS experiments were carried out on instrument reported in general 

experimental procedures. LC separation was performed on a Phenomenex 

(Torrance, CA, USA) Kinetex EVO C-18 column (100 x 2.1 mm, 5 μm), at a flow 

rate of 0.2 mL/min and a mobile phase consisting of water with 0.1% formic acid 

as eluent A and acetonitrile with 0.1% formic acid as eluent B. Elution gradient was 

from 10% B to 48% B in 19 min, returning to the starting conditions in 5 min. 

Injection volume was 2 μL, keeping column at room temperature. 

The ESI source parameters were set as following: source voltage at 5.0 kV, 

capillary voltage at -12 V, tube lens offset at -121.47 V, capillary temperature at 

280 °C, sheath gas at 30 (arbitrary units) and auxiliary gas at 5 (arbitrary units). 

 

Extraction and isolation 

800.75 g of dried leaves were extracted by maceration using solvents with 

increasing polarity: petroleum ether (2.0 L, three times for three days), chloroform 

(1.7 L, three times for three days) and MeOH (1.8 L, three times for three days), 

affording 81.80 g of crude MeOH extract. 

“Eco-friendly” extraction methods were prepared as following. 5.0 g of dried 

leaves were extracted with 150 mL of EtOH and EtOH:H2O (1:1, v/v) solution by 

maceration, three times for three days, yielding 147.10 mg and 75.21 mg of crude 

extracts, respectively. Infusion was prepared by pouring 150 mL of boiling water 

to 5.0 g of dried leaves, and kept for 8 min followed by filtration, affording 681.26 

mg of crude extract. Decoction was prepared by adding 5.0 g of dried leaves to 150 

mL of cold water and heated till boiling point, held for 8 min, followed by filtration, 

yielding 634.17 mg of crude extracts. 
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For isolation procedures, 3.5 g of crude MeOH extract were dissolved in 8 mL 

of MeOH and fractionated on a Sephadex LH-20 column (100 x 5 cm), using MeOH 

as mobile phase, affording 65 fractions of 8 mL each, monitored by TLC.  

Fractions 23-26 were chromatographed by RP-HPLC-RI using MeOH:H2O 

(9:11) as mobile phase (flow rate 2.0 mL/min) to yield compounds  15 (2.6 mg, Rt 

= 8.2 min), 31 (2.9 mg, Rt = 16.4 min) and 32 (1.9 mg, Rt = 28.2 min). Fractions 27-

32 were chromatographed by RP-HPLC-UV/Vis (elution gradient: 0 min 10% B, 

30 min 100% B, 40 min 100% B; wavelength: 310 nm) to yield compounds 18 (1.7 

mg, Rt = 14.6 min), compound 17 (2.0 mg, Rt = 15.7 min), compound 19 (1.8 mg, 

Rt = 20.4 min), compound 21 (1.7 mg, Rt = 20.6 min) and compound 30 (2.3 mg, Rt 

= 21.6 min). Fractions 19-22 were chromatographed by RP-HPLC-UV/Vis (elution 

gradient: 0 min 10% B, 15 min 20% B, held for 15 min, 60 min 100% B, 70 min 

100% B; wavelength: 290 nm) yielding compounds 6 (2.1 mg, Rt = 29.1 min), 7 

(1.8 mg, Rt = 30.2 min) and 14 (2.2 mg, Rt = 40.0 min). Fractions 10-13 were 

chromatographed by RP-HPLC-UV/Vis (elution gradient: 0 min 10% B, 13 min 

49% B, 40 min 85% B, 45 min 100% B, 55 min 100% B; wavelength: 290 nm) 

yielding compound 20 (2.8 mg, Rt = 15.7 min). 

 

Total Phenolic Content 

As reported in general experimental procedures. 

 

DPPH∙ radical scavenging activity 

As reported in general experimental procedures. 

 

ABTS•+ radical scavenging activity 

As reported in general experimental procedures. 
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NMR analysis 

As reported in general experimental procedures. 
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Chapter 3 

Polar constituents, multi-class polar lipids and free 

fatty acids profiling of almonds (Prunus dulcis Mill. 

cvs. Toritto and Avola) by LC-ESI/HRMS/MS and 

GC-FID 
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3.1 Introduction 

Almonds are among the most consumed nuts, not only fresh as they are, but 

mainly employed in cookery, pastry and confectionery. Besides the pleasant flavor 

which makes them highly appreciated, more and more scientific reports have 

pointed out their beneficial effects for human health. Such benefits resulted 

ascribable to the content of MonoUnsaturated Fatty Acids (MUFA) and 

PolyUnsaturated Fatty Acids (PUFA), reported for their capacity to reduce hematic 

Low Density Lypoproteins (LDL) and to enhance the High Density Lypoproteins 

(HDL) levels (Kamil et al., 2012; Ander et al., 2003). 

Although much is known about the oily fraction, less information are available 

about polar lipids like phospholipids, which are not only part of biosynthetic 

pathways, but showed in vivo to ameliorate liver lipid metabolism and to counteract 

atherosclerosis onset (Wat et al., 2009). 

Almonds find main applications in pastry and confectionery, for the 

manufacturing of typical recipes. For aesthetic and taste reasons, due to their use 

for decorations and confetti production, they are provided peeled and roasted.  

Before roasting, almonds undergo peeling operations, consisting in exposing 

them to hot water steam in a rotating drum, allowing an easy skin removal by using 

a further rotating drum equipped with brushes; finally, peeled almonds are air dried 

and occasionally stirred. The described operations allow to easily obtain peeled 

almonds, although two collateral products originate from this workflow, 

represented by the removed integuments and the water used for blanching. Such by-

products are usually discarded, even if almond skins are sometimes given to animals 

as fodder, and their disposal costs affect the finances of the producers, with 

repercussions on the final prize.  

Moreover, it has been proved that the different growth conditions typical of a 

peculiar geographical area, such as soil, temperature, rainfalls, may affect the 
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metabolome of a plant species, and consequently foodstuff nutritive values (Wang 

et al., 2001; Brunsgaard et al., 1994). 

Therefore, a comprehensive phytochemical investigation based on LC-HRMS 

analytical methods was carried out on P. dulcis (cvs. Toritto and Avola) seeds, 

aiming at defining the metabolite profile, focusing the attention on polar 

constituents. Moreover, lipidome of P. dulcis seeds (cvs. Toritto and Avola) was 

investigated to determine the main non-polar constituents, with particular interest 

addressed to polar lipids and free fatty acids. Finally, raw data of LC-HRMS 

experiments deriving from the non-polar fraction investigation were processed by 

multivariate statistical analysis techniques to achieve a rapid and simple data 

interpretation. 

In this chapter the following topics will be discussed: 

- LC-ESI/LTQOrbitrap/MS/MS metabolite profiling of P. dulcis cv. Toritto 

seeds, focusing on polar constituents; 

- comparison of “eco-friendly” extracts by LC-ESI/LTQOrbitrap/MS 

experiments; 

- chemical composition assessment of P. dulcis seeds main products and by-

products of almond peeling process; 

- comparison of the metabolite profiles of P. dulcis cv. Toritto seeds and cvs. 

Fascionello, Pizzuta and Romana; 

- evaluation of radical scavenging activity and total phenolic content of the 

prepared extracts; 

- lipidome profiling of P. dulcis cvs. Toritto and Avola seeds, achieved by LC-

ESI/QToF/MS/MS experiments for polar lipids, and GC-FID analysis for 

free fatty acids; 

- final raw data processing by multivariate data analysis approach for a quick 

and informative data interpretation. 
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3.2 LC-ESI/LTQOrbitrap/MS/MS based approach for a quick and 

exhaustive metabolite screening of the polar constituents of P. dulcis cv. Toritto 

seeds 

 

Prunus dulcis Mill. seeds 

 

The seeds are obovate, bright beige colored and enveloped in 

a brown wrinkled integument. The shape may differ 

according to the varieties. 

 

3.2.1 Results and discussion 

3.2.1.1 LC-ESI/HRMS/MS profiling of almond kernels  

In order to achieve an overview on the main polar constituents of P. dulcis cv. 

Toritto seeds, the MeOH extract was submitted to LC-ESI/LTQOrbitrap/MS/MS 

experiments. The LC-HRMS profile (Fig. 3.1), acquired in negative ion mode, 

showed peaks with m/z values ascribable to phenolics belonging to different classes, 

as cyanogenic glycosides (4 and 10), caffeoylquinic acid derivative (18), alkyl and 

aromatic dihexosides (1, 3, 8), a terpene (24), and glycosylated flavonoids (20-23, 

25-26) (Table 3.1).  
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Figure 3.1 LC-HRMS profile in negative ion mode of the MeOH extract of P. dulcis cv. Toritto seeds 

Detected compounds were putatively identified by determining their accurate 

m/z values, molecular formulae and characteristic fragmentation patterns, by 

comparing the obtained information with data reported in scientific literature, 

online databases (KnapSack, FoodB, PubChem, ChemSpider, KEGG) and by 

incorporating the fragmentation spectra in online database-assisted prediction tools 

(MetFrag). During the LC-ESI/LTQOrbitrap/MS/MS experiments, the “data 

depenent scan” mode was employed, enabling the MS software to select the 

precursor ion as the most intense peak in the LC-HRMS spectrum.  

Table 3.1 Compounds putatively identified in the different parts and extracts obtained from P. dulcis cv. Toritto seeds 

N° Rt 
Calculated 

Mass 
[M-H]- Δppm MS2(%) 

Molecular 

Formula 
Compound 

1 2.54 432.1631   477.15981 1.94 431(100), 269(47) C19H28O11 benzyl dihexoside 

2 2.70 578.1424 577.1337 0.57 
559(15), 451(35), 425(100), 

407(62), 289(26), 287(21) 
C30H26O12 EC-EC 

3 2.95 412.1944   457.19111 1.35 411(100), 249(42) C17H32O11 
(iso)pentyl 

dihexoside 

4 3.34 457.1584 456.1498 0.84 
323(100), 263(22), 221(41), 

179(56) 
C20H27NO11 amygdalin 

5 3.50 290.0790 289.0709 1.02 245(100), 205(40), 179(19) C15H14O6 (+)-catechin2 

6 3.50 866.2058 865.1960 0.95 

739(30), 713(35), 695(100), 

577(57), 575(48), 449(18), 

407(24) 

C45H38O18 EC-EC-EC 

7 3.83 562.1475 561.1389 0.76 
543(41), 435(56), 425(18), 

407(19), 289(100), 271(26) 
C30H26O11 EA-EC 

8 3.93 446.1788   491.17531 1.14 445(100), 283(21) C20H30O11 
phenethanol-

dihexoside 

9 4.10 578.1424 577.1339 0.63 
559(12), 451(29), 425(100), 

407(51), 289(24) 
C30H26O12 EC-EC 



________________________________________________________________Chapter 3 

71 
 

10 4.45 295.1055   340.10321 1.05 294(100), 161(59) C14H17NO6 prunasin 

11 4.50 290.0790 289.0718 1.58 245(100), 205(44), 179(12) C15H14O6 (-)-epicatechin2 

12 4.95 864.1901 863.1806 1.19 
711(100), 693(31), 575(72), 

573(24) 
C45H36O18 EC-EC-Al-EC 

13 5.04 866.2058 865.1954 1.61 

847(11), 739(52), 713(40), 

695(100), 587(22), 577(62), 
575(38), 543(14), 451(21), 

449(20), 407(29), 405(8), 

289(8), 287(15) 

C45H38O18 EC-EC-EC 

14 5.23 562.1475 561.1385 0.41 
543(51), 435(62), 425(18), 

407(24), 289(100), 271(19) 
C30H26O11 EA-EC 

15 5.32   1154.2692   1153.2595 1.86 
1135(67), 1001(59), 

865(83), 575(100), 423(25) 
C60H50O24 EC-EC-EC-EC 

16 5.86 850.2109 849.2012 0.44 

831(24), 723(71), 679(69), 

577(86), 561(63), 559(100), 

407(22) 

C45H38O17 EA-EC-EC 

17 5.92 576.1267 575.1182 1.14 

539(24), 529(21), 449(100), 

423(36), 407(15), 289(24), 

285(20) 

C30H24O12 EC-Al-EC 

18 6.03 530.1424 529.1313 1.94 
367(100), 353(63), 
179(144), 193(12) 

C26H26O12 
feruloyl 

caffeoylquinic acid 

19 6.62 464.0954 463.0869 0.43 301(100) C21H20O12 
quercetin 3-O-β-D-

glucopyranoside2 

20 7.00 594.1584 593.1490 0.54 285(100) C27H30O15 
kaempferol 3-O-β-

D-rutinoside2 

21 7.21 624.1690 623.1607 0.64 315(100), 300(24) C28H32O16 
isorhamnetin 3-O-

β-D-rutinoside2 

22 7.37 478.1111 477.1020 1.68 357(21), 315(100) C22H22O12 
isorhamnetin 3-O-

β-D-

galactopyranoside2 

23 7.48 478.1111 477.1023 1.14 357(21), 315(100) C22H22O12 
isorhamnetin 3-O-

β-D-

glucopyranoside2 

24 8.18 512.2621   557.25891 1.95 511(100), 349 (26) C26H40O10 amygdaloside 

25 8.54 636.1690 635.1601 0.15 575(100), 285(76) C29H32O16 multiflorin A 

26 8.77 666.1796 665.1707 0.48 605(48), 315(100), 300(22) C30H34O17 
isorhamnetin 

acetylrutinoside 
1Observed as formate adduct. EC=(epi)catechin, EA=(epi)afzelechin, Al=A-type linkage. Where not specified B-type linkage 

is intended. 2 The identification of this compound was corroborated by comparison with standard solution 
 

Compounds 1, 3 and 8, detected as formate adducts [M-H+HCOOH]-, showed 

in their MS/MS spectra product ions deriving from the neutral loss of a dehydrated 

hexose moiety (-162 Da). The accurate m/z values and the calculated molecular 

formulae allowed to tentatively determine their aglycone moieties, by comparison 

with data reported in databases and literature, allowing their putative identification 

as benzyl dihexoside (1), (iso)pentyl dihexoside (3) and phenethanol dihexoside (8) 

(Pimanovà et al., 2015; De Rosa et al., 1996; Karioti et al., 2014) (Table 3.1). 

Compounds 4 and 10 showed in HRMS precursor ions [M-H]- at m/z 456.1498 

and 340.1032 (the latter detected as formate adduct [M-H+HCOOH]-), respectively, 

suggesting the presence of an odd number of nitrogen atoms.  
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Compound 4 exhibited in the tandem mass spectrum (Fig. 3.2) a base peak at 

m/z 323 originated from the neutral loss of a mandelonitrile moiety, along with 

product ions at m/z 263 and 221, generated by the cleavage of cross-ring bonds of 

hexose 2; additionally, a fragment ion at m/z 179, ascribable to a deprotonated 

hexose, was observed.  

Otherwise, the MS/MS spectrum of compound 10 was characterized by the only 

base peak at m/z 161, generated by the neutral loss of the mandelonitrile moiety. 

The observed fragmentation patterns were in agreement with data reported in 

literature, allowing to putatively identify compound 4 as amygdalin and compound 

10 as prunasin (Lee et al., 2013; Bottone et al., 2018) (Table 3.1). Cyanogenic 

glycosides have been widely reported in Rosaceae, especially in the seeds of Prunus 

genus, and are known for their toxic effects due to the release of hydrogen cyanide, 

produced by enzymatic hydrolysis, able to complex iron and copper ions of the 

cytocrome C oxidase active site. However, besides the proved toxicity, this class of 

compounds has shown a potential anticancer activity (Lee et al., 2013; Song et al., 

2014) (Table 3.1). 

 

Figure 3.2 ESI/MS/MS spectrum of compound 4 in negative ion mode 

Compound 18 (m/z 529.1313), whose molecolar formula was established as 

C26H26O12, exhibited in the MS/MS spectrum a base peak at m/z 367, due to the loss 
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of a caffeic acid moiety, with a product ion at m/z 353 ascribable to the loss of a 

ferulic acid moiety, whose presence was confirmed by the product ion at m/z 193. 

Hence, according to data found in scientific literature, it was possible to tentavely 

identify compound 18 as feruloyl caffeoylquinic acid (Xue et al., 2016) (Table 3.1). 

Compound 24 was detected in HRMS as formate adduct [M-H+HCOOH]- at m/z 

557.2589, showing in the MS/MS spectrum a fragment ion at m/z 511, due to the 

loss of formic acid, and an additional product ion at m/z 349 originated from the 

loss of a dehydrated hexose moiety (-162 Da). Molecular formula was established 

as C26H40O10. By comparing the achieved information with scientific literature, 

compound 24 was tentatively identified as amygdalosyde, a diterpene glycoside 

showing an unusual B ring-cleaved kauranoid skeleton, previously identified in 

almond kernels (Sang et al., 2003). The occurrence of kaurane diterpenes has been 

also widely reported in Labiatae, Euphorbiaceae and Compositae, and they showed 

to posses several biological activities, such as anti-HIV, antibacterial, antitumoral 

and antinflammatory (Sang et al., 2003) (Table 3.1). 

Furthermore, the analysis of the LC-HRMS/MS spectrum pointed out the 

occurrence of several O-glycosylated flavonoids (19, 20, 21, 22, 25 and 26), which 

showed in their fragmentation patterns peculiar product ions ascribable to the 

neutral loss of the sugar moieties (-162 Da for hexoses, -308 Da for rutinoses), while 

for compounds 25 and 26 an additional loss of 60 Da suggested the presence of an 

acetyl group in their structure. For an unambiguous identity attribution, the 

retention times of the detected compounds and standard solutions, analyzed in the 

same LC-HRMS conditions, were compared. This allowed to identify the 

glycosylated flavonoids as quercetin 3-O-β-D-glucopyranoside (19), kaempferol 3-

O-β-D-rutinoside (20), isorhamnetin 3-O-β-D-rutinoside (21), isorhamnetin 3-O-β-

D-galactopyranoside (22) and isorhamnetin 3-O-β-D-glucopyranoside (23), while 

compounds 25 and 26 were putatively identified as multiflorin A and isorhamnetin 

acetylrutinoside (Shirosaki et al., 2012; Yoshikawa et al., 2002) (Table 3.1). 
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3.2.1.2 “Eco-friendly” extractions of P. dulcis cv. Toritto seeds 

With the aim to propose “green” extraction methods, employing relatively non-

toxic solvents, different extracts were preprared by maceration using EtOH 96% 

and an EtOH:H2O (1:1, v/v) solution. The obtained extracts were successively 

submitted to LC-ESI/LTQOrbitrap/MS experiments, and the profiles compared 

(Fig. 3.3).  

 

Figure 3.3 LC-HRMS profiles in negative ion mode of the MeOH, EtOH, EtOH:H2O extracts of P. 
dulcis cv. Toritto seeds 

In the LC-HRMS profile of the EtOH extract peaks related to amygdalin (4), 

prunasin (10) and feruloyl caffeoylquinic acid (18) were not observed, while 

amygdaloside (24) represented a minor constituent. On the other hand, in the 

EtOH:H2O extract profile, compounds 4, 18 and 24 were among the major 

constituents. Moreover, the LC-HRMS profiles of the “eco-friendly” extracts 

showed compounds 20 and 21 as main constituents, and additional peaks with m/z 

values ascribable to catechins and proanthocyanidins, not observed in the MeOH 

extract, suggesting a good selectivity of the employed solvents towards this class 

of compounds.  
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3.2.1.3 Catechins and proanthocyanidins 

Catechins are flavan-3-ol derivatives, characterized by the absence of the 2,3 

double bond and the ketone group in position 4. Proanhtocyanidins are catechin 

polymers, differing in the subunits and for the linkage typology: B-type 

proanthocyanidins are characterized by C4-C8 or C4-C6 bonds, while A-type 

proanthocyanidins possess an additional C2-O-C7 or C2-O-C5 bond. This class of 

phenolics has been reported for the antioxidant and antinflammatory activities, as 

well as for their antimicrobial properties (Lin et al., 2014). 

The structural information achieved from tandem mass experiments, along with 

researches in scientific literature and databases (FoodB), allowed to putatively 

determine for polymers the sequence and identity of each subunit, as well as the 

linkage typology. 

Compounds 5 and 11 showed similar fragmentation spectra, with a base peak at 

m/z 245 originated by the neutral loss of acetaldehyde (-44 Da) produced by a retro 

Diels-Alder reaction occurred at the C-ring; for both compounds the molecular 

formula was established as C15H14O6, suggesting two stereoisomers. Thus, for an 

unambiguous identification, the retention times of the detected compounds were 

compared with standard solutions analyzed in the same experimental conditions, 

allowing to assess compound 5 as (+)-catechin and compound 11 as (-)-epicatechin 

(Table 3.1).  

Compounds 7 and 14 also showed similar MS/MS spectra. Both exhibited a 

product ion at m/z 435 generated by a heteronuclear ring fission (-126 Da), while 

the diagnostic signals at m/z 289 and 271 allowed to determine the subunits as 

(epi)catechin and (epi)afzelechin, respectively, representing the terminal and the 

extension units, respectively, linked by a B-type linkage; molecular formula was 

established as C30H26O11. In agreement with scientific literature, compounds 7 and 
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14 were putatively identified as B-type (epi)epiafzelechin-(epi)catechin (Lin et al., 

2014) (Table 3.1).  

Compound 17 (m/z 575.1182) showed a fragmentation pattern (Fig. 3.4) 

characterized by a base peak at m/z 449, due to the heteronuclear ring fission (-126 

Da), and a product ion at m/z 423 originated by a retro Diels-Alder reaction; in 

addition, two diagnostic ions at m/z 289 and 285, originated from the quinone 

methide fission, suggested two (epi)catechin units bonded by an A-type linkage. 

Molecular formula was established as C30H24O12. The achieved information, in 

accordance with literature, allowed to identify compound 17 as A-type 

(epi)catechin dimer (Lin et al., 2014) (Table 3.1).  

 

Figure 3.4 ESI/MS/MS spectrum of compound 17 in negative ion mode 

Compound 2 and 9 showed in the MS/MS spectra (Fig. 3.5) a base peak at m/z 

425 generated by the neutral loss of the B-ring due to a retro Diels-Alder reaction 

(-152 Da); in addition, a product ion at m/z 451 derived from the heteronuclear ring 

fission was observed, along with two product ions at m/z 289 and 287, which 

suggested two (epi)catechin units linked through a B-type linkage. Molecular 

formula was established as C30H26O12. In agreement with scientific literature and 
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databases (FoodB), compounds 2 and 9 were putatively identified as B-type 

(epi)catechin dimers (Lin et al., 2014) (Table 3.1). 

 

Figure 3.5 ESI/MS/MS spectrum of compound 2 in negative ion mode 

Compounds 6 and 13 showed a fragmentation pattern (Fig. 3.6) characterized by 

a base peak at m/z 695 originated from the loss of a water molecule and a 

contemporary retro Diels-Alder reaction (-152 Da); moreover, the product ions 

observed at m/z 577 and 575 suggested the loss of a (epi)catechin unit from both 

the extension and terminal units, respectively, bonded to the central unit by B-type 

linkages. Molecular formula was established as C45H38O18, suitable with the 

identity putatively attributed to compounds 6 and 13 as B-type (epi)catechin trimers 

(Lin et al., 2014) (Table 3.1).  
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Figure 3.6 ESI/MS/MS spectrum of compound 13 in negative ion mode 

 

Compound 12 (m/z 863.1806) showed in the MS/MS spectrum two fragment 

ions at m/z 575 and 573 originated from the quinone methide fissions, with the loss 

of a (epi)catechin extension unit and a (epi)catechin terminal unit, respectively, 

linked to the central unit by a B-type and an A-type linkage, respectively. Molecular 

formula was established as C45H36O18. In agreement with scientific literature, 

compound 12 was putatively identified as (epi)catechin trimer (Lin et al., 2014) 

(Table 3.1). 

Furthermore, compound 16 (m/z 849.2012) exhibited a fragmentation pattern 

characterized by the base peak at m/z 559 due to the loss of a (epi)catechin terminal 

unit, and a product ion at m/z 577 originated from the loss of an (epi)afzelechin 

extension unit, both bonded to the central (epi)catechin by a B-type linkage. 

Considering the molecular formula established as C45H38O17, and data reported in 

literature, compound 16 was putatively identified as (epi)afzelechin-(epi)catechin-

(epi)catechin (Lin et al., 2014) (Table 3.1).  

Finally, compound 15 (m/z 1153.2595) showed in MS/MS experiments a product 

ion at m/z 865 produced by the loss of a terminal (epi)catechin unit, and a base peak 

at m/z 575 generated by the successive loss of a (epi)catechin extension unit. 
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Molecular formula was established as C60H50O24. In agreement with data reported 

in scientific litareture and online databases (FoodB), compound 15 was putatively 

identified as B-type (epi)catechin tetramer (Lin et al., 2014) (Table 3.1).   

 

3.2.1.4 Almond peeling main product and by-products metabolite profiling 

Aiming at valorizing the main by-products deriving from the almond peeling 

processes, represented by removed skins and blanching waters, as well as 

establishing the originating matrix of the identified constituents, whole almonds 

were peeled in laboratory; however, contrary to industrial processes, mild 

conditions were adopted in order to avoid compounds degradation. Successively, 

the MeOH extracts of P. dulcis cv. Toritto peeled seeds, integuments and blanching 

water were submitted to LC-ESI/LTQOrbitrap/MS experiments, and the profiles 

compared (Fig. 3.7). 

 

Figure 3.7 LC-HRMS profiles in negative ion mode of the blanching water and the MeOH extracts 
of P. dulcis cv. Toritto whole seeds, peeled seeds and skins 
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Amygdalin (4) represented the major constituent in the profile of the peeled 

almonds, while amygdaloside (24) was one of the less abundant; in addition, both 

compounds were not detected in almond skins and blanching water.  

On the other hand, several peaks related to proanthocyanidins were detected in 

the LC-HRMS profiles of these last two matrices, along with glycosylated 

flavonoids 20-23, which represented the main constituents. 

The achieved results highlighted the occurrence of cyanogenic glycosides only 

in the seeds, while proanthocyanidins and glycosylated flavonoids were mainly 

detected in integuments, and effectively extracted by water during the almonds 

peeling process. 

Almond skins have been reported for their high phenolic content, as a rich source 

of dietary fibers and as prebiotics, suggesting their potential employment in the 

production of dietary supplements for the regolarization of the intestinal transit 

(1Mandalari et al., 2010; 2Mandalari et al., 2010).  

However, futher investigations must be carried out since the analyzed almond 

parts, as well as the blanching water, were obtained from a laboratory process 

performed in mild conditions to avoid compounds degradation, while the operating 

conditions in industrial processes occurr at higher temperatures and hence the 

possibility that secondary metabolites, mainly glycosylated flavonols and 

proanthocyanidins, may degrade due to the excessive heat, resulting in a loss of 

bioactivity (Hughey et al., 2012). 

 

3.2.1.5 Comparison of the MeOH extracts chemical composition of P. dulcis 

seeds cvs. Toritto and Avola 

The almonds of cv. Toritto originate from Apulia, a region located in the South-

eastern part of Italy, representing the heel of the boot. This area is characterized by 

fresh summers and rainy winters, and snowing is not a rare event. On the other 

hand, the almonds of the three cvs. Fascionello, Pizzuta and Romana originate from 
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Avola, located in the most Southern part of Sicily, whose climate is tipically 

Mediterranean, with mild and rainy winters, while summers are often really warm 

and dry, with occasional drought events.  

To establish if the above mentioned and other growing conditions may affect the 

metabolome of a plant species originating from diffrent regions, the LC-

ESI/HRMS/MS profiles of the Apulian almonds extracts were compared with those 

of the three Sicilian cvs. (Figure 3.8).  

 

 

Figure 3.8 LC-HRMS profiles in negative ion mode of the MeOH extracts of P. dulcis cvs. Toritto, 
Fascionello, Pizzuta and Romana whole seeds 

A first overview of the LC-HRMS profiles evidenced clear differences among 

the chemical composition of the analyzed whole seeds MeOH extracts, highlighting 

the constant presence of glycosylated flavonols (20-23), feruloyl caffeoylquinic 

acid (18) and amygdaloside (24), even if this last one resulted as minor constituent 

in the Sicilian almonds unlike the Apulian ones. However, it was interesting to 

notice that amygdalin (4) resulted the major constituent in the three Sicilian cvs., 

while prunasin (10) was detected at high level only in the cv. Fascionello. 
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Cyanogenic glycosides have been widely reported in the seeds of the Prunus 

genus, and are well known for their poisonous effects due to the release of cyanide 

hydrogen, also responsible of the bitterness of certain almond varieties. According 

to cyanogenic glycosides concentration, almonds are classified in sweet, semi-bitter 

and bitter (Chaouali et al., 2013). Hence, the occurrence of such constituents in the 

Apulian and Sicilian P. dulcis seeds may affect their taste (Sánchez-Pérez et al., 

2008). However, since produced almonds are usually provided peeled and roasted, 

the exposure to high temperature during the refinement processes has proved to 

down the cyanogenic glycosides content, with amelioration of the flavor (Imran et 

al., 2013). 

 

3.2.1.6 Peeling process by-products showed good phenolic content and radical 

scavenging activity 

All the extracts produced from the different almond parts, both Sicilian and 

Apulian, as well as the blanching waters, were submitted to Folin-Ciocalteu assay 

to determine the phenolic content, and to DPPH∙ and ABTS•+ assays to evaluate the 

radical scavenging activity (Table 3.2). 

Whole seeds of all the investigated cultivars showed a discreet phenolic content 

and radical scavenging activity. However, remarkable differences were pointed out 

by comparing the different almond parts and the blanching waters: peeled almonds 

showed a substantial lower phenolic content and a weak radical scavenging activity. 

On the countrary, for almond integuments, specially the EtOH:H2O extracts, a high 

content of phenolics was observed, exerting in DPPH∙ and ABTS•+ assays a 

remarkable antioxidant activity. Nevertheless, an even higher phenolic content was 

observed for blanching water, showing as well good radical scavenging properties. 

The achieved results highlighted how consuming unpeeled almonds may provide 

a higher amount of antioxidant phenolics, with additional beneficial effects for 

human health (Mandalari G., 2012). 
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Table 3.2 Total phenolic content, DPPH• and ABTS•+ radical scavenging activity of the extracts and blanching waters of 

P. dulcis cvs. Toritto and Avola (Fascionello, Pizzuta and Romana) seeds 

Sample 
Total Phenolic Content DPPH• ABTS•+ 

GAEa      SDd IC50
b      SDd TEACc   SDd 

Toritto whole seed MeOH 64.57  ±  2.56 49.58  ±  6.24 0.31  ±  0.05 

Toritto whole seed EtOH 84.38  ±  3.64 34.61  ±  4.89 0.52  ±  0.05 

Toritto whole seed EtOH/H2O 18.64  ±  1.78 138.28  ±  12.45 0.19  ±  0.05 

Fascionello whole seed MeOH 68.27  ±  4.17 57.94  ±  3.68 0.02  ±  0.01 

Fascionello whole seed EtOH 90.52  ±  5.89 34.89  ±  2.48 0.39  ±  0.04 

Fascionello whole seed EtOH/H2O 15.12  ±  1.78 77.67  ±  5.61 0.12  ±  0.01 

Pizzuta whole seed MeOH 40.31  ±  4.16 59.71  ±  7.38 0.26  ±  0.09 

Pizzuta whole seed EtOH 51.79  ±  2.10 50.3  ±  4.42 0.64  ±  0.11 

Pizzuta whole seed EtOH/H2O 19.38  ±  1.11 83.09  ±  9.41 0.43  ±  0.04 

Romana whole seed MeOH 35.68  ±  2.46 79.51  ±  8.65 0.46  ±  0.10 

Romana whole seed EtOH 46.61  ±  2.00 78.47  ±  6.65 0.55  ±  0.06 

Romana whole seed EtOH/H2O 29.01  ±  2.79 130.43  ±  14.85 0.40  ±  0.06 

Toritto peeled seed MeOH 14.38  ±  1.46 1 09.70  ±  9.62 N/A 

Toritto peeled seed EtOH 9.75  ±  1.32 154.11  ±  14.33 N/A 

Toritto peeled seed EtOH/H2O 10.68  ±  1.54 148.73  ±  14.28 0.03  ±  0.01 

Fascionello peeled seed MeOH 5.87  ±  1.32 252.01  ±  14.47 0.02  ±  0.01 

Fascionello peeled seed EtOH 11.98  ±  1.15 305.55  ±  28.93 N/A 

Fascionello peeled seed EtOH/H2O 17.72  ±  1.89 100.46  ±  9.95 0.02  ±  0.01 

Pizzuta peeled seed MeOH   9.57  ±  2.62   401.00  ±  38.31 0.04  ±  0.01 

Pizzuta peeled seed EtOH   9.38  ±  2.05   223.53  ±  22.21 N/A 

Pizzuta peeled seed EtOH/H2O 14.01  ±  1.24   462.54  ±  65.57 0.06  ±  0.02 

Romana peeled seed MeOH   8.83  ±  1.92   651.33  ±  55.98 N/A 

Romana peeled seed EtOH 10.87  ±  1.65 1240.88  ±  94.52 N/A 

Romana peeled seed EtOH/H2O 14.94  ±  2.23   457.12  ±  49.64 N/A 

Toritto tegument MeOH 44.01  ±  2.56   176.41  ±  14.84 0.09  ±  0.01 

Toritto tegument EtOH 105.50  ±  7.47   31.94  ±  6.97 0.36  ±  0.05 

Toritto tegument EtOH/H2O 254.20  ±  17.51   17.78  ±  4.35 1.34  ±  0.18 

Fascionello tegument MeOH 31.79  ±  2.23   171.35  ±  11.93 0.14  ±  0.03 

Fascionello tegument EtOH 170.50  ±  21.68   81.25  ±  7.61 0.30  ±  0.04 

Fascionello tegument EtOH/H2O 236.24  ±  15.21   26.23  ±  3.48 0.51  ±  0.07 

Pizzuta tegument MeOH 100.68  ±  5.67   59.13  ±  3.38 0.39  ±  0.06 

Pizzuta tegument EtOH 123.09  ±  6.24   26.58  ±  2.22 0.44  ±  0.06 

Pizzuta tegument EtOH/H2O 239.57  ±  6.62   14.76  ±  2.47 0.85  ±  0.04 

Romana tegument MeOH 180.68  ±  19.41   93.64  ±  6.35 0.33  ±  0.02 

Romana tegument EtOH 201.61  ±  26.19   24.70  ±  3.36 0.42  ±  0.06 

Romana tegument EtOH/H2O 320.31  ±  22.45   19.55  ±  1.94 1.44  ±  0.09 
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Toritto blanching water 334.20  ±  67.10   14.43  ±  1.14 0.32  ±  0.03 

Fascionello blanching water 496.79  ±  51.27     6.88  ±  0.57 0.68  ±  0.06 

Pizzuta blanching water 463.83  ±  56.04     8.23  ±  0.99 1.59  ±  0.14 

Romana blanching water 410.31  ±  40.46     8.11  ±  0.89 1.17  ±  0.13 

    
Vit. C    5.16 ± 0.11   

Quercetin   1.87 ± 0.08 
a Values are expressed as gallic acid equivalents (GAE) mg/g of dried extract. b Values are expressed as μg/mL. c Values 

are expressed as concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL 
solution of the tested extract. d Standard Deviation of three independent experiments. 

 

3.3 LC-ESI/QToF/MS/MS multi-class polar lipids profiling of P. dulcis 

seeds (cvs. Toritto and Avola) 

 

3.3.1 Results and discussion 

3.3.1.1 Polar lipids: a brief overview 

Polar lipids represent a wide class of biomolecules, found in animal and plant 

tissues mainly as structural units. They are consituted by a polar moiety (head 

group), characterizing the class, and aliphatic side chains, usually connected to the 

head group as ethers or acyl derivatives, featured by variable length and 

unsaturation degrees (Fig. 3.9).   

 

Figure 3.9 Different classes of polar lipids 
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3.3.1.2 LC-HRMS/MS in lipidomics 

Mass spectrometry proved to be an elective analytical method in lipidomics, 

allowing to return a high number of information in a single analysis. Several 

advantages may be provided by using mass spectrometry in lipid profiling, as the 

employment of low amounts of samples, and no additional separations of 

constituents into classes. Moreover, acquiring spectra in positive and negative 

ionization mode on instruments equipped with high resolution analyzers can afford 

sufficient information for an unambiguous identification of the class and fatty acyl 

composition as well, providing details about chain length and unsaturation degree. 

However, in case of uncertain identity assignment due to ambiguous definition of 

fatty acid side chains or presence of isobaric species showing same m/z value, 

coupling tandem mass spectrometry to liquid chromatography may represent a 

resolutive approach. In particular, in MS/MS experiments polar lipids may generate 

ion products deriving from the neutral loss of their head group, allowing an univocal 

classification of the analyzed ion. Furthermore, tandem mass spectra can provide 

elucidations about fatty acyl chains length, unsaturation degree, bond site in case of 

glycerol derivatives, while MS/MSn experiments can allow to establish the position 

of eventual unsaturations on alkyl/acyl side chains (Knittelfelder et al., 2014; Cajka 

et al., 2017). 

Therefore, with the aim to investigate the lipid profile of P. dulcis seeds (cvs. 

Toritto and Avola), with particular interest for polar lipids, LC-ESI/QToF/MS/MS 

based analyses were carried out. In addition, in order to evaluate if growing 

conditions and geographical origin, as well as cultivar differences, may affect the 

metabolome of edible parts of plant species, the lipid profiles of the Apulian 

“Mandorla di Toritto” and the Sicilian “Mandorla d’Avola”, represented by the 

three cvs. Fascionello, Pizzuta and Romana, were compared. 
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3.3.1.3 LC-ESI/QToF/MS/MS analysis of the polar lipids of “Mandorla di 

Toritto” and “Mandorla d’Avola” 

Since interest was mainly focused on polar lipids, a targeted protocol was applied 

for a selective extraction of the compounds of interest. In particular, extraction 

method described by Bligh & Dyer was carried out (Bligh & Dyer, 1959), with 

slight modifications in order to maximize extraction yields. In brief, almonds were 

milled, frozen and successively freeze-dried; samples were extracted with 

MeOH:CHCl3 mixtures, and for an optimal extraction an additional 

homogenization process was incorporated. Finally, in order to allow the easy 

separation of solvent phases, water addition and centrifugation were performed. 

Once phases separation occurred, the bottom lipid-containing phase was taken, and 

by a “dilute and shot” approach analyzed by LC-ESI/QToF/MS/MS experiments.  

To achieve a preliminary class separation of the non-polar constituents, 

depending on their polarity and size, the LC separation was carried out by using a 

RP C-18 column, employing a strong organic mobile phase 

(acetonitrile:isopropanol, 1:3, v/v). 

Due to the occurrence of several classes of polar lipids, differing in their capacity 

to produce different molecular ions depending on the selected polarity, experiments 

were performed both in negative and in positive electrospray ionization mode. 

By following this analytical approach, the detection of various classes of 

phospholipids, differing for their head group and fatty acyl side chains number, 

length and unsaturation degree, was obtained. Furthermore, besides phospholipids, 

diacylglycerols and triacylglycerols were detected as well. The information 

achieved by tandem mass spectrometry experiments enabled to determine length 

and unsaturation level of the constituting fatty acyl chains. 

Identification of the detected phospholipids and glycerides was carried out by 

accurate m/z values determination, chromatographic behaviour evaluation, and 

analysis of their characteristic fragmentation patterns. The achieved information 
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were compared with data reported in scientific literature, as well as online databases 

(FoodB, Lipid Maps), and additionally by incorporating the MS/MS spectra in 

online database-assisted prediction tools (MetFrag) (Shen et al., 2013; Song et al., 

2018). 

 

 

3.3.1.4 Phospholipids identification 

Phospholipids play an important role in plant and animal organisms, with 

structural and functional properties. They represent the main constituents of cell 

membranes, and showed to exert a wide range of beneficial effects on human health. 

As example, phospholipid-containing foods consumption showed liver weight and 

its lipid content decreasing properties, as well as gastroprotection functions, in 

particular phosphatidylcholines showed to reduce inflammation affecting the 

gastrointestianl tract. In addition, a phospholipid rich diet may reduce the incidence 

of several effects related to chronic arthritis. Moreover, in vivo hematic cholesterol 

reduction was observed, jointly with neuroprotective effects and amelioration of the 

main symptoms related to Alzheimer and Parkinson diseases (Abdelmoneim et al., 

2017). 

On a chemical point of view, phospholipids (PL) are made up of different polar 

head groups linked to a glycerol moiety possessing fatty acyl side chains on sn-1 

and sn-2 positions, except for lysophospholipids (l-PLs), possessing only one fatty 

acyl chain. These last ones represent minor constituents in foods and are less often 

described. 

LC-ESI/QToF/MS/MS analysis of P. dulcis cvs. Toritto and Avola seeds 

highlighted the occurrence of 26 phospholipids: 3 lysophosphatidylcholines (l-

PCs), 10 phosphatidylcholines (PCs), 6 phosphatidylethanolamines (PEs), 5 

phosphatidylinositols (PIs), 2 phosphatidylglycerols (PGs) (Table 3.3). Each class 

was assigned by analyzing the informative and diagnostic fragmentation spectra, 



________________________________________________________________Chapter 3 

88 
 

exhibiting characteristic neutral losses in accordance with data reported in literature 

(Pulfer & Murphy, 2003). 

l-PCs and PCs exhibited in MS/MS spectra acquired in positive ion mode a 

diagnostic base peak at m/z 184, ascribable to the phosphocoline ion, allowing an 

unambiguos identification of the class (Fig. 3.10). Similarly, PEs showed in their 

fragmentation spectra in positive ion mode product ions deriving from the loss of 

the phosphoethanolamine head group (-141 Da) (Fig. 3.10). Otherwise, PIs were 

detected in negative ion mode, and were unambiguously identified by the 

occurrence of two highly diagnostic product ions: the first one was observed at m/z 

241, and was ascribable to the inositol phosphate ion generated by an initial loss of 

the sn-2 fatty acyl as ketene; the second one was the product ion at m/z 153 

originated by an intramolecular cyclization of the glycerol moiety with phosphate, 

generating a dioxaphosphorinanol oxide moiety (Fig. 3.10). In negative ion mode 

also PGs were observed. This phospholipid class was featured by the occurrence of 

the typical product ion at m/z 171 ascribable to the phosphoglycerol ion, and by the 

presence in the tandem mass spectrum of product ions formed by the neutral loss 

from the [M-H]- ion of 74 Da, corresponding to the dehydrated glycerol moiety 

(Fig. 3.10). Once that the phospholipid classes were assigned, the identification of 

the fatty acyl side chains was carried out. PCs, PEs and PGs showed in the MS/MS 

spectra product ions related to the diacylglycerol moiety, generated by the neutral 

loss of the head group, preliminarly suggesting a set of possible combinations of 

acyl side chains. For l-PCs, PCs and PEs the identity of the side chains was 

unequivocally assessed by the occurrence of the monoacylglycerol moieties, which 

allowed to determine their length and unsaturation degree (Fig. 3.10). Differently, 

both PGs and PIs showed MS/MS spectra in which product ions related to 

monoacylglycerols were not detectable, while acyl side chains were detected as 

[fatty acid-H]- ions (Fig. 3.10). Unfortunately, even if the achieved information 

allowed to certainly identifiy the phospholipid classes and the fatty acyl side chains, 
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it was not possible to determine the sn-1 and sn-2 position on glycerol backbone, 

as well as the unsaturation positions. 

 

Figure 3.10 Fragmentations observed for pospholipids. R = polar head group. R1/R2 = fatty acids 
side chains, for phospholipids. R1/R2 = H/fatty acid side chain or fatty acid side chain/H for 
lysophospholipids. 

 

 It is worthy to notice how detected phospholipids were not homogeneously 

distributed in the investigated almond cultivars. Although all detected l-PCs and PIs 

occurred in Apulian and Sicilian almonds, the remaining phospholipid classes 

showed heterogeneous distribution, occasionally found in only one cultivar, as 

observed for compounds 31 and 34, detected only in cv. Pizzuta, and compound 42, 

occurring only in cv. Romana.  
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Table 3.3 Phospholipids putatively identified in P. dulcis seeds cvs. Toritto and Avola 

N° Compound Toritto Fascionello Pizzuta Romana R
t
 m/z Ion 

Ion  

Mode 

Molecular  

Formula 
MS/MS 

27 l-PC(18:2) X X X X 4.1 520.3357 [M+H]+ + C
26

H
50

NO
7
P 337, 184 

28 l-PC(16:0) X X X X 5.0 520.3357 [M+H]+ + C
26

H
50

NO
7
P 313, 184 

29 l-PC(18:1) X X X X 5.2 522.3554 [M+H]+ + C
26

H
52

NO
7
P 339, 184 

30 PC(16:0/16:0)   X   X 10.2 730.5351 [M+H]+ + C
40

H
80

NO
8
P 551, 313, 184 

31 PC(16:1/16:1)     X   10.3 728.5363 [M+H]+ + C
40

H
76

NO
8
P 547, 311, 184 

32 PC(16:0/18:1) X X X X 12.6 760.5864 [M+H]+ + C
42

H
82

NO
8
P 577, 339, 313, 184 

33 PC(16:0/18:2) X X X X 11.6 758.5686 [M+H]+ + C
42

H
80

NO
8
P 575, 337, 313, 184 

34 PC(16:1/18:2)     X   10.2 756.5535 [M+H]+ + C
42

H
78

NO
8
P 573, 337, 311, 184 

35 PC(18:0/18:1) X X X X 14.2 788.6166 [M+H]+ + C
44

H
86

NO
8
P 605, 341, 339, 184 

36 PC(18:0/18:2) X   X X 13.8 786.5995 [M+H]+ + C
44

H
84

NO
8
P 603, 341, 337, 184 

37 PC(18:1/18:1) X X X X 12.6 786.6025 [M+H]+ + C
44

H
84

NO
8
P 603, 339, 184 

38 PC(18:1/18:2) X X X X 11.6 784.5848 [M+H]+ + C
44

H
82

NO
8
P 601, 339, 337, 184 

39 PC(18:2/18:2) X X X X 10.7 782.5693 [M+H]+ + C
44

H
80

NO
8
P 599, 337, 184 

40 PE(16:0/18:1) X X X X 11.2 718.5346 [M+H]+ + C
39

H
76

NO
8
P 577, 339, 313 

41 PE(16:0/18:2)   X X   10.4 716.5205 [M+H]+ + C
39

H
74

NO
8
P 575, 337,313 

42 PE(18:1/18:1)       X 9.9 744.5504 [M+H]+ + C
41

H
78

NO
8
P 603, 339, 265 

43 PE(18:0/18:2) X X X X 11.3 744.5504 [M+H]+ + C
41

H
78

NO
8
P 603, 341, 337 

44 PE(18:1/18:2) X X X X 10.7 742.5342 [M+H]+ + C
41

H
76

NO
8
P 601, 339, 337 

45 PE(18:2/18:2)   X X   11.2 740.5169 [M+H]+ + C
41

H
74

NO
8
P 599, 337 

46 PI(16:0/18:1) X X X X 5.8 835.5363 [M-H]- - C
43

H
81

O
13

P 281, 255, 241, 153 

47 PI(16:0/18:2) X X X X 5.3 833.5218 [M-H]- - C
43

H
79

O
13

P 279, 255, 241, 153 

48 PI(18:0/18:1) X X X X 6.0 863.5653 [M-H]- - C
45

H
85

O
13

P 283, 281, 241, 153 

49 PI(18:0/18:2) X X X X 5.6 861.5498 [M-H]- - C
45

H
83

O
13

P  283, 279, 241, 153 

50 PI(18:0/18:3) X X X X 5.3 859.5359 [M-H]- - C
45

H
81

O
13

P 283, 277, 241, 153 

51 PG(16:0/18:1) X X X X 6.0 747.5194 [M-H]- - C
40

H
77

O
10

P 673, 281, 255, 171 

52 PG(16:0/18:2)     X X 5.8 745.5038 [M-H]- - C
40

H
75

O
10

P 671, 279, 255, 171 

l-PC = lysophosphatidylcholine, PC = phosphatidylcholine, PE = phosphatidylethanolamine, PI = phosphatidylinositol, PG = 

phosphatidylglycerol,  

 

3.3.1.5 Diacylglycerols and triacylglycerols identification 

Triacylglycerols play an important role in plant metabolism since they represent 

one of the main energy storages, mostly located in the seeds, available in case of 

protract drought. They also provide energy to sprouting seeds in their first growth 

steps. However, besides energy supplement, recent scientific findings pointed out 

their essential role in cell division and expansion, as well as in membrane lipid 

modeling, reproductive organs formation and impollination (Yang et al., 2018). 
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In humans, after dietary intake, triacylglycerols are hydrolyzed by pancreatic 

lipases, leading to free fatty acids release, jointly with diacylglycerols and glycerol. 

Such lysis is needed for the impossibility of lipids to be absorbed as triacylglycerols 

in duodenum, contrarily to fatty acids, monoacyglycerols, and some 

diacylglycerols. Once absorbed, triacylglycerols are reassembled in enterocytes and 

incorporated into chylomicrons, to be delivered to different tissues. When a lack of 

energy occurs, triacylglycerols undergo a breakdown to release fatty acids, used as 

energy source, and glycerol, used to synthesize glucose, used by brain cells due to 

their incapacity to use fatty acid as energy source (unless converted in ketones) 

(White & Venkatesh, 2011; Lambert & Parks, 2012). 

As advanced, triacylglycerols are mainly found in seeds, and nuts showed to be 

a rich source, proved by the high calories content, in a range of 550-650 kcal for 

100 g of dried nuts. 

The investigation of the non-polar fraction of P. dulcis seeds further highlighted 

the occurrence of diacylglycerols and triacylglycerols, constituted by fatty acids 

with variable number of carbons and unsaturations (Table 3.4). 

The identification of the detected glycerides was carried out by comparing the 

data obtained from the analysis of their fragmentation spectra and their accurate m/z 

values with the scientific literature, already reporting their occurence in sweet 

almonds, and online databases and by incorporating the MS/MS spectra in online 

database-assissted prediction tools (Shen et al., 2013; Holčapek et al., 2003; 

McAnoy et al., 2005; Martın-Carratala et al., 1999). 

All glycerides were detected in positive ion mode as ammonium adducts. The 

accurate m/z values determined in LC-HRMS analysis allowed to preliminarly 

establish the total number of carbons of the fatty acyl chains constituting the 

glycerides, and the total unsaturation degree as well. However, a comprehensive 

analysis of the fragmentation spectra led to the identification of the acyl side chains 

bonded to the glycerol backbone. In depth, submitted to multicollisional 
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fragmentation events, triacylglycerols yielded product ions originated by the loss 

of a fatty acyl side chain, and producing different diacylglycerol combinations 

which led to the identification of the lost acyl side chain. However, only for 

compound 60-62 it was not possible to unambiguously assess the fatty acyl identity. 

On the other hand, diacylglycerols showed in their MS/MS spectra product ions 

deriving from the loss of a water molecule, as well as signals ascribable to 

monoacylglycerol moieties deriving from the loss of one of the constituting acyl 

chains; occasionally, the identity of the fatty acyl chains was further confirmed by 

the presence of their related [acyl]+ ions. 

Curiously, two triacylglycerols with a short C 2:0 acyl side chain were detected 

(58-59). Starting perplexities were clarified by their occurrence reported in hazelnut 

(Coryuls avellana L.) by Klockmann et al. (Klockmann et al., 2016). 

Noteworthy, compounds 63-70 showed a fatty acyl chain with an odd number of 

carbons. It was for long time assessed that in plant kingdom only even-numbered 

fatty acids could be deriving from biosynthetic processes; however, recent findings 

pointed out their occurrence in plant species as minor constituents (Holčapek et al., 

2003; Rezanka & Sigler, 2009). 

  

Table 3.4 Glycerides putatively identified in P. dulcis seeds cvs. Toritto and Avola 

N° Compound Toritto Fascionello Pizzuta Romana R
t
 m/z Ion 

Ion  

Mode 

Molecular  

Formula 
MS/MS 

53 DG(16:0/18:1)   X   X 13.3 612.5576 [M+NH
4]+

 
+ C

37
H

70
O

5
 577, 339, 313 

54 DG(18:1/18:1) X X X X 13.4 638.5732 [M+NH
4]+ + C

39
H

72
O

5
 603, 339, 265 

55 DG(18:1/18:2) X X X X 12.6 636.5573 [M+NH
4]+ + C

39
H

70
O

5
 601, 339, 337, 265, 

263 
56 DG(18:2/18:2)   X X X 11.9 634.5413 [M+NH

4]+ + C
39

H
68

O
5
 599, 337, 263 

57 DG(20:1/22:4) X X X X 15.6 716.5949 [M+NH4]+ + C
45

H
78

O
5
 429, 413, 375, 357 

58 TG(2:0/16:0/18:1)   X X X 14.1 654.5635 [M+NH
4]+ + C

39
H

72
O

6
 577, 381, 355 

59 TG(2:0/18:1/18:1) X X X X 14.2 680.5835 [M+NH
4]+ + C

41
H

74
O

6
 603, 381, 265 

60 TG(56:2) X X     14.9 932.7906 [M+NH
4]+ + C59H110O6 773, 615, 603, 491, 

277 
61 TG(56:3) X X X   14.4 930.7759 [M+NH

4]+ + C59H108O6 771, 613, 615, 601 
62 TG(56:4)   X     13.8 928.7558 [M+NH

4]+ + C59H106O6 769, 613, 599, 489, 

261 
63 TG(16:0/18:1/19:1) X X X X 17.0 890.7790 [M+NH

4]+ + C
56

H
104

O
6
 617, 591, 577 

64 TG(16:0/18:2/19:1) X X X   16.3 888.7613 [M+NH
4]+ + C

56
H

102
O

6
 615, 591, 575 

65 TG(17:1/17:1/19:1)   X     16.5 888.7666 [M+NH
4]+ + C

56
H

102
O

6
 603, 575 
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66 TG(18:1/18:1/19:0)     X   17.1 918.8088 [M+NH
4]+ + C

58
H

108
O

6
 619, 603 

67 TG(18:1/18:2/19:0)       X 16.0 916.7936 [M+NH
4]+ + C

58
H

106
O

6
 615, 601, 599 

68 TG(18:1/18:1/19:1) X X X X 17.0 916.7954 [M+NH
4]+ + C

58
H

106
O

6
 617, 603 

69 TG(18:1/18:2/19:1) X X X X 16.5 914.7836 [M+NH
4]+ + C

58
H

104
O

6
 617, 615, 601 

70 TG(18:2/18:2/19:1) X X X   15.9 912.7669 [M+NH
4]+ + C

58
H

102
O

6
 615, 599 

DG = diacylglycerol, TG = triacylglycerol 

 

3.3.1.6 Free fatty acids identification 

Fatty acids are widespread in animal and plant species, representing the main 

energy source for metabolic pathways. Besides their conclamate role in energy 

supplementation, fatty acids, specially mono- and polyunsaturated derivatives, 

showed beneficial effects for human health due to their capacity to reduce hematic 

LDL levels and enhance HDL, reducing the onset incidence of cardiovascular 

diseases ascribable to atherosclerotic plaques genesis (Woollett & Dietschy, 1994). 

Nuts have been widely described for their high content of MUFA and PUFA and 

the resulting benefits exerted on health. In addition, a steady almond consumption 

showed to produce positive effects, with long-term benefits (Berryman et al., 2011). 

Therefore, it resulted worthy to extend our lipidome profiling to this class of 

constituents. 

Free fatty acids were detected in negative ion mode as [M-H]- pseudomolecolar 

ions, and the accurate m/z values allowed to determine the chain length and the 

unsaturation degree. In MS/MS experiments they exhibited the same behaviour, 

ogriginating [M-H-18]- and [M-H-44]- product ions formed by neutral loss of a 

water molecule and of the carboxylic group as carbon dioxide, respectively (Table 

3.5). Unfortunately, no further structural information were provided, unabling to 

determine the position of the unsaturations. 

 

Table 3.5 Free fatty acids putatively identified in P. dulcis seeds cvs. Toritto and Avola 

N° Compound Toritto Fascionello Pizzuta Romana R
t
 m/z Ion 

Ion  

Mode 

Molecular  

Formula 
MS/MS 

71 Palmitic acid X X X X 6.2 255.2339 [M-H]- - C
16

H
32

O
2
 237, 211 

72 Stearic acid X X X X 6.9 283.2653 [M-H]- - C
18

H
36

O
2
 265, 239 

73 Oleic acid X X X X 6.4 281.2511 [M-H]- - C
18

H
34

O
2
 263, 237 

74 Linoleic acid X X X X 5.9 279.2339 [M-H]- - C
18

H
32

O
2
 261, 235 
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3.3.1.7 Multivariate data analysis 

Several studies carried out on different nut cultivars highlighted a putative 

influence of different growing conditions, like soil composition, temperatures, 

rainfalls, altitude, affecting the metabolite profile of a plant species (Shen et al., 

2013; Klockmann et al., 2016; Hüseyin et al., 2014). In case of edible parts, such 

variations in the chemical composition may have an important role in determining 

their taste and nutritional values.  

A quick overview on data obtained from the previous LC-HRMS/MS analysis 

of P. dulcis seeds (cvs. Toritto and Avola) non-polar constituents pointed out clear 

differences in their metabolome, further validating the geographical 

area/composition relationship. However, the only analysis of LC-HRMS profiles 

and related tables may not allow a simple and immediate data interpretation. 

Therefore, raw data obtained from LC-HRMS experiments were processed by a 

multivariate data analysis approach, with the aim to achieve a quicker and simpler 

data interpretation.  

Multivariate data analysis has proved to be a powerful tool in metabolomics to 

rapidly spot differences and similarities when a high number of information is 

provided, becoming an elective data processing method when a high number of 

observations (in this case, almond cultivars) and variables (in this case, peak areas 

of detected metabolites) are correlated, necessitating of a graphical data 

interpretation.  

LC-HRMS raw data were used to generate a data matrix in which different 

almond cultivars (observations) and peak areas of the detected compounds 

(variables) were reported. Principal Component Analysis (PCA) was first 

performed to achieve an overview of the dataset, paying attention to detect eventual 

correlations among observations. In PCA score plot (Fig. 3.11) a remarkable 

clustering was observed, since cv. Toritto (T1-8) was located in the lower left area 
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of the plot while the cvs. Avola were diagonally opposed, evidencing a difference 

among Apulian and Sicilian cultivars. In addition, a further clustering among the 

three Sicilian cultivars was observed, with Fascionello (F1-8), Pizzuta (P1-8) and 

Romana (R1-8) located in three different regions of the plot. Such evidence 

suggested a metabolome variation occurring in P. dulcis seeds due to inequalities 

in the metabolic pathways of the investigated cultivars. PC1 contributed to 41.8% 

of the variance, while PC2 to 29.7%, with a total variance of 71.5%, suggesting a 

satisfying discrimination among the observed clusters.    

On the other hand, the PCA loading plot showed the influence of the detected 

constituents in determining the differences observed in the score plot (Fig. 3.11). 

 

 

Figure 3.11 PCA score plot and loading plot of P. dulcis seeds (cvs. Toritto and Avola) 

 

In addition, by performing a Bucket evaluation, it was possible to observe how 

the most differentiating metabolites affected dissimilarities shown in the score plot; 

in particular, their distribution in the investigated cultivars was assessed.  

 TG (18:1/18:1/19:1) (68) resulted abundant in Toritto and Fascionello cvs., as 

well as TG (18:1/18:2/19:1) (69) and TG (16:0/18:1/19:1) (63), while TG 
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(2:0/18:1/18:1) (59) and PC (18:1/18:2) (38) showed higher occurrence in Toritto 

and Romana cvs. DG (18:1/18:2) (55) resulted abundant in Fascionello and also in 

Pizzuta cultivars. Even if the loading plot of PCA suggested their possible role in 

cultivars differentiation, metabolites with m/z 603.535 and 339.289 were not 

considered in Bucket evaluation, since after an accurate analysis of the LC-

HRMS/MS spectra, together with the consideration of their retention time and their 

signal level distribution, they resulted to be product ions corresponding to DG 

(18:1/18:1) or DG (18:0/18:2) and to MG (18:1), respectively, detected as 

[acyl+74]+ ions, originating from in-source fragmentation events.  

Furtherly, Partial Least Square (PLS) score plot (Fig. 3.12) highlighted 

differences among the metabolite profiles of the investigated cultivars as well. The 

component one accounted 23% of the variation, while, component two 39%. 

Furtherly, good values of predictability (Q2 = 0.89) and separation (R2Y = 0.94) 

were observed; in order to assess the model robustness and reliability, validating 

permutation tests were carried out.  Cv. Toritto (T1-8) resulted located in the lower 

right section of the plot, while Sicilian cvs. were located on the opposite side, 

suggesting once again a potential influence of different growing conditions on the 

metabolite pathways of a plant species. Nevertheless, as observed in PCA, 

Fascionello (F1-8), Pizzuta (P1-8) and Romana (R1-8) cultivars were placed in 

three different sections of the plot, hinting the occurrence of inter-cultivars 

metabolome dissimilarities. 
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Figure 3.12 PLS analysis score plot of P. dulcis seeds (cvs. Toritto and Avola) 

 

 

 

3.4 Free fatty acids GC-FID quali-quantitative analysis of P. dulcis seeds 

(cvs. Toritto and Avola) 

 

3.4.1 Results and discussion  

3.4.1.1 GC-FID analysis 

Gas chromatography proved over the years to be a robust and elective analytical 

method for the analysis of several classes of compounds, finding applications in 

many fields, as environmental analysis, food and drug quality controls, forensic 

sciences, cosmetics. The main advantages showed by GC are due to the capacity to 

rapidly and satisfying separate compounds otherwise not analyzable by liquid 

chromatography because of their chemical properties.  

In food analysis, GC is mostly employed for separating volatile and non-polar 

constituents, successively detected by specific (ECD, FPB) or universal (FID) 

detectors, even if it has achieved its maximum potential by the coupling with mass 

spectrometers. 
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Pursuing the investigation on the non-polar fraction of P. dulcis seeds, the oily 

fraction was submitted to GC-FID analyses in order to identifiy the main occurring 

free fatty acids, previous derivatization to make sample suitable with GC 

experiments.  

The main free fatty acids (palmitic, palmitoleic, stearic, oleic and linoleic acids) 

were detected and quantified. 

 

3.4.1.2 Fatty acids extraction and fatty acid methyl esters (FAMEs) synthesis 

Fatty acids were extracted by using non-polar solvent (n-hexane) by stirring, and 

the obtained extract dried till constant weight by rotary evaporator and by nitrogen 

gurgling. Prior to GC analysis, samples were converted to their respective methyl 

esters following the method described by Ichihara & Fukubayashi, with slight 

modifications: a small amount of sample was dissolved in n-hexane and MeOH, 

and HCl 2 M was successively added (Ichihara & Fukubayashi, 2010). 

Successively, the obtained FAMEs were analyzed by GC-FID. 

 

 

 

 

3.4.1.3 Identification and quantification of the major free fatty acids 

 The identification of the detected free fatty acids was carried out by comparing 

the retention times (Rt) showed in their GC-FID chromatograms (Fig. 3.13) with a 

FAMEs standard solution analyzed in the same experimental conditions (Fig. 3.14). 
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Figure 3.13 GC-FID chromatograms of FAMEs identified in P. dulcis seeds (cvs. Toritto, Fascionello, 
Pizzuta and Romana) 

 To achieve an accurate comparison of the Rt, a signal alignment of the detected 

peaks was performed, by using as reference peak the one related to 

butylhydroxytoluene (BHT). This led to the identification of two saturated fatty 

acids (palmitic and stearic acids), two monounsaturated fatty acids (palmitoleic and 

oleic acids) and one polyunsaturated fatty acid (linoleic acid), previously detected 

in LC-HRMS experiments. Successively, calibration curves (Table 3.6) were 

assessed by analyzing increasing concentrations of the FAMEs standard solution, 

and main fatty acids quantified by performing peak areas integration.  Fatty acids 

concentration was expressed as amount percentage of total content (Table 3.7). 

 

Table 3.6 Quantitative data of  P. dulcis (cvs. Toritto and Avola) seeds oily fraction. Five-point calibration, 

with a multi-component standard. LOQ (Limit of quantification) and LOD (Limit of detection) expressed 

in μg/mL 

Compound Rt R2 Regression line 
LOQ 

(μg/mL) 

LOD 

(μg/mL) 

palmitic acid (C 16:0) (71) 8.01 0.9981 y=2580x-71 0.18 0.06 

palmitoleic acid (C 16:1) (75) 8.46 0.9996 y=1524x-17 0.12 0.05 

stearic acid (C 18:0) (72) 9.39 0.9972 y=640x-35 0.20 0.09 

oleic acid (C 18:1) (73) 9.87 0.9971 y=8123x-214 0.14 0.05 

linoleic acid (C 18:2) (74) 10.17 0.9978 y=349x+19 0.16 0.07 
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Table 3.7 Amount (%) ± SD of the main fatty acids quantified in the oily fraction of the Italian almond cvs. 

Toritto and Avola 

N° Compound Toritto Fascionello Pizzuta Romana 

71 Palmitic acid (C 16:0) 4.42 ± 0.31 4.71 ± 0.24 4.98 ± 0.26 4.19 ± 0.14 

75 Palmitoleic acid (C 16:1) 0.46 ± 0.07 0.47 ± 0.06 0.34 ± 0.02 0.43 ± 0.07 

72 Stearic acid (C 18:0) 2.83 ± 0.07 2.26 ± 0.03 1.79 ± 0.11 2.29 ± 0.14 

73 Oleic acid (C 18:1) 65.74 ± 162 60.85 ± 1.47 66.16 ± 2.09 68.05 ± 1.55 

74 Linoleic acid (C 18:2) 26.55 ± 0.57 31.71 ± 1.02 26.73 ± 0.85 25.04 ± 0.77 

Results expressed as percentage of the total amount of the detected free fatty acids. 

Standard Deviation of three independent experiments. 

 

 

Figure 3.14 GC-FID chromatogram of FAMEs standard mixture 

Quali-quantitative analysis results were in accordance with previous 

investigations carried out on other almond cultivars (Hüseyin et al., 2014; Popa et 

al., 2013). Oleic acid (73) resulted the major constituent, followed by linoleic (74) 

and palmitic acid (71). Nevertheless, compared to data reported in literature, 

linoleic acid (74) exhibited a higher concentration (Hüseyin et al., 2014; Popa et al., 

2013).   However, linolenic acid signal was slightly detected, and its quantification 

was impossible to perform.  
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Free fatty acids identified in the oily fraction of almonds have been exhaustively 

reported in scientific literature for the beneficial effects exerted on human health, 

mainly due to the reduction of hematic LDL levels, and promoting the enhancement 

of HDL levels, leading to a lower incidence of cardiovascular adverse events onset 

(Heyden S., 2014). Moreover, almond oil showed to possess anticancer activity in 

colon carcinoma, while in vivo hepatoprotective effects against liver injuries 

induced by carbon tetrachloride were observed (Mericlia et al., 2017; Xiao-Yan et 

al., 2011). 

 

3.5 Conclusions 

Phytochemical investigations carried out on the polar fraction of P. dulcis whole 

seeds pointed out the occurrence of several phenolic constituents reported for their 

antioxidant activity, effectively extracted by the “eco-friendly” extraction methods. 

Following studies carried out on the main product and by-products deriving from 

peeling processes allowed to determine the originating matrices of the identified 

compounds, highlighting discarded almond skins and blanching waters as a rich 

source of phenolics, as supported by the results achieved from Folin-Ciocalteu 

assay, suggesting a potential employment in industrial applications for the 

manufacture of phenolics-/fibers-rich dietary supplements.  

Comparison of the polar fractions LC-HRMS profiles evidenced visible 

differencs among the Apulian and the Sicilian cultivars, suggesting a possible 

influence of different growing conditions on the metabolome of a plant species. 

Such differences were also highlighted by comparing the data obtained from the 

LC-HRMS profiles acquired in the investigation of the non-polar fraction of P. 

dulcis seeds, processed by a multivariate data analysis approach, which allowed to 

identify different classes of phospholipids, jointly with di-/triacylglycerols. In 

addition, GC-FID experiments carried out on almonds oily fraction pointed out the 

occurrence of mono-/polyunsaturated fatty acids. 
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The obtained results can provide an added value to the Italian “Mandorla di 

Toritto” and “Mandorla d’Avola”, highlighting the potential beneficial effects 

deriving from a moderate daily consumption.  
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3.6 Experimental procedures 

 

Plant material 

Apulian “Mandorla di Toritto” (cv. Filippo Cea) samples were provided by “La 

Fattoria della mandorla” (Toritto, Italy), while samples of the “Mandorla d’Avola” 

(cvs. Fascionello, Pizzuta and Romana) were provided by the “Consortium of the 

Mandorla d’Avola” (Avola, Italy). 

 

Extraction of polar constituents 

In order to ease the analysis of the polar constituents, almond samples were 

submitted to defatting extraction processes. 1.6 kg of almonds of the cv. Toritto 

were extracted by maceration employing petroleum ether (1.5 L, three times for 

three days), chloroform (1.5 L, three times for three days) and MeOH (1.5 L, three 

times for three days), yielding 61.1 g of crude MeOH extract. A small amount (5.0 

g) of the crude MeOH extract was then submitted to a liquid-liquid extraction 

process, by using n-hexane and MeOH (three times), in order to remove fats 

eventually still present, and to a successive liquid-liquid extraction by using BuOH 

and H2O (three times), in order to remove the high content of sugars, detected by 

TLC analysis, yielding 1.4 g of BuOH extract.  

The whole seeds were also extracted by using EtOH 96% and a mixture of EtOH 

and H2O (1:1, v/v): 10 g of almond samples were extracted by maceration with 100 

mL of solvent, three times for three days, yielding 521.36 mg and 642.3 mg of 

extract, respectively. Moreover, almonds were peeled in order to separately analyze 

the metabolite profile of the integuments and peeled kernels. In brief, 100 g of 

almonds were submerged in 500 mL of warm water at a constant temperature of 

40°C for 30 min, and then carefully hand peeled. The obtained peeled almonds (80 

g) and skins (15 g) were extracted by following the same protocols employed for 
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the whole seeds, but using a lower amount of solvents (0.5 L for peeled almonds, 

0.2 L for integuments), yielding 1.7 g and 1.1 g of crude MeOH extracts, 

respectively. In addition, H2O used for separating the kernels from the integuments 

(blanching water) was frozen and freeze-dried, returning 2.6 g of liophilized extract.  

Almonds of Avola cvs. (Fascionello, Pizzuta and Romana) were extracted at the 

same way of the Toritto cv. 

 

LC-ESI/LTQOrbitrap/MS/MS and LC-ESI/LTQOrbitrap/MS analysis of polar 

constituents 

LC-HRMS experiments were carried out on instrument reported in general 

experimental procedures. LC separation was performed on a Phenomenex 

(Torrance, CA, USA) Kinetex C-18 column (100 x 2.10 mm, 2.6 μm), at a flow rate 

of 0.2 mL/min. Employed mobile phases were (A) water and (B) acetonitrile, both 

acidified at 0.1% formic acid. Elution gradient was: 0 min 10% B, 10 min 40% B, 

returning to starting conditions in 7 min. Injection volume was 10 μL, keeping the 

column at room temperature. The ESI source parameters were set as following: 

source voltage at 5 kV, capillary voltage at -12 V, tube lens offset at -121.47 V, 

capillary temperature at 280°C; sheath gas at 30 (arbitrary unit) and auxiliary gas 

flow at 5 (arbitrary unit).  

 

Polar lipids extraction 

As reported in general experimental procedures. 

 

LC-ESI/QToF/MS/MS and LC-ESI/QToF/MS analysis of polar lipids 

As reported in general experimental procedures. 
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Free fatty acids extraction 

As reported in general experimental procedures. Extraction operations yielded 

for Toritto, Fascionello, Pizzuta and Romana, 17.1 g, 17.5 g, 18.0 g and 18.1 g of 

oily extract, respectively. 

 

Fatty acids methyl esters (FAME) synthesis 

As reported in general experimental procedures. 

 

GC-FID quali-quantitative analysis of free fatty acids 

As reported in general experimental procedures. 

 

Chemometrics 

 

Data analysis 

Raw data obtained from the LC-ESI/QToF/MS experiments were first filtered 

by using Data Analysis 4.1 software (Bruker Daltonics). In particular, data 

reduction, gap filling, baseline correction, peak detection, noise elimination were 

carried out, as well as discard of m/z values originated from in-source fragmentation 

events, always aiming at preserving the variance of the detected compounds. 

Successively, filtered data were processed and a data matrix, employed for 

multivariate data analysis, was obtained. In addition, metabolites identification was 

performed by comparing m/z values and Rt reported in data matrix with those 

obtained from previous characterization. Samples were analyzed eight times. 

  

Multivariate data analysis 

Aiming at identifing possible differences among the analyzed P. dulcis almonds 

cultivars, the data obtained from the LC-HRMS experiments were submitted to 

chemometric analyses, in particular PCA and PLS. PCA is an unsupervised method, 
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widley employed in metabolomics to detect significant patterns related to genetic 

and environmental factors that, sinergistically with PLS, a supervised statistic 

model, may support the discrimination of varieties originating from different 

regions. 

Evaluation of the raw data obatined from the LC-HRMS analyses, as well as the 

elaboration of the processed data, were performed with Data Analysis 4.1 software 

(Bruker Daltonics), applying Pareto scaling on all the data of the obtained matrix. 

This last one (32 samples x 228 signals) was first analyzed by PCA, in order to 

define homogeneous samples clusters. Successively, to achieve a satisfactory 

clustering overview of the analyzed almond cultivars, score and loading plots of 

PCA were generated for the whole datasets. The known clusters confirmed by PCA 

were used as Y classes in PLS. Data were modeled by PLS as a supervised approach 

too, to visualize clustering relationships.   

 

Method validation 

Analyses were performed on 8 samples for each cultivar, and all the models were 

validated by cross-validation techinques and permutation tests, in accordance with 

standardized good practices, to minimize false discoveries and achieve robust 

statistical models. R2(x) values were used to evidence the robustness of the 

statistical method. In addition, Bucket evaulation of the main discriminant m/z 

values observed in the PCA loading plot was carried out, in order to further reduce 

the risk of false positives due to the presence of artifacts, like product ions due to 

in-source fragmentation events. 

 

Total phenolic content 

As reported in general experimental procedures 
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DPPH• radical scavenging activity 

As reported in general experimental procedures 

 

ABTS•+ radical scavenging activity 

As reported in general experimental procedures 
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Chapter 4 

Prunus dulcis Mill. (cvs. Toritto and Avola) 

biomasses (leaves, husks and shells) as potential 

source of bioactives 
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4.1 Introduction 

Prunus dulcis Mill. is a tree belonging to the Rosaceae family, with pink-white 

flowers appearing before the leaves, dark green colored and spear shaped. The fruit 

is a drupe, showing peculiar features: it is constituted by a leathery husk, enveloping 

a wooden and porous shell containing an edible seed rich of oil, commonly known 

as sweet almond. 

Although widely consumed fresh or roasted as they are, almonds are mostly 

employed in cookery, pastry and above all confectionery on industrial level, causing 

therefore remarkable amounts of biomasses deriving from the production processes, 

mainly represented by leaves, shells and husks, considered as waste materials 

whose disposal costs burden on the farmers. In order to overcome the removal 

expenses, alternative uses were proposed, like animal fodder, mulching or as cheap 

fuel for stoves.  However, in recent times an increasing number of scientific reports 

proved agricultural by-products to be a valuable source of bioactives (Tang et al., 

2018; Kumar et al., 2017), suggesting their potential employment in other fields, 

denoting such biomasses no more as wastes of production workflows but rather as 

a potential economical resource, from which farmers and minor business owners 

may take advantage.  In this study attention was payed on the main by-products 

deriving from the manufacturing processes of two of the most appreciated Italian 

almond varieties, that are the “Mandorla di Toritto” and “Mandorla d’Avola”. The 

first one originates from the territory surrounding Toritto, a small town located in 

Northern Apulia, and is represented by the cv. Filippo Cea; the second one is 

represented by the three cvs. Fascionello, Pizzuta and Romana, cultivated in the 

territory of Avola, an expanding town in the most Southern area of Sicily.  

Thus, aiming at proposing P. dulcis leaves, husks and shells as perspective 

sources of biologically active compounds, an exhaustive phytochemical 

investigation was carried out in order to assess the chemical composition of the non- 

edible plant parts, focusing the attention on the polar fraction. Moreover, due to the 
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different provenances of the investigated cultivars, possible dissimilarities in the 

metabolite profiles were evaluated, looking at establishing if different growing 

conditions may affect the metabolome of a plant species. In addition, different 

extracts were prepared by employing “green” solvents, also adapt to human 

consumption.  

Thus, different classes of secondary metabolites were identified, as flavonoids, 

terpenes, cyanogenic glycosides, lignans and neolignans. In addition, “eco-

frienldy” extraction methods showed chemical class selectivity, as well as good 

phenolic content and antioxidant activity. Furthermore, LC-HRMS profiles 

comparison, and multivariate statistical analysis as well, highlighted differences in 

the metabolome of the different cultivars.  

In this chapter the following topics will be discussed: 

- LC-ESI/LTQOrbitrap/MS/MS metabolite profiling of the MeOH extract of 

P. dulcis cvs. Toritto and Avola leaves, husks and shells; 

-  characterization by NMR experiments of the main polar constituents 

isolated from the MeOH extracts of P. dulcis cvs. Toritto and leaves, husks 

and shells, previously detected in the LC-ESI/LTQOrbitrap/MS/MS 

profiles; 

-  preparation of extracts by employing “eco-friendly” protocols, and 

comparison of their chemical composition by LC-ESI/LTQOrbitrap/MS 

analyses; 

- determination of the total phenolic content by Folin-Ciocalteu assay of all 

the prepared extracts, as well as evaluation of the radical scavenging 

activitiy by DPPH∙ and ABTS•+ assays; 

- comparison of the LC-ESI/LTQOrbitrap/MS profiles of the extracts of the 

cvs. Toritto and Avola leaves, husks and shells, with the aim to detect 

similarities and possible differences in the chemical composition, eventually 

supported by a multivariate data analysis approach. 
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4.2 Metabolite profiling of the polar fraction of Prunus dulcis Mill. leaves, 

cvs. Toritto and Avola 

 

Prunus dulcis Mill. leaves 

P. dulcis is a hysterantous tree, meaning that the leaves 

appear successively to the blooming. The leaves are 7-12 

cm long and 2-3 cm wide, dark green, lance-shaped and 

with a serrated margin.  

 

4.2.1 Results and discussion 

4.2.1.1 Qualitative analysis of the MeOH extract of P. dulcis, cv Toritto leaves 

To achieve a preliminary overview of the MeOH extract chemical composition 

of P. dulcis leaves, LC-ESI/LTQOrbitrap/MS/MS experiments were carried out 

both in positive and in negative ion mode. An accurate analysis of the obtained LC-

HRMS/MS spectra (Fig. 4.1) suggested the occurrence of multiple classes of 

secondary metabolites, evidencing the metabolite complexity of the analyzed plant 

matrix. In particular, glycosylated flavonoids (14-19, 21, 23-24) resulted the main 

constituents, together with different typologies of terpenes (5, 10-11, 13, 20, 25-

27), phenolic derivatives (1, 3, 6-7, 22) and a cyanogenic glycoside (9) (Table 4.1). 
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Figure 4.1 LC-HRMS profile in negative and positive ion mode of the MeOH extract of P. dulcis cv. 
Toritto leaves 

 

Table 4.1 Compounds identified and tentatively identified in the MeOH extract of P. dulcis cv. Toritto leaves 

N° Rt 
Calculated 

 Mass 
Δppm [M-H]- MS2 (%) [M+H]+ MS2 (%) 

Molecular 

formula 
Compound 

1 2.24 313.1162 0.86 312.11561 161(100), 
150 (92) 

314.1233 152(100) C14H19NO7 prunasin amide 

2 2.94 452.2251 0.48 451.2171 
179(100), 

243 (24) 
  C20H36O11 unidentified 

3 3.63 314.1002 0.96 313.0923 151(100), 

269(71) 
  C14H18O8 prunasinic acid 

4 4.21 296.1631 1.54 295.0831 
121(100), 
173(41) 

  C14H16O7 unidentified 

5 4.83 406.1038 1.03 405.0924 243(100) 407.0864 277(100) C19H34O9 kiwiionoside2 

6 5.78 326.2192 0.99 325.2112 163(100)   C15H18O8 
p-coumaric acid 

β-

glucopyranoside2 

7 5.90 354.0970 1.55 353.0890 

191(100), 

179(42), 
135(23) 

355.0994 193(100) C16H18O9 

3-O-

caffeoylquinic 
acid 

 8 6.29 448.1577 1.03 447.1504 285(100) 449.1647 431(100)  C19H28O12 barlerin 

9 6.39 295.2173 1.54 294.09731 161(100)   C14H17NO6 prunasin 

10 7.03 386.0926 0.85 385.0845 
223(100), 

161(42) 
  C19H30O8 roseoside  

11 8.08 386.1043 0.42 385.0037 223(100) 387.1127 341(100) C19H30O8 asicariside B12 

12 8.34 416.0149 0.88 415.0069 299(100) 417.1647 371(100)  C18H24O11 unidentified 

13 10.44 402.2436 1.74 401.0341 383(100) 403.2146 279(100) C19H30O9 
glochidionionosid

e E2 
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14 10.84 610.1527 1.33 609.1447 
301(100), 

300(45) 
611.1657 303(100)  C27H30O16 rutin2 

15 10.95 464.0951 0.86 463.0871 
300(100), 

301(64) 
465.1982 303(100) C21H20O12 

quercetin 3-O-β-
D-

galactopyranoside
2 

16 11.18 464.0951 1.53 463.0871 
300(100), 
301(57) 

465.1982 303(100) C21H20O12 

quercetin 3-O-β-

D-

glucopyranoside2 

17 12.36 448.0998 1.64 447.0918 
300(100), 

301(61) 
449.1634 303(100) C21H20O11 

quercetin 3-O-α-

L-rhamnoside2 

18 12.74 594.1572 0.63 593.1492 285(100) 595.1843 287(100) C27 H30 O15 multiflorin B2 

19 13.04 478.1107 1.59 477.1027 
314(100), 

315(52) 
479.3416 317(100) C22 H22 O12 

isorhamentin 3-O-
β-D-

glucopyranoside2  

20 13.44 418.1603 1.32 417.0069 
399(100), 
255(47) 

419.2493 267(100) C21H38O8 icariside C32 

21 14.08 448.1577 0.50 447.1497 285(100) 449.1384 287(100) C21H20O11 

kaempferol 3-O-

β-D-
glucopyranoside2 

22 15.79 420.1072 1.03 419.0992 

153(100), 

297(26), 

375(14) 

  C20H20O10 shomaside F2 

23 16.34 432.2016 0.10 431.1936 285(100)   C21H20O10 
kaempferol 3-O-
α-L-rhamnoside2 

24 17.26 462.1731 1.89 461.1651 299(100)   C22H22O11 
kaempferide 3-O-

β-D-

glucopyranoside2 

25 18.82 650.2404 0.44 649.23241 487(100) 651.3461 615(100) C36H58O10 lucyoside I 

26 25.29 488.3334 1.00 487.3254 249(100)   C30H48O5 arjunolic acid2 

27 27.06 444.3575 0.63 443.3495 
399(100), 
383(51), 

313(52) 

  C29H48O3 rubrajaleelol2 

1Observed as formate adduct. 2The identification of this compound was corroborated by isolation and NMR spectra analysis 

 

In order to unambiguously determine their chemical structure by NMR 

experiments, the MeOH extract was submitted to size-exclusion chromatography 

and the obtained fractions were further purified by RP-HPLC. The isolated 

compounds were then analyzed by 1D and 2D NMR experiments, and the assigned 

identity was additionally confirmed by ESI/HRMS/MS analyses. 

These operations led to the identification of a relevant number of glycosylated 

flavonoids (Fig. 4.2), namely quercetin 3-O-β-D-rutinoside (14), quercetin 3-O-β-

D-galactopyranoside (15), quercetin 3-O-β-D-glucopyranoside (16), quercetin 3-O-

α-L-rhamnopyranoside (17), kaempferol 3-O-β-D-glucopyranosyl-(1→4)-O-α-L-

rhamnopyranoside (18), isorhamentin 3-O-β-D-glucopyranoside (19), kaempferol 
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3-O-β-D-glucopyranoside (21), kaempferol 3-O-α-L-rhamnopyranoside (23) and 

kaempferide 3-O-β-D-glucopyranoside (24) (Nascimento et al., 2017; Ieri et al., 

2015; Deep et al., 2012; Mari et al., 2014; Nguyen Ngoc et al., 2018; Kazuma et 

al., 2003). 

 

 

Figure 4.2 Compounds isolated from the MeOH extract of P. dulcis cv. Toritto leaves 

To the best of our knowledge there is only one report about the chemical 

composition of P. dulcis leaves, describing the isolation and characterization of 

compound 15, highlighting a lack of information about the metabolome of the aerial 

parts of almond tree (Tomas F., 1977). However, the identified flavonoids have 

been reported in different parts of other species belonging to Prunus genus, in 

particular compound 18, also known as multiflorin B, occurring in different species 

of the Rosaceae family (Kim et al., 2008). The listed phenolics, in particular 

compounds 15 and 16, have been exhaustively reported for the considerable number 

of beneficial effects exerted on human health, able to prevent the onset or to 

counteract already existing diseases, mainly thanks to their antioxidant and 

antinflammatory properties (Kim et al., 2002; D’Andrea G., 2015). Besides 
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flavonoids, a further phenolic compound was isolated and identified as shomaside 

F (22); this compound was firstly identified in Cimicifuga simplex and Cimicifuga 

japonica, and successively in Meehania urticifolia (Iwanaga et al., 2010; Murata et 

al., 2011). However, to the best of our knowledge, shomaside F (22) has never been 

reported before in the Rosaceae family. In addition to phenolics, six terpenes were 

isolated and identified. In particular, a linear sesquiterpene named icariside C3 (20), 

which showed to possess a slow vasorelaxant activity against noradrenaline-

induced contraction of isolated rat aorta (Oshimi et al., 2008), three glycosylated 

megastigmanes known as kiwiionoside (5), glochidionionoside E (13) and 

asicariside B1 (11), together with two triterpenes, arjunolic acid (26) and 

rubrajallelol (27), the former reported for its promising antimicrobial activity 

against Mycobacterium bovis and the latter for its moderate antioxidant and 

antiurease activities (Mann et al., 2012; Miyase et al., 1987; Wang et al., 2014; 

Otsuka et al., 2003; Akhtar et al., 2013; Hisamoto et al., 2004). 

For an unambiguous identification of terpenes, NMR spectroscopy resulted 

indispensable, allowing to discriminate among the possible structural isomers and 

stereoisomers. As example, hereafter the structural elucidation of compounds 26 

and 27 will be described. 

The 1H-NMR spectrum of compound 26 (Fig. 4.3) showed six signals between 

δ 0.71 and 1.21, suggesting the occurrence of methyl groups bonded to quaternary 

carbons. Two signals at δ 3.71 (m) and 3.38 (d, J = 9.8 Hz), indicative of secondary 

alcoholic functions, along with signals at δ 3.30 (d, J = 10.8 Hz) and 3.54 (d, J = 

10.8 Hz), corresponding to a primary alcoholic function, were evident. A typical 

signal at δ 5.29 (t, J = 3.4 Hz), ascribable to H-12 of a triterpene skeleton, could be 

observed. The COSY spectrum (Fig. 4.6) showed the correlation between the 

signals at δ 3.71 and 3.38, which in turn correlated in the HMBC spectrum (Fig. 

4.5) with the carbon resonances at δ 43.7 (C-4), 69.4 (C-2), 66.2 (C-23) and 13.2 

(C24). Thus, the two secondary alcoholic functions were attributed to C-2 and C-3. 
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The 13C-NMR spectrum showed 30 carbon resonances, typical of an oleanane-

triterpene. On the basis of the achieved information and comparison with literature, 

compound 26 was identified as arjunolic acid (Mann et al., 2012) 

 

Figure 4.3 1H-NMR spectrum of compound 26 

 

 

 

Figure 4.4 HSQC spectrum of compound 26 
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Figure 4.5 HMBC spectrum of compound 26 

 

 

 

 

Figure 4.6 COSY spectrum of compound 26 
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The NMR data of 27, in comparison with 26, showed differences related to ring 

E. The 1H-NMR spectrum of compound 27 (Fig. 4.7) showed a signal ascribable to 

H-29 at δ 0.92 (d, J = 6.7 Hz), correlating in the HMBC spectrum (Fig. 4.9) with C-

19 at δ 40.2, suggesting a methyl group bonded to a tertiary carbon; moreover, H-

28 at δ 1.00 (s) showed HMBC correlation with C-18 at δ 54.1. In addition, the 

COSY spectrum (Fig. 4.10) showed sequential correlations from H-18 at δ 2.25 (d, 

J = 11.1 Hz) to H-22 at δ 1.04/1.47 (m). Thus, compound 27 could be identified as 

rubrajaleelol, a nor-ursene derivative (Akhtar et al., 2013). 

 

 

 

 

Figure 4.7 1H-NMR spectrum of compound 27 
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Figure 4.8 HSQC spectrum of compound 27 

 

 

 

 

Figure 4.9 HMBC spectrum of compound 27 
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Figure 4.10 COSY spectrum of compound 27 
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Furthermore, the LC-ESI/LTQOrbitrap/MS/MS spectra of the MeOH extract of  

P. dulcis cv. Toritto leaves showed peaks with m/z values related to compounds not 

isolated, putatively identified by exploiting the potentialities of a high resolution 

mass spectrometer as the Orbitrap is, by measuring the accurate m/z values and 

determining the molecular formulae, as well as evaluating the fragmentation 

Table 4.2 1H (600 MHz) and 13C (150 MHz) NMR spectral data of 

compounds 26 and 27  

 26 27 

 C H (J in Hz) C H (J in Hz) 

1 47.9 0.92, 1.95, m 48.1 0.92, 1.99, m 

2 69.4 3.71, m  69.4 3.72,  ddd (4.6, 

9.8, 11.3) 

3 77.9 3.38, d(9.8) 78.0 3.39, d(9.6) 

4 43.7 - 43.6 - 

5 48.1 1.32, m 47.9 1.32, m 

6 19.5 1.62, 1,44, m 19.8 1.42, 1.61, m 

7 33.0 1.32, 1.65, m 33.2 1.37, 1.53, m 

8 40.3 - 40.4 - 

9 48.6 1.73, m 48.5 1.68, m 

10 38.7 - 38.7 - 

11 24.7 1.97, 1.68, m 24.5 2.00, m 

12 123.2 5.29, t(3.4) 126.2 5.27,  t(3.6) 

13 145.2 - 139.4 - 

14 42.8 - 42.7 - 

15 28.6 1.15, m 28.9 1.12,  d(11.2) 

16 23.7 1.62, 2.04, m 34.1 1.53, 1.89, m 

17 47.5 - 40.4 - 

18 42.4 2.89, m 54.1 2.25,  d(11.1) 

19 47.0 1.17, 1.73, m 40.2 1.14, 1.69, m 

20 31.1 - 19.1 1.01, 1.42, m 

21 34.6 1.22, 1.42, m 31.4 1.32, 1.56, m 

22 33.5 1.56, 1.78, m 34.9 1.04, 1.47, m 

23 66.2 3.30, d(10.8) 

3.54, d(10.8) 

66.0 3.30, d(11.4) 

3.54, d(11.4) 

24 13.2 0.71, s 13.3 0.73, s 

25 17.0 1.07, s 17.2 1.07, s 

26 17.9 0.85, s 17.7 0.89, s 

27 25.8 1.21, s 23.3 1.16, s 

28 181.0 - 21.0 1.00, s 

29 33.2 0.93, s 17.6 0.92, d(6.7) 

30 23.7 0.97, s   

In MeOH-d4 



________________________________________________________________Chapter 4 

130 
 

patterns showed in the MS/MS spectra, and comparing the obtained information 

with online databases and data reported in literature (Table 4.1). In some cases it 

was possible to detect certain compounds both in positive and in negative ion mode, 

rendering a high number of information useful to their characterization. 

Compound 7 (m/z 353.0890) exhibited in the MS/MS spectrum a product ion at 

m/z 191, due to the loss of the caffeic acid moiety, a fragment ion at m/z 179 

ascribable to the loss of the quinic acid moiety and a further product ion at m/z 135, 

related to the decarbossylated caffeic acid; in this case, the evaluation of the 

fragment ions intensities observed in the MS/MS spectrum allowed to determine 

with a higher certainity level the structure of the analyzed compound, in particular 

the binding position of caffeic acid with quinic acid; the molecular formula was 

established as C16H18O9, corresponding to 3-O-caffeoylquinic acid (Clifford et al., 

2003) (Table 4.1).  

Compound 10 (m/z 385.0845) showed in the fragmentation spectrum a base peak 

at m/z 223 originated by the neutral loss of a dehydrated hexose, confirmed by the 

signal at m/z 161; the molecular formula was established as C19H30O8; the tentative 

identification of compound 10 as roseoside was supported by the isolation of three 

megastigmanes from the MeOH extract of cv. Toritto leaves (Jiménez-Lòpez et al., 

2017) (Table 4.1). 

Compound 25 (m/z 649.2324) showed in the MS/MS spectrum in negative ion 

mode a fragment ion at m/z 487 originated from the loss of a dehydrated hexose 

unit; the molecular formula was established as C36H58O10 and compound 25 was 

tentatively identified as arjunolic acid 3-O-glucoside, also known as lucyoside I, in 

agreement with the isolation of the corresponding aglycone arjunolic acid (26) 

(Lima et al., 2002) (Table 4.1). 

The HRMS spectrum of compound 1 showed a pseudomolecular ion [M-H]- at 

m/z 312.1156, hence with an odd number of nitrogen atoms, and a daughter ion at 

m/z 150 generated from the loss of a hexose moiety, and a fragment ion at m/z 161 
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due to the loss of the mandelamide mojety. Thus the molecular formula was 

established as C14H19NO7 and compound 1 was tentatively identified as prunasin 

amide (Sendker et al., 2016) (Table 4.1).  

Compound 3 (m/z 313.0923) exhibited in the tandem mass spectrum a base peak 

at m/z 151 due to the loss of a hexose unit; the molecular formula was established 

as C14H18O8, and compound 3 was tentatively identified as prunasinic acid (Sendker 

et al., 2016) (Table 4.1). 

Compound 9 (m/z 294.0973) showed in the MS/MS spectrum a base peak at m/z 

161, attributed to the loss of a mandelonitrile moiety; thus the molecular formula 

was established as C14H17NO6, suitable with the cyanogenic glucoside prunasin 

(Sendker et al., 2016) (Table 4.1).  

Compounds 1, 3 and 9 have been reported in Prunus laurocerasus as part of a 

decomposition pathway occurring in the leaves during the pseudosenescence and 

senescence phases. Prunasin (9) represents the precursor of the decomposition 

pathway in which it is oxidized to prunasin amide (1) during the pseudosenescence 

stage, followed by a deamination reaction, occurring during the senescence period, 

returning prunasinic acid (3). The described reactions explain the contemporaneous 

presence of compounds 1, 3 and 9 as deriving from a common catabolic pathway 

(Sendker et al., 2016). 

Cyanogenic glycosides, like prunasin (9), have been widely reported for their 

occurrence in plant species belonging to the Rosaceae family, in particular those of 

the Prunus genus. Most commonly identified in the seeds, like in sweet or bitter 

almonds (Prunus dulcis var. dulcis and amara, respectively), wild peach (Prunus 

davidiana) and black cherry (Prunus serotina), their presence has been assessed in 

the leaves as well, like in cherry laurel (Prunus laurocerasus) (Sendker et al., 2016; 

Santos Pimenta et al., 2014; Chen at al., 2013).  
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4.2.1.2 LC-ESI/LTQOrbitrap/MS analysis and comparison of eco-friendly 

extracts 

With the aim to propose simple and cheap extraction protocols for the isolation 

of secondary metabolites from plant material, suitable with the production of 

nutraceutic and cosmetic formulations, as well as to evaluate the extraction 

selectivity of different solvents and extraction methods, sundry typologies of 

extracts were prepared by employing simple and quick extraction protocols, and 

using relatively cheap and non-toxic solvents. Therefore, the cv. Toritto leaves were 

extracted by maceration using EtOH 96% and a EtOH:H2O solution (1:1, v/v), as 

well as by decoction and infusion using water as solvent. 

The analysis of the obtained extracts by LC-ESI/HRMS/MS experiments in 

negative ion mode and the comparison with the MeOH extract profile (Fig. 4.11) 

highlighted the selectivity of the “eco-friendly” methods in extracting only certain 

classes of compounds. It is interesting to note that in all the profiles the occurrence 

of the major constituents quercetin 3-O-β-D-galactopyranoside (15), quercetin 3-

O-β-D-glucopyranoside (16) and isorhamentin 3-O-β-D-glucopyranoside (19) is 

constant, while there are differences for the other compounds; in particular, 

kaempferol derivatives (21, 23, 24), shomaside F (22) and triterpenes (25-27) are 

not evident in the LC-MS profile of the EtOH extract, while in the EtOH:H2O, 

decoction and infusion extracts, even if they are present, they still represent minor 

constituents. On the other hand, decoction and infusion resulted much more 

effective in extracting glycosylated phenolics and the cyanogenic glycoside 

prunasin (9), if compared to the macerations with EtOH and EtOH: H2O. Moreover, 

the EtOH extract showed a lower peak related to prunasin (9), suggesting that the 

employment of EtOH as extraction solvent may selectively reduce the amount of 

the cyanogenic glycoside 9 in the extract without influencing the major 

constituents, despite the other “eco-friendly” methods, where the peak related to 

prunasin (9) resulted more intense if compared to the MeOH extract. 
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Figure 4.11 LC-HRMS profiles comparison of the extracts of P. dulcis cv. Toritto leaves, in negative 
ion mode 
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4.2.1.3 Comparison among the Apulian (cv. Toritto) and the Sicilian (cvs. 

Fascionello, Pizzuta and Romana) P. dulcis leaves by LC-ESI/LTQOrbitrap/MS 

experiments  

To establish if different growing conditions, like soil composition, temperature 

and rainfall, may somehow affect the metabolome of a plant species originating 

from different regions, and also to evaluate if different varieties cultivated in the 

same area may possess different metabolite profiles, the MeOH extract LC-HRMS 

profile of the Apulian cv. Toritto leaves was compared with those of the Sicilian 

cvs. Fascionello, Pizzuta and Romana. These last ones were submitted to the same 

extraction protocols employed for the Apulian cv., with the only difference that 

lower amounts of dried plant material and solvents were used; the obtained extracts 

were then analyzed by LC-ESI/LTQOrbitrap/MS experiments and the profiles 

finally compared (Fig. 4.12).  
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Figure 4.12 LC-HRMS profiles in negative ion mode of the leaves MeOH extracts of P. dulcis cvs. 
Toritto, Fascionello, Pizzuta and Romana 
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The comparison of the LC-HRMS profiles (Figure 4.12) in negative ion mode 

highlighted clear differences among the different cvs. leaves. As in the cv. Toritto, 

also in the MeOH extracts of the three cvs. Avola leaves, quercetin 3-O-β-D-

galactopyranoside (15) and quercetin 3-O-β-D-glucopyranoside (16) resulted the 

major constituents. In the cv. Pizzuta intense peaks related to prunasin amide (1) 

and prunasinic acid (3) could be observed, while these compounds resulted minor 

constituents in the other two cvs. Avola. In the cv. Romana the peaks related to 

kiwiionoside (5) and 3-O-caffeoylquinic acid (7) were less intense if compared to 

the cvs. Fascionello and Pizzuta. Moreover, the peaks related to multiflorin B (18), 

isorhamentin 3-O-β-D-glucopyranoside (19) and shomaside F (22) resulted to be 

more intense in the profile of the cv. Fascionello than in the cvs. Pizzuta and 

Romana. Finally, arjunolic acid glycoside (25) resulted one of the major 

constituents in the cvs. Fascionello and Pizzuta than in the cv. Romana. 

It is interesting to note that only in the Pizzuta variety prunasin (9) represented 

one of the major consituents; the occurrence of a cyanogenic glycoside in the 

metabolite profile of a plant species may be considered as a consequence of a 

defense mechanism against recurrent attacks of certain typologies of herbivores or 

insects (Gleadow et al., 2002). 

 

4.2.1.4 Multivariate data analysis 

Multivariate data analysis has proved over time to be a powerful statistical 

technique, especially useful in processing large data sets when more than one 

observation are involved. Due to its effectiveness in making data quick and plain, 

it is nowadays widely employed for several applications in industrial and scientific 

fields, like processes control and optimization, quality controls, research and 

development (D’Urso et al., 2016). 

In the present study, the metabolite profiles of the leaves of the cv. Toritto and 

the three cvs. Avola were compared, as well as the extracts obtained by employing 
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different extraction protocols. The obtained extracts were submitted to LC-HRMS 

experiments and the raw data were first filtered by using MZmine 2.0 software, and 

then processed by using SIMCA-P+ software. 

For PCA, a data matrix was generated by reporting the different varieties and the 

employed extraction protocols (observations), and the peak areas of the identified 

metabolites (variables), obtained from the raw data deriving from the by LC-

ESI/LTQOrbitrap/MS experiments. PCA was employed to achieve a preliminary 

overview of the dataset, focusing on detecting eventual relations among the 

observations. The PCA score plot allows to visualize separation of the analyzed 

samples into clusters, while the loading plot allows to identify the metabolites most 

influencing the separation. 

The Principal Component Analysis (PCA) score plot (Figure 4.13) highlighted 

significant differences among the extraction methods, showing how different the 

chemical compositions of the MeOH extracts (M1-2)  and the “eco-friendly” 

extracts (E1-2, EH1-2, I1-2, D1-2)  are, since they are located on the opposite sides 

of the plot, confirming the different selectivity of the employed methods. Moreover, 

it is possible to note a further discrimination among the “eco-friendly” extraction 

methods: EtOH extracts (E1-2) are located in the lower right region of the plot, 

while EtOH:H2O (EH1-2), decoction (D1-2) and infusion (I1-2) extracts are located 

in the upper right region of the plot. This difference is most attributable to the 

presence of water, highly affecting the polarity and hence the selectivity of the 

extraction methods. PC1 contributed to 44.7% of the variance, while PC2 24.1%, 

with a total variance of 68.8%, suggesting a satisfying discrimination between the 

two clusters. On the other hand, the loading plot showed the m/z values of the 

metabolites affecting the separation, although no significant discrimination was 

observed.   
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Figure 4.13 Principal Component Analysis (PCA) score plot of P. dulcis cvs. Toritto and Avola 
(Fascionello, Pizzuta and Romana) leaves extracts. 

Partial Least Square Discriminant Analysis (PLS-DA) score plot (Fig. 4.14), 

performed by attribution of classes to the different extracts (the classes were 

attributed based on the different cultivars), pointed out clear differences among the 

analyzed cultivars. The Apulian cv. Toritto (T) is located in the lower left region of 

the plot, while the three Sicilian cvs. Avola (F, Fascionello; P, Pizzuta; R, Romana) 

are located in the upper part of the plot, underlining a significant difference among 

the cultivars, further supporting the hypothesis that different growing conditions 

may affect the metabolome of plant species. Furthermore, among the cvs. Avola it 

is possible to note that cv. Pizzuta (P) is mostly located in the upper left part of the 

plot, while cvs. Fascionello (F) and Romana (R) are located in the upper right region 

of the plot. This disposition may suggest a further difference among the cvs. Avola, 

confirming how cultivars of a same plant species growing in the same area may 

possess different metabolomes. 

The component one of the score plot accounted 18% of the variation, while 

component two 27%. Moreover, good separation (R2Y = 0.93) and predictability 
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(Q2 = 0.81) were observed, and the model validated by permutation tests, assessing 

its reliability and robustness.  

 

Figure 4.14 Partial Least Square Discriminant Analysis (PLS-DA) score plot of P. dulcis cvs. Toritto 
and Avola (Fascionello, Pizzuta and Romana) leaves extracts. 

Furthermore, the PLS-DA loading plot (Fig. 4.15) showed the metabolites 

potentially contributing to the separation: the higher the distance from the plot 

center, the higher such compounds affect the distribution in the score plot, and 

might be considered as chemical markers both of the extraction procedures and the 

investigated cultivars. According to these considerations, prunasinic acid (3) 

resulted the most influencing compound, significantly affecting the discrimination 

among the analyzed P. dulcis cultivars. 



________________________________________________________________Chapter 4 

140 
 

 

Figure 4.15 Partial Least Square Discriminant Analysis (PLS-DA) loading plot of P. dulcis cvs. Toritto 
and Avola (Fascionello, Pizzuta and Romana) leaves extracts. 

 

4.2.1.5 Total phenolic content and antioxidant activity evaluation  

Finally, for all the prepared extracts the total phenolic content was assessed by 

Folin-Ciocalteu assay, along with radical scavenging activity evaluated by DPPH∙ 

and ABTS•+ assays. 

The results (Table 4.3) highlighted the MeOH extract of the cv. Toritto leaves 

possessing the highest phenolic content (174.69 ± 11.03 GAE mg/g dried extract) 

if compared to the “eco-friendly” extracts, and also higher than the MeOH extracts 

of the Sicilian cvs. Fascionello (100.51 ± 2.62 GAE mg/g dried extract), Pizzuta 

(114.72 ± 13.83 GAE mg/g dried extract) and Romana (79.94 ± 3.88 GAE mg/g 

dried extract). 

Moreover, the MeOH extracts, and so the EtOH and EtOH:H2O extracts, exerted 

the strongest antioxidant activity if compared to infusions and decoctions (Table 

4.3), while the MeOH extract of the cv. Toritto leaves exerted the strongest 

antioxidant activity (IC50 = 30.95 ± 0.55 μg/mL) in comparison to the other cvs. 

ABTS•+ assay further confirmed the results obtained in the previous experiments 

(Table 4.3). MeOH extracts exerted the most intense radical scavenging activity, in 
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particular that one of the Apulian cv. (1.03 ± 0.09 mM), followed by the Sicilian 

Fascionello (0.73 ± 0.08 mM), Pizzuta (0.62 ± 0.04 mM) and Romana (0.55 ± 0.05 

mM). 

 

 

 

Table 4.3 Total phenolic content, DPPH• and ABTS•+ radical scavenging activity of the extracts of P. dulcis cvs. Toritto 
and Avola (Fascionello, Pizzuta and Romana) leaves 

Sample 

Total phenolic 

content 

 
DPPH• 

 
ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

TORITTO MeOH (TM) 174.69 ± 11.03  30.95 ± 0.55  1.03 ± 0.09 

TORITTO EtOH (TE) 50.90 ± 3.34  73.41 ± 1.12  0.31 ± 0.02 

TORITTO EtOH/H2O (TH) 28.39 ± 3.61  54.31 ± 0.97  0.21 ± 0.02 

TORITTO DECOCTION (TD) 52.91 ± 2.24  110.42 ± 2.39  0.41 ± 0.03 

TORITTO INFUSION (TI) 43.43 ± 2.93  144.60 ± 3.65  0.48 ± 0.06 

            

FASCIONELLO MeOH (FM) 100.51 ± 2.62  65.83 ± 2.18  0.73 ± 0.08 

FASCIONELLO EtOH (FE) 19.94 ± 3.88  31.54 ± 0.53  0.12 ± 0.01 

FASCIONELLO EtOH/H2O (FH) 23.14 ± 1.69  55.63 ± 0.91  0.18 ± 0.01 

FASCIONELLO DECOCTION (FD) 34.58 ± 2.42  137.21 ± 3.37  0.39 ± 0.03 

FASCIONELLO INFUSION (FI) 47.05 ± 3.94  136.54 ± 4.56  0.32 ± 0.03 

            

PIZZUTA MeOH (PM) 114.72 ± 13.83  58.61 ± 1.58  0.62 ± 0.04 

PIZZUTA EtOH (PE) 31.33 ± 3.78  82.62 ± 2.36  0.16 ± 0.01 

PIZZUTA EtOH/H2O (PH) 48.04 ± 2.54  39.79 ± 0.37  0.36 ± 0.02 

PIZZUTA DECOCTION (PD) 11.28 ± 3.39  105.81 ± 2.11  0.32 ± 0.02 

PIZZUTA INFUSION (PI) 39.38 ± 3.33  132.70 ± 3.78  0.18 ± 0.01 

            

ROMANA MeOH (RM) 79.94 ± 3.88  65.81 ± 1.43  0.55 ± 0.05 

ROMANA EtOH (RE) 37.16 ± 2.57  63.92 ± 1.66  0.19 ± 0.01 

ROMANA EtOH/H2O (RH) 22.72 ± 1.66  53.61 ± 2.13  0.35 ± 0.04 

ROMANA DECOCTION (RD) 31.61 ± 3.88  113.65 ± 3.19  0.24 ± 0.01 

ROMANA INFUSION (RI) 36.46 ± 2.24  160.25 ± 4.72  0.11 ± 0.01 

            

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

a Values are expressed as gallic acid equivalents (GAE) mg/g of dried extract. b Values are expressed as μg/mL. c Values are expressed as 

concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL solution of the tested extract. d 

Standard Deviation of three independent experiments 
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4.3 LC-ESI/LTQOrbitrap/MS based metabolite profiling of Prunus dulcis 

Mill. (Italian cvs. Toritto and Avola) husks and evaluation of antioxidant 

activity 

 

Prunus dulcis Mill. husks 

The husk, also known as hull, represents the thick and 

leathery exocarp of P. dulcis fruits, namely drupe. 

Originary green, and totally enveloping the wooden 

endocarp containing the edible seed, it turns brown-

grey during ripening. 

  

4.3.1 Results and discussion 

4.3.1.1 Qualitative analysis of the MeOH extract of P. dulcis cv. Toritto husks  

A preliminary metabolite fingerprint of the MeOH extract of P. dulcis cv. Toritto 

husks was obtained by LC-ESI/LTQOrbitrap/MS analysis in negative ion mode. 

The obtained LC-HRMS profile (Fig. 4.16) suggested the occurrence of alkylated 

saccharides (28, 29) phenolic derivatives (30, 31, 33, 34, 35, 39, 41, 43), flavonoids 

(19, 38, 42, 44, 45) and terpenes (11, 26, 27, 46-48) (Table 4.4). 
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Figure 4.16 LC-HRMS profile in negative ion mode of the MeOH extract of P. dulcis cv. Toritto husks. 

LC-ESI/LTQOrbitrap/MS/MS experiments using the “data dependent scan” 

mode, in which the MS software selects precursor ions corresponding to the most 

intense peaks in LC-MS spectrum, were carried out. Some of the main peaks were 

tentatively attributed according to the accurate m/z values, characteristic 

fragmentation patterns, retention times and by comparison with literature data on 

P. dulcis. With the purpose to achieve an in depth knowledge of the polar 

constituents of the husks, and to unambiguously attribute the main peaks observed 

in the LC-ESI/LTQOrbitrap/MS profile, a phytochemical investigation of the 

MeOH extract was performed. The MeOH extract of the husks of P. dulcis cv. 

Toritto was fractionated on a Sephadex LH-20 column and the obtained fractions 

were further purified by RP-HPLC to afford pure compounds, of which the 

structures were elucidated by 1D and 2DNMR experiments (Figure 4.17). 
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Table 4.4Compounds identified and tentatively identified in the MeOH extract of P. dulcis cv. Toritto husks. 

N° Rt 
Accurate 

Mass 
[M-H]- Δppm MS2 (%) 

Molecular 

formula 
Compound 

28 3.38 396.1631 395.0062 0.438 293(100), 149(22) C16H28O11 
(iso)pentyl pentoside 

hexoside 

29 3.83 396.1643 394.8654 1.578 

293(100), 

339(30), 275(15), 

149(22) 

C16H28O11 
(iso)pentyl pentoside 

hexoside 

30 4.22 330.0950 329.0885 0.958 167(100) C14H18O9 
4-β-glucosidyl-2-O-methyl- 

phloroglucinaldehyde2 

31 4.61 330.0950 329.0882 1.652 

167(100), 

123(60), 239(44), 
209(42), 191(26) 

C14H18O9 myrciaphenone A2 

32 5.05  351.1303    unidentified 

33 6.33 296.1259 295.1192 0.998 133(100), 161(42) C15H20O6 chavicol hexoside 

11 7.00 386.1940 385.2942 1.117 223(100), 179(55) C19H30O8 asicariside B1 

 

34 
8.67 524.2257 523.2194 1.038 

361(100), 
343(26), 163(18) 

C26H36O11 secoisolariciresinol hexoside 

35 9.17 390.1314 389.1251 1.333 227(100) C20H22O8 piceid2 

36 9.89  521.0670  
341(100), 

329(92), 359(100) 
 unidentified 

37 10.47  368.8834    unidentified 

38 11.45 464.0954 463.0889 0.589 300(100), 301(26) C21H20O12 
quercetin 5-O-β-D-

glucopyranoside2 

39 11.72 368.1471 367.0734 0.675 205(100) C18H24O8 malaxinic acid2 

40 12.10  551.2146    unidentified 

41 12.34 522.2101 521.0670 1.348 
341(100), 

179(80), 359(44) 
C26H34O11 isolariciresinol hexoside 

42 13.51 478.1111 477.1044 0.654 
314(100), 

315(52), 300(40) 
C22H22O12 

isorhmanetin 3-O-β-D-

galactopyranoside2 

19 13.90 478.1111 477.1046 0.661 
314(100), 

315(50), 300(36) 
C22H22O12 

isorhmanetin 3-O-β-D-
glucopyranoside2 

43 14.29 318.1391 417.14061 1.965 

371(100), 

399(67), 373(20), 

209(41), 191(56),  

C17H24O9 syringin 

44 15.95 320.0532 319.0465 0.333 193(100) C15H12O8 ampelopsin 

45 24.46 316.0583 315.0514 1.845 300(100), 301(10) C16H12O7 isorhamnetin2 

26 41.84 488.3501 487.3254 1.569 249(100) C30H48O5 arjunolic acid2 

27 44.37 444.3603 443.3495 1.548 
399(100), 

383(51), 313(52) 
C29H48O3 rubrajaleelol2 

46 44.42 472.3552 471.3483 1.224 307(100) C30H48O4 alphitolic acid2 

47 48.34 456.3603 455.3530 1.935 189(100), 207(59) C30H48O3 betulinic acid2 

48 48.62 456.3603 455.3499 1.608 407(100) C30H48O3 oleanolic acid2 
1Observed as formate adduct. 2 The identification of this compound was corroborated by isolation and NMR spectra 

analysis 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C21H20O12&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C30H48O4&sort=mw&sort_dir=asc
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Figure 4.17 Structures of compounds isolated from the MeOH extract of P. dulcis cv. Toritto husks 

 

In this way, quercetin 5-O-β-D-glucopyranoside (38), isorhamnetin 3-O-β-D-

galactopyranoside (42), isorhamnetin 3-O-β-D-glucopyranoside (19) and 

isorhamnetin (45) were identified by comparison of their spectroscopic data with 

those reported in literature (Tamaura et al., 2002; Aquino et al., 2002; Hilbert et al., 

2015; Mari et al., 2014). Isorhamnetin and quercetin glycosides, as well as their 

aglycones, have been widely reported for their intense antioxidant activity (Heim 

et al., 2002), suggesting a potential use of almond husks as a valuable source of 

antioxidant bioactives (Kapusta et al., 2007). Along with flavonoids, a further 

phenolic compound was isolated and identified as piceid (35), or polydatin (Fan et 

al., 2009). Under a chemical point of view, it is the 3-O-β-D-glucopyranoside 

derivative of resveratrol, and as this last one it has been reported for its antioxidant 

properties, as well as for its anticancer activity on human gastric carcinoma (Wei et 

al., 2013). Furthermore, two phloroglucinol derivatives were isolated and identified 

as 4-O-β-glucopyranosyl-2-O-methyl-phloroglucinaldehyde (30) and 

myrciaphenone A (31) (Sidana et al., 2013). Myrciaphenone A (4) showed in vitro 
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antileishmanial activity (Sidana et al., 2013). Moreover, a prenylated benzoic acid 

derivative was isolated and identified as malaxinic acid (39), previously reported in 

the EtOH extract of Californian almonds (Sang et al., 2002). Malaxinic acid (39) is 

structurally related to prenylated compounds exerting cytotoxic and anti-HIV 

activity (Xu et al., 2000; Groweiss et al., 2000). Finally, 5 triterpenes were isolated 

and identified as arjunolic acid (26), rubrajaleelol (27), alphitolic acid (46), 

betulinic acid (47) and oleanolic acid (48) (Masullo et al., 2015; Akhtar et al., 2013). 

Arjunolic acid (26) has been reported for its biological properties, like antioxidant, 

antidiabetic, antimicrobial and anticancer (Ghosh et al., 2013), while alphitolic acid 

(46), betulinic acid (47) and oleanolic acid (48), in particular the first one, have 

been reported for their antinflammatory activity due to the capacity to inhibit iNOS 

expression and the NO production (Masullo et al., 2015).  

To discriminate the isolated triterpenes, NMR spectroscopy resulted an elective 

analytical technique. As example, the structural elucidation of compounds 46, 47 

and 48 will be described. 

The 1H-NMR spectrum of compound 46 (Fig. 4.18) displayed signals for two 

protons of an isomethylene function at δ 4.60 and 4.73 (each, br s), two oxygen-

bearing methine protons at δ 2.92 (d, J = 9.1) and 3.63 (m) and six tertiary methyl 

groups at δ 0.81, 0.95, 1.02, 1.03, 1.07, and 1.72 (Table 4.5). These signals along 

with the carbon resonances in the 13C-NMR spectrum for the carboxyl function at 

δ 180.3, the two olefinic carbons at δ 109.6 and 152.5, the alcoholic functions at δ 

69.5 and 84.0, and for the methyl groups at δ 15.3, 16.6, 17.3, 17.6, 19.3 and 29.1, 

suggested the presence of a triterpene derivative belonging to the lupane class 

(Table 4.5). A detailed analysis of the 2D NMR spectra (HSQC, HMBC and COSY) 

revealed that compound 46 was a derivate of the lup-20(29)-en-28-oic acid with 

two secondary alcohol functions. The HMBC (Fig. 4.20) correlations between the 

proton signals at δ 0.81 (Me-24) and 1.07 (Me-23) with the carbon resonance at δ 

84.0 (C-3) located one secondary alcoholic function at C-3. The COSY (Fig. 4.21) 
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correlation between the proton signals at δ 3.63 and 2.92, along with the upfield 

shift of H-3 (δ 2.92), allowed us to place the further secondary alcohol function at 

C-2. Thus, compound 46 was identified as alphitolic acid (Masullo et al., 2015) 

 

Figure 4.18 1H-NMR spectrum of compound 46 

 

Figure 4.19 HSQC spectrum of compound 46 

 

 



________________________________________________________________Chapter 4 

148 
 

 

Figure 4.20 HMBC spectrum of compound 46 

 

 

 

Figure4.21 COSY spectrum of compound 46 

The NMR data of compound 47 (Fig. 4.22) were almost superimposable to that 

of compound 46, except for the absence of a secondary alcoholic group. In detail, 
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in the 1H-NMR spectrum one signal ascribable to an oxygen-bearing methine 

proton at δ 3.18 (dd, J = 11.5, 4.6 Hz) was evident. The HMBC correlations between 

the proton signal at δ 3.18 with the carbon resonances at δ 15.9 (C-24) and 28.4 (C-

23) located the alcoholic function at C-3. Therefore, compound 47 was identified 

as betulinic acid (Masullo et al., 2015) 

 

 

 

Figure 4.22 1H-NMR spectrum of compound 47 

The 1H-NMR spectrum of compound 48 (Fig. 4.23) displayed signals for seven 

tertiary methyl groups at δ 0.81, 0.86, 0.93, 0.97 (6H), 1.00, and 1.19, for an olefinic 

proton at δ 5.26 (t, J = 3.4 Hz), and one oxygen-bearing methine proton at δ 3.18 

(dd, J = 11.6, 4.5 Hz, H-3) (Table 4.5). These signals along with the carbon 

resonances in the 13C-NMR spectrum for a carboxyl function at δ 180.8, the two 

olefinic carbons at δ 122.7, 144.0, for the methyl groups at δ 15.7, 16.1, 17.5, 23.4, 

26.3, 28.6 and 33.1 suggested that compound 48 was an oleanene derivative. A 

detailed analysis of the 2D NMR (HSQC spectrum Fig. 4.24, HMBC spectrum Fig. 
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4.25, COSY spectrum Fig. 4.26) data allowed us to establish the structure of 

compound 48 as oleanolic acid (Masullo et al., 2015). 

 

 

 

Figure 4.23 1H-NMR spectrum of compound 48 

 

 

Figure 4.24 HSQC spectrum of compound 48 
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Figure 4.25 HMBC spectrum of compound 48 

 

 

Figure 4.26 COSY spectrum of compound 48 
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In the LC-ESI/LTQOrbitrap/MS profile of the MeOH extract of P. dulcis (cv. 

Toritto) husks (Figure 4.16) further compounds not isolated from the extract were 

evident. These compounds were tentatively identified by comparing the 

pseudomolecular ions accurate mass and their typical fragmentation pattern with 

data reported in literature (Wu et al., 2012; Weckerle et al., 2002; Yoshikawa et al., 

Table 4.5 1H (600 MHz) and 13C (150 MHz) NMR spectral data of compounds 46-48  

 46 47 48 

 C H (J in Hz) C H (J in Hz) C H (J in Hz) 

1 48.2 0.85, 2.02, m 40.1 0.91, 1.69, m 39.3 1.01, 1.65, m 

2 69.5 3.63, m 27.6 1.61, m 27.3 1.67, 1.89, m 

3 84.0 2.92, d(9.1) 79.8 3.18, dd(4.6, 11.5) 79.4 3.18, dd(4.5, 

11.6) 

4 40.3 - 39.7 - 40.1 - 

5 57.1 0.83, m 56.8 0.90, m 56.6 0.78, m 

6 19.6 1.46, 1.56, m 19.1 1.39, 1.48, m 19.4 1.45, 1.59, m 

7 35.2 1.40, m 35.6 1.48, m 34.8 1.55, 1.77, m 

8 43.3 - 43.5 - 41.2 - 

9 52.2 1.74, m 52.3 1.71, m 48.7 1.61, m 

10 38.5 - 39.2 - 37.9 - 

11 22.1 1.14, m 22.1 1.30, 1.39, m 24.5 1.93, m 

12 26.5 1.11, dd(11.9, 7.6) 26.4 1.08, dd(12.8, 8.1) 122.7 5.26, t(3.4) 

13 39.5 2.17, td(11.6, 3.8) 39.1 2.19, td(12.4, 3.6) 144.0 - 

14 42.1 - 41.9 - 42.3 - 

15 30.8 1.28, dt(13.1, 2.3) 30.4 1.26, dt(13.4, 2.4) 28.6 1.08, 1.67, m 

16 30.9 1.46, 2.31, m 30.8 1.44, 2.38, m 23.4 1.63, 2.02, m 

17 58.1 - 58.7 - 47.6 - 

18 50.8 1.66, t(10.8) 51.0 1.64, t(11.2) 42.6 2.89, d(11.0) 

19 48.2 3.00, td(11.0, 5.5) 47.9 3.06, td(11.2, 5.6) 47.1 1.55, 2.77, m 

20 152.5 - 153.3 - 31.2 - 

21 31.5 1.47, 20.3, m 32.2 1.48, 2.06, m 33.3 1.23, 1.40, m 

22 33.4 0.99, 1.82, m 34.6 0.94, 1.84, m 33.9 1.46, 1.53, m 

23 29.1 1.07, s 28.4 1.06, s 28.6 1.00, s 

24 17.3 0.81, s 15.9 0.84, s 16.1 0.81, s 

25 17.6 0.95, s 16.7 0.96, s 15.7 0.97, s 

26 16.6 1.02, s 16.9 1.04, s 17.5 0.86, s 

27 15.3 1.03, s 14.7 1.00, s 26.3 1.19, s 

28 180.3 - 180.5 - 180.8 - 

29 109.6 4.73, br s 

4.60, br s 

109.2 4.71, br s 

4.57, br s 

33.1 0.93, s 

30 19.3 1.72, s 19.4 1.73, s 23.4 0.97, s 

In MeOH-d4  
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2002; Chen et al., 2014; Gao et al., 2017), as well as by comparison with online 

databases (FooDB).     

Compounds 28 and 29 showed in their fragmentation spectra a common product 

ion at m/z 293 due to the loss of the (iso)pentyl moieties, and a fragment ion at m/z 

149 related to a deprotonated pentose moiety; since the observed fragmentation 

patterns were the same for both compounds, as well as the accurate mass and the 

molecular formula, established as C16H28O11, it was possible to assess that the 

detected compounds were structural isomers, and tentatively identified as 

(iso)pentyl pentoside hexoside (28, 29) (Weckerle et al., 2002) (Table 4.4). 

Compound 33 (m/z 295.1192) showed in the MS/MS spectrum a fragment ion at 

m/z 133, due to the loss of the hexose moiety and a product ion at m/z 161 related 

to the ion corresponding to the dehydrated hexose; the molecular formula was 

established in HRMS as C15H20O6, and compound 33 was tentatively identified as 

chavicol hexoside (Yoshikawa et al., 2002) (Table 4.4).  

Compound 11 (m/z 385.2942) showed in the fragmentation pattern a base peak 

at m/z 223 originated by the neutral loss of a dehydrated hexose moiety, together 

with a product ion at m/z 179, ascribable to the hexose ion. Hence, also according 

to the molecular formula established in HRMS as C19H30O8, compound 11 was 

tentatively identified as asicariside B1, previously isolated from the leaves of P. 

dulcis, as reported in paragraph 4.2.1.1 (Wu et al., 2012) (Table 4.4). 

Moreover, compound 34 (m/z 523.2194) showed in the MS/MS spectrum a 

product ion at m/z 361 ascribable to the loss of a dehydrated hexose moiety, 

followed by the loss of a water molecule (m/z 343); molecular formula was 

established as C26H36O11, and compound 34 was tentatively identified as 

secoisolariciresinol hexoside (Chen et al., 2014) (Table 4.4).  

Compound 41 (m/z 521.0670) exhibited in the tandem mass spectrum the neutral 

loss of a dehydrated hexose moiety at m/z 359, and the further loss of a water 

molecule at m/z 341, along with a signal at m/z 179 ascribable to a hexose ion; 
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molecular formula was established as C26H34O11 and identity tentatively assigned 

as isolariciresinol hexoside (Chen et al., 2014) (Table 4.4). 

Compound 43 was observed in HRMS as formate adduct [M-H+HCOOH]- at 

m/z 417.1406, exhibiting in the MS/MS spectrum a product ion at m/z 209 due to 

the loss of a dehydrate hexose moiety, with a successive loss of water (m/z 191). 

Molecular formula was established as C17H24O9, and compound 43 tentatively 

identified as syringin (Kirmizibekmez et al., 2008) (Table 4.4).  

Finally, compound 44 (m/z 319.0465) exhibited in the MS/MS spectrum a 

diagnostic product ion at m/z 193 ascribable to the loss of a trihydroxyphenyl 

moiety; molecular formula was established as C15H12O8, and putatively attributed 

as ampelopsin (Gao et al., 2017) (Table 4.4). 

4.3.1.2 LC-ESI/LTQOrbitrap/MS based comparison of different extraction 

procedures 

With the aim to assess the extraction selectivity of cheap and relatively non-toxic 

solvents, the dried husks of P. dulcis cv. Toritto were extracted by maceration 

employing EtOH 96% and EtOH:H2O (1:1, v/v) solution. The obtained extracts 

were analyzed by LC/ESI/LTQOrbitrap/MS experiments and the profiles compared 

with the MeOH extract profile. 

The comparison of the LC-HRMS profiles of the different extracts (Figure 4.27) 

highlighted clear differences among the extracts. In the EtOH extract profile it was 

possible to note a substantial intensity lowering of the peaks related to the most 

polar compounds, especially the two alkylated disaccharides (28, 29), as well as the 

most polar phenolics and terpenes, while there were no relevant variations of the 

remaining peaks. On the other hand, in the profile of the EtOH:H2O extract, the 

peaks related to the most polar compounds showed a significant increase (28, 29), 

with an intensity reduction of the remaining peaks with a complete disappearance 

of those related to compounds 26, 27, 44-48. The above results showed that the 

“eco-friendly” extraction protocols possess a discreet selectivity in extracting only 
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certain classes of compounds, suggesting a potential employment of the almond 

husks as a source for a targeted extraction of bioactives. 

 

 

Figure 4.27 Comparison of the LC-HRMS profiles of the MeOH, EtOH and EtOH:H2O extracts of P. 
dulcis cv. Toritto husks, in negative ion mode. 

4.3.1.3 Metabolite profile comparison of P. dulcis husks originating from 

different geographical areas 

Soil composition, temperature and precipitations represent some of the main 

environmental features affecting the growth of a plant. Aiming at evaluating if 

different conditions may affect the metabolome of a plant species, the husks of P. 

dulcis cvs. Fascionello, Pizzuta and Romana were extracted following the same 

procedures employed for the Apulian cv. The obtained extracts were analyzed by 

LC-ESI/LTQOrbitrap/MS experiments and the LC-HRMS profiles compared (Fig. 

4.28).  
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Figure 4.28 Comparison of the LC-HRMS profiles of the MeOH extracts of P. dulcis cvs. Toritto and 
Avola (Fascionello, Pizzuta and Romana) husks, in negative ion mode. 

By comparing the MeOH extracts of the analyzed cultivars remarkable 

differences among their metabolome were observed. The profiles of the three 

Sicilian cvs. showed as predominant peaks those related to compounds 19, 28, 29, 

38, 39 and 42 with slight intensity differences among them: peak related to 

compound 32 was detected in cultivars Pizzuta and Romana, but not in Fascionello, 

while peak related to compound 43 was detected in cultivars Fascionello and 

Pizzuta, but not in Romana. Moreover, peaks related to compounds 34, 35 and 45 

were detected only in cultivar Romana. The obtained results highlighted that 

different growing conditions (based on geographical area) may really affect the 

metabolome of a plant species; in this case notable differences have been observed 

not only between cultivars Toritto and Avola, but also among the three different 

Avola cultivars. 
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4.3.1.4 Total phenolic content and antioxidant activity of P. dulcis husks cvs. 

Toritto, Fascionello, Pizzuta and Romana 

All the extracts of Apulian and Sicilian P. dulcis husks were submitted to Folin-

Ciocalteu assay to determine the total phenolic content, and to DPPH∙ and ABTS•+ 

assays to evaluate the radical scavenging activity (Table 4.6).  

The EtOH:H2O extracts showed the highest phenolic content, in particular those 

of the Sicilian cvs. Similarly, the EtOH:H2O extracts exerted the strongest 

scavenging activity towards both DPPH∙ and ABTS∙+ radicals, specially those of 

the Sicilian cvs. Interestingly, the results achieved from the colorimetric assays 

highlighted clear differences among the Apulian and the Sicilian cvs. extracts, 

further suggesting the influence of different geographical origins on the metabolite 

profile of a plant species. 

Table 4.6 Total phenolic content, DPPH∙ and ABTS•+ radical scavenging activity of the extracts of P. dulcis cvs. 
Toritto and Avola (Fascionello, Pizzuta and Romana) husks 

Sample 

Total phenolic 

content 

 
DPPH∙ 

 
ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

TORITTO MeOH 21.43 ± 1.40  60.21 ± 3.21  0.10 ± 0.07 

TORITTO EtOH 22.54 ± 0.32  81.91 ± 2.75  0.05 ± 0.02 

TORITTO EtOH/H2O 28.46 ± 1.79  71.77 ± 4.56  0.37 ± 0.05 

FASCIONELLO MeOH 45.50 ± 6.94  81.96 ± 4.12  0.37 ± 0.09 

FASCIONELLO EtOH 73.28 ± 7.69  148.56 ± 7.64  0.48 ± 0.18 

FASCIONELLO 

EtOH/H2O 
141.06 ± 9.69  54.79 ± 2.84  1.65 ± 0.07 

PIZZUTA MeOH 42.35 ± 7.66  57.01 ± 2.58  0.71 ± 0.07 

PIZZUTA EtOH 71.06 ± 3.09  49.78 ± 1.68  1.64 ± 0.07 

PIZZUTA EtOH/H2O 137.72 ± 6.41  19.41 ± 1.21  1.59 ± 0.06 

ROMANA MeOH 40.13 ± 5.48  34.83 ± 1.98  0.89 ± 0.15 

ROMANA EtOH 68.83 ± 2.55  80.54 ± 3.67  1.63 ± 0.09 

ROMANA EtOH/H2O 112.54 ± 5.67  21.74 ± 0.96  1.62 ± 0.11 

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

aValues are expressed as gallic acid equivalents (GAE) mg/g of dried extract. bValues are expressed as μg/mL. 
cValues are expressed as concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of 

a 1 mg/mL solution of the tested extract. d Standard Deviation of three independent experiments. 
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4.4 LC-ESI/LTQObitrap/MS/MS profiling highlights P. dulcis (cv. Toritto 

and Avola) shells as a rich source of phenolics with multiple biological 

activities 

 

Prunus dulcis Mill. shells 

The shells are the endocarp of the drupe, the fruit of 

P. dulcis. It is a wooden and hard envelop, with a 

porous surface, and a color varying from bright to 

dark brown, mainly constituted by lignin, celluloses 

and hemicelluloses, whose main purpose is to protect the edible seed. Actually they 

represent one of the principal wastes deriving from almond productions, mostly 

used as alternative fuel for stoves or employed for mulching. 

 

4.4.1 Results and discussion 

4.4.1.1 Liquid chromatography high resolution mass spectrometry based 

putative identification of the MeOH extract of P. dulcis cv. Toritto shells 

To explore the metabolite profile of P. dulcis cv. Toritto shells, with particular 

interest towards polar constituents, the MeOH extract was submitted to LC-

ESI/LTQOrbitrap/MS experiments in negative ionization mode, allowing to 

achieve a preliminary overview on its chemical composition. A deep analysis of the 

LC-HRMS profile (Fig. 4.29) suggested the presence of twentytwo phenolic 

compounds, corresponding to caffeoylquinic acid (7), catechin (49), a phenolic 

glycoside (50), a prenylated benzoic acid glycoside (39), glycosylated flavonoids 

(15, 16, 19, 21, 61), lignans (34, 54, 58) and neolignans (53, 55, 57, 59-60, 62-66) 

(Table 4.7). 
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Table 4.7 Compounds identified and putatively identified in the MeOH extract of P. dulcis cv. Toritto shells 

N° Rt 
Calculated 

Mass 
[M-H]- Δppm MS2 (%) 

Molecular 

formula 
Compound 

7 4.66 354.0970 353.0875 0.26 191(100), 179(42), 135(23) C16H18O9 3-O-caffeoylquinic acid 

49 6.33 290.0790 289.0709 0.96 245(100), 205(46), 179(18) C15H14O6 (+)-catechin3 

50 6.85 402.1526 401.1440 1.54 269(100), 161(53), 107(24) C18H26O10 benzyl hexoside pentoside 

51 9.14  585.2172   377(100), 329(25)  unknown 

52 9.92  585.2174   377(100), 329(25)  unknown 

53 10.86 540.2206 539.2123 1.32 
521 (20), 491(100), 377(18), 

343(42), 329(12), 195(26), 

165(19) 

C26H36O12 

guaiacylglycerol 

dihydroconiferyl ether 

hexoside 

54 11.54 582.2312 581.2227 0.95 
566(16), 419(100), 401(19), 

386(4),  247(13) 
C28H38O13 lyoniresinol hexoside 

55 11.74 540.2206 539.2117 0.55 
521(17), 491(100), 377(35), 

343(42), 329(14), 195(13), 

165(17) 

C26H36O12 

guaiacylglycerol 

dihydroconiferyl ether 

hexoside 

56 12.16 684.2629 683.2543   521(100), 359(34) C32H44O16 unknown 

34 12.77 524.2257 523.2173 -1.64 
505(13), 493(17), 361(100), 

343(36), 179(8), 165(24)  
C26H36O11 

secoisolariciresinol 

hexoside 

57 13.98 522.2101 567.10711 1.22 
521(26), 359(163), 341(94), 

329(100), 223(12), 205(8)  
C26H34O11 

dihydrodehydrodiconiferyl 

alcohol hexoside 

15 16.17 464.0954 463.0867 0.23 301(100), 179(12), 151(8) C21H20O12 
quercetin 3-O-β-D-

galactopyranoside2 

39 16.18 368.1471 413.14421 1.00 367(100), 205(39) C18H24O8 malaxinic acid3 

16 16.41 464.0954 463.0871 0.32 301(100), 179(16), 151(11) C21H20O12 
quercetin 3-O-β-D-

glucopyranoside2 

58 16.58 552.2206 551.2119 1.65 
536(23), 521(10), 503(11), 

389(100), 371(34), 341(19), 

235(4) 

C27H36O12 
methoxyisolariciresinol 

hexoside 

59 16.84 522.2101 567.12641 0.33 
521(24), 359(100), 341(84), 

329(36), 223(13), 205(6) 
C26H34O11 

dihydrodehydrodiconiferyl 

alcohol 9-O-β-D-

glucopyranoside2 

60 17.78 572.2257 571.2169 0.47 
553(12), 541(3), 523(100), 

375(12), 357(41), 345(89), 

209(19), 195(5) 

C30H36O11 alutaceuol 

21 17.89 448.1005 447.0922 0.45 285(100), 151(9) C21H20O11 
kaempferol 3-O-β-D-

glucopyranoside2 

61 18.68 624.1690 623.1602 0.96 315(100), 300(27), 151(14) C28H32O16 
isorhamnetin 3-O-β-D-

rutinoside2 

19 19.03 478.1111 477.1023 0.41 315(100), 314(64), 151(11) C22H22O12 
isorhmanetin 3-O-β-D-

glucopyranoside2 

62 19.84 748.2942 747.2851 1.15 
729(4), 699(5), 585(12), 

567(6), 519(43), 371(100), 

356(11), 341(7), 223(4) 

C37H48O16 acernikol hexoside 

63 20.49 746.2785 745.2697 0.41 

727(12), 715(40), 683(10), 

583(46), 565(100), 547(16), 

535(31), 503(12), 369(46), 

354(8) 

C37H46O16 buddlenol B hexoside 

64 21.20 748.2942 747.2855 1.00 
729(3), 699(6), 585(12), 

567(8), 519(21), 371(100), 

356(9), 341(13), 223(8) 

C37H48O16 acernikol hexoside 

65 22.30 746.2785 745.2700 0.69 
727(15), 715(55), 583(9), 

565(100), 547(21), 535(38), 

503(24),  369(46), 354(5) 

C37H46O16 buddlenol B hexoside 

66 22.72 586.2414 585.2327 0.82 
567(16), 555(6), 537(100), 

371(22), 359(26), 223(11), 

195(34) 

C31H38O11 acernikol 

1Observed as formate adduct. 2The identification of this compound was corroborated by isolation and NMR spectra analysis. 
3The identification of this compound was corroborated by comparison with standard solution 
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Figure 4.29 LC-HRMS profile in negative ion mode of the MeOH extract of P. dulcis cv. Toritto shells 

 

The MeOH extract of P. dulcis cv. Toritto shells was fractionated by combined 

chromatographic techniques in order to isolate the main polar constituents. In Fig. 

4.30 the compounds isolated and characterized by 1D and 2D NMR experiments 

are reported.  

 

Figure 4.30 Compounds isolated from the MeOH extract of P. dulcis cv. Toritto shells 
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Besides glycosylated flavonoids, a neolignan was identified as 

dihydrodehydrodiconiferyl alcohol 9-O-β-D-glucopyranoside (59), also reported in 

the seeds of P. tomentosa (Liu et al., 2014).  

However, the LC-HRMS profile showed the occurrence of further phenolics, 

mainly lignans and neolignans. Hence, an exhaustive analysis of the MS/MS spectra 

of the not isolated compounds was carried out. 

 The putative identification of the detected phenolic derivatives was carried out 

by determining their accurate m/z values, molecular formulae and characteristic 

fragmentation patterns, comparing the obtained information with data reported in 

scientific literature, online databases (KnapSack, FoodB, PubChem, ChemSpider, 

KEGG) and by incorporating the fragmentation spectra in online database-assisted  

prediction tools (MetFrag). To allow such operation, during the LC-

ESI/LTQOrbitrap/MS/MS experiments the “data dependent scan” mode was 

employed, enabling the MS software to select the precursor ion as the most  intense 

peak in the LC-MS spectrum. 

Compound 7 (m/z 353.0875) showed in the MS/MS spectrum an intense ion at 

m/z 191 related to the loss of the caffeic acid moiety, together with two other 

product ions at m/z 179 and 135, originated from the loss of the quinic acid moiety 

and the subsequent decarboxylation (-44 Da), respectively. Moreover, the 

evaluation of the fragment ions relative abundance in the MS/MS spectrum allowed 

to determine the binding site of the caffeic acid on the quinic acid moiety at position 

3. In addition, the molecular formula was established as C16H18O9, in accordance 

with the identity putatively assigned to compound 7 as 3-O-caffeoylquinic acid 

(Clifford et al., 2003) (Table 4.7). 

  Compound 50 showed in the HRMS spectrum a pseudomolecular ion [M-H]- 

at m/z 401.1440 and the molecular formula was established as C18H26O10, while its 

fragmentation spectrum was characterized by a base peak at m/z 269, due to the loss 

of a dehydrated pentose unit, along with a fragment ion at m/z 107 due to the further 
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loss of a dehydrated hexose unit, and related to a benzyl moiety. In accordance to 

the achieved information, compound 50 was putatively identified as benzyl 

hexoside pentoside (Xu et al., 2018) (Table 4.7). 

A formic acid adduct [M-H+HCOOH]- was observed in HRMS for compound 

39 at m/z 413.1442, showing in the MS/MS spectrum an intense ion [M-H-

HCOOH]- at m/z 367, together with a fragment ion [M-H-HCOOH-162]- at m/z 205 

ascribable to the loss of a dehydrated hexose moiety; molecular formula was 

established as C18H24O8. In accordance to the results obtained from the 

phytochemical investigation carried out on P. dulcis cv. Toritto husks, and 

considering both fragmentation spectrum and molecular formula, compound 39 was 

identified as malaxinic acid (Sang et al., 2002) (Table 4.7).   

The peak with Rt 6.33 min showed in the HRMS spectrum a pseudomolecolar 

ion [M-H]- at m/z 289.0709, corresponding to the molecular formula C15H14O6. The 

related fragmentation pattern, along with the comparison of the Rt with standard 

solution, allowed to identify compound 49 as (+)-catechin (Rubilar et al., 2007) 

(Table 4.7).  

 

4.4.1.2 Lignans 

Lignans are a group of natural compounds occurring in several plant species, 

mostly reported in cereals and in the Pinaceae family. From a chemical point of 

view, lignans present a core made up of two phenylpropanoid units (C6-C3), mostly 

sinapyl, coniferyl and p-coumaryl alcohols, linked each other by a β-β-linkage, also 

described as C8-C8’. From this junction, depending on the rearrangements 

occurring during the biosynthetic processes, different classes of lignans may 

originate, as furanolignans, dibenzylbutyrolactone lignans, dibenzylbutanediol 

lignans, furofuranolignans and aryltetralindiol lignans. Moreover, the further 

coupling of p-coumaryl, coniferyl and syringyl alcohols leads to the formation of 
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p-hydroxyphenyl glycerols, guaiacyl glycerols and syringyl glycerols, respectively, 

wich may contribute to the structure elongation.  

 Interest has grown towards this class of compounds because of the several 

biological effects they showed to possess, like anticancer properties, intense 

antioxidant activity, reduction of cardiovascular and diabetes diseases, and 

reduction of menopause symptoms (Chen et al., 2015). Hence, the ongoing research 

for lignans in plant matrices has increased in the last years with a consequent 

development of different methods for their identification.    

Liquid chromatography coupled to tandem mass spectrometry demonstrated to 

be a sensitive and quick analytical technique for structural elucidation of lignans, 

also supported by a rich scientific literature background, allowing to overcome the 

problem of difficult isolation procedures from complex matrices. 

Lignans show in ESI/HRMS/MS analysis characteristic and highly diagnostic 

fragment ions, which can provide key information about their chemical structure. 

Typical fragments are related to neutral losses of water (-18 Da), methyl radical (-

15 Da), formaldehyde (-30 Da), carbon dioxide (-44 Da), acetaldehyde (-44 Da) 

and a combined loss of water and formaldehyde (-48 Da). In addition, neutral losses 

of 166, 196 and 226 Da may be observed due to the neutral loss of p-hydroxyphenyl, 

guaiacyl and syringyl glycerols, respectively (Hiroe et al., 2004).  

Compound 34 (m/z 523.2173) showed in the MS/MS spectrum (Fig. 4.31) a base 

peak at m/z 361 yielded from the loss of a dehydrated hexose moiety; moreover, 

characteristic lignan fragment ions due to the loss of formaldehyde (-30 Da) and 

water (-18 Da) were observed for both the glycosylated and the aglycone ions. In 

the low m/z region of the spectrum two fragment ions ascribable to the β-β-bond 

cleavage were visible at m/z 179 and 165. The molecular formula was established 

as C26H36O11, and compound 34 putatively identified as secoisolariciresinol 

hexoside (Eklund et al., 2008) (Table 4.7).    
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Figure 4.31 ESI/MS/MS spectrum of compound 34 in negative ion mode 

 

Compound 54 (m/z 581.2227), whose molecular formula was established as 

C28H38O13, exhibited a fragmentation pattern (Fig. 4.32) characterized by a 

fragment ion at m/z 566 due to the loss of a methyl radical, and a base peak at m/z 

419 originated from the loss of the hexose moiety, followed by the loss of a water 

molecule (m/z 401), corresponding to the rearrangement of the diol into a furan ring, 

and a further methyl radical (m/z 386). In addition, a fragment ion [M-H-162-18-

154]- at m/z 247 was observed, elucidated by the reasonable neutral loss of the 3',5'-

dimethoxy-4'-hydroxyphenyl ring. Hence, compound 54 was putatively identified 

as lyoniresinol hexoside (Wang et al., 2016; Chen et al., 2014) (Table 4.7). 
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Figure 4.32 ESI/MS/MS spectrum of compound 54 in negative ion mode 

Compound 58 showed a fragmentation pattern (Fig. 4.33) similar to that 

observed for compound 54, with a pseudomolecular ion detected in HRMS at m/z 

551.2119 (with a decrease of -30 Da respect to 54), suggesting the absence of a 

methoxy group; furthermore, a product ion at m/z 235 generated from the loss of 

the 3',5'-dimethoxy-4'-hydroxyphenyl moiety from the aglycone (m/z 419), was 

observed. For compound 58 molecular formula was established as C27H36O12, in 

accordance with the identity putatively attributed as methoxyisolariciresinol 

hexoside (Chen et al., 2014) (Table 4.7).  
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Figure 4.33 ESI/MS/MS spectrum of compound 58 in negative ion mode 

4.4.1.3 Neolignans 

Neolignans are characterized by bonds different from β-β-linkages. Most 

commonly 8-O-4 couplings occur, originating β-aryl ethers if the 4-site donor is a 

p-coumaryl/coniferyl alcohol, or benzodioxane lignans, if the 4-site donor is a 

sinapyl alcohol, together with 8-5 couplings originating phenylcoumarans 

(2Morreel et al., 2010).  

A growing number of scientific reports highlight several biological properties 

possessed by neolignans, as cytotoxic effects, antibacterial, antifungal and 

antiproliferative activities and neuroprotective effects, as well as their conclamate 

antioxidant properties (Luis et al., 2002).  

As well as for lignans, mass spectrometry has been widely employed for an 

immediate structural characterization of neolignans detected in plant matrices, 

thanks to the large number of obtainable information with short analysis times. 

In ESI/MS/MS experiments (Fig. 4.34) compounds 53 and 55 showed similar 

MS/MS spectra. They exhibited a fragment ion at m/z 521 due to the loss of a water 

molecule, and the base peak at m/z 491 related to the sequential loss of water and 

formaldehyde; moreover, a fragment ion observed at m/z 377 was generated from 

to the loss of the dehydrated hexose moiety, followed by the loss of water and 
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formaldehyde (-48 Da) at m/z 329. In addition, the product ion at m/z 343 could be 

attributed to the neutral loss of a guaiacylglycerol moiety, whose presence was 

confirmed by the fragment ion at m/z 195 (corresponding to the deprotonated 

guaiacylglycerol ion), with a following fragment ion at m/z 165 due to the loss of 

formaldehyde. 

Both compounds showed superimposable MS/MS spectra, differing slightly in 

the fragments intensities, suggesting conceivable differences in the stereochemistry 

of the guaiacylglycerol stereocenters. Finally, molecular formula was established 

as C26H36O12, in accordance to the identity putatively attributed to compounds 53 

and 55 as guaiacylglycerol dihydroconiferyl ether hexoside (1Morreel et al., 2010) 

(Table 4.7). 

 

Figure 4.34 ESI/MS/MS spectrum of compound 53 in negative ion mode 

Compound 57 was detected as a formate adduct [M-H+HCOOH]- at m/z 

567.2071. The MS/MS spectrum (Fig. 4.35) showed a product ion at m/z 521 related 

to the loss of formic acid (-46 Da), while the fragment ions at m/z 359 and 341 were 

ascribable to the loss of the hexose moiety (-162 Da) and the further loss of a water 

molecule (-18 Da), while the base peak at m/z 329 was attributed to the loss of 

formaldehyde (-30 Da) from the aglycone ion. Moreover, the low m/z fragment ions 
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suggested the identity of the aglycone as phenylcoumaran with a saturated alkyl 

chain, since the fragment ion at m/z 223 was ascribable to the aliphatic end, which 

undergoes to the loss of a water molecule generating the fragment ion at m/z 205. 

Molecular formula was established as C26H34O11. Thus, compound 57 was 

putatively identified as dihydrodehydrodiconiferyl alcohol hexoside (1Morreel et 

al., 2010) (Table 4.7). 

 

Figure 4.35 ESI/MS/MS spectrum of compound 57 in negative ion mode 

Compound 60 (m/z 571.2169) showed a neolignan characteristic pattern in 

MS/MS spectrum (Fig. 4.36): the product ions at m/z 553 and 541 were related to 

the loss of a water molecule (-18 Da) and formaldehyde (-30 Da), respectively, 

while the base peak observed at m/z 523 was ascribable to the concurrent loss of 

water and formaldehyde (-48 Da). In addition, the signal at m/z 375, followed by 

the loss of water (m/z 357) or formaldehyde (m/z 345), suggested the presence of a 

guaiacylglycerol moiety (-196 Da), confirmed by the presence of the fragment ion 

at m/z 195. Moreover, the product ion at m/z 209 suggested the aglycone moiety as 

a phenylcoumaran derivative. Molecular formula was established as C30H36O11. 

Thus, compound 60 was putatively identified as alutaceuol (Hanhineva et al., 2012) 

(Table 4.7). 
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Figure 4.36 ESI/MS/MS spectrum of compound 60 in negative ion mode 

 

Compounds 62 and 64, as well, exhibited identical MS/MS spectra (Fig. 4.37), 

showing slight dissimilarities only in the relative abundance of the product ions. 

The informative fragmentation pattern evidenced daughter ions due to the loss of a 

water molecule (m/z 729) and the loss of water and formaldehyde (m/z 699); in 

addition, the fragment ion at m/z 585 could be attributed to the loss of the hexose 

moiety, with the subsequent loss of water (m/z 567), and the loss of a 

guaiacylglycerol moiety (-196 Da). Furthermore, the product ion at m/z 223, also 

observed in the MS/MS spectrum of compound 57 and 59, was ascribable to the 

aliphatic chain of a phenylcoumaran moiety. The molecular formula for both 

compounds was established as C37H48O16, in accordance to the identity putatively 

attributed to compounds 62 and 64 as acernikol hexoside (Hanhineva et al., 2012; 

1Morreel et al., 2010) (Table 4.7).  
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Figure 4.37 ESI/MS/MS spectrum of compound 62 in negative ion mode 

 

Suchlike behaviour was observed for compounds 63 and 65, with parallel 

fragmentation patterns. The MS/MS spectra (Fig. 4.38) showed characteristic losses 

of a water molecule (-18 Da) and formaldehyde (-30 Da) for both pseudomolecular 

ion and aglycone (m/z 583, generated by the loss of a dehydrated hexose moiety of 

162 Da from the pseudomolecular ion). In addition, the fragment ion at m/z 369 

could be attributed to the simultaneous loss from the aglycone of both water and a 

guaiacylglycerol moiety, followed by a further loss of a methyl radical (m/z 354). 

Moreover, the similarity with the MS/MS spectra of compounds 62 and 64, with 

the difference of -2 Da for the pseudomolecular ion and for all fragment ions, 

presumed the presence of an unsaturation on the alkyl chain of the phenylcoumaran 

moiety. Molecular formula was established as C37H46O16, suitable with the identity 

tentatively attributed to compounds 63 and 65 as buddlenol B hexoside (Hanhineva 

et al., 2012; 1Morreel et al., 2010) (Table 4.7). 
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Figure 4.38 ESI/MS/MS spectrum of compound 63 in negative ion mode 

Finally, compound 66 (m/z 585.2327), whose molecular formula was established 

as C31H38O11, showed in the MS/MS spectrum (Fig. 4.39) separated losses of water 

(-18 Da) and formaldehyde (-30 Da), as well as their jointed loss (-48 Da). 

Moreover, the first two fragment ions exhibited a further loss of a guaiacylglycerol 

moiety at m/z 371 and 359, respectively, whose presence in the molecule was 

confirmed by the fragment ion at m/z 195. Furthermore, the product ion at m/z 223, 

also observed for prevoius compounds, suggested the existence of a 

phenylcoumaran moiety with a saturated alkyl chain, thus allowing to putatively 

identify compound 66 as acernikol (1Morreel et al., 2010; 2Morreel et al., 2010) 

(Table 4.7).  
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Figure 4.39 ESI/MS/MS spectrum of compound 66 in negative ion mode 

4.4.1.4 “Eco-friendly” extracts comparison by LC-ESI/LTQOrbitrap/MS 

experiments 

The phytochemical investigation of the MeOH extract of P. dulcis cv. Toritto 

shells highlighted the presence of several phenolics reported in scientific literature 

for their noteworthy biological activities, especially lignans and neolignans. Hence, 

aiming at extracting certain classes of compounds by employing solvents and 

methods suitable for secondary applications, different extracts were prepared by 

maceration using as solvents EtOH 96% and an EtOH:H2O (1:1, v/v) solution. The 

obtained extracts were successively submitted to LC-ESI/LTQOrbitrap/MS 

experiments and the profiles compared with MeOH extract (Fig. 4.40).    
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Figure 4.40 LC-HRMS profile in negative ion mode of the MeOH, EtOH and EtOH:H2O extracts of P. 
dulcis cv. Toritto shells 

“Eco-friendly” extraction methods showed good selectivity towards 

glycosylated flavonoids and the most apolar lignans and neolignans, rather than the 

most polar and minor constituents. This evidence pointed out a potential 

employment of “green” solvents for targeted extractions of phytochemicals, for an 

exhaustive exploitation of biomasses mostly considered as wastes of manufacturing 

processes. 

 

4.4.1.5 LC-ESI/LTQOrbitrap/MS analysis of MeOH extracts obtained from the 

shells of different cultivars (Toritto and Avola) 

Looking at evaluating if different growing conditions may affect the metabolome 

of a plant species, the MeOH extract of P. dulcis cv. Toritto shells was compared 

with the MeOH extracts of P. dulcis cvs. Avola shells by LC-ESI/LTQOrbitrap/MS 

experiments. Comparing the obtained LC-HRMS profiles (Fig. 4.41) no significant 

dissimilarities were detected: cv. Romana was characterized by the absence of the 

most polar constituents and of the peak related to compound 64, also observed for 
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cv. Pizzuta, while for all the Sicilian cvs. a common absence of the peak related to 

compound 63 was observed.  

 

 

Figure 4.41 Comparison of the LC-HRMS profiles of the MeOH extracts of P. dulcis cv. Toritto and 
cvs. Avola (Fascionello, Pizzuta and Romana) shells, in negative ion mode. 

 

4.4.1.6 Total phenolic content and radical scavenging activity of the different 

extract typologies of P. dulcis shells (cvs. Toritto and Avola) 

Total phenolic content was evaluated by Folin-Ciocalteu assay, which 

highlighted how EtOH extracts possessed the highest phenolic content if compared 

to the other extracts. Moreover, the radical scavenging activity was evaluated by 

DPPH∙ and ABTS•+ assays, showing a moderate activity if compared to quercetin. 
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Table 4.8 Total phenolic content, DPPH∙ and ABTS•+ radical scavenging activity of the extracts of P. dulcis cvs. Toritto 

and Avola (Fascionello, Pizzuta and Romana) shells 

Sample 

Total phenolic 

content 

 
DPPH∙ 

 
ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

TORITTO MeOH 88.69 ± 7.56  61.52 ± 2.64  0.57 ± 0.04 

TORITTO EtOH 75.32 ± 4.32  164.68 ± 12.25  0.40 ± 0.04 

TORITTO EtOH/H2O 56.80 ± 4.24  175.52 ± 11.78  0.20 ± 0.02 

            

FASCIONELLO MeOH 60.32 ± 8.67  74.28 ± 2.37  0.32 ± 0.06 

FASCIONELLO EtOH 100.69 ± 6.12  53.06 ± 4.21  0.51 ± 0.04 

FASCIONELLO EtOH/H2O 58.53 ± 7.36  88.30 ± 4.73  0.35 ± 0.06 

            

PIZZUTA MeOH 53.46 ± 1.95  84.15 ± 4.85  0.42 ± 0.06 

PIZZUTA EtOH 82.72 ± 7.84  73.09 ± 3.54  0.75 ± 0.10 

PIZZUTA EtOH/H2O 41.43 ± 5.79  99.74 ± 3.19  0.18 ± 0.03 

            

ROMANA MeOH 64.02 ± 4.79  90.62 ± 3.67  0.25 ± 0.02 

ROMANA EtOH 73.46 ± 5.34  57.02 ± 2.97  0.46 ± 0.08 

ROMANA EtOH/H2O 64.22 ± 1.11  83.02 ± 2.52  0.11 ± 0.01 

            

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

aValues are expressed as gallic acid equivalents (GAE) mg/g of dried extract. bValues are expressed as μg/mL. cValues 
are expressed as concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL 

solution of the tested extract. d Standard Deviation of three independent experiments. 

 
 

 

4.5 Conclusions 

This phytochemical investigation carried out on the leaves, husks and shells of 

P. dulcis, the last two considered the main by-products deriving from almonds 

manufacturing, highlighted the occurrence of several classes of secondary 

metabolites. The “eco-friendly” extraction methods showed a good selectivity 

towards certain classes of compounds. The comparison of the LC-MS profiles, 

occasionally supported by multivariate statistical analysis, pointed out evident 

dissimilarities in the chemical composition of the investigated P. dulcis cvs., 

suggesting an influence of different growing conditions on the metabolome of a 

plant species. Moreover, the tested extracts showed to possess a good phenolic 
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content, in particular the “eco-friendly” extracts, as well as an interesting radical 

scavenging activity. Thus, the non-edible parts of P. dulcis may represent a 

potential source of bioactives with beneficial effects for human health. 

 

4.6 Experimental section 

Plant material 

P. dulcis Mill. leaves, husks and shells of the cv. Toritto were provided by “La 

Fattoria della Mandorla”, Toritto, Italy, in October 2015. P. dulcis Mill. leaves of 

the cvs. Fascionello, Pizzuta and Romana were provided by “The consortium of the 

Mandorla d’Avola” in November 2015, while husks and shells were provided in 

September 2016. 

 

General experimental procedures 

Column chromatography was performed on Sephadex LH-20 (Pharmacia). 

HPLC-RI separations were performed on instrument described in general 

experimental procedures, using a Knauer Eurospher 100-10 C-18 column (300 x 8 

mm, 10 μm) or a µBondapak C-18 (300 x 8 mm, 10 μm). HPLC-UV/Vis separations 

were performed on instrument described in general experimental procedures, using 

a Phenomenex (Torrance, CA, USA) Synergi Hydro RP-80A column (250 x 10 

mm, 10μ).  

 

LC-ESI/LTQOrbitrap/MS/MS and LC-ESI/LTQOrbitrap/MS procedures 

LC-HRMS experiments were carried out on instrument reported in general 

experimental procedures. LC separations were performed on a Phenomenex 

(Torrance, CA, USA) Kinetex C-18 column (100 × 2.10 mm, 2.6 μm), at a flow rate 

of 0.2 µl/min. Employed mobile phases were (A) water and (B) acetonitrile, both 

acidified 0.1% formic acid. Injection volume was 10 μL, keeping column at room 

temperature. 
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The ESI source parameters were set as following: source voltage at 5.0 kV, 

capillary voltage at -12 V, tube lens offset at -121.47 V, capillary temperature at 

280 °C, sheath gas at 30 (arbitrary units) and auxiliary gas at 5 (arbitrary units).  

- LC-ESI/LTQOrbitrap/MS/MS gradient conditions for the leaves extracts. 

Elution gradient: 0 min 10% B, 8 min 30% B, 20 min 30% B, 25 min 90% 

B, 35 min 90% B, returing to start conditions in 7 min. Only for leaves, 

spectra were acquired in positive ion mode too. The ESI source parameters 

were set as following: source voltage at 3kV, capillary voltage at 49 V, tube 

lens offset at 120 V, capillary temperature at 280°C, auxiliary gas flow at 10 

(arbitrary unit) and sheat gas at 30 (arbitrary unit). Additionally, only for 

leaves a different B eluent was employed, constituted by a 

MeOH:acetonitrile (1:1, v/v) solution with 0.1% formic acid. 

- LC-ESI/LTQOrbitrap/MS/MS gradient conditions for the husks extracts. 

Elution gradient: 0 min 10% B, 25 min 34%, 35 min 34% B, 50 min 100% 

B, held for 8 min, returning to start conditions in 7 min. 

- LC-ESI/LTQOrbitrap/MS/MS gradient conditions for the shells extracts. 

Elution gradient: 0 min 10% B, 24 min 34% B, returning to start conditions 

in 7 min.  

 

Extraction and purification of the MeOH extract of P. dulcis cv. Toritto leaves, 

and preparation of “eco-friendly” extracts  

1.4 kg of air-dried leaves of P. dulcis cv. Toritto were extracted by maceration 

using petroleum ether (1.5 L, three times for three days), chloroform (1.5 L, three 

times for three days), and with MeOH (1.5 L, three times for three days), yielding 

130.20 g of crude MeOH extract. 

The leaves of P. dulcis cvs. Avola (Fascionello, Pizzuta and Romana) were 

extracted in the same way, but using a lower amount of sample (3 g) and of solvent 

(50 mL), obtaining 0.44 g, 0.31 g and 0.37 g of crude MeOH extract, respectively. 
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Moreover, the leaves of the cvs. Toritto and Avola (3 g) were extracted by 

maceration using EtOH 96% (50 mL, three times for three days) and a EtOH:H2O 

(1:1, v/v) solution (50 mL, three times for three days). The leaves were also 

extracted by decoction, adding cold water (50 mL) to the leaves (3 g) and warming 

till boiling point, keeping boiling for 15 min, cooling to room temperature and then 

filtering, and by infusion, adding boiling water (50 mL) to the leaves (3 g), leaving 

in contact for 15 min and then filtering.  

About 3.5 g of the MeOH extract of the cv. Toritto leaves were dissolved in 8 

mL of MeOH and fractionated on a Sephadex LH-20 (Pharmacia) column (100 x 5 

cm), using MeOH as mobile phase, affording 80 fractions (8 mL each) which were 

monitored by TLC. Fractions 5-15 (747.2 mg) were chromatographed by RP-

HPLC-UV-Vis using as solvents (A) water-formic acid (99.9:0.1, v/v) and (B) 

MeOH-acetonitrile-formic acid (49.95:49.95:0.1, v/v), flow rate was 2 mL/min, 

selected wavelengths were 254 and 330 nm, the gradient conditions were: 0 min 

10% B, 5 min 25% B, 60 min 55% B, 70 min 100% B; this led to the isolation of 

compounds 5 (2.2 mg, Rt=13.2 min), 11 (2.4 mg, Rt=18.3 min), 13 (3.2 mg, Rt=22.1 

min), 20 (2.6 mg, Rt=25.5 min), 26 (2.8 mg, Rt=46.8 min) and 27 (2.6 mg, Rt=47.1 

min). Fractions 16-20 (207.1 mg) were chromatographed by RP-HPLC-RI using 

MeOH:H2O (3:7, v/v) as mobile phase (flow rate 2.0 mL/min) to yield compound 

6 (2.3 mg, Rt=9.1 min). Fractions 25-29 (101.2 mg) were chromatographed by RP-

HPLC-RI using MeOH:H2O (2:3, v/v) as mobile phase (flow rate 2.0 mL/min) to 

yield compounds 14 (3.5 mg, Rt=23.1 min), 24 (10.9 mg, Rt=39.6 min). Fractions 

30-34 (92.5 mg) were chromatographed by RP-HPLC-RI using MeOH:H2O (9:11, 

v/v) as mobile phase (flow rate 2.0 mL/min) to yield compounds 16 (4.6 mg, 

Rt=16.3 min), 17 (3.1 mg, Rt=22.3 min), 18 (6.1 mg, Rt=31.8 min), 21 (3.1 mg, 

Rt=51.7 min) and 23 (2.9 mg, Rt=52.1 min). Fractions 35 and 36 were 

chromatographed by RP-HPLC-RI using MeOH:H2O (9:11, v/v) as mobile phase 

(flow rate 2.0 mL/min) to yield compound 19 (5.0 mg, Rt=34.8 min). Fractions 37-
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40 were chromatographed by RP-HPLC-RI using MeOH:H2O (1:1, v/v) as mobile 

phase (flow rate 2.0 mL/min) to yield compound 15 (4.7 mg, Rt=10.6 min). 

Fractions 45-49 were chromatographed by RP-HPLC-RI using MeOH:H2O (1:1, 

v/v) as mobile phase (flow rate 2.0 mL/min) to yield compound 22 (3.2 mg, Rt=4.2 

min). 

 

Extraction and purification of the MeOH extract of P. dulcis cv. Toritto husks, 

and preparation of “eco-friendly” extracts  

Husks of P. dulcis cv. Toritto were air-dried until they turned from green to 

brown. Successively, 2.4 Kg of dried husks were extracted by maceration using 

solvents with increasing polarity, in particular with n-hexane (5.0 L, three times for 

three days), chloroform (5.0 L, three times for three days) and MeOH (5.0 L, three 

times for three days), yielding 321.50 g of MeOH crude extract. The husks of the 

three Sicilian cvs. Fascionello, Pizzuta and Romana were extracted in the same way, 

employing a lower amount of samples (30 g) and of solvent (100 mL), affording 

2.76 g, 3.18 g and 0.94 g of crude MeOH extract, respectively. Furthermore, the 

husks of the four cultivars (30 g) were extracted by maceration employing EtOH 

96% (100 mL, three times for three days), and an EtOH:H2O (1:1, v/v) solution 

(100 mL, three times for three days). To remove the sugars detected in the MeOH 

extract by TLC, about 5 g of the MeOH extract were submitted to a BuOH:H2O 

liquid-liquid extraction, yielding 1.41 g of BuOH crude extract. 

About 3.5 grams of MeOH extract of cv. Toritto husks were dissolved in 8 mL 

of MeOH and fractionated on a Sephadex LH-20 (Pharmacia) column (100 x 5 cm), 

employing MeOH as mobile phase, affording 91 fractions (8 mL each), which were 

monitored by TLC. Fractions 19-24 (245.1 mg) were cromatographed by RP-

HPLC-RI using MeOH:H2O (3:7, v/v) as mobile phase (flow rate 2 mL/min) and 

the Knauer C-18 column to yield compound 30 (2.3 mg, Rt=34 min). Fractions 25-

29 (100.6 mg) were chromatographed by RP-HPLC-RI using MeOH:H2O (3:7, v/v) 
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as mobile phase (flow rate 2 mL/min) and the Knauer C-18 column to yield 

compound 31 (4.2 mg, Rt =10.2 min). Fractions 42-48 (31.4 mg) were 

chromatographed by RP-HPLC-RI using MeOH:H2O (3:1, v/v) as mobile phase 

(flow rate 2 mL/min) and the µBondapak C-18 column to yield compound 45 (2.8 

mg, Rt =6.1 min). Fractions 33-41 (97.4 mg) were chromatographed by RP-HPLC-

RI using MeOH:H2O (9:11, v/v) as mobile phase (flow rate 2 mL/min) and the 

µBondapak C-18 column to yield compounds 35 (3.6 mg, Rt =6.8 min), 42 (4.1 mg, 

Rt =25.8 min) and 19 (4.4 mg, Rt =26.1 min). Fractions 12-16 (646.1 mg) were 

chromatographed by RP-HPLC-RI using MeOH:H2O (39:11, v/v) as mobile phase 

(flow rate 2 mL/min) and the Knauer C-18 column to yield compound 26 (3.6 mg, 

Rt =4.2 min). Fractions 17-18 (342.3 mg) were chromatographed by RP-HPLC-

UV-Vis, (elution gradient was: 0 min 10% B, 30 min 100% B, held for 15 minutes, 

flow rate 2 mL/min, wavelength 254 nm) to yield compounds 39 (2.7 mg, Rt =15.8 

min), 27 (2.9 mg, Rt =25.5 min), 46 (3.1mg, Rt =32.2 min), 47 (3.0 mg, Rt =38.9 

min), and 48 (2.8 mg, Rt =40.4 min). 

 

Extraction and purification of the MeOH extract of P. dulcis cvs. Toritto and 

Avola shells, and preparation of “eco-friendly” extracts 

1.8 Kg of the P. dulcis cv. Toritto shells were extracted by maceration using 

solvents with increasing polarity: n-hexane (3.2 L, three times for three days), 

chloroform (3.0 L, three times for three days), MeOH (3.1 L, three times for three 

days), obtaining 21.25 g of crude MeOH extract. The shells of the Sicilian cvs. 

Fascionello, Pizzuta and Romana were extracted by adopting the same protocol, 

with a lower amount of samples (10 g) and solvent (100 mL), yielding 0.12 g, 0.22 

g and 0.09g of crude MeOH extracts, respectively. Furthermore, the shells of all the 

cultivars were extracted by maceration (10 g) employing EtOH 96% (100 mL, three 

times for three days), and an EtOH:H2O (1:1, v/v) solution (100 mL, three times for 

three days).  
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About 3.5 grams of crude MeOH extract were dissolved in 8 mL of MeOH and 

fractionated on Sephadex LH-20 (100 x 5 cm) column, affording 90 fractions (8 

mL each), monitored by TLC. Fractions 15-17 were chromatographed by RP-

HPLC-UV/Vis (elution gradient: 0 min 10% B held for 5 min, 10 min 25% B, 30 

min 40% B, 35 min 100% B held for 10 min; wavelength: 285 nm), yielding 

compounds 57 (1.8 mg, Rt =15.0 min) and 59 (1.5 mg, Rt =18.3 min). Fractions 18-

24 were chromatographed by RP-HPLC-UV/Vis (elution gradient: 0 min 10% B, 

40 min 70% B, 50 min 100% B held for 10 min; wavelength: 280 nm), yielding 

compounds 15 (2.3 mg, Rt =12.3 min), 16 (2.6mg, Rt =13.5 min), 61 (1.9 mg, Rt 

=17.9 min), 21 (2.6 mg, Rt =20.5 min) and 19 (2.1 mg, Rt =21.8 min). 

 

 

Chemometrics 

 

Data analysis 

Before undergoing data analysis, the raw data acquired by LC-

ESI/LTQOrbitrap/MS experiments were filtered by employing MZmine 2.21 

software. In particular, paying attention to preserve the variance of the compounds 

contained in the LC-MS spectra, baseline correction, gap filling, data reduction, 

noise elimination, peak detection, as well as the discard of m/z values due to in-

source fragmentation events, were carried out; the filtered data were processed in 

order to obtain a data matrix successively employed for the multivariate data 

analysis. Moreover, the identification of the metabolites was carried out by 

comparing the m/z values and the related Rt reported in the data matrix with those 

of the compounds previously elucidated. Samples were analyzed in duplicate. 
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Multivariate data analysis 

To identify the differences among the analyzed P. dulcis cultivars, the data 

obtained from the LC-MS experiments were submitted to chemometric analyses, in 

particular Principal Component Analysis (PCA) and Partial Least Square 

Discriminant Analysis (PLS-DA). Principal Component Analysis (PCA) is a 

powerful unsupervised method to detect relevant patterns related to environmental 

and genetic factors that combined with PLS-DA, a supervised chemometric model, 

may be helpful in discriminating varieties originating from different regions 

(D’Urso et al., 2016). 

The chromatograms obtained from the LC-MS analyses were evaluated using 

the free software package MZmine (http://mzmine.sourceforge.net/), and the 

resulting data were processed employing SIMCA-P+ software 12.0 (Umetrics AB, 

Umea, Sweden). Pareto scaling was applied to all data from the matrix. To define 

homogeneous clusters of samples, the whole data matrix (20 samples x 343 signals 

obtained by a pretreatment of raw data with MZmine) was first analyzed by PCA. 

Score and loading plots of PCA were generated for the entire dataset in order to 

visualize the clustering of the leaves of the analyzed almond varieties. The known 

clusters confirmed by PCA were used as Y classes in Partial Least Square 

Discriminant Analysis. Data were modeled as well by PLS-DA as a supervised 

approach to visualize clustering relationship. 

Analyses were performed in duplicate. All the models were validated by cross-

validation techniques and permutation tests according to standardized good practice 

to minimize false discoveries and to obtain robust statistical models. T2 of 

Hotellings and R2(x) values were used to evidence the robustness of the statistical 

method. 

 

Total phenolic content 

As reported in general experimental procedures. 
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DPPH• radical scavenging activity 

As reported in general experimental procedures. 

 

ABTS•+ radical scavenging activity 

As reported in general experimental procedures. 

 

NMR analysis 

As reported in general experimental procedures. 

  

 

Statistical analysis 

The statistical analysis was performed by several tests. In order to eliminate 

uncertain data, the Q-Dixon test was performed. All the values in this work were 

expressed as mean ± SD. The statistical analysis was performed with one-way 

ANOVA for repeated measurements. The statistically significant differences were 

also assessed by applying the paired Student’s t-test. 
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5.1 Introduction 

Pistachio (P. vera L.) is one of the most requested nuts on world market. Usually 

it is consumed roasted and salted, occasionally fresh; however, due to recent 

culinary trends, pistachios have been more often employed in cookery for the 

preparation of innovative recipes, following the “nouvelle cuisine” claims. 

Therefore, ingredients with specific organoleptic features, as shape, color, taste and 

fragrance are more and more yearned. Among such sophisticated ingredients, the 

Italian PDO “Pistacchio di Bronte” was widely counted. Peculiar characteristics of 

this pistachio variety are the intense green color and the enveloping violet/purple 

integument, along with its intense taste and flavour. 

The nutritional features have been since long assessed, also for other varieties, 

as well as the fatty acid composition (Hernandez-Alonso et al., 2016). Nevertheless, 

little is known about the polar constituents, due to a lack of exhaustive information 

in scientific literature, and so for the main non-fatty acids non-polar constituents, 

for which even less has been reported. 

For these reasons, a phytochemical investigation was carried out on both polar 

and non-polar fractions of P. vera cv. Napoletana seeds, aiming at achieving a 

complete overview on the metabolite profile of the most appreciated Italian 

pistachio variety. 

In this chapter the following topics will be discussed: 

- LC-ESI/LTQOrbitrap/MS/MS metabolite profiling of P. vera seeds, 

focusing on the polar fraction; 

- comparison of “eco-friendly” extracts by LC-ESI/LTQOrbitrap/MS 

experiments; 

- evaluation of total phenolic content and radical scavenging activity of the 

prepared extracts; 

- quantitative analysis of the main compounds of interest; 
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- LC-ESI/QToF/MS/MS metabolite profiling of the non-polar fraction of P. 

vera seeds; 

- GC-FID quali-quantitative analysis of the oily fraction.  
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5.2 LC-ESI/HRMS/MS analysis of the polar fraction of P. vera cv. 

Napoletana seeds  

 

Pistacia vera L. seeds 

The seeds show an intense green color, and are enveloped 

by a thin integument usually violet. They are 

characterized by a distinctive flavor, and represent one of 

the most requested nuts on the market. 

 

 

5.2.1 Results and discussion 

5.2.1.1 LC-ESI/HRMS/MS profiling of pistachios 

Aiming at defining the metabolite profile of the polar fraction of P. vera seeds, 

the MeOH extract was submitted to LC-ESI/LTQOrbitrap/MS/MS experiments, in 

negative ion mode. The LC-HRMS profile (Fig. 5.1) showed several peaks with m/z 

values ascribable to phenolic compounds. In particular, they could be grouped as 

gallic acid derivatives (1, 3, 5, 10, 13, 17), catechins (2, 6, 7, 9), proanthocyanidins 

(4), flavonoids (11, 12, 14-16, 18-20, 22, 23), neolignans (21), and anacardic acids 

(24-26) (Table 5.1). 

 

Figure 5.1 LC-HRMS profile in negative ion mode of the MeOH extract of P. vera seeds 
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Some of the detected compounds were identified by comparing the experimental 

Rt observed in the LC-MS profile with standard solutions analyzed in the same 

Table 5.1 Compounds identified and putatively identified in P. vera seeds 

N° Rt 
Calculated 

Mass 
[M-H]- Δppm MS2(%) 

Molecular 

formula 
Compound 

1 1.76 170.0215 169.0140 -0.84 125(100) C7H6O5 gallic acid1 

2 2.84 306.0739 305.0659 1.24 
261(49), 221(87), 
219(76), 179(100), 

165(35), 125(24) 

C15H14O7 (epi)gallocatechin 

3 3.19 154.0266 153.0187 1.02 109(100) C7H6O4 protocatechuic acid1 

4 4.32 578.1424 577.1339 -0.57 

451(29), 425(100), 

407(49), 289(27), 

287(26) 

C30H26O12 EC-EC 

5 4.37 184.0371 183.0293 0.69 168(98), 124(100) C8H8O5 methyl gallate1 

6 4.52 290.0790 289.0709 -1.36 
245(100), 205(44), 

179(26) 
C15H14O6 (+)-catechin1 

7 5.48 290.0790 289.0712 0.84 
245(100), 205(44), 

179(26) 
C15H14O6 (-)-epicatechin1 

8 5.70 450.1162 449.1076 0.62 
287(100), 269(42), 

259(49) 
C21H22O11 eriodictyol hexoside 

9 6.10 458.0849 457.0764 0.74 
331(38), 305(100), 

169(57) 
C22H18O11 

(epi)gallocatechin 

gallate 

10 6.58 198.0528 197.0450 0.96 169(100) C9H10O5 ethyl gallate1 

11 6.99 480.0903 479.0820 -1.22 316(100), 317(54) C21H20O13 
myricetin 3-O-β-D-

glucopyranoside1 

12 7.53 450.1162 449.1077 -0.43 343(12), 287(100) C21H22O11 
aromadendrin 

hexoside 

13 7.75 788.1072 787.0984 1.58 617(100), 393(27) C34H28O22 

1,2,3,6-tetra-O-
galloyl-β-D-

glucopyranoside1 

14 7.82 464.0954 463.0869 1.07 301(100), 300(62) C21H20O12 
quercetin 3-O-β-D-

glucopyranoside1 

15 8.04 448.1005 447.0917 0.71 285(100) C21H20O11 
kaempferol 3-O-β-D-

galactopyranoside1 

16 8.35 450.1162 449.1073 -0.66 343(16), 287(100) C21H22O11 
aromadendrin 

hexoside  

17 8.66 940.1181 939.1091 1.69 
769(93), 617(21), 

393(100), 169(35) 
C41H32O26 

1,2,3,4,6-penta-O-

galloyl-β-D-

glucopyranoside1 

18 8.87 434.1213 433.1130 1.42 271(100) C21H22O10 naringenin hexoside 

19 9.14 432.1056 431.0972 -1.00 
371(48), 341(62), 
311(39), 269(100) 

C21H20O10 vitexin 

20 9.34 448.1005 447.0920 0.56 285(100) C21H20O11 
kaempferol 3-O-β-D-

glucopyranoside1 

21 11.09 586.2414 585.2325 0.80 

567(4), 537(100), 

371(29), 359(22), 

195(3) 

C31H38O11 acernikol 

22 11.85 288.0633 287.0552 1.44 151(100) C15H12O6 eriodictyol 

23 12.34 286.0477 285.0395 -0.99 

243(58), 241(100), 

217(62), 199(91), 

175(77), 151(34) 

C15H10O6 luteolin1 

24 38.65 320.2351 319.2285 1.31 275(100), 106(29) C20H32O3 (13:0)-anacardic acid1 

25 39.18 346.2507 345.2427 1.87 301(100), 106(14) C22H34O3 (15:1)-anacardic acid1 

26 42.71 374.2820 373.2739 1.11 329(100), 106(19) C24H38O3 (17:1)-anacardic acid1 
1The identification of this compound was corroborated by comparison with standard solution. EC = (epi)catechin 
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experimental conditions. Most of the standards used were isolated from P. vera 

leaves and husks. This identification approach allowed to unambiguously attribute 

the following constituents: gallic acid (1), protocatechuic acid (3), methyl gallate 

(5), (+)-catechin (6), (-)-epicatechin (7), ethyl gallate (10), myricetin 3-O-β-D-

glucopyranoside (11), 1,2,3,6-tetra-O-galloyl-β-D-glucopyranoside (13), quercetin 

3-O-β-D-glucopyranoside (14), kaempferol 3-O-β-D-galactopyranoside (15), 

1,2,3,4,6-penta-O-galloyl-β-D-glucopyranoside (17), kaempferol 3-O-β-D-

glucopyranoside (20), luteolin (23), (13:0)-anacardic acid (24), (15:1)-anacardic 

acid (25) and (17:1)-anacardic acid (26). 

For the other constituents, they were putatively identified by accurate m/z values 

determination, along with the interpretation of their fragmentation patterns, and 

comparing the obtained information with data reported in scientific literature, 

online databases (KnapSack, FoodB, PubChem, ChemSpider, KEGG) and by 

incorporating the fragmentation spectra in online database-assisted prediction tools 

(MetFrag). To acquire the MS/MS spectra, during the LC-

ESI/LTQOrbitrap/MS/MS experiments, “data depenent scan” mode was employed, 

allowing the MS software to select the precursor ion as the most intense peak in the 

LC-MS spectrum. 

Compound 2 (m/z 305.0659) showed in the MS/MS experiments (Fig. 5.2) a base 

peak at m/z 179, originating from the loss of a trihydroxyphenyl moiety, a product 

ion at m/z 261 generated from the loss of an acetaldehyde molecule (- 44 Da), along 

with a diagnostic ion at m/z 125 due to a Heteronuclear Ring Fission (HRF) 

occurring on the C-ring as well. Moreover, the product ion at m/z 221 was likely 

corresponding to the neutral loss of a 1,3-cyclobutadien-1,3-diol as a consequence 

of a ring size reduction rearrangment occurring at the C-ring. Molecular formula 

was established as C15H14O7. The achieved information, together with data reported 

in literature, allowed to assess compound 2 as (epi)gallocatechin (Callemien et al., 

2008) (Table 5.1). 
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Figure 5.2 ESI/MS/MS spectrum of compound 2 in negative ion mode 

Compound 4 (m/z 577.1339) exhibited in the fragmentation spectrum a base 

peak at m/z 425 originated by a Retro Diels-Alder (RDA) reaction occurring on the 

C-ring, while a HRF reaction yielded the product ion at m/z 451; in addition, two 

informative signals were observed at m/z 289 and 287, suggesting the occurrence 

of two (epi)catechin moieties bonded by a B-type linkage. According to the 

achieved structural information, matched with online databases (FoddB) and 

scientific literature, compound 4 was putatively identified as B-type (epi)catechin 

dimer (Lin et al., 2014) (Table 5.1). 

Compound 9 (m/z 457.0764) yielded a MS/MS spectrum (Fig. 5.3) exhibiting a 

base peak at m/z 305, originating from the neutral loss of a dehydrated gallic acid 

(-152 Da), whose presence was confirmed by the signal at m/z 169, while the loss 

of the B-ring produced the fragment ion at m/z 331. Molecular formula was 

established as C22H18O11. Similarities observed with the fragmentation pathway of 

compound 2 and comparison with online databases (FoodB) allowed to putatively 

identify compound 9 as (epi)gallocatechin gallate (Table 5.1). 
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Figure 5.3 ESI/MS/MS spectrum of compound 9 in negative ion mode 

 

Compounds 8, 12, 16 and 18, showing in HRMS pseudomolecular ions [M-H]- 

at m/z 449.1076, 449.1077, 449.1073 and 433.1130, respectively, exhibited a 

common behaviour in tandem mass experiments, producing a base peak originated 

from the neutral loss of a hexose moiety (-162 Da). For compound 8 a product ion 

at m/z 269 was observed, generated by a 0,4A fission occurring at the C-ring, while 

compounds 12 and 16 showed a fragment ion at m/z 343 generated from a 1,2A 

fission occurring at the C-ring. The structural information provided by the MS/MS 

spectra, together with the accurate m/z values and comparison with online databases 

(FoodB) allowed to putatively identify the analyzed compounds as eriodictyol 

hexoside (8), aromadendrin hexoside (12), aromadendrin hexoside (isomer) (16) 

and naringenin hexoside (18) (Table 5.1). 

Compound 19 (m/z 431.0972) showed a characteristic fragmentation pattern of 

a C-glycoside flavonoid, featured by neutral losses of 60, 90 and 120 Da, due to 

cleavages 0,4A, 0,3A and 0,2A, respectively, occurring at the sugar ring, and a signal 

at m/z 269, corresponding to the deprotonated aglycone. Molecular formula was 

established as C21H20O10. According to the structural information achieved, and 
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supported by data reported in scientific literature, compound 19 was putatively 

identified as vitexin (Belguith-Hadrichea et al., 2017) (Table 5.1). 

Furthermore, the fragmentation spectrum of compound 22 was characterized by 

the single base peak at m/z 151, originated from the 1,3A cleavage occurring at the 

C-ring. Along with the accurate m/z value, determined in HRMS as 287.0552 

(C15H12O6), and matching with online databases (FoodB), compound 22 was 

putatively assessed as eriodictyol (Table 5.1). 

Finally, compound 21 (m/z 585.2325) showed a totally different behaviour in 

tandem mass experiments: the fragmentation pattern exhibited neutral losses of 18 

(water) and 48 (water + formaldehyde) Da originating ions at m/z 567 and 537, 

respectively, which further exhibited a neutral loss of 196 Da, corresponding to a 

dehydrated guaiacylglycerol moiety. Molecular formula was established as 

C31H38O11. A successive comparison with scientific reports and free databases 

allowed to putatively identify compound 21 as acernikol (Li et al., 2010) (Table 

5.1). 

Some of the above described constituents (1, 6, 7, 22, 23), have been identified 

in P. vera cv. Napoletana seeds representing the “Pistacchio di Bronte”, by 

comparison with standard solutions employing a HPLC-UV/Vis device (Tomaino 

et al., 2010). In addition, seeds and skins were used to produce extracts showing in 

vitro good antioxidant and photoprotective properties (Martorana et al., 2013).  

The cited reports, together with the results achieved from the present 

phytochemical investigation, highlighted the occurrence of antioxidant phenolics, 

claiming the benefits that pistachio consumption may exert on human health (Terzo 

et al., 2017). 

5.2.1.2 “Eco-friendly” extractions 

In order to propose simple and quick extraction protocols, employing “green” 

solvents suitable with human consumption, P. vera seeds were extracted by 

maceration using EtOH 96% and an EtOH:H2O (1:1, v/v) solution. The obtained 
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extracts were successively submitted to LC-ESI/LTQOrbitrap/MS experiments, 

followed by a comparison of the yielded profiles (Fig. 5.4). 

 

Figure 5.4 LC-HRMS profiles of the MeOH, EtOH and EtOH:H2O extracts of P. vera seeds 

The matching of the LC-MS profiles pointed out the efficacy and high selectivity 

of EtOH in extracting mainly anacardic acids, also detected in the EtOH:H2O 

extract, but as minor constituents, since the hydroalcoholic solution proved to be 

more effective in extracting compounds possessing higher polarity, like flavonoids 

and gallic acid derivatives. 

 

5.2.1.3 Total phenolic content and radical scavenging activity 

The extracts prepared from P. vera seeds were tested in order to assess the 

phenolic content, as well as the radical scavenging activity (Table 5.2). 

The Folin-Ciocalteu assay results pointed out the highest phenolic content of the 

MeOH extract if compared to the “eco-friendly” extracts, also exerting the strongest 

antioxidant activity; for the EtOH extract no considerable results were observed. 
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5.2.1.4 Quantification of anacardic acids by Multiple Reaction Monitoring 

(MRM) approach 

To quantify the anacardic acids detected in the LC-MS profiles of the extracts of 

P. vera seeds (Fig. 5.4), LC-ESI/QTrap/MS/MS experiments were carried out by a 

MRM approach, as successively described in paragraph 6.5.  

The obtained results (Table 5.3) evidenced (15:1)-anacardic acid (26) as the most 

abundant, although, if compared to the other parts of P. vera, the seeds showed a 

sensibly lower concentration of anacardic acids. 

  

Table 5.3 Concentrations (μg/mg of dried extract) of main anacardic acids identified in the 

different extracts of P. vera seeds. 

 
AA 

(13:0) 
SD* 

AA 

(15:1) 
SD* 

AA 

(17:1) 
SD* 

MeOH 0.16 ± 0.01 0.55 ± 0.03 0.29 ± 0.03 

EtOH <LoQ - 0.85 ± 0.05 0.35 ± 0.04 

EtOH:H2O 0.15 ± 0.01 0.38 ± 0.03 0.17 ± 0.01 
AA = Anacardic Acid; Results expressed as mean of three independent experiments. *Standatd Deviation 
of three independent experiments. 
  

  

 

 

Table 5.2 Total phenolic content, DPPH• and ABTS•+ radical scavenging activity of the extracts of P. vera seeds 

Sample 
Total phenolic content  DPPH•  ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

Seeds MeOH 163.09 ± 15.41  74.7 ± 8.47  0.63 ± 0.09 

Seeds EtOH 33.65 ± 3.68  N/A ± -  N/A ± - 

Seeds EtOH/H2O 104.39 ± 11.28  83.47 ± 7.61  0.50 ± 0.07 

            

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

a Values are expressed as gallic acid equivalents (GAE) mg/g of dried extract. b Values are expressed as μg/mL. c Values are expressed as 

concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL solution of the tested extract. d Standard 

Deviation of three independent experiments. 
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5.3 LC-ESI/QToF/MS/MS multi-class polar lipids profiling of P. vera seeds  

  

5.3.1 Results and discussion 

5.3.1.1 LC-ESI/QToF/MS/MS analysis of the polar lipids of “Pistacchio di 

Bronte” 

To assess the main polar lipids occurring in P. vera seeds, pistachios were 

extracted and submitted to LC-ESI/QToF/MS/MS experiments as described in 

paragraph 3.3.1.3.  

As result, different classes of phospholipids were detected, varying for their 

polar head group, as well as for the number of fatty acyl side chains, characterized 

by various length and unsaturation degree, along with diacylglycerols and 

triacylglycerols.  

Identification of the detected compounds was carried out by determination of the 

accurate m/z values, together with an exhaustive analysis of their MS/MS spectra 

acquired by tandem mass experiments. In addition, fragmentation spectra were 

incorporated in online database-assisted prediction tools (MetFrag), and the 

achieved information further compared with scientific literature and online 

databases (FoodB, Lipid Maps) (Song et al., 2018; Holčapek et al., 2003). 

 

5.3.1.2 Phospholipids identification 

Analysis and interpretation of the MS/MS spectra, acquired by performing 

tandem mass spectrometry experiments in positive and negative ion mode, was 

carried out according to observations described in paragraph 3.3.1.4. 

As result, the occurrence of 22 phospholipids (3 l-PCs, 9 PCs, 3 PEs, 5 PIs, 2 

PGs) was pointed out (Table 5.4). The identified compounds have been reported in 

Chinese pistachios (Song et al., 2018), while no data were found for Italian 
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varieties, suggesting a persistent lack of information about the polar lipids 

composition of P. vera seeds. 

The achieved results may contribute to extend the knowledge about the 

metabolite profile of the “Pistacchio di Bronte”, highlighting the occurrence of non-

polar constituents reported for their capacity to reduce cholesterol levels in plasma, 

as well as for their neuroprotective effects (Keller et al., 2013; Nagai, K., 2012) 

 

 

Table 5.4 Phospholipids putatively identified in Italian P. vera seeds  

N° Compound R
t
 m/z Ion 

Ion  

Mode 

Molecular  

Formula 
MS/MS 

27 LPC(18:2) 4.1 520.3357 [M+H]+ + C
26

H
50

NO
7
P 337, 184 

28 LPC(16:0) 5.0 520.3357 [M+H]+ + C
26

H
50

NO
7
P 313, 184 

29 LPC(18:1) 5.2 522.3554 [M+H]+ + C
26

H
52

NO
7
P 339, 184 

30 PC(16:0/16:0) 10,2 730.5351 [M+H]+ + C
40

H
80

NO
8
P 551, 313, 184 

31 PC(16:0/18:1) 12,6 760.5864 [M+H]+ + C
42

H
82

NO
8
P 577, 339, 313, 184 

32 PC(16:0/18:2) 11,6 758.5686 [M+H]+ + C
42

H
80

NO
8
P 575, 337, 313, 184 

33 PC(16:1/18:2) 10,2 756.5535 [M+H]+ + C
42

H
78

NO
8
P 573, 337, 311, 184 

34 PC(18:0/18:1) 14,2 788.6166 [M+H]+ + C
44

H
86

NO
8
P 605, 341, 339, 184 

35 PC(18:0/18:2) 13,8 786.5995 [M+H]+ + C
44

H
84

NO
8
P 603, 341, 337, 184 

36 PC(18:1/18:1) 12,6 786.6025 [M+H]+ + C
44

H
84

NO
8
P 603, 339, 184 

37 PC(18:1/18:2) 11,6 784.5848 [M+H]+ + C
44

H
82

NO
8
P 601, 339, 337, 184 

38 PC(18:2/18:2) 10,7 782.5693 [M+H]+ + C
44

H
80

NO
8
P 599, 337, 184 

39 PE(16:0/18:2) 10.4 716.5205 [M+H]+ + C
39

H
74

NO
8
P 575, 337,313 

40 PE(18:1/18:2) 10.7 742.5342 [M+H]+ + C
41

H
76

NO
8
P 601, 339, 337 

41 PE(18:2/18:2) 11.2 740.5169 [M+H]+ + C
41

H
74

NO
8
P 599, 337 

42 PI(16:0/18:1) 5.8 835.5363 [M-H]- - C
43

H
81

O
13

P 281, 255, 241, 153 

43 PI(16:0/18:2) 5.3 833.5218 [M-H]- - C
43

H
79

O
13

P 279, 255, 241, 153 

44 PI(18:0/18:1) 6.0 863.5653 [M-H]- - C
45

H
85

O
13

P 283, 281, 241, 153 

45 PI(18:0/18:2) 5.6 861.5498 [M-H]- - C
45

H
83

O
13

P  283, 279, 241, 153 

46 PI(18:0/18:3) 5.3 859.5359 [M-H]- - C
45

H
81

O
13

P 283, 277, 241, 153 

47 PG(16:0/18:1) 6.0 747.5194 [M-H]- - C
40

H
77

O
10

P 673, 281, 255, 171 

48 PG(16:0/18:2) 5.8 745.5038 [M-H]- - C
40

H
75

O
10

P 671, 279, 255, 171 

LPC = lysophosphatidylcholine, PC = phosphatidylcholine, PE = phosphatidylethanolamine, PI = phosphatidylinositol, PG 

= phosphatidylglycerol,  
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5.3.1.3 Diacylglycerols and triacylglycerols identification 

Along with phospholipids, diacylglycerols and triacylglycerols were detected. 

The identity assigment was carried out as previously described in paragraph 3.3.1.5. 

As result, five diacylglycerols and two triacylglycerols were identified in P. vera 

seeds (Table 5.5). Also in this case a triacylglycerol derivative (54) with a side chain 

possessing an odd number of carbons was detected. 

Aside from their primary function as energy storage, triacylglycerols and 

diacylglycerols showed to play an important role in metabolic pathways at 

epidermal levels, mainly affecting the permeability barrier function of skin (Radner 

& Fischer, 2014). 

 

Table 5.5 Glycerides putatively identified in P. vera seeds  

N° Compound R
t
 m/z Ion 

Ion  

Mode 

Molecular  

Formula 
MS/MS 

49 DG(16:0/18:1) 13,3 612.5576 [M+NH4]
+ + C

37
H

70
O

5
 577, 339, 313 

50 DG(18:1/18:1) 13,4 638.5732 [M+NH4]
+ + C

39
H

72
O

5
 603, 339, 265 

51 DG(18:1/18:2) 12,6 636.5573 [M+NH4]
+ + C

39
H

70
O

5
 601, 339, 337, 263 

52 DG(18:2/18:2) 11,9 634.5413 [M+NH4]
+ + C

39
H

68
O

5
 599, 337 

53 DG(20:1/22:4) 15,6 716.5949 [M+NH4]
+ + C

45
H

78
O

5
 429, 413, 375, 357 

54 TG(18:1/18:1/19:1) 17,0 916.7954 [M+NH4]
+ + C

58
H

106
O

6
 617, 603 

55 TG(18:2/18:2/18:3) 17,1 894.7539 [M+NH4]
+ + C

57
H

96
O

6
 597, 577, 339, 337, 263, 261 

DG = diacylglycerol, TG = triacylglycerol 

 

5.3.1.4 Free fatty acids identification 

Along with phospholipids and glycerides, fatty acids were detected. In the 

MS/MS spectra they exhibited the same bevahiour observed in paragraph 3.3.1.6, 

allowing their putative identification as palmitic acid (56), stearic acid (57), oleic 

acid (58) and linoleic acid (59) (Table 5.6).  

Free fatty acids are widely reported in nuts, and their effects on human health 

have been exhaustively described. In particular, dietary fatty acids showed to be 

able to modulate plasma lipids, and polyunsaturated fatty acids resulted effective in 

reducing hematic cholesterol levels (Howard et al., 1995; Fernandez & West, 2005).   
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Table 5.6 Free fatty acids putatively identified in P. vera seeds  

N° Compound R
t
 m/z Ion 

Ion  

Mode 

Molecular  

Formula 
MS/MS 

56 Palmitic acid 6.2 255.2339 [M-H]- - C
16

H
32

O
2
 237, 209 

57 Stearic acid 6.9 283.2653 [M-H]- - C
18

H
36

O
2
 265, 237 

58 Oleic acid 6.4 281.2511 [M-H]- - C
18

H
34

O
2
 263, 235 

59 Linoleic acid 5.9 279.2339 [M-H]- - C
18

H
32

O
2
 261, 233 

 

 

 

5.4 Free fatty acids GC-FID quali-quantitative analysis of P. vera seeds  

 

5.4.1 Results and discussion 

5.4.1.1 Fatty acids extraction and fatty acid methyl esters (FAMEs) synthesis 

To allow free fatty acids quali-quantitative analyses, pistachios were extracted 

by following the same procedure described in paragraph 3.4.1.2, also reporting the 

protocol for derivatization into methyl esters, suitable with gaschromatography.  

 

5.4.1.2 Identification and quantification of the major free fatty acids 

Identification of the free fatty acids detected in the GC-FID experiments was 

carried out as shwon in paragraph 3.4.1.3.  

 

Figure 5.3 GC-FID profile of the oily fraction of P. vera seeds 
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Successively, adopting the same workflow previously described in paragraph 

3.4.1.3, the main constituents of the oily fraction were quantified (Table 5.7). 

 

Table 5.7 Amount of the main fatty acids quantified in the oily fraction of P. vera seeds 

C 16:0 C16:1 C 18:0 C 18:1 C 18:2 

5.98 ± 0.12 1.09 ± 0.08 2.89 ± 0.09 70.61 ± 1.18 19.43 ± 0.43 

Results expressed as percentage of the total amount of the detected free fatty acids. 

Standard Deviation of three independent experiments. 
   

The achieved results were in accordance with previous scientific reports 

assessing the free fatty acids content in “Pistacchio di Bronte” (Pantano et al., 

2016). As shown in Figure 5.3, oleic acid (C 18:1, 58) represented the major 

constituent; such compound has been reported for in vitro antioxidant activity, as 

well as motility stimulant activity in human extravillous trophoblast cells (Wei et 

al., 2016; Yang et al., 2017). In addition, it has been demonstrated that free fatty 

acids possess antibacterial activity, suggesting a potential enteroprotective effect 

against pathogenic enterobacteria (Desbios & Smith, 2010).  

 

 

5.5 Conclusions 

 Phytochemical investigation carried out on the polar fraction of P. vera cv. 

Napoletana seeds highlighted the occurrence of different phenolic constituents, 

mainly flavonoids and gallic acid derivatives. The employment of “green” solvents 

pointed out the effectiveness of EtOH in extracting anacardic acids, while 

colorimetric assays evidenced a discreet phenolic content; furthermore, the 

quantitative analysis assessed in the MeOH extract the highest concentration of 

anacardic acids. 

Moreover, non-polar fraction investigation performed by a LC-ESI/HRMS/MS 

approach highlighted the presence of several classes of phospholipids, along with 

di-/triacylglycrols and free fatty acids. These last ones were also identified and 
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quantified by GC-FID experiments, putting in evidence oleic acid as major 

constituent. 

According to the achieved results, the “Pistacchio di Bronte” showed to possess 

a diversified metabolome, made up of compounds mainly reported for their 

antioxidant and cholesterol lowering properties, suggesting that a regular and 

moderate intake may afford concrete benefits to human health, as body weight and 

glycemic control, also supporting to counteract the onset of cardiovascular diseases 

(Terzo et al., 2017).   
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5.6 Experimental section 

 

Plant material 

P. vera cv. Napoletana seeds were collected in August 2017, and provided by 

“Aromasicilia”, Bronte, Sicily, Italy.  

 

Extraction of polar constituents 

413.5 g of seeds were extracted with increasing polarity solvents: n-hexane (600 

mL, three times for three days), chloroform (600 mL, three times for three days) 

and MeOH (600 mL, three times for three days), affording 16.1 g of crude MeOH 

extract. A small amount (3.0 g) of the crude MeOH extract was then submitted to a 

liquid-liquid extraction process, by using n-hexane and MeOH (three times), in 

order to remove fats eventually still present. A successive liquid-liquid extraction 

by using BuOH and H2O (three times) was performed, in order to remove the high 

content of sugars, detected by TLC analysis, and 224.0 mg of BuOH extract were 

obtained. In addition, the seeds were extracted by maceration using EtOH 96% and 

an EtOH:H2O (1:1, v/v) solution: 100 mL of solvent were poured to 10 g of seeds, 

and extracted three times for three days, yielding 949.2 mg of EtOH extract and 

595.1 mg of EtOH:H2O extract. 

 

LC-ESI/LTQOrbitrap/MS/MS and LC-ESI/LTQOrbitrap/MS analysis of polar 

constituents 

LC-HRMS experiments were carried out on instrument reported in general 

experimental procedures. LC separation was performed on a Phenomenex 

(Torrance, CA, USA) Kinetex EVO C-18 column (100 x 2.1 mm, 5 μm) at a flow 

rate of 0.2 ml/min. Employed mobile phases were (A) water and (B) acetonitrile 

both acidified 0.1% formic acid. Elution gradient was: 0 min 10% B, 40 min 100% 
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B, held for 10 min, returning to start conditions in 7 min. Injection volume was 5 

μL, keeping column at room temperature. 

The ESI source parameters were set as following: source voltage at 5.0 kV, 

capillary voltage at -12 V, tube lens offset at -121.47 V, capillary temperature at 

280 °C, sheath gas at 30 (arbitrary units) and auxiliary gas at 5 (arbitrary units).  

 

LC-ESI/QTrap/MS/MS quantitative analysis  

Quantitative analysis was carried out on instrument reported in general 

experimental procedures. LC separation was performed on a Phenomenex 

(Torrance, CA, USA) Kinetex EVO C-18 column (100 x 2.1 mm, 5 μm). The 

mobile phases were (A) water-formic acid (99.9:0.1, v/v) and (B) acetonitrile-

formic acid (99.9:0.1, v/v). Gradient conditions: 0 min 10% B, 40 min 100% B, 

held for 10 min, returning to start conditions in 7 min. Source temperature was set 

at 349°C, column temperature was 40°C, flow rate was 0.2 mL/min and injection 

volume 2 μL.      

 

Polar lipids extraction 

As reported in general experimental procedures. 

 

LC-ESI/QToF/MS/MS and LC-ESI/QToF/MS analysis of polar lipids 

As reported in general experimental procedures. 

 

Free fatty acids extraction 

As reported in general experimental procedures. Extraction procedures yieled 

14.19 g of oily extract. 

 

Fatty acids methyl esters (FAME) synthesis 

As reported in general experimental procedures. 
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GC-FID quali-quantitative analysis of free fatty acids 

As reported in general experimental procedures. 

 

Total phenolic content 

As reported in general experimental procedures. 

 

DPPH• radical scavenging activity 

As reported in general experimental procedures. 

 

ABTS•+ radical scavenging activity 

As reported in general experimental procedures. 
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6.1 Introduction 

Pistacia vera L. (Anacardiaceae) is a tree native of Central Asia, and widely 

cultivated for the production of its edible seeds, known as pistachios. It possesses 

wide obovate dark green leaves, while the pink-violet flowers are unisexual, 

apetalous and borne in panicles. The fruit is a drupe, constituted by a soft and thin 

husk, usually green and violet, enveloping a beige colored bivavle thin shell, 

containing the edible seed, characterized by an intense green color, covered by a 

fine purple integument.   

Pistachio manufacturing represents one of the most intensive nuts productions. 

In 2016, according to FAOSTAT data, world pistachio production was about 1.1 

million tonnes, with United States as major producer (about 405 000 tonnes), 

followed by Iran (about 315 000 tonnes) and Turkey (about 170 000 tonnes) 

(FAOSTAT, 2018). Also considering that the final product represents about 40% of 

the total fruit weight, an intensive pistachio production leads to a massive amount 

of by-products, mainly represented by husks and shells. However, due to the 

increasing automation of the harvesting techniques based on the tree shaking, leaves 

have become an additional by-product deriving from pistachio production. The 

disposal of the collateral biomasses represents a concrete problem, since the related 

costs bare on farmers finances, with direct backlash on the final prize. In addition, 

P. vera is a tree with biennial fruiting cycle: usually it is possible to assist to a rich 

pistachio production during the “fruiting years”, alternating to a reduced or totally 

absent production during the “non-fruiting years”; due to the influence of climatic 

conditions affecting the fruiting, there is no guarantee of a constant production over 

the years, with a direct affection on the final prize. 

To overcome the disposal costs, farmers are used to employ discarded husks for 

fertilization, while shells are usually sold as cheap fuel for stoves; on the contrary, 

leaves find no applications. However, during last years scientific literature has 

reported a growing number of studies supporting the potential value of biomasses 
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discarded from agricultural manufacturing as a source of bioactive compounds, 

finalized to applications in fields like cosmetics and nutraceutics (Tang et al., 2018; 

Hamaio et al., 2016; Kumar et al., 2017).  

Therefore, aiming at valorizing the main by-products deriving from pistachio 

production as a potential source of bioactives, leaves, husks and shells of P. vera 

were submitted to phytochemical investigations. Interest was shown for the by-

products deriving from the manufacturing of the most appreciated Italian pistachio 

variety, the “Pistacchio di Bronte” cv. Napoletana, awarded with the Protected 

Origin Designation (PDO) label. 

In this chapter, the following topics will be discussed: 

- isolation and characterization of the main polar constituents detected in the 

LC-ESI/LTQOrbitrap/MS profiles of the leaves, husks and shells MeOH 

extracts; 

- preparation of extracts by using “green” solvents and different protocols, 

with subsequent comparison of their LC-ESI/LTQOrbitrap/MS profiles; 

- evaluation of radical scavenging activity by DPPH∙ and ABTS•+ assays, as 

well as total phenolic content determination by Folin-Ciocalteu assay; 

- LC-ESI/LTQOrbitrap/MS profiles comparison of the leaves extracts 

collected during the “fruiting” and “non-fruiting” years; 

- compounds of interest quantitative analysis by MRM approach.      
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6.2 Analysis of the leaves of P. vera polar fraction 

 

Pistacia vera L. leaves 

 

The leaves of P. vera are obovate, deciduous and with 

a pinnate arrangment, characterized by a lively green 

color, and a yellowish edge, with parallel veins. 

 

6.2.1 Results and discussion 

6.2.1.1 LC-ESI/LTQOrbitrap/MS/MS metabolite profiling of the MeOH extract 

of P. vera “non-fruiting year” leaves 

The MeOH extract of P. vera “non-fruiting year” leaves was submitted to LC-

ESI/LTQOrbitrap/MS/MS experiments, in negative ion mode, in order to achieve 

preliminary information about the chemical composition. The peaks observed in the 

LC-HRMS profile (Fig. 6.1) showed accurate m/z values ascribable to phenolic 

constituents, mainly flavonoids with several glycoside moieties (4-8, 10-15, 18, 19, 

21, 22), a quercetin (23), catechin (1), gallic acid derivatives (9, 16, 17, 20), a 

glycosylated monoacylglycerol (24), as well as two compounds (2, 3) supposed as 

glycosylated megastigmanes (Table 6.1).  
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Figure 6.1 LC-HRMS profile in negative ion mode of the MeOH extract of P. vera "non-fruiting year" 
leaves 

Table 6.1 Compounds identified and putatively identified in the MeOH extract of P. vera “non-fruiting year” leaves 

N° Rt 
Calculated 

Mass 
[M-H]- Δppm MS2 (%) 

Molecular 

formula 
Compound 

1 3.94 290.0790 289.0720 0.542 

245(100), 

205(36), 

179(17) 

C15H14O6 (+)-catechin1 

2 4.19 432.1995 431.1926 1.269 
385(100), 
269(54), 

179(59) 

C20H32O10 megastigmane hexoside 

3 5.00 388.2097 387.2027 0.684 225(100) C19H32O8 megastigmane hexoside 

4 5.50 632.1013 631.0949 0.991 479(100) C28H24O17 

myricetin 3-O-(6''-O-
galloyl)-β-D-

glucopyranoside1 

5 5.73 626.1483 625.1419 1.165 
317(51), 

316(100) 
C27H30O17 

myricetin 3-O-β-D-

rutinoside1 

6 5.97 480.0903 479.0838 1.646 
317(39), 

316(100) 
C21H20O13 

myricetin 3-O-β-D-

glucopyranoside1 

7 6.15 494.0696 493.0679 0.456 317(100) C21H18O14 
myricetin 3-O-β-D-

glucuronide1 

8 6.28 616.1064 615.0999 0.351 463(100) C28H24O16 

quercetin 3-O-(6''-O-
galloyl)-β-D-

glucopyranoside1 

9 6.39 788.1072 787.1013 0.465 617(100) C34H28O22 
1,2,3,6-tetra-O-galloyl-β-

D-glucopyranoside1 

10 6.48 450.0798 449.0728 1.654 316(100) C20H18O12 
myricetin 3-O-β-D-

xylopyranoside1 

11 6.51 610.1533 609.1470 1.843 301(100) C27H30O16 
quercetin 3-O-β-D-

rutinoside1 

12 6.51 450.0798 449.0728 1.113 316(100) C20H18O12 
myricetin 3-O-α-L-

arabinofuranoside1 
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13 6.60 464.0954 463.0882 1.080 301(100) C21H20O12 
quercetin 3-O-β-D-

galactopyranoside1 

14 6.75 464.0954 463.0882 0.461 301(100) C21H20O12 
quercetin 3-O-β-D-

glucopyranoside1 

15 6.86 478.0747 477.0680 0.731 301(100) C21H18O13 
quercetin 3-O-β-D-

glucuronide1 

16 7.10 940.1181 939.1124 0.941 

787(9), 

769(100), 

617(18) 

C41H32O26 
1,2,3,4,6-penta-O-galloyl-

β-D-glucopyranoside1 

17 7.27 336.0481 335.0413 1.413 183(100) C15H12O9 methyl digallate 

18 7.41 434.0849 433.0780 1.463 300(100) C20H18O11 
quercetin 3-O-α-L-

arabinofuranoside1 

19 7.57 448.1005 447.0936 1.846 301(100) C21H20O11 
quercetin 3-O-α-L-

rhamnoside1 

20 7.82 1092.1291 1091.1231 1.210 
939(100), 

787(32) 
C48H36O30 hexagalloyl hexoside 

21 8.01 586.0958 585.0894 0.216 301(100) C27H22O15 

quercetin 3-O-(5''-O-

galloyl)-α-L-

arabinofuranoside1 

22 8.40 448.2308 447.2239 0.898 285(100) C21H36O10 
kaempferol 3-O-β-D-

glucopyranoside1 

23 10.03 302.0426 301.0357 0.463 
179(100), 
151(84) 

C15H10O7 quercetin1 

24 17.18 676.3670 675.3604 1.448 

513(22), 

397(100), 
277(12) 

C33H56O14 DGMG (18:3) 

25 30.28 290.1881 289.1812 1.941 
245(100), 

106(45) 
C18H26O3 (11:1)-anacardic acid 

26 32.13 316.2038 315.1970 1.156 
271(100), 
106(36) 

C20H28O3 (13:2)-anacardic acid 

27 34.03 292.2038 291.1968 1.684 
247(100), 

106(34) 
C18H28O3 (11:0)-anacardic acid 

28 34.39 360.2664 359.2232 1.198 
315(100), 

106(51) 
C23H36O3 (16:1)-anacardic acid 

29 35.38 318.2194 317.2130 0.321 
273(100), 

106(44) 
C20H30O3 (13:1)-anacardic acid 

30 37.19 370.2507 369.2440 1.169 
325(100), 
106(33) 

C24H34O3 (17:3)-anacardic acid 

31 38.12 320.2351 319.2285 1.465 
275(100), 

106(29) 
C20H32O3 (13:0)-anacardic acid 

32 38.62 346.2507 345.2441 0.694 
301(100), 
106(37) 

C22H34O3 (15:1)-anacardic acid 

33 39.26 372.2664 371.2596 0.961 
327(100), 

106(42) 
C24H36O3 (17:2)-anacardic acid 

34 39.48 372.2664 371.2592 0.846 
327(100), 
106(39) 

C24H36O3 (17:2)-anacardic acid 

35 41.24 348.2664 347.2598 0.466 
303(100), 

106(45) 
C22H36O3 (15:0)-anacardic acid 

36 41.38 374.2820 373.2754 1.321 
329(100), 
106(36) 

C24H38O3 (17:1)-anacardic acid 

37 43.92 376.2977 375.2908 1.145 
331(100), 

106(42) 
C24H40O3 (17:0)-anacardic acid 

1The identification of this compound was corroborated by isolation and NMR spectra analysis 

 

The following interpretation of the MS/MS spectra, acquired by tandem mass 

spectrometry experiments performed in data dependent scan mode, allowed to 

putatively determine the identity of the detected compounds and to attribute the 
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different glycoside moieties linked to flavonoids. However, to achieve an univocal 

identification of the main constituents detected in the LC-HRMS profile, 

purification of the MeOH extract was carried out, followed by NMR-based 

structural elucidation. 

 

6.2.1.2 Isolation and characterization 

The MeOH extract of P. vera “non-fruiting year” leaves was at first fractionated 

by size-exclusion chromatography performed on a Sephadex LH-20 column; the 

obtained fractions were further purified by RP-HPLC. The isolated compounds 

were finally submitted to 1D and 2D NMR experiments, comparing the obtained 

data with scientific literature, allowing an unambiguous identification of 

compounds (Fig. 6.2) (Tourè et al., 2018; Braca et al., 2003; Duan et al., 2004; 

Bottone et al., 2018; Madikizela et al., 2013). 

 

Figure 6.2 Structures of the main constituents isolated from the MeOH extract of P. vera "non-
fruiting year" leaves 

The main isolated constituents were represented by flavonoids, whose aglycones 

were myricetin, quercetin and kaempferol, with different glycoside moieties, as 

hexosides and pentosides, occasionally identified as furanosides and pyranosides, 

as well as their related acidic form, and in some cases esterified with gallic acid. 
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Flavonoid constituents were identified as myricetin 3-O-(6''-O-galloyl)-β-D-

glucopyranoside (4), myricetin 3-O-β-D-rutinoside (5), myricetin 3-O-β-D-

glucopyranoside (6), myricetin 3-O-β-D-glucuronide (7), quercetin 3-O-(6''-O-

galloyl)-β-D-glucopyranoside (8), myricetin 3-O-β-D-xylopyranoside (10), 

quercetin 3-O-β-D-rutinoside (11), myricetin 3-O-α-L-arabinofuranoside (12), 

quercetin 3-O-β-D-galactopyranoside (13), quercetin 3-O-β-D-glucopyranoside 

(14), quercetin 3-O-β-D-glucuronide (15), quercetin 3-O-α-L-arabinofuranoside 

(18), quercetin 3-O-α-L-rhamnoside (19), quercetin 3-O-(5''-O-galloyl)-α-L-

arabinofuranoside (21), kaempferol 3-O-β-D-glucopyranoside (22), quercetin (23). 

Flavonoids have been exhaustively investigated over the years for their several 

biological activities, mainly antioxidant and antinflammatory. However, they 

showed to possess further interesting activities like anticancer, antiviral, 

antibacterial, cardioprotective and antidiabetic, highlighting a multi-tasking nature, 

proving the beneficial effects for human health (Wang et al., 2018).  

Most of the identified flavonoids have been reported in the aerial parts and fruits 

of Sardinian P. terebinthus and P. lentiscus, whose aqueous extracts showed in vitro 

inhibitory effects on pancreatic lipase, α-amylase and α-glucosidase, suggesting a 

potential application in therapeutic treatment of diseases like atherosclerosis, 

diabetes, obesity and dyslipidemia (Foddai et al., 2015). In addition, also in 

Egyptian P. chinensis, P. khinjuk and P. lentiscus leaves, most of the isolated 

flavonoids were identified in the EtOH extracts, showing in vitro citotoxicity 

towards different cancer cells lines like PC3 prostate cancer cells, MCF7 breast 

cancer cells and A549 lung cancer cells (Kirollos et al., 2018). 

 In addition to glycosylated flavonoids, (+)-catechin (1) was isolated. This 

flavan-3-ol showed to possess interesting antioxidant properties, able to counteract 

human plasma oxidation (Lotito et al., 1999; Holloway et al., 2015). Furtherly, 

catechins represent the main constituents occurring in green tea (Camellia sinensis), 
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whose extracts exert in vitro a good antimicrobial activity against enteropathogens 

(Archana et al., 2011). 

Along with flavonoid-like compounds, two galloyl hexosides were isolated and 

identified as 1,2,3,6-tetra-O-galloyl-β-D-glucopyranoside (9) and 1,2,3,4,6-penta-

O-galloyl-β-D-glucopyranoside (16) (Cho et al., 2010). Both compounds have been 

identified in P. atlantica fruits, as well as compounds 11, 14, 15, and 22 (Khalloukia 

et al., 2017). Compound 16, isolated from Tunisian P. lentiscus fruits, showed 

antioxidant properties and transcript-modulator activity on human K562 cells 

treated with H2O2 (Abdelwahed et al., 2007). In addition, compound 16 proved to 

possess antidiabetic properties, inhibitory effects on angiogenesis, while in 

pulmonary fibroblasts under inflammation conditions it increased elastin deposition 

by decreasing Reactive Oxygen Species (ROS) and matrix metalloproteinases, 

suggesting its effectiveness in arresting enphysema progression (Ren et al., 2006; 

Cryan et al., 2013; Parasaram et al., 2018). Furtherly, both tetra- and pentagalloyl 

glucosides (9, 16) isolated from Galla chinensis, exerted inhibitory activity towards 

Hepatitis C Virus (HCV) NS3 protease (Duan et al., 2004).  

Matching the isolated compounds with LC-MS/MS results highlighted the 

occurrence of additional constituents not afforded by isolation procedures. 

Therefore, the remaining compounds were characterized by determining their 

accurate m/z values and studying their fragmentation spectra, comparing the 

achieved data with scientific literature and online databases (FoodB, KnapSack). 

Compounds 2 and 3 showed in HRMS pseudomolecular ions [M-H]- at m/z  

431.1926 and 387.2027, respectively. Both shared in their MS/MS spectra a signal 

ascribable to the loss of a hexose moiety (-162 Da); the comparison of their 

molecular formulae, determined as C20H32O10 and C19H32O8, respectively, with data 

reported in literature suggested a megastigmane aglycone moiety. Unfortunately, 

no further information were achieved from the analysis of their fragmentation 

spectra to carry out a satisfying structural elucidation, so that compounds 2 and 3 
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were tentatively identified as megastigmane hexosides (Wang et al., 2009; Jia et al., 

2017).  

On the other hand, compound 17 (m/z 335.0413) showed a base peak in MS/MS 

at m/z 183, due to the loss of a dehydrated gallic acid moiety (-152 Da). Molecular 

formula was established as C15H12O9, suggesting two conjugated gallic acid 

moieties with an additional methyl group; however, it was not possible to determine 

the location of the methyl group as well as the linking site of the gallic acid units, 

leading to tentatively identify compound 17 as methyl digallate (Ersan et al., 2016).  

Moreover, pseudomolecular ion of compound 20 showed a higher m/z value if 

compared to the others (m/z 1091.1231), and its fragmentation spectrum presented 

two consecutive losses of 152 Da, observed at m/z 939 and 787, which were the 

nominal m/z values of the pseudomolecular ions corresponding to compounds 16 

and 9, respectively, suggesting the occurrence of an additional gallic acid unit; on 

the basis of the achieved information, compound 20 was putatively identified as 

hexagalloyl hexoside (FoodB).  

Finally, compound 24 (m/z 675.3604), displayed a different behaviour in the 

MS/MS spectrum: a fragment ion at m/z 513 suggested the neutral loss of a 

dehydrated hexose moiety (-162 Da), while the base peak at m/z 397 was ascribable 

to the loss of a C 18:3 fatty acyl side chain (-278 Da), confirmed by the signal 

observed at m/z 277. Molecular formula was established in HRMS as C33H56O14, in 

agreement with the identity putatively assigned to compound 24 as diglycoside 

monoacylglycerol 18:3 (DGMG 18:3) (FoodB).  

 

6.2.1.3 Extraction of P. vera “non-fruiting year” leaves by employing “green” 

solvents and protocols, with subsequent LC-ESI/LTQOrbitrap/MS analysis 

With the purpose to suggest alternative extraction protocols, characterized by a 

quick and simple performance, and by the employment of cheap and easily 

available solvents showing a good safety utilization level, P. vera “non-fruiting 
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year” leaves were submitted to sperimentally adapted extraction protocols, in 

particular by maceration using as solvents EtOH 96% and an EtOH:H2O (1:1, v/v) 

solution, as well as by infusion and decoction using only water. 

The obtained extracts were submitted to LC-ESI/LTQOrbitrap/MS experiments, 

and the achieved profiles compared with the MeOH one (Fig. 6.3). 

 “Eco-friendly” extraction protocols showed a significant class-specific 

selectivity, mainly due to the employed solvent rather than the extraction method. 

Indeed, LC-HRMS profiles of infusion and decoction (Fig. 6.3) were characterized 

by several peaks related to phenolics previously detected and identified in the 

MeOH extract. On the other hand, EtOH and EtOH:H2O extracts (Fig. 6.3) showed 

in their LC-HRMS profiles peaks not observed in the MeOH extract. By a 

successive structural elucidation based on the determination of the accurate m/z 

values and the analysis of the fragmentation spectra, followed by comparison with 

data reported in scientific literature and online databases, the major peaks detected 

in the LC-HRMS profiles of the EtOH and EtOH:H2O extracts were attributed to 

anacardic acids (25-37), differing for side chains length and unsaturation degree. 

However, it is possible to observe that some peaks ascribable to anacardic acids 

were detected also in decoction, suggesting a potential role of high temperature in 

extracting in water a discreet amount of less polar constituents; on the contrary, no 

significant peaks related to anacardic acids were detected in infusion, probably due 

to milder extraction conditions.    
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Figure 6.3 LC-HRMS profiles in negative ion mode of the MeOH, EtOH, EtOH:H2O extracts, Infusion 
and Decoction of P. vera "non-fruiting year" leaves 

Such evidences may suggest a potential use of EtOH and EtOH:H2O for a 

selective extraction of anacardic acids, highly interesting compounds reported for 

their several biological activities. 

 

6.2.1.4 Anacardic acids 

Anacardic acids are salycilic acid derivatives, with an additional aliphatic side 

chain, varying for carbons number and unsaturation 

degree (Fig. 6.4). Interesting feature of this class of 

compounds is that differently from fatty acids, which 

usually show an even number of carbon atoms, the alkyl 

side chain is usually made up of an odd number of 

carbons. A growing interest has been shown for 

anacardic acids, because of the several biological 

activities they proved to possess. They showed a 

remarkable antioxidant activity exerted by inhibiting 

enzymes involved in ROS production and by chelating 

bivalent metal ions as Cu2+ and Fe2+, known for their role in oxidant processes 

OH

COOH

R

Figure 6.4 Chemical 
structure of generic 
anacardic acid. R represents 
the alyphatic side chain, 
varying for legnth and 
unsaturation degree 
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(Kubo et al., 2006). Moreover, they resulted effective against bacteria showing 

antibiotic resistence, in particular against Staphylococcus aureus, and 

Streptococcus mutans as well (Kubo et al., 2004; Rathi et al., 2014). However, the 

most interesting activity resulted their high efficacy in inhibiting Hystone Acetyl 

Transferase (HAT), an enzyme playing an important role in a multitude of 

biological pathways involved in morbidities. As example, they resulted effective in 

vitro in sentitize cancer cells to ionizing radiations (Sun et al., 2006), as well as 

suppressing the expression of gene products regulated by NF-κB involved in cell 

survival, invasion and proliferation (Sung et al., 2008). In addition, an in vitro 

promising activity has been shown against Plasmodium falciparum (Cui et al., 

2008). Such experimental evidences about their potential role in pharmacological 

applications attracted interest of several medicinal chemistry research groups; as 

result, a growing number of anacardic acids derivatives was synthesized, like 

analogues with mixed activator/inhibitor activity for HATs, able to potentiate 

PCAF HATs and inhibit p300/CBP HATs, suggesting a perspective employment in 

anticancer therapies (Sbardella et al., 2008). 

 Structural elucidation of the detected anacardic acids was carried out by 

determining their accurate m/z values and their typical fragmentation patterns, 

comparing the achieved information with data reported in literature and databases. 

All compounds showed in their MS/MS spectra a common base peak originated 

from the loss of the carboxylic group as carbon dioxide (-44 Da); in addition, 

product ions at m/z 106 were ascribable to the phenolic ring possessing a methylene 

group deriving from the aliphatic side chain fragmentation. Accurate m/z values 

allowed to determine the alkyl side chains length and number of unsaturations 

(Table 6.1); unfortunately no further information was obtained from the analysis of 

the MS/MS spectra, hence it was not possible to establish the position of eventual 

unsaturations, although it has been reported that usually they occurr on Δ8, Δ8,11 and 
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Δ8,11,14 positions in mono-, di- and triunsaturated derivatives, respectively (Morais 

et al., 2017; Carvalho et al., 2013).  

 

6.2.1.5 Comparison of the “non-fruiting year” and “fruiting year” P. vera 

leaves 

Some fruit trees, like apple (Malus domestica) and pecan (Carya illinoensis), 

show an alternate year bearing, with a massive fruit production during one year and 

a reduced production in the next one. In some cases, during bearing years farmers 

don’t collect all the produced fruits, leading to an almost constant production over 

the years. However, in other cases all the produced fruits are collected, leading to 

an intensive bearing only during the “fruiting” year, as happens for P. vera 

(Rosenstock et al., 2010).  

Inducing alternate years bearing may cause a stress in plant species, with a 

consequent alteration in metabolic pathways. Therefore, aiming at evaluating a 

possible correlation between human operations and the metabolome of a plant 

species, the leaves of “non-fruiting year” and “fruiting year” of P. vera were 

compared. For this purpose, “fruiting year” leaves were extracted following the 

same procedures employed for “non-fruiting year” leaves; the obtained extracts 

were submitted to LC-ESI/LTQOrbitrap/MS experiments, and the profiles 

compared. 
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Figure 6.5 LC-HRMS profiles in negative ion mode of the different extracts of P. vera "non-fruiting 
year" and "fruiting year" leaves 

 

No remarkable differences were observed among the LC-HRMS profiles (Fig. 

6.5) of the leaves collected in different periods, suggesting no significant changes 

in the metabolome of P. vera cv. Napoletana during the years.  

 

6.2.1.6 P. vera leaves as promising source of antioxidants 

To complete our investigation on P. vera cv. Napoletana leaves, all the produced 

extracts were submitted to Folin-Ciocalteu assay to determine the total phenolic 

content, and to DPPH∙ and ABTS•+ assays to evaluate their radical scavenging 

activity (Table 6.2). 

A noteworthy phenolic content was observed for all the prepared extracts, with 

the MeOH extracts showing the highest (440.50 ± 21.67 and 347.91 ± 31.44 GAE 

mg/g dried extract for “fruiting year” and “non-fruiting year” leaves, respectively). 

In addition, all the extracts showed a significant radical scavenging activity towards 

DPPH∙, with the highest activity exerted by the MeOH extract of the “fruiting year” 

leaves (IC50 = 6.34 ± 0.85 μg/mL), confirmed by the results achieved from ABTS•+ 

assay, where the MeOH extracts exhibited once again their notable radical 
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scavenging activity (1.68 ± 0.18 and 1.54 ± 0.15 TEAC mM, for “fruiting year” and 

“non-fruiting year” leaves, respectively). 

The obtained results highlighted P. vera leaves as a valuable source of phenolics 

exerting a noteworthy antioxidant activity, suggesting perspective employments for 

secondary applications. 

 

 

 

 

 

 

 

 

 

Table 6.2 Total phenolic content, DPPH• and ABTS•+ radical scavenging activity of the extracts of P. vera “non-fruiting 
year” and “fruiting year” leaves 

Sample 
Total phenolic content  DPPH•  ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

“Non-fruiting year” MeOH  347.91 ± 31.44  12.56 ± 0.62  1.54 ± 0.15 

“Non-fruiting year” EtOH  208.28 ± 38.92  16.84 ± 2.85  1.35 ± 0.11 

“Non-fruiting year” EtOH/H2O  205.87 ± 17.92  15.55 ± 1.11  1.37 ± 0.13 

“Non-fruiting year” DECOCTION  293.46 ± 39.98  18.35 ± 1.24  0.75 ± 0.04 

“Non-fruiting year” INFUSION  167.72 ± 27.50  17.40 ± 3.21  0.53 ± 0.07 

            

“Fruiting year” MeOH  440.50 ± 21.67  6.34 ± 0.85  1.68 ± 0.18 

“Fruiting year” EtOH  232.54 ± 18.67  15.99 ± 1.65  1.29 ± 0.11 

“Fruiting year” EtOH/H2O  385.87 ± 26.00  12.90 ± 0.56  1.68 ± 0.23 

“Fruiting year” DECOCTION  261.24 ± 30.76  17.87 ± 2.26  1.26 ± 0.16 

“Fruiting year” INFUSION  245.32 ± 22.92  18.96 ± 2.36  1.22 ± 0.17 

            

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

a Values are expressed as gallic acid equivalents (GAE) mg/g of dried extract. b Values are expressed as μg/mL. c Values are expressed as 

concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL solution of the tested extract. d Standard 

Deviation of three independent experiments. 
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6.3 Phenolic constituents of P. vera cv. Napoletana husks 

 

Pistacia vera L. husks 

The husks may be differently colored according to the 

variety; usually they are brownish or green with a red/purple 

coloration on the summit, with a surface scattered by tiny 

green dots. It is thin and with a soft consistency, easily 

removable at complete ripening 

 

6.3.1 Results and discussion 

6.3.1.1 Preliminary LC-ESI/LTQOrbitrap/MS/MS analysis of the MeOH extract 

of P. vera husks 

MeOH extract of the husks was at first analyzed by LC-

ESI/LTQOrbitrap/MS/MS, achieving preliminary information about the chemical 

composition. Sundry peaks were observed in the LC-HRMS profile (Fig. 6.6), 

which showed mass spectra with related m/z of pseudomolecular ions values 

ascribable to phenolic compounds. A further analysis of the acquired fragmentation 

spectra allowed a tentative identification of 14 gallic acid derivatives (38-41, 44, 

46, 47, 50, 53, 54, 56-58), 2 aminoalkaloids (43, 48), 11 flavonoids (6, 8, 14, 15, 

18, 22, 45, 49, 51, 52, 55), diglycoside monoacylglycerol (24), an aromatic 

disaccharide (42), and 7 anacardic acids (25, 29, 30, 31, 32, 35, 36) (Table 6.3). 
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Figure 6.6 LC-HRMS profile in negative ion mode of the MeOH extract of P. vera husks 

 
Table 6.3 Compounds identified and putatively identified in the MeOH extract of P. vera husks 

N° Rt 
Calculated 

Mass 
[M-H]- Δppm MS2 (%) 

Molecular 

formula 
Compound 

38 1.75 332.0743 331.0661 -0.54 271(62), 169(100) C13H16O10 
gallic acid 4-O-β-D-

glucopyranoside1 

39 2.49 170.0215 169.0140 1.24 125(100) C7H6O5 gallic acid 

40 2.68 326.0637 325.0558 -1.38 169(100), 125(18) C14H14O9 galloyl shikimic acid 

41 3.65 404.1318 403.1236 0.57 
313(100), 271(31), 

169(75) 
C17H24O11 gallic acid derivative 

42 5.67 402.1526 401.1444 0.39 269(100), 161(18) C18H26O10 benzyl hexoside pentoside  

43 6.18 305.0535 304.0455 -0.86 

286(8), 260(100), 

166(61), 153(38), 
150(59), 122(31) 

C14H11NO7 
4,5,4'-trihidroxy-3,3'-

iminobenzoic acid1 

44 6.29 154.0266 153.0187 -0.92 109(100) C7H6O4 protocatechuic acid1 

45 7.31 406.1839 405.1758 1.45 
273(100), 149(52), 

131(20) 
C18H30O10 unknown 

46 7.46 184.0371 183.0293 0.64 168(100), 124(97) C8H8O5 methyl gallate1 

6 7.86 480.0903 479.0820 -0.99 316(100), 317(52) C21H20O13 
myricetin 3-O-β-D-

glucopyranoside1 

47 8.21 198.0528 197.0450 -1.05 169(100) C9H10O5 ethyl gallate1 

8 8.29 616.1064 615.0979 -1.18 463(100), 301(18) C28H24O16 

quercetin 3-O-(6''-O-
galloyl)-β-D-

glucopyranoside1 

48 8.93 289.0586 288.0506 -1.54 

270(32), 244(100), 
200(26), 150(28), 

137(19), 106(15), 

93(14) 

C14H11NO6 
4,4'-dihydroxy-3,3'-imino-

di-benzoic acid1 

14 9.18 464.0954 463.0873 0.84 301(100) C21H20O12 
quercetin 3-O-β-D-

glucopyranoside1 

16 9.58 940.1181 939.1124 0.69 
787(9), 769(100), 

617(18) 
C41H32O26 

1,2,3,4,6-penta-O-galloyl-

β-D-glucopyranoside3 

15 9.60 478.0747 477.0663 -1.15 301(100) C21H18O13 
quercetin 3-O-β-D-

glucuronide1 
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18 9.96 434.0849 433.0765 1.28 300(100), 301(63) C20H18O11 
quercetin 3-O-α-L-

arabinofuranoside1 

17 10.21 336.0481 335.0402 0.64 183(100) C15H12O9 methyl digallate 

49 10.27 448.1005 447.0922 0.69 
285(100), 284(36), 

327(21) 
C21H20O11 

kaempferol 3-O-β-D-

galactopyranoside1 

50 10.96 484.0853 483.0794 -0.35 
331(100), 313(18), 

169(21), 125(20) 
C20H20O14 digallate hexoside 

22 11.31 448.1005 447.0921 1.59 
285(100), 284(36), 

327(21) 
C21H20O11 

kaempferol 3-O-β-D-

glucopyranoside1 

51 11.96 478.1107 477.1027 -1.63 315(100) 
C22 H22 

O12 
isorhamnetin 3-O-β-D-

galactopyranoside1 

52 12.22 478.1107 477.1024 1.27 315(100) 
C22 H22 

O12 
isorhamnetin 3-O-β-D-

glucopyranoside1 

53 12.46 484.0853 483.0791 0.69 
331(100), 313(16), 
169(34), 125(22) 

C20H20O14 digallate hexoside 

54 12.78 484.0853 483.0790 -0.64 
331(100), 313(19), 

169(29), 125(24) 
C20H20O14 digallate hexoside 

55 14.10 286.0477 285.0397 1.44 

267(18), 257(26), 
243(59), 241(100), 

217(74), 213(22), 

201(23), 199(81), 
197(23), 175(78), 

151(41), 133(14) 

C15H10O6 luteolin1 

56 15.92 468.1267 467.1187 0.83 
313(100), 169(42), 

125(12) 
C21H24O12 gallic acid derivative 

57 16.43 468.1267 467.1193 -1.67 
313(100), 169(39), 

125(14) 
C21H24O12 gallic acid derivative 

58 16.67 468.1267 467.1196 -0.36 
313(100), 169(33), 

125(21) 
C21H24O12 gallic acid derivative 

24 23.32 676.3670 675.3585 0.49 
513(26), 397(100), 

277(14) 
C33H56O14 DGMG (18:3) 

59 34.53 362.2457 361.2370 -1.47 
317(100), 299(75), 

219(41), 203(27) 
C22H34O4 

2-(pentadecen-1-yl)-

dihydroxybenzoic acid 

25 37.12 290.1881 289.1801 0.32 245(100), 106(18) C18H26O3 (11:1)-anacardic acid2 

60 38.05 390.2770 389.2678 0.44 
345(100), 327(95), 
247(49), 231(52) 

C24H38O4 
2-(heptadecen-1-yl)-

dihydroxybenzoic acid 

61 39.11 390.2770 389.2680 -0.74 
345(100), 327(52), 
219(32), 203(19) 

C24H38O4 

2-(heptadecen-1-yl)-

dihydroxybenzoic acid 

(isomer) 

29 41.58 318.2194 317.2115 -1.01 273(100), 106(19) C20H30O3 (13:1)-anacardic acid2 

30 42.58 370.2507 369.2425 1.67 325(100), 106(23) C24H34O3 (17:3)-anacardic acid2 

62 43.13 388.2613 387.2525 -0.22 343(100) C24H36O4 
2-(heptadecen-2-yl)-

dihydroxybenzoic acid 

32 44.86 346.2507 345.2427 0.96 301(100), 106(22) C22H34O3 (15:1)-anacardic acid2 

31 45.51 320.2351 319.2271 1.58 275(100), 106(20) C20H32O3 (13:0)-anacardic acid2 

36 49.71 374.2820 373.2739 1.33 329(100), 106(23) C24H38O3 (17:1)-anacardic acid2 

35 51.08 348.2664 347.2582 -0.71 303(100), 106(21) C22H36O3 (15:0)-anacardic acid2 
1The identification of this compound was corroborated by isolation and NMR spectra analysis. 2The identification of this 

compound was corroborated by isolation and ESI/HRMS/MS analysis. 3The identification of this compound was 
corroborated by comparison with standard solution  

 

 

For an unambiguous attribution of the hypotized constituents, the MeOH extract 

was submitted to chromatographic purification steps, and the main isolated 

compounds were characterized by 1D and 2D NMR experiments.  
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6.3.1.2 Isolation and characterization 

The MeOH extract was fractionated by size-exclusion chromatography on a 

Sephadex LH-20 column, the obtained fractions were further purified by RP-HPLC, 

and the structural elucidation of the isolated compounds was performed by 

interpreting the experimental spectra achieved by heteronuclear (HSQC and 

HMBC) NMR experiments. Finally, the obtained data were compared with 

scientific literature (de Souza Santos et al., 2017; Tourè et al., 2018; Braca et al., 

2003; Duan et al., 2004; Amer et al., 2012). 

 

Figure 6.7 Structures of the compounds isolated from the MeOH extract of P. vera husks 

 Gallic acid (39) and its derivatives, like methoxy- (46) and ethoxy- (47) gallates, 

gallic acid 4-O-β-D-glucopyranoside (38), jointly with protocatechuic acid (44), 

showed to be recurrent secondary metabolites in Pistacia genus, as well as in the 

Anacardiaceae family (Ersan et al., 2016; de Souza Santos et al., 2017; Al Sayed et 

al., 2010). Gallic acid (39), and so several of its analogues, showed to possess 

intense antioxidant properties, together with anticancer and antinflammatory 

activities, and resulted effective against Pseudomonas strains often found in 
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contaminated foodstuffs (Locatelli et al., 2013; Sorrentino et al., 2018). Due to the 

multiplicity of the exerted biological activities, over the last years interest has 

grown towards gallic acid (39), suggesting a future employment as lead compound 

in drug development (Nayeem et al., 2016). 

In addition to gallic acid (39) and its derivatives, several glycosylated flavonoids 

were isolated, along with luteolin (55), and identified as myricetin 3-O-β-D-

glucopyranoside (6), quercetin 3-O-(6''-O-galloyl)-β-D-glucopyranoside (8), 

quercetin 3-O-β-D-glucopyranoside (14), quercetin 3-O-β-D-glucuronide (15), 

quercetin 3-O-α-L-arabinofuranoside (18), kaempferol 3-O-β-D-galactopyranoside 

(49), kaempferol 3-O-β-D-glucopyranoside (22), isorhamnetin 3-O-β-D-

galactopyranoside (51), kaempferol 3-O-β-D-glucopyranoside (52).  

The accurate m/z values determined for pseudomolecular ion [M-H]- of 

compounds 43 and 48 (304.0455 and 288.0506, respectively), suggested the 

presence of an odd number of nitrogen atoms, while their fragmentation patterns 

suggested for compound 43 a structure constituted by a p-hydroxybenzoic acid 

bonded to a protocatechuic acid, and for compound 48 two linked p-

hydroxybenzoic acid moieties. Compounds 43 and 48 on the basis of m/z values 

and fragmentation patterns have been identified as trihidroxyiminobenzoic acid and 

dihydroxyiminodibenzoic acid, respectively (Amer et al., 2012; Klika et al., 2014). 

However, for an unambiguous assessment of the amino-bridge position, both 

compounds were submitted to 1D (Fig. 6.8 for 43, Fig. 6.11 for 48) and 2D (HSQC: 

Fig. 6.9 for 43, Fig. 6.12 for 48; HMBC: Fig. 6.10 for 43, Fig. 6.13 for 48) NMR 

experiments. 

The 1H-NMR spectrum of compound 43 (Fig. 6.8) showed signals ascribable to 

H-5' at δ 6.83 (d, J = 9.2 Hz) and to H-6' at δ 7.42 (dd, J = 1.9, 9.2 Hz), with 

overlapped signals at δ 7.16-7.17, corresponding to H-2' [δ 7.17 (d, J = 1.9 Hz)], 

and to H-2,6 at δ 7.16-7.17 (s). Signals at δ 7.16 (H-2, s) and 7.17 (H-6, s) showed 

in the HMBC spectrum (Fig. 6.10) a correlation with C-4 at δ 139.4 and COOH at 
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δ 169.9, suggesting the presence of a gallic acid-like subunit. On the other hand, 

signal at δ 7.17 (H-2') and δ 7.42 (H-6') correlated in the HMBC spectrum (Fig. 

6.10) with C-4' at δ 151.2 and COOH at δ 170.8, while the signal at δ 6.83 (H-5') 

showed correlation with C-1' at δ 121.9 and C-3' at δ 134.4, suggesting the presence 

of a protocatechuic acid like moiety. Interestingly, for C-3' (δ 134.4) a lower δ was 

observed, if compared with NMR spectroscopic data reported for protocatechuic 

acid, usually about δ 144.8, suggesting a linkage with an heteroatom different from 

oxygen. A following comparison of the experimental spectral data with scientific 

literature allowed to unambiguously determine compound 43 as 4,5,4'-trihidroxy-

3,3'-iminobenzoic acid (Amer et al., 2012). 

 

Figure 6.8 1H-NMR spectrum of compound 43 
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Figure 6.9 HSQC spectrum of compound 43 

 

 

 

Figure 6.10 HMBC spectrum of compound 43 

 

On the other hand, the 1H-NMR spectrum of compound 48 (Fig. 6.11) showed 

signals ascribable to H-2,2' at δ 7.89 (d, J = 1.8 Hz), to H-5,5' at δ 6.91 (d, J = 8.5 
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Hz) and to H-6,6' at δ 7.54 (dd, J = 1.8, 8.5 Hz). The observed multiplicity suggested 

the occurrence of a 1,3,4-trisubstitued aromatic ring. The signal at δ 7.89 (C-2,2', δ 

115.9) showed in the HMBC spectrum (Fig. 6.13) correlation with C-6,6' at δ 123.9 

and C-4,4' at δ 151.3, this last one observed also for signal at δ 7.54 (C-6,6', δ 123.9) 

which additionally correlated with C-2,2' at δ 115.9. The signal at δ 6.91 (C-5,5', δ 

113.4) correlated in the HMBC spectrum with C-1,1' at δ 122.0 and C-3,3' at δ 

134.2. The carbon chemical shift observed for C-3,3' exhibited a value as in 

compound 43, suggesting an heteroatom different from oxygen. Moreover, HRMS 

showed a m/z value higher than expected for a single trisubstituted aromatic ring, 

while the occurrence of only three signals in the 1H-NMR spectrum suggested 

compound 48 as a simmetric molecule. The achieved information, along with data 

reported in scientific literature, allowed to univocally identify compound 48 as 4,4'-

dihydroxy-3,3'-iminodibenzoic acid (Klika et al., 2014).    

 

 

 

Figure 6.11 1H-NMR spectrum of compound 48 
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Figure 6.12 HSQC spectrum of compound 48 

 

 

Figure 6.13 HMBC spectrum of compound 48 
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Finally, since in the LC-HRMS profile (Fig. 6.6) the peaks related to anacardic 

acids were observed, they were isolated by direct purification of the MeOH extract 

by semi-preparative RP-HPLC-UV/Vis. So far the isolation of compounds 25, 29, 

30, 31, 32, 35 and 36 was performed; their structural elucidation was carried out by 

ESI/HRMS/MS experiments in negative ion mode, allowing to determine their 

accurate m/z values and to acquire their characteristic fragmentation patterns. The 

obtained information allowed to confirm the identity of the isolated compounds as 

anacardic acids, and to assess the side chains lenght and unsaturation degree. 

Detected compounds were identified as (11:1)-anacardic acid (25), (13:1)-anacardic 

acid (29), (17:3)-anacardic acid (30), (13:0)-anacardic acid (31), (15:1)-anacardic 

acid (32), (15:0)-anacardic acid (35) and (17:1)-anacardic acid (36). However, also 

performing MSn experiments the achieved information were not exhaustive enough 

to define the position of the unsaturations. 

Table 6.4 1H (600 MHz) and 13C (150 MHz) NMR spectral data of 

compounds 43 and 48  

 43 48 

 C H (J in Hz) C H (J in Hz) 

1 122.7 - 122.0 - 

2 109.5 7.16, s 115.9 7.89, d(1.8) 

3 132.2 - 134.2 - 

4 139.4 - 151.3 - 

5 143.7 - 113.4 6.91, d(8.5) 

6 109.9 7.17, s 123.9 7.54, dd(1.8, 8.5) 

COOH 169.9 - 169.7 - 

1’ 121.9 - 122.0 - 

2’ 116.6 7.17, d(1.9) 115.9 7.89, d(1.8) 

3’ 134.4 - 134.2 - 

4’ 151.2 - 151.3 - 

5’ 113.2 6.83, d(9.2) 113.4 6.91, d(8.5) 

6’ 122.4 7.42, dd(1.9, 9.2) 123.9 7.54, dd(1.8, 8.5) 

COOH 170.8 - 169.7 - 

NH - exchange - exchange 

In MeOH-d4 



________________________________________________________________Chapter 6 

246 
 

 

Figure 6.14 ESI/MS/MS spectrum of compound 32 in negative ion mode 

Notwithstanding, a subsequent matching among the isolated compounds and 

those reported in Table 6.3 evidenced constituents not isolated from the husks 

MeOH extract. Such compounds were putatively identified by comparing the 

accurate m/z values and the MS/MS spectra with data reported in scientific 

literature, as well as with online databases specific on mass spectra of natural 

products (FoodB). Where possible, identification of not isolated constituents was 

assessed by comparing the Rt observed in the LC-HRMS profile (Fig. 6.6) with Rt 

of reference standard solutions analyzed in the same experimental conditions (it is 

the case of compound 16, identified as 1,2,3,4,6-penta-O-galloyl-β-D-

glucopyranoside). 

Compound 40 (m/z 325.0558) exhibited in the fragmentation spectrum a product 

ion at m/z 169, ascribable to a deprotonated gallic acid, which underwent to a neutral 

loss of the carboxylic group as carbon dioxide (-44 Da), generating a fragment ion 

at m/z 125. Molecular formula was established as C14H14O9. On the basis of 

scientific literature, it was possible to putatively identify compound 40 as galloyl 

shikimic acid (Ersan et al., 2016). 
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Compounds 41, 56-58 exhibited in their tandem mass spectra a common base 

peak at m/z 313, ascribable to a glycosylated gallic acid moiety, and fragment ions 

at m/z 169 corresponding to a deprotonated gallic acid. Unfortunately the achieved 

information did not allow a more accurate structural elucidation of the detected 

compounds, tentatively identified as gallic acid derivatives (Ersan et al., 2016). 

Compound 17 (m/z 335.0402) produced in MS/MS experiments a base peak at 

m/z 183, originating from the loss of a dehydrated gallic acid from parent ion and 

ascribable to a deprotonated gallic acid methyl ester ion, supporting a putative 

identification as methyl digallate (Ersan et al., 2016). 

Furthermore, compounds 50, 53 and 54 showed in their MS/MS spectra a 

common fragmentation pattern for this class of molecules, characterized by a base 

peak at m/z 331 due to the neutral loss of a dehydrated hexose moiety (-162 Da), 

and diagnostic product ions at m/z 169, related to a deprotonated gallic acid ion, and 

m/z 125, originated by a subsequent decarboxylation (-44 Da). The comparison of 

the obtained data with scientific reports suggested compounds 50, 53 and 54 as 

digallate hexosides (Ersan et al., 2016). 

In addition, compound 42 (m/z 401.1444) showed in MS/MS experiments a base 

peak at m/z 269 originating from the neutral loss of a dehydrated pentoside (-132 

Da), along with a fragment ion at m/z 161 ascribable to a deprotonated dehydrated 

hexose ion. Molecular formula was established as C18H26O10. According to the 

achieved information, it was possible to tentatively assess the identity of compound 

42 as benzyl hexoside pentoside (Amessis-Ouchemoukh et al., 2017). 

Finally, compound 24 (m/z 675.3585) exhibited in its fragmentation spectrum a 

base peak at m/z 397 originating from the loss of a C (18:3) fatty acyl chain (-278 

Da), whose occurrence was confirmed by the signal observed at m/z 277; in 

addition, a product ion at m/z 513 suggested the loss of a dehydrated hexose moiety 

(-162 Da). Matching the experimental MS/MS spectrum with online databases 
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(LipidMaps) allowed to putatively identify compound 24 as DGMG (18:3), 

previously detected in the leaves.   

 

6.3.1.3 “Eco-friendly” extraction methods show class-specific selectivity 

In the frame of a sustainable and “green” chemistry, along with the purpose to 

suggest simple and quick extraction methods by using solvents with reduced costs 

and toxicity, P. vera husks were extracted employing EtOH 96% and a 

hydroalcoholic solution (EtOH:H2O, 1:1, v/v); the extracts were successively 

submitted to LC-ESI/LTQOrbitrap/MS experiments in negative ion mode, and the 

profiles compared with the MeOH extract profile obtained in the same experimental 

conditions (Fig. 6.15). 

 

Figure 6.15 LC-HRMS profiles in negative ion mode of the MeOH, EtOH and EtOH:H2O extracts of 
P. vera husks 

As previously observed for the leaves (Fig. 6.2), also in this case EtOH and 

EtOH:H2O solution exhibited selectivity towards certain classes of compounds: the 

former proved to be highly effective and specific in extracting anacardic acids, 

while the latter showed a good selectivity also towards some of the more polar 

constituents.  
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Noteworthy is the occurrence of additional peaks (59, 60, 61, 62) in the LC-

HRMS profiles of the “eco-friendly” extracts, not detected in the MeOH extract 

profile. Therefore, to assign the identity of the new spotted compounds, tandem 

mass spectrometry experiments in data dependent scan mode were performed. This 

operation returned MS/MS spectra featured by a common base peak ascribable to 

the loss of a carboxylic group as carbon dioxide (-44 Da), as observed for anacardic 

acids. Moreover, an integrative determination of the accurate m/z values and 

comparison with scientific literature led to the putative identification of compounds 

59, 60, 61, 62 as 2-(pentadecen-1-yl)-dihydroxybenzoic acid (59), 2-(heptadecen-

1-yl)-dihydroxybenzoic acid (60), 2-(heptadecen-1-yl)-dihydroxybenzoic acid 

(isomer) (61) and 2-(heptadecen-2-yl)-dihydroxybenzoic acid (62). Such 

compounds have been reported as gentisic acid derivatives in Micronychia 

tsiramiramy (Anacardiaceae), showing in vitro a moderate antiplasmodial activity 

against a chloroquine-resistant Plasmodium falciparum strain, as well as a discreet 

citotoxicity against human cervix carcinoma cell line KB-3-1 (Razakarinovy et al., 

2016). 

 

6.3.1.4 Antioxidant activity of the extracts of P. vera husks 

To estimate the phenolic content of the different prepared extracts, Folin-

Ciocalteu assay was carried out; in addition, radical scavenging activity was 

evaluated by DPPH∙ and ABTS•+ assays (Table 6.5). 

Among the employed solvents, MeOH resulted the most effective in extracting 

phenolics (411.98 ± 28.39 GAE mg/g dried extract). Due to the highest phenolic 

content, MeOH extract exerted the strongest radical scavenging activity towards 

DPPH∙ (IC50 = 6.62 ± 0.41 μg/mL) and ABTS∙+ (1.69 ± 0.06 mM) if compared to 

the other extracts. 
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Table 6.5 Total phenolic content, DPPH• and ABTS•+ radical scavenging activity of the extracts of P. vera husks 

Sample 
Total phenolic content  DPPH•  ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

Husks MeOH  411.98 ± 28.39  6.62 ± 0.41  1.69 ± 0.06 

Husks EtOH  219.57 ± 38.79  23.59 ± 2.14  1.23 ± 0.05 

Husks EtOH/H2O  274.57 ± 27.31  18.86 ± 1.36  1.32 ± 0.05 

            

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

a Values are expressed as gallic acid equivalents (GAE) mg/g of dried extract. b Values are expressed as μg/mL. c Values are expressed as 

concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL solution of the tested extract. d Standard 

Deviation of three independent experiments. 
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 6.4 Phenolic-based metabolite profile of P. vera shells extracts 

 

Pistacia vera L. shells 

Thin, beige colored and totally enveloped by the husk, 

initially intact they tear by ripening advancing, turning into 

a bivalve shell and showing the inner edible seed. 

 

 

6.4.1 Results and discussion  

6.4.1.1 LC-ESI/LTQOrbitrap/MS/MS of the MeOH extract of P. vera shells 

The MeOH extract of P. vera shells was initially submitted to LC-

ESI/LTQOrbitrap/MS/MS experiments, in negative ion mode, aiming at gaining 

inceptive information about the chemical composition. The LC-HRMS profile (Fig. 

6.16) exhibited several peaks with m/z values suggesting the occurrence of different 

classes of phenolics.  

 

Figure 6.16 LC-HRMS profile in negative ion mode of the MeOH extract of P. vera shells 

In agreement with the initial achieved information and an exhaustive research in 

scientific literature, it was possible to tentatively identify the detected compounds 
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as gallic acid derivatives (9, 16, 40, 63, 64), amino alkaloyds (43, 48), phenolic 

acids (69), fatty acids (80), flavonoids (4, 6, 8, 14, 22, 55, 65-67, 77, 78), lignans 

(68, 73, 74, 76), neolignans (70, 71, 75) and anacardic acids (29, 31, 32, 36) (Table 

6.6).  

 

Table 6.6 Compounds identified and putatively identified in the MeOH extract of P. vera shells 

N° Rt 

Calculated 

Mass 
[M-H]- Δppm MS2(%) 

Molecular 

formula 
Compound 

40 2.85 326.0637 325.0557 0.38 169(100), 125(10) C14H14O9 galloyl shikimic acid 

63 5.37 454.1111 453.1027 -0.47 
327(62), 313(100), 

301(46), 169(24) 
C20H22O12 

hydroxymethoxyphenyl 

galloyl hexoside 

43 6.4 305.0535 304.0456 1.54 

260(100), 166(61), 

153(38), 150(59), 
122(31) 

C14H11NO7 
4,5,4'-trihidroxy-3,3'-

iminobenzoic acid1 

4 7.24 632.1013 631.0930 1.63 479(100), 317(5) C28H24O17 

myricetin 3-O-(6''-O-

galloyl)-β-

glucopyranoside1 

6 7.97 480.0903 479.0821 -1.27 317(54), 316(100) C21H20O13 
myricetin 3-O-β-D-

glucopyranoside1 

64 8.23 498.1373 497.1288 0.99 
327(89), 313(100), 

183(29), 169(13) 
C22H26O13 

trimethoxyphenyl 

galloyl hexoside 

8 8.38 616.1064 615.0979 0.84 463(100), 301(18) C28H24O16 

quercetin 3-O-(6''-O-

galloyl)-β-

glucopyranoside1 

9 8.62 788.1072 787.0982 0.62 
635(28), 617(100), 

465(12) 
C34H28O22 

1,2,3,6-tetra-O-galloyl-

β-D-glucopyranoside2 

48 9.03 289.0586 288.0506 0.74 

270(32), 244(100), 

200(26), 150(28), 

137(19), 106(15), 
93(14) 

C14H11NO6 
4,4'-dihydroxy-3,3'-

imino-di-benzoic acid2 

14 9.15 464.0954 463.0871 -1.11 301(100) C21H20O12 
quercetin 3-O-β-D-

glucopyranoside1 

22 9.28 448.1005 447.0923 0.77 285(100) C21H20O11 
kaempferol 3-O-β-D-

glucopyranoside1 

16 9.47 940.1181 939.1103 0.96 

787(15), 769(100), 

617(11), 599(9), 

393(81), 317(24), 
169(28) 

C41H32O26 

1,2,3,4,6-penta-O-
galloyl-β-D-

glucopyranoside1 

65 9.95 304.0583 303.0502 1.58 
285(100), 177(10), 

125(6) 
C15H12O7 taxifolin 

66 10.63 432.1056 431.0972 1.23 311(5), 269(100) C21H20O10 apigenin hexoside 

67 10.95 462.1162 461.1078 1.47 446(89), 299(100) C22H22O11 chrysoeriol hexoside 

68 11.6 434.1576 433.1489 -1.20 

418(16), 403(62), 

385(16), 373(100), 

181(15) 

C22H26O9 hydroxysyringaresinol 

69 11.94 360.0845 359.0760 0.53 
197(25), 179(19), 

161(100) 
C18H16O8 rosmarinic acid 

70 12.79 586.2414 585.2328 0.88 

567(12), 537(100), 
371(29), 359(26), 

356(15),  195(15), 

165(8) 

C31H38O11 acernikol 

71 13.39 586.2414 585.2331 -1.48 

567(11), 537(100), 
371(29), 359(26), 

356(15), 195(15), 

165(7) 

C31H38O12 acernikol (isomer) 
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72 13.6 492.1056 491.0967 0.39 311(100) C26H20O10 unknown 

73 13.86 644.2468 643.2384 1.42 

625(15), 613(26), 

595(100), 565(8), 
417(48), 401(12), 

387(21), 225(17), 

195(18) 

C33H40O13 buddlenol D 

55 14.07 286.0477 285.0399 -1.01 

267(21), 257(35), 

243(70), 241(100), 

217(74), 199(95), 
175(88), 151(36), 

133(18) 

C15H10O6 luteolin1 

74 14.75 810.3098 809.3009 0.66 

791(100), 773(91), 

761(75), 743(76), 
713(48), 667(27), 

613(40), 595(26), 

565(52), 417(12), 

195(24), 181(12) 

C42H50O16 hedyotisol A 

75 15.03 582.2101 581.2017 0.59 
533(25), 385(100), 

370(9), 195(6) 
C31H34O11 buddlenol A 

76 15.4 810.3098 809.3010 0.46 

791(95), 773(42), 
761(100), 743(51), 

713(36), 667(38), 

619(11), 613(80), 
595(62), 565(84), 

417(39), 195(21), 

181(13) 

C42H50O16 hedyotisol A (isomer) 

77 16.22 270.0528 269.0447 -1.42 

225(100), 201(31), 

183(23), 151(29), 

149(49) 

C15H10O5 apigenin 

78 16.57 300.0633 299.0553 1.09 285(5), 284(100) C16H12O6 chrysoeriol 

79 22.81 714.2676 713.2585 1.42 

698(12), 537(100), 

519(26), 505(86), 

369(34) 

C40H42O12 unknown 

80 26.42 316.2613 315.2533 -0.49 

297(100), 279(19), 

171(36), 155(15), 

141(12), 127(10) 

C18H36O4 
9,10-Dihydroxystearic 

acid 

29 41.19 318.2194 317.2110 0.35 273(100) C20H30O3 (13:1)-anacardic acid2 

32 45.29 346.2507 345.2424 0.47 301(100) C22H34O3 (15:1)-anacardic acid2 

31 45.51 320.2351 319.2269 0.95 275(100) C20H32O3 (13:0)-anacardic acid2 

36 50.15 374.2820 373.2734 -0.48 329(100) C24H38O3 (17:1)-anacardic acid2 
1The identification of this compound was corroborated by isolation and NMR spectra analysis. 2The identification of 

this compound was corroborated by comparison with standard solution. 

 

However, for an unambiguous attribution of the main constituents detected in 

the LC-HRMS profile, the MeOH extract was purified by employing 

chromatographic techniques, and the structural elucidation of the isolated 

compounds was carried out by NMR experiments. 

 

6.4.1.2 Isolation and characterization 

A starting size-exclusion chromatography step was carried out on the MeOH 

extract of P. vera shells, and the achieved fractions further purified by RP-HPLC. 
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Isolated compounds were submitted to 1D and 2D NMR experiments, and the 

obtained data compared with scientific literature. 

 

Figure 6.17 Compounds isolated from the MeOH extract of P. vera shells 

As result, compound 16 was identified as 1,2,3,4,6-penta-O-galloyl-β-D-

glucopyranoside, a gallic acid derivative which showed to possess antibacterial 

activity against a broad spectrum of both Gram-positive and Gram-negative 

bacteria, including antibiotic resistant strains (Cho et al., 2010). 

In addition, isolated flavonoids were identified as myricetin 3-O-(6''-O-galloyl)-

β-D-glucopyranoside (4),  myricetin 3-O-β-D-glucopyranoside (6), quercetin 3-O-

(6''-O-galloyl)-β-D-glucopyranoside (8), quercetin 3-O-β-D-glucopyranoside (14), 

kaempferol 3-O-β-D-glucopyranoside (22) and luteolin (55) (Vitek et al., 2017; 

Bottone et al., 2018). Besides the characteristic antioxidant properties, flavonoids 

have been also reported for their anticancer activity, like compound 8, which 

reduced in vitro cell viability of leukemic CCRF-CEM cells (Vitek et al., 2017). 
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Furtherly, compound 43 was identified as 4,5,4'-trihidroxy-3,3'-iminobenzoic 

acid, previously reported in P. vera husks. 

However, not all the compounds detected in the LC-HRMS profile (Fig. 6.16) 

were isolated. Nevertheless, the identification of the other constituents was 

performed by different approaches. For compounds 9, 29, 31, 32, 36 and 48, 

attribution was carried out by comparing their Rt with reference standard solutions. 

Otherwise, for the other constituents structural elucidation was carried out through 

interpretation of the MS/MS spectra acquired by tandem mass spectrometry 

experiments, along with determination of accurate m/z values, followed by 

comparison with data reported in scientific reports and online databases (FoodB, 

MetFrag). 

 Compound 40 (at m/z 325.0557) exhibited in the MS/MS spectrum a base peak 

at m/z 169, related to a deprotonated gallic acid ion, along with a product ion at m/z 

125, generated by a subsequent loss of the carboxylic group as carbon dioxide (-44 

Da). Molecular formula was established as C14H14O9. As previously reported in the 

P. vera husks, compound 40 was putatively identified as galloyl shikimic acid 

(Ersan et al., 2016) (Table 6.6). 

Compound 63 (m/z 453.1027) yielded in MS/MS experiments a base peak at m/z 

313, ascribable to a deprotonated galloyl dehydrohexoside ion, originated from the 

loss of a hydroxymethoxyphenol moiety; moreover, the product ion observed at m/z 

301 was generated by the loss of a dehydrated gallic acid (-152 Da), whose 

occurrence was confirmed by the signal at m/z 169. Molecular formula was 

established as C20H22O12. Hence, in accordance with scientific literature, compound 

63 was putatively identified as hydroxymethoxyphenyl galloyl hexoside (de Souza 

Santos et al., 2017) (Table 6.6). 

Similar behaviour was observed in the fragmentation pattern of compound 64, 

(m/z 497.1288), also characterized by a base peak at m/z 313, related to a 

deprotonated galloyl dehydrohexoside resulting ion, generated from the neutral loss 
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of a trimethoxyphenyl moiety. Molecular formula was established as C22H26O13. 

Therefore, it was possible to putatively assess compound 64 as trimethoxyphenyl 

galloyl hexoside, in accordance with data reported in literature (Slaghenaufi et al., 

2016) (Table 6.6). 

Moreover, compound 69 (m/z 359.0760) showed in the fragmentation spectrum 

a base peak at m/z 161 ascribable to a caffeic acid anion, together with a product 

ion at m/z 179 due to the loss of a caffeic acid moiety, and molecular formula 

established as C18H16O8, allowing a putative identification of compound 27 as 

rosmarinic acid (Boudiar et al., 2018) (Table 6.6). 

Differently, compound 65 (m/z 303.0502) showed in the MS/MS spectrum a base 

peak at m/z 285 originating from the loss of a water molecule (-18 Da), along with 

a product ion at m/z 177 generated by the further loss of the B-ring, and an additional 

fragment ion at m/z 125 originated from a 1,4A cleavage occurred at the C-ring. 

Molecular formula was established as C15H12O7. Supported by the matching with 

online database (FoodB), compound 65 was putatively identified as taxifolin (Table 

6.6). 

On the other hand, compounds 66 and 67 exhibited similar fragmentation 

pathways, characterized by the neutral loss of a hexose moiety (-162 Da). On the 

basis of the accurate m/z value of the precursor ions determined in HRMS and 

comparison with online database (FoodB), it was possible to putatively identify 

compound 66 as apigenin hexoside and compound 67 as chrysoeriol hexoside 

(Table 6.6). Interestingly, for both compounds the corresponding aglycones were 

detected in the LC-HRMS profile at Rt 16.22 min (m/z 269.0447, 77) and 16.57 min 

(m/z 299.0553, 78), respectively, and putatively identified by comparing their 

experimental fragmentation patterns with online database (FoodB) as well (Table 

6.6). 

Compound 80 showed in HRMS a pseudomolecular ion [M-H]- at m/z  315.2533, 

suggesting a fatty acid structure presenting two hydroxy groups; submitted to 



________________________________________________________________Chapter 6 

257 
 

tandem mass spectrometry experiments, it yielded a base peak at m/z 297, originated 

from the loss of a carboxylic group as carbon dioxide (-44 Da), in addition with 

product ions at m/z 171 and 141 which allowed to determine the position of the 

hydroxy groups on the aliphatic chain. In agreement with data reported in literature, 

compound 80 was identified as 9,10-dihydroxystearic acid (Moe et al., 2004) (Table 

6.6). 

Finally, as observed in the shells of P. dulcis, the LC-HRMS profile of the 

MeOH extract of P. vera shells showed peaks characterized by pseudomolecular 

ions at m/z values suggesting the occurrence of lignans and neolignans.  

Compound 68 (m/z 433.1489) showed in the MS/MS spectrum (Fig. 6.18) 

peculiar neutral losses of a methyl radical (-15 Da), formaldehyde (-30 Da), with a 

base peak at m/z 373 originated from the loss of two formaldehyde molecules (-60 

Da); in addition, the signal at m/z 181 was ascribable to a deprotonated 

syringaldehyde ion, produced by a 2,5X- cleavage. Molecular formula was 

established as C22H26O9. Supported by data reported in literature, compound 68 was 

putatively identified as hydroxysyringaresinol (Hanhineva et al., 2012) (Table 6.6). 

 

Figure 6.18 ESI/MS/MS spectrum of compound 68 in negative ion mode 
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Fragmentation spectra of compounds 70 and 71 (Fig. 6.19) were characterized 

by fragment ions deriving from neutral losses of water (-18 Da) and formaldehyde 

(-30 Da), single, or combined (-48 Da); in addition, diagnostic product ions 

originated from the loss of a guaiacylglycerol moiety (-196 Da) were observed, 

together with a fragment ion at m/z 223 ascribable to the 1,2B- ion of the aliphatic 

end. Relying on data reported in literature, compound 70 and 71 were putatively 

identified as acernikol and acernikol isomer (Morreel et al., 2010) (Table 6.6). 

 

Figure 6.19 ESI/MS/MS spectrum of compound 70 in negative ion mode 

Compound 73 (m/z 643.2384) exhibited in the MS/MS profile (Fig. 6.20) a base 

peak at m/z 595 originated from the contemporary loss of water and formaldehyde 

(-48 Da), a fragment ion at m/z 417 generated from the neutral loss of a dehydrated 

syringoylglycerol (-226 Da), confirmed by the signal at m/z 225, and a diagnostic 

fragment ion at m/z 181 already observed for compound 68, corresponding to a 

deprotonated syringaldehyde ion deriving from a 2,5X- cleavage. Molecular formula 

was established as C33H40O13. By comparing achieved information with scientific 

literature, compound 73 was putatively identified as buddlenol D (Hanhineva et al., 

2012) (Table 6.6). 
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Figure 6.20 ESI/MS/MS spectrum of compound 73 in negative ion mode 

Compounds 74 and 76 showed in their MS/MS spectra (Fig. 6.21) informative 

neutral losses of water (-18 Da) and formaldehyde (-30 Da), single or combined, 

characteristic of lignans. In addition, two consecutive neutral losses of dehydrated 

guaiacylglycerol moieties (-196 Da) were observed at m/z 613 and 417. At lower 

m/z values, the signal at m/z 195 was ascribable to a deprotonated guaiacylglycerol 

ion, while a deprotonated syringaldehyde ion was observed at m/z 181. A further 

matching with scientific reports supported the identity putatively assessed for 

compounds 74 and 76 as hedyotisol A and hedyotisol A isomer (Hanhineva et al., 

2012) (Table 6.6). 

 

Figure 6.21 ESI/MS/MS spectrum of compound 74 in negative ion mode 
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Finally, the fragmentation spectrum of compound 75 (m/z 581.2017) (Fig. 6.22) 

exhibited a product ion at m/z 533 originated from the contemporary neutral loss of 

water and formaldehyde (-48 Da), and a base peak at m/z 385 yielded by the neutral 

loss of a dehydrated guaiacylglycerol moiety (-196 Da); moreover, the diagnostic 

signal at m/z 219, originated by the 1,2X- cleavage, suggested the occurrence of a 

phenylcoumaran backbone with two unsaturations on the aliphatic chain. Molecular 

formula was established as C31H34O11. It was therefore possible to putatively assess 

compound 75 as buddlenol A (Li et al., 2013; Hanhineva et al., 2012) (Table 6.6). 

 

Figure 6.22 ESI/MS/MS spectrum of compound 75 in negative ion mode 

 

 

6.4.1.3 “Eco-friendly” extracts and comparison by LC-ESI/LTQOrbitrap/MS  

To propose alternative extraction protocols with a reduced environmental 

impact, thanks to the employment of “green” solvents, P. vera shells were extracted 

by maceration with EtOH 96% and an EtOH:H2O (1:1, v/v) solution. The obtained 

extracts where successively analyzed by LC-ESI/LTQOrbitrap/MS experiments, 

and the profiles, including the MeOH extract profile, compared (Fig. 6.23). 
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Figure 6.23 LC-HRMS profiles, in negative ion mode, of the MeOH, EtOH, EtOH:H2O extracts of 
P.vera shells 

The comparison of the LC-HRMS profiles of the prepared extracts pointed out 

noticeable differences in their chemical composition, since in the EtOH extracts the 

main constituents were represented by compounds 29, 31, 32 and 36, corresponding 

to anacardic acids formerly isolated and identified in the husks; in EtOH:H2O such 

compounds were detected as well, even if as minor constituents. Such evidences 

highlighted a class-specific selectivity of EtOH, resulted the most effective solvent 

in extracting anacardic acids.  

 

6.4.1.4 Phenolic content and radical scavenging activity of P. vera shells 

extracts 

Prompted by the occurrence of different phenolics identified in the extracts of P. 

vera shells, their total content was assessed by Folin-Ciocalteu assay. The MeOH 

extract showed the highest phenolic content (340.69 ± 33.15 GAE mg/g dried 

extract) if compared to EtOH and EtOH:H2O extracts, as well as the best antioxidant 

activity, as evidenced by the results of DPPH∙ (IC50 = 14.28 ± 1.24 μg/mL) and 
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ABTS•+ (1.69 ± 0.11 mM) assays, even if the “eco-friendly” extracts exhibited good 

radical scavenging acitivity as well (Table 6.7).  

 

 

 

 

6.5 LC-ESI/QTrap/MS/MS quantitative determination of the main 

anacardic acids by Multiple Reaction Monitoring (MRM) analysis 

Due to their occurrence in most of the investigated extracts of P. vera cv. 

Napoletana parts, as well as to the growing interest shown by scientific research 

towards such compounds with promising biological activities, the main identified 

anacardic acids were quantified by LC-ESI/QTrap/MS/MS experiments working in 

MRM mode. 

At first, a LC-ESI/QTrap/MS/MS method was developed in order to achieve 

accurate results; in particular, standard solutions of the compounds of interest were 

initially submitted to ESI/MS and ESI/MS/MS experiments, directly injecting them 

in the ESI source of the mass spectrometer, and the main transitions observed during 

the tandem mass experiments were used to optimize the instrument tuning settings 

(in particular, DP declustering potential, EP entrance potential, CE collision energy, 

CXP collision cell exit potential)  for each analyzed compound, allowing the 

Table 6.7 Total phenolic content, DPPH• and ABTS•+ radical scavenging activity of the extracts of P. vera shells 

Sample 
Total phenolic content  DPPH•  ABTS•+ 

GAEa  SDd  IC50
b  SDd  TEACc  SDd 

Shells MeOH  340.69 ± 33.15  14.28 ± 1.24  1.69 ± 0.11 

Shells EtOH  123.09 ± 4.74  26.64 ± 1.98  1.28 ± 0.08 

Shells EtOH/H2O  140.13 ± 13.97  23.92 ± 2.84  1.55 ± 0.09 

            

Vit. C     5.16 ± 0.11     

Quercetin         1.87 ± 0.08 

a Values are expressed as gallic acid equivalents (GAE) mg/g of dried extract. b Values are expressed as μg/mL. c Values are expressed as 

concentration (mM) of a standard Trolox solution exerting the same antioxidant activity of a 1 mg/mL solution of the tested extract. d Standard 

Deviation of three independent experiments. 
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development of a selective MRM method, in which for each compound a specific 

transition precursor/product ion was monitored (Table 6.8). 

 

Table 6.8  Instrument settings used for the quantitative analysis of the main anacardic acids of P. vera parts 

extracts 

Compound [M-H]- MS/MS DP EP CE CXP 

(11:1)-anacardic acid (25) 289.2 245.1 -68 -9.90 -35 -16 

(13:1)-anacardic acid (29)  317.2 273.1 -68 -9.90 -35 -16 

(17:3)-anacardic acid (30)  369.2 325.1 -60 -9.90 -35 -16 

(13:0)-anacardic acid (31)  319.1 275.1 -68 -9.90 -35 -16 

(15:1)-anacardic acid (32) 345.3 301.1 -68 -9.90 -37 -16 

(15:0)-anacardic acid (35)  347.2 303.1 -68 -9.90 -36 -16 

(17:1)-anacardic acid (36)  373.3 329.1 -68 -9.90 -39 -16 
DP Declustering Potential, EP Entrance Potential, CE Collision Energy, CXP Collision Cell Exit Potential 

Successively, standard solutions were used to prepare standard mixtures at 

different concentrations, and analyzed by LC-ESI/MS/MS experiments in order to 

assess the calibration curves for each compound of interest. The results were 

expressed as mean of three experiments, and the calibration curves were generated 

by plotting the peak areas in function of the reported concentrations. Finally, a 

diluted solution of each extract was analyzed in triplicate by using the same 

operating conditions. 

Aiming at ensuring a correct workflow, the reproducibility of the experiments 

and of the obtained results, the LC-ESI/QTrap/MS/MS method used for the 

quantitative analyses was validated according to the European Medicine Agency 

guidelines (EMA Quality guidelines ICH Q2). In particular, all experiments were 

performed in triplicate, accuracy was determined by analyzing random standard 

solutions after calibration curves were assessed, while precision was evaluated by 

analyzing the same concentration in standard in triplicate, and repeating the 

experiments in different days. Moreover, a satisfactory linearity was observed in 

the quantification concentrations range of all analytes, with a correlation coefficient 

(R2) between 0.995 and 0.999 (Table 6.9). 
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Table 6.9 Quantitative data of P. vera parts extracts, (MRM, negative ion mode). Seven-point calibration, 

with seven standards. LOQ (Limit of quantification) and LOD (Limit of detection) expressed in ng/mL 

Compound R2 Regression line 
LOQ 

(ng/mL) 

LOD 

(ng/mL) 

(11:1)-anacardic acid (25) 0.9999 y=864x-210 13.0 1.0 

(13:1)-anacardic acid (29)  0.9992 y=452x+25.1 9.0 1.0 

(17:3)-anacardic acid (30)  0.9983 y=686x+1800 23.0 3.0 

(13:0)-anacardic acid (31)  0.9986 y=3560x+544 15.0 4.0 

(15:1)-anacardic acid (32) 0.9952 y=724x+69.1 14.0 1.5 

(15:0)-anacardic acid (35)  0.9980 y=12200x+161 19.0 1.0 

(17:1)-anacardic acid (36)  0.9971 y=12800x-738 13.5 1.0 

 

  

The obtained results (Table 6.10) highlighted compounds 25, 30, 31, 32 and 36 

as the most abundant anacardic acids. In addition, it was observed that in some 

extracts of P. vera parts it was not possible to assess the concentration of certain 

compounds, in particular in the MeOH extract of the “non-fruiting year” leaves. On 

the other hand, all the husks extracts represented the highest concentration of all 

quantified analytes, mainly MeOH and EtOH extracts. Therefore, it is possible to 

hypothesize a potential employment of P. vera husks as a rich source of anacardic 

acids. 
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Table 6.10 Concentration (μg/mg dried extract) of the main anacardic acids in the extracts of P. vera 

different parts 

 
AA 

(11:1) 
SD 

AA 

(13:1) 
SD 

AA 

(17:3) 
SD 

AA 

(13:0) 
SD 

NFL_M <LoQ - <LoQ - <LoQ - <LoQ - 

NFL_E 4.04 ± 0.12 1.90 ± 0.07 14.06 ± 1.02 5.14 ± 0.37 

NFL_EH 2.56 ± 0.11 0.86 ± 0.04 2.12 ± 0.14 1.31 ± 0.11 

NFL_I <LoQ - 0.14 ± 0.01 1.38 ± 0.09 <LoQ - 

NFL_D 0.61 ± 0.04 0.19 ± 0.01 8.48 ± 1.11 0.01 ± 0.01 

FL_M 0.87 ± 0.09 0.43 ± 0.03 4.02 ± 0.18 0.58 ± 0.07 

FL_E 5.30 ± 0.27 3.04 ± 0.14 1.46 ± 0.13 6.46 ± 0.24 

FL_EH 2.34 ± 0.14 1.13 ± 0.07 3.46 ± 0.09 1.54 ± 0.09 

FL_I 1.63 ± 0.14 0.42 ± 0.03 2.44 ± 0.07 0.29 ± 0.02 

FL_D 0.69 ± 0.05 0.14 ± 0.01 <LoQ - <LoQ - 

H_M 34.02 ± 2.13 8.32 ± 0.42 15.16 ± 1.35 46.05 ± 2.41 

H_E 32.80 ± 2.01 7.88 ± 0.67 6.36 ± 0.41 50.43 ± 2.22 

H_EH 18.90 ± 1.36 3.90 ± 0.11 13.32 ± 1.22 23.01 ± 1.04 

SH_M 1.69 ± 0.13 0.28 ± 0.04 16.01 ± 1.16 0.69 ± 0.07 

SH_E 1.16 ± 0.08 0.31 ± 0.03 17.10 ± 1.31 2.82 ± 0.16 

SH_EH 1.38 ± 0.08 0.36 ± 0.03 15.50 ± 1.23 2.18 ± 0.11 

 
AA 

(15:1) 
SD 

AA 
(15:0) 

SD 
AA 

(17:1) 
SD  

 

NFL_M <LoQ - <LoQ - <LoQ -   

NFL_E 1.28 ± 0.08 0.55 ± 0.07 3.08 ± 0.19   

NFL_EH 0.32 ± 0.02 0.14 ± 0.01 0.83 ± 0.12   

NFL_I <LoQ - <LoQ - <LoQ -   

NFL_D <LoQ - 0.04 ± 0.01 0.37 ± 0.04   

FL_M 0.08 ± 0.01 0.13 ± 0.01 0.73 ± 0.08   

FL_E 2.42 ±0.14 1.16 ± 0.05 5.34 ± 0.28   

FL_EH 0.37 ± 0.04 0.16 ± 0.02 0.87 ± 0.11   

FL_I 0.12 ± 0.02 <LoQ - 0.49 ± 0.03   

FL_D <LoQ - <LoQ - 0.25 ± 0.02   

H_M 36.20 ± 2.06 7.62 ± 0.21 32.41 ± 1.96   

H_E 39.61 ± 1.89 8.44 ± 0.43 35.20 ± 1.57   

H_EH 19.83 ± 1.41 2.90 ± 0.18  15.06 ± 0.39   

SH_M 0.65 ± 0.07 0.09 ± 0.01 0.74 ± 0.07   

SH_E 1.78 ± 0.11 0.48 ± 0.03 2.20 ± 0.12   

SH_EH 1.98 ± 0.16 0.36 ± 0.02 2.44 ± 0.14   

NFL = “non-fruiting year” leaves; FL = “fruiting year” leaves; H = husks; SH = shells. 

M = MeOH; E = EtOH; EH = EtOH:H2O; I = Infusion; D = Decoction; 

AA = Anacardic Acid.  
Results expressed as mean of three independent experiments.  

Standard Deviation of three independent experiments. 

  

 

6.6 Conclusions 

The phytochemical investigation carried out on different parts of P. vera, mainly 

considered as by-products deriving from pistachio manufacturing processes, 

pointed out a metabolome mostly constituted by phenolic derivatives. “Eco-

friendly” extraction methods resulted effective in extracting such metabolites, in 

particular, EtOH showed a high class-specific selectivity towards anacardic acids, 

compounds of great interest in scientific research. Moreover, all the prepared 
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extracts showed in preliminary colorimetric assays a good phenolic content, as well 

as a noteworthy radical scavenging activity. Finally, quantitative analyses carried 

out on all the prepared extracts of the investigated P. vera parts pointed out a good 

content of certain anacardic acids, highlighting the husks as the richest source. 

Therefore, the obtained results may contribute to afford an added value to the 

leaves, husks and shells of P. vera cv. Napoletana, considered the main collateral 

biomasses originating from pistachio production workflow, as potential sources of 

bioactive compounds with a perspective employment in secondary applications. 
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6.7 Experimental section 

 

Plant material 

All the plant parts were provided by “Aromasicilia”, Bronte, Sicily, Italy. Leaves 

of “non-fruiting year” were collected in August 2016, while leaves of the “fruiting 

year”, husks and shells were collected in August 2017. 

 

General experimental procedures 

Column chromatography was carried out on Sephadex LH-20 (Pharmacia). 

HPLC-RI separations were performed on instrument described in general 

experimental procedures, using a Supelco (Bellefonte, PA, USA) Supelcosil LC-18 

column (250 x 10 mm, 5 µm). HPLC-UV/Vis separations were performed on 

instrument described in general experimental procedures, using a Supelco 

(Bellefonte, PA, USA) Supelcosil LC-18 column (250 x 10 mm, 5 µm).  

 

LC-ESI/LTQOrbitrap/MS/MS and LC-ESI/LTQOrbitrap/MS procedures 

Qualitative LC-HRMS experiments were performed on instrument reported in 

general experimental procedures. For LC separation a C18 reversed-phase (RP) 

column was employed, at a flow rate of 0.2 ml/min. Employed mobile phases were 

(A) water and (B) acetonitrile, both acidified 0.1% formic acid. Injection volume 

was 5 μL, keeping column at room temperature. 

 The ESI source parameters were set as following: source voltage at 5.0 kV, 

capillary voltage at -12 V, tube lens offset at -121.47 V, capillary temperature at 

280 °C, sheath gas at 30 (arbitrary units) and auxiliary gas at 5 (arbitrary units).  

- LC-ESI/LTQOrbitrap/MS/MS gradient conditions for the leaves extracts. A 

Phenomenex (Torrance, CA, USA) Kinetex C-18 column (100 × 2.10 mm, 

2.6 μm) was used. Elution gradient was: 0 min 10% B, 10 min 40% B, 30 
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min 70% B, 40 min 100% B, held for 10 min, returning to start conditions in 

7 min. 

- LC-ESI/LTQOrbitrap/MS/MS gradient conditions for the husks extracts. A 

Waters (Milford, MA, USA) Symmetry C-18 column (150 x 201 mm, 5 μm) 

was used. Elution gradient was: 0 min 10% B, 40 min 100% B, held for 10 

min, returning to start conditions in 7 min. 

- LC-ESI/LTQOrbitrap/MS/MS gradient conditions for the shells extracts. A 

Waters (Milford, MA, USA) Symmetry C-18 column (150 x 201 mm, 5 μm) 

was used. Elution gradient was: 0 min 10% B, 30 min 70% B, returning to 

start conditions in 7 min. 

 

Extraction and purification of the MeOH extract of P. vera leaves, and 

preparation of “eco-friendly” extracts 

1.5 kg of air-dried P. vera “non-fruiting year” leaves were extracted with n-

hexane (3.5 L, three times for three days), chloroform (3.5 L, three times for three 

days) and MeOH (3.5 L, three times for three days), yielding 36.1 g of crude MeOH 

extract. P. vera “fruiting year” leaves were extracted at the same way, but 

employing a lower amount of sample (3 g) and solvent (50 mL), yielding 0.12 g of 

crude MeOH extract. Moreover, the leaves of both years (3 g) were extracted by 

maceration using as solvent EtOH 96% (50 mL, three times for three days) and an 

EtOH:H2O solution (1:1, v/v) (50 mL, three times for three days), yielding 0.12 g 

and 0.79 g of crude extract, respectively, for the “non-fruiting year” leaves, 0.46 g 

and 0.91 g of crude extract, respectively, for “fruiting year” leaves. In addition, the 

leaves were extracted by infusion and decoction as well. Infusion was performed 

by pouring boiling water (50 mL) to the leaves (3 g), leaving in contact for 15 min 

and successively filtering, yielding 0.31 g and 0.34 g of crude extract for “non-

fruiting year” and “fruiting year” leaves, respectively. For decoction, leaves (3 g) 

were submerged in cold water (50 mL) and heated till boiling point, keeping boiling 
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for 15 min, followed by final filtration, allowing to obtain 0.29 g and 0.26 g of crude 

extract for “non-fruiting year” and “fruiting year” leaves, respectively. 

About 3.5 g of crude MeOH extract of the “non-fruiting year” leaves were 

dissolved in MeOH (8 mL) and fractionated on a Sephadex LH-20 (Pharmacia) 

column (100 x 5 cm), using MeOH as mobile phase, affording 92 fractions (8 mL 

each) which were monitored by TLC.     

 Fractions 7-15 (537.6 mg) were chromatographed by RP-HPLC-UV/Vis 

(elution gradient: 0 min 10% B, 10 min 40% B, 30 min 70% B, 40 min 100% B, 

held for 10 min; wavelength was 254 nm) yielding compound 22 (2.1 mg, Rt = 17.4 

min). Fractions 16-25 (269.8 mg) were chromatographed by RP-HPLC-UV/Vis 

(elution gradient: 0 min 10% B, 10 min 40% B, 30 min 70% B, 40 min 100% B, 

held for 10 min; wavelength was 310 nm) yielding compound 11 (2.1 mg, Rt = 14.3 

min). Fractions 26-33 (198.8 mg) were chromatographed by RP-HPLC-UV/Vis 

(elution gradient: 0 min 10% B, 5 min 25% B, 20 min 58% B, 32 min 100% B, held 

for 10 min; wavelength was 254 nm) yielding compound 1 (2.4 mg, Rt = 13.6 min). 

Fractions 34-40 (53.3 mg) were chromatographed by RP-HPLC-UV/Vis (elution 

gradient: 0 min 10% B, 10 min 40% B, 30 min 70% B, 40 min 100% B, held for 10 

min; wavelength was 310 nm) yielding compounds 4 (1.9 mg, Rt = 11.5 min), 14 

(2.1 mg, Rt = 15.6 min), 18 (2.6 mg, Rt = 17.3 min) and 19 (2.2 mg, Rt = 19.9 min). 

Fractions 41-51 (58.7 mg) were chromatographed by RP-HPLC-UV/Vis (elution 

gradient: 0 min 10% B, 10 min 40% B, 30 min 70% B, 40 min 100% B, held for 10 

min; wavelength was 310 nm) yielding compounds 8 (2.5 mg, Rt = 12.8 min), 10 

(2.3 mg, Rt = 13.2 min), 12 (2.6 mg, Rt = 14.2 min), 13 (2.4 mg, Rt = 15.9 min) and 

16 (2.0 mg, Rt = 21.2 min). Fractions 52-66 (105.2 mg) were chromatographed by 

RP-HPLC-UV/Vis (elution gradient: 0 min 10% B, 30 min 100% B, held for 10 

min; wavelength was 254 nm) yielding compounds 5 (2.6 mg, Rt = 10.0 min), 6 (2.4 

mg, Rt = 12.2 min), 7 (2.0 mg, Rt = 13.9 min), 15 (2.8 mg, Rt = 14.9 min), 21 (2.5 

mg, Rt = 16.1) and 23 (2.1 mg, Rt = 19.4). Fractions 67-92 (190.6 mg) were 
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chromatographed by RP-HPLC-UV/Vis (elution gradient: 0 min 10% B, 10 min 

40% B, 25 min 70% B, 35 min 100% B, held for 10 min; wavelegnth was 310 nm) 

yielding compound 9 (2.7 mg, Rt = 14.1 min).   

 

Extraction and purification of MeOH extract of P. vera husks, and preparation 

of “eco-friendly” extracts 

365.6 g of dried husks were extracted with increasing polarity solvents: n-hexane 

(1.8 L, three times for three days), chloroform (1.8 L, three times for three days) 

and MeOH (1.8 L, three times for three days), affording 69.1 g of crude MeOH 

extract. By monitoring the extract profile by TLC, a remarkable amount of sugars 

was detected. Therefore about 3 g of MeOH extract were submitted to BuOH:H2O 

liquid/liquid extraction, yielding 833.0 mg of BuOH extract monitored by TLC, 

until no more sugars were detected. In addition, husks were extracted by maceration 

using EtOH 96% and an EtOH:H2O (1:1, v/v) solution: 100 mL of solvent were 

poured to 3 g of dried husks, and extracted three times for three days, yielding 386.7 

mg of EtOH extract and 1.056 g of EtOH:H2O extract. 

About 3.5 g of crude BuOH extract were dissolved in 8 mL of MeOH and 

fractionated by size-exclusion chromatography on a Sephadex LH-20 (Pharmacia) 

column (100 x 5 cm), using MeOH as mobile phase, affording 54 fractions (8 ml 

each) monitored by TLC.  

Fractions 12-16 (464.5 mg) were chromatographed by RP-HPLC-UV/Vis 

(elution gradient: min 10% B, 30 min 100% B, held for 10 min; wavelength was 

290 nm) yielding compounds 39 (2.8 mg, Rt = 9.8 min), 44 (2.9 mg, Rt = 11.9 min), 

46 (3.1 mg, Rt = 13.7 min) and 47 (2.9 mg, Rt = 15.5 min). Fractions 17-18 (170.6 

mg) were chromatographed by RP-HPLC-UV/Vis (elution gradient: min 10% B, 

30 min 100% B, held for 10 min; wavelength was 270 nm) yielding compounds 6 

(2.6 mg, Rt = 11.6 min), 8 (2.3 mg, Rt = 15.2 min) and 15 (2.7 mg, Rt = 20.0 min). 

Fractions 19-23 (91.7 mg) were chromatographed by RP-HPLC-UV/Vis (elution 
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gradient: min 10% B, 30 min 100% B, held for 10 min; wavelength was 254 nm) 

yielding compounds 38 (2.9 mg, Rt = 9.7 min), 14 (2.8 mg, Rt = 14.9 min), 48 (2.4 

mg, Rt = 15.4 min), 51 (3.1 mg, Rt = 15.9 min) and 52 (2.6 mg, Rt = 17.1 min). 

Fractions 24-28 (133.1 mg) were chromatographed by RP-HPLC-UV/Vis (elution 

gradient: 0 min 10% B, 10 min 40% B, 40 min 70% B, 50 min 100% B, held for 10 

min; wavelength was 254 nm) yielding compound 43 (2.7 mg, Rt = 13.4 min). 

Fractions 29-36 (97.7 mg) were chromatographed by RP-HPLC-UV/Vis (elution 

gradient: min 10% B, 30 min 100% B, held for 10 min; wavelength was 254 nm) 

yielding compounds 18 (2.3 mg, Rt = 13.1 min), 49 (2.6 mg, Rt = 14.5 min), 22 (1.9 

mg, Rt = 15.0 min) and 55 (2.9 mg, Rt = 19.1). 

The BuOH extract was chromatographed by RP-HPLC-UV/Vis (elution 

gradient: min 10% B, 30 min 100% B, held for 35 min; wavelength was 254 nm) 

yielding compounds 25 (2.4 mg, Rt = 36.9 min), 29 (2.6 mg, Rt = 42.0 min), 30 (1.9 

mg, Rt = 43.1 min), 32 (3.1 mg, Rt = 48.2 min), 31 (3.3 mg, Rt = 49.3 min), 36 (3.6 

mg, Rt = 59.5 min) and 35 (2.5 mg, Rt = 62.8 min).  

 

Extraction and purification of the MeOH extract of P. vera shells, and 

preparation of “eco-friendly” extracts 

 765.1 g of milled shells were extracted with n-hexane (1.8 L, three times for 

three days), chloroform (1.8 L, three times for three days) and MeOH (1.8 L, three 

times for three days), yielding 13.5 g of crude MeOH extract. To remove sugars, 

about 1.0 g of MeOH extract was submitted to BuOH:H2O liquid/liquid extraction 

until no more sugars were detected, yielding 357.5 mg of BuOH extract. In addition, 

the shells were extracted by using EtOH 96% and EtOH:H2O (1:1, v/v) solution, by 

pouring 100 mL of extraction solvent to 5 g of milled shells, yielding 5.5 mg and 

15.7 mg of crude extracts, respectively. 

About 3.0 g of crude BuOH extract were dissolved in 8 mL of MeOH and 

fractionated by size-exclusion chromatography on a Sephadex LH-20 (Pharmacia) 



________________________________________________________________Chapter 6 

272 
 

column (100 x 5 cm), using MeOH as mobile phase, affording 76 fractions (8 ml 

each) monitored by TLC.  

Fractions 10-13 (218.5 mg) were chromatographed by RP-HPLC-RI using 

MeOH:H2O (4:6, v/v) as mobile phase (flow rate was 2 mL/min) yielding 

compound 22 (3.8 mg, Rt = 9.1 min). Fractions 14-18 (96.5 mg) were 

chromatographed by RP-HPLC-RI using MeOH:H2O (9:11, v/v) as mobile phase 

(flow rate was 2 mL/min) yielding compound 16 (3.0 mg, Rt = 12.6 min). Fractions 

23-29 (46.3 mg) were chromatographed by RP-HPLC-RI using MeOH:H2O (9:11, 

v/v) as mobile phase (flow rate was 2 mL/min) yielding compounds 43 (2.4 mg, Rt 

= 8.0 min), 4 (2.6 mg, Rt = 11.4 min) and 14 (3.1 mg, Rt = 13.2 min). Fractions 35-

45 (70.4 mg) were chromatographed by RP-HPLC-UV/Vis (elution gradient: 0 min 

10% B, 30 min 100% B, held for 10 min; wavelength was 270 nm) yielding 

compound 55 (2.8 mg, Rt = 19.4 min). Fractions 30-34 (72.3 mg) were 

chromatographed by RP-HPLC-RI using MeOH:H2O (9:11, v/v) as mobile phase 

(flow rate was 2 mL/min) yielding compounds 6 (2.1 mg, Rt = 9.8 min) and 8 (2.8 

mg, Rt = 12.5 min). 

 

LC-ESI/QTrap/MS/MS quantitative analysis  

Instrument used for quantitative analysis is reported in general experimental 

procedures. For LC separation a Phenomenex (Torrance, CA, USA) Kinetex EVO 

C-18 column (100 x 2.1 mm, 5 μm) was used. The mobile phases were (A) water-

formic acid (99.9:0.1, v/v) and (B) acetonitrile-formic acid (99.9:0.1, v/v). Gradient 

conditions: 0 min 10% B, 40 min 100% B, held for 10 min, returning to start 

conditions in 7 min. Source temperature was set at 349°C, column temperature was 

40°C, flow rate was 0.2 mL/min and injection volume 2 μL.      
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Statistical analysis 

The statistical analysis was performed by several tests. In order to eliminate 

uncertain data, the Q-Dixon test was performed. All the values in this work were 

expressed as mean ± SD. The statistical analysis was performed with one-way 

ANOVA for repeated measurements. The statistically significant differences were 

also assessed by applying the paired Student’s t-test. 

 

Total phenolic content 

As reported in general experimental procedures. 

 

DPPH• radical scavenging activity 

As reported in general experimental procedures. 

 

ABTS•+ radical scavenging activity 

As reported in general experimental procedures. 

 

NMR analysis 

As reported in general experimental procedures. 
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Reagents 

Extraction and HPLC-grade solvents were purchased by VWR International PBI 

(Milano, Italy). LC-MS grade water, acetonitrile, MeOH and formic acid were 

purchased by Merck (Darmstadt, Germany). 2,2-diphenyl-1-picrylhydrazyl 

(DPPH•), Folin-Ciocalteu reagent, 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulphonic acid) (ABTS), potassium persulfate (K2S2O8), phosphate-buffered saline 

(PBS) solution, Trolox, MeOH-d4 99.95% and gallic acid were purchased by 

Sigma-Aldrich (Darmstadt, Germany). 

 

Chromatographic method 

Analytical Thin Layer Chromatography (TLC) in direct phase was performed 

with sheets of silica gel laminated on glass 60 F254 of 0.25 mm (Merck). The 

revelation was carried out both with UV light at 254 and 365 nm and with the 

following solution: saturated solution of cerium sulphate in 65% sulfuric acid, 

followed by heating at 100°C for 15 minutes. 

For Molecular Exclusion Chromatography a resin of Sephadex LH-20 (25-100 mm 

Pharmacia) was used, eluting with MeOH at constant flow of 1.2 mL/min. The size 

of the used column was 100 x 5 cm. 

HPLC-RI separations were performed on a Waters 590 (Waters, Milford, MA, 

USA) system equipped with a Waters R401 refractive index detector and a 

Rheodyne injector, employing as mobile phase a MeOH:H2O solution. HPLC-

UV/Vis separations were performed on an Agilent Technologies (Santa Clara, CA, 

USA) 1260 Bin Pump VL system, equipped with a 1260 MWD VL UV-Vis 

detector, a 1260 μ-Degasser and a Rheodyne injector. Employed mobile phases 

were (A) water and (B) acetonitrile both acidified 0.1% formic acid, at a flow rate 

of 2 mL/min and injection volume of 5 μL. 
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ESI-HRMS, LC-ESI/HRMS and LC-ESI/HRMS/MS analyses  

LC-ESI/HRMS spectra were carried out using a Thermo Scientific Accela HPLC 

system (Thermo Scientific, San Jose, CA) coupled to a LTQOrbitrap XL mass 

spectrometer, operating in negative and positive ion mode. The Orbitrap mass 

analyzer was calibrated according to the manufacturer's directions using a mixture 

of caffeine, methionine-arginine-phenylalanine-alanine-acetate (MRFA), sodium 

dodecyl sulfate, sodium taurocholate and Ultramark 1621. Data were collected and 

analyzed using the software provided by the manufacturer. In full LC-

ESI/LTQOrbitrap/MS experiments Total Ion Current (TIC) profile was produced 

by monitoring the intensity of all the ions produced and acquired in every scan 

during the chromatographic run. In order to get structural information, Data 

Dependent experiments were performed. For the data-dependent scan, the first and 

the second most intense ions from the HRMS scan event were selected, in order to 

offer their tandem mass (MS2) product ions with a normalization collision energy 

at 30%, a minimum signal threshold at 250, and an isolation width at 2.0 The scan 

was collected in the Orbitrap at a resolution of 30 000 in a m/z range of 150–1600 

Da. The m/z of each identified compound was calculated to 4 decimal places and 

measured with a mass accuracy < 2ppm.  

By using a syringe pump (flow rate 10 μL/min) each isolated compound was 

dissolved in a MeOH:H2O (1:1, v/v) solution and infused in the ESI source. 

ESI/HRMS/MS analyses were performed using the same conditions described for 

LC-HRMS/MS analysis. 

 

Quantitative analyses 

Quantitative LC-ESI/QTrap/MS/MS analyses were performed in negative ion 

mode by MRM approach, using a Shimadzu LC30AD UHPLC system (Shimadzu 

Corporation, Kyoto, Japan) connected to a Shimadzu SIL30AC autosampler with a 
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Shimadzu CTO20A column oven, coupled to a QTrap 6500 (Sciex, Foster City, 

CA, USA) mass spectrometer. Before executing the quantification of the 

compounds of interest, the values of declustering potential (DP), entrance potential 

(EP), collision energy (CE) and collision cell exit potential (CXP) were optimized 

for each standard by introducing them directly in the ESI source. 

 

Method validation for quantitative analysis 

LC-ESI/QTrap/MS/MS method was validated according to the European 

Medicines Agency (EMA) guidelines relating to the validation of analytical 

methods, in particular precision, specificity, linearity, limit of quantification (LOQ) 

and limit of detection (LOD) were determined. Precision was evaluated at five and 

seven concentrations for each compound through triplicate intra-day assays and 

inter-day assays over 3 days. Specificity was defined as the non-interference by 

other analytes detected in the region of interest. Linearity was evaluated by 

correlation values of calibration curves. The limit of quantification (LOQ; 

equivalent to sensitivity), defined as the lowest concentration of analyte that could 

be quantified with acceptable accuracy and precision, was estimated by injecting a 

series of increasingly diluted standard solutions until the signal-to-noise ratio was 

reduced to 10. The limit of detection (LOD) is defined as the concentration of 

analyte required to give a signal equal to the background (blank) plus three times 

the standard deviation of the blank. 

 

Reagents for polar lipids and fatty acids analysis 

Ultrapure water was obtained by purifying demineralized water in a Direct-Q 3 

UV-R system (Merck Millipore, Darmstadt, Germany). LC-MS grade MeOH, 

acetonitrile, isopropanol, as well as HPLC grade chloroform, formic acid >99%, 

ammonium formate >95%, and sodium hydroxide >99% were purchased from Carl 

Roth (Karlsruhe, Germany). Hexakis (2,2-difluoroethoxy) phosphazene, used as 
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lock mass in the LC-MS/MS and LC-MS experiments, was purchased from Santa 

Cruz Biotechnology (Dallas, TX, USA). Fatty acids methyl esters standard solution 

was purchased by Sigma Aldrich (St. Louis, MO, USA). HCl 37 % (v/v), MeOH 

and n-hexane used for free fatty acids analysis, all HPLC grade, were purchased by 

VWR International GmbH (Darmstadt, Germany). 

 

Polar lipids extraction 

The extraction of polar lipids was performed according to the method described 

by Bligh & Dyer, with slight modifications (Blygh & Dyer, 1959). In brief, 30 g of 

frozen seeds were ground (140 s, 4000 U/min) with an equal weight of dry ice by 

employing a Grindomix GM 300 knife mill (Retsch, Haan, Germany). The obtained 

homogenized powder was freeze-dried. 50 mg of the freeze-dried samples were put 

into a 1.5 mL eppendorf tube and 0.75 mL of a MeOH:CHCl3 solution (2:1, v/v) 

were added. Successively, two steel balls (3 mm diameter) were added and ball 

milling (1 min, 3 m/s) was executed by using a Bead Ruptor 24 (Biolabproducts, 

Bebensee, Germany) equipped with a 1.5 mL microtube carriage kit. After milling, 

0.25 mL of CHCl3 were added to the samples, vortexed for 1 minute, then 0.5 mL 

H2O were added and finally milled again (2 min, 3 m/s). For phase separation, 

eppendorf tubes were centrifuged at 14700 rpm for 20 minutes. Lower phase was 

used for the LC-MS analysis, after filtration with Rotilabo PTFE syringe filters, 

pore diameter 0.45 μm (Carl Roth, Karlsruhe, Germany). 

 

LC-ESI/QToF/MS/MS and LC-ESI/QToF/MS analysis of polar lipids 

Spectra  were acquired both in negative and in positive ion mode, on a Dionex 

Ultimate 3000 UHPLC system (Dionex, Idstein, Germany), constituted by a binary 

pump (UltiMate 3000 RS pump), a degasser (UltiMate 3000 degasser), an 

autosampler (UltiMate 3000 Autosampler WPS-3000) and a column compartment 

(UltiMate 3000 Column Compartment TCC-3000), equipped with a RP C-18 (150 
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x 2.1 mm, 1.7 μm) column (Phenomenex, Aschaffenburg, Germany), coupled to an 

ultrahigh resolution quadrupole-time-of-flight mass spectrometer with an 

electrospray ionization source (maXis, Bruker Daltonics, Bremen, Germany). End 

plate offset was -500 V, capillary voltage was +4500 V in positive ion mode and -

4500 V in negative ion mode, nebulizer pressure was set at 4.0 bar, dry gas at 9.0 

L/min at a temperature of 200°C. The employed mobile phases were (A) water and 

(B) acetonitrile:isopropanol (1:3, v/v), both 10 mM ammonium formate for positive 

ion mode analyses and 10 mM ammonium acetate for negative ion mode analyses; 

the gradient conditions used for LC separation were as following: 0 min 55% B 

(held for 2 min), 4 min 75% B, 18 min 100% B (held for 7 minutes), 26 min 55% 

B (held for 4 min). Flow rate was 0.300 mL/min, injection volume was 4 μL, 

column was kept at a temperature of 50°C, while the samples were kept at 5°C in 

the autosampler during the analyses. Experiments were performed in triplicate, with 

collision energy values of 20, 40 and 60 eV. The calibration of the mass 

spectrometer was performed externally, using sodium formate clusters with a 

solution of formic acid:1 M NaOH water solution:isopropanol (0.1:1:100, v/v/v). 

Moreover, sodium formate (for positive ion mode) and ammonium acetate (for 

negative ion mode) cluster solutions were automatically injected in the end of each 

experiment by employing a 6-port divert valve to allow internal mass calibration. 

An isopropanol Hexakis (2,2-difluoroethoxy) phosphazene solution (1 mg/mL) 

(Santa Cruz Biotechnology Dallas, TX, USA) was used for lock-mass calibration, 

which was applied on a support material located in the source; the solution was 

constantly released by vaporization and hence detected during the experiments. 

Data were acquired with a spectra rate of 1 Hz and a mass range 80-1300 m/z. 

MS/MS data were acquired in Data-Depending Scan experiments, selecting the 

precursor ion as the most intense peak during the LC-MS analyses.  
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Free fatty acids extraction 

For the extraction of free fatty acids, 50 g of freeze-dried seeds were extracted 

with 200 mL of n-hexane, by continuous stirring, three times for three days. Solvent 

was removed from the extracts by vacuum drying, and successively by gurgling 

with nitrogen till constant weight.  

 

Fatty acids methyl esters (FAME) synthesis 

Prior to GC-FID analysis, free fatty acids were converted into their respective 

methyl ester derivatives. For this operation, the acid-catalyzed esterification 

procedure described by Ichihara & Fukubayashi was employed, after suitable 

modifications (Ichihara & Fukubayashi, 2010). In brief, 150 μL of oil sample were 

dissolved in 10 mL of n-hexane; of this solution, 1 mL was transferred in a glass 

tube and 250 μL of a 2 M HCl MeOH solution were added, followed by the addition 

of 4 mL of n-hexane. The solution was stirred vigorously and kept in the dark for 

16 hours. Finally, samples were centrifuged for 30 min at 14700 rpm, and 50 μL of 

the surnatant were carefully removed and further dissolved in 950 μL of n-hexane, 

prior to GC analysis. 

 

GC-FID quali-quantitative analysis of free fatty acids 

For the GC analysis, an Agilent 7820A GC System (Agilent Technologies, Santa 

Clara, CA, USA) was employed, equipped with a DB-624 (30 m x 0.250 mm, 1.40 

μm) column, and a FID detector. Injection volume was 1 μL, temperature of 

injection port was set at 250°C with a split ratio 1:10. Nitrogen was used as carrier 

gas at a flow rate of 2 mL/min. Temperature program was the following: 0 min 

100°C (held for 2 min), 12 min 180°C, 16 min 200°C, 20 min 240°C. Detector 

temperature was set at 250°C. The identification of the Fatty Acids Methyl Esters 

(FAMEs) was performed by comparing their retention time with those of the 

constituents of a standard mixture. 
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Quantification was carried out on the basis of GC-FID peak areas using 

integration data. Results were expressed as percentage amount of total detected free 

fatty acids. Experiments were performed in triplicate. BHT was used as reference 

standard, and the observed peaks aligned to it. 

 

Folin-Ciocalteu assay for total phenolic content determination 

Folin-Ciocalteu assay was employed to determine the total phenolic content of 

the extracts (Masullo et al., 2017). In brief, 62.5 μL of a 0.5 mg/mL solution of the 

extracts were put into an eppendorf tube and then an equal volume of Folin-

Ciocalteu reagent was added and stirred vigorously. After 5 min, 125 μL of a 0.1 M 

solution of Na2CO3 and 1 mL of water were added. The samples were stirred 

vigorously for 10 seconds and incubated in the dark at room temperature for 2 

hours. Incubated samples were finally centrifuged at 13400 rpm for 90 seconds and 

the surnatant was transferred into 1 mL cuvettes and the absorbance was measured 

at 760 nm using a Thermo Scientific Evolution 201 UV-Visible Spectrophotometer 

(Thermo Scientific, Germany). A blank was prepared using MeOH instead of the 

extract. Gallic acid was used as standard reference. For the calibration curve, 5, 10, 

20, 30, 40, 50 μg/mL solutions of gallic acid were prepared and submitted to the 

assay following the same procedure used for the extracts. The calibration curve 

equation for gallic acid was y = 0.0054x + 0.0201 (R2 = 0.996). All the experiments 

were performed in triplicate and results expressed as mean of Gallic Acid 

Equivalents (GAE, mg/g dried extract). 

 

DPPH∙ assay for radical scavenging activity evaluation 

Radical scavenging activity of the extracts was evaluated by DPPH• assay 

(Masullo et al., 2017). In brief, DPPH• solution was prepared by dissolving 3.6 mg 

of solid DPPH• in 100 mL of MeOH, and further diluting till an absorbance value 

of 0.900 ± 0.020, measured at 517 nm. Stock solutions (1 mg/mL) of the of the 
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extracts were used to prepare six different concentrations: 5, 10, 25, 50, 75, 100, 

150 μg/mL; of each solution, 0.5 mL were put into an eppendorf tube and 0.5 mL 

of a 0.1 mM MeOH DPPH• solution were added. The samples were stirred 

vigorously for 10 seconds and kept in the dark for 30 min, they were then transferred 

into a 1 mL cuvette and the absorbance was measured at 517 nm using a Thermo 

Scientific Evolution 201 UV-Visible Spectrophotometer (Thermo Scientific, 

Germany). A control solution was prepared replacing the tested extracts with 

MeOH. Vitamin C was used for results comparison. The percentage of DPPH• 

radical scavenging activity of the extracts was calculated as: 

DPPH• free radical scavenging activity (I%) = [(A0-A)/A0] x 100 

Where A0 is the absorbance of the control solution, and A is the absorbance of 

the DPPH• solution containing the extract. The percentage of DPPH• radical 

scavenging activity (%) was plotted against the extract concentration (μg/mL) to 

determine the IC50. All the experiments were performed in triplicate. 

 

ABTS•+ assay for radical scavenging activity evaluation 

ABTS•+ assay was further carried out to test the radical scavenging activity of 

the extracts (Kirmizibekmez et al., 2012). The ABTS•+ radical solution was 

prepared by mixing 50 mL of a 2 mM ABTS solution with 0.2 mL of a 70 mM 

potassium persulfate solution. The obtained mixture was stored in the dark at room 

temperature for 16 hours, then diluted with a phosphate-buffered saline (PBS) 

solution (pH = 7.4) to an absorbance of 0.700 ± 0.020 measured at 734 nm.  

To evaluate the radical scavenging activity, 20 μL of different concentrations of 

the extracts (250, 500, 750, 1000 μg/mL) were added to 1 mL of ABTS•+ radical 

solution, stirred, and incubated in the dark at room temperature for 6 min. The 

absorbance was then measured at 734 nm by employing a Thermo Scientific 

Evolution 201 UV-Visible Spectrophotometer (Thermo Scientific, Germany). A 

negative control was prepared by using MeOH instead of the extract. Trolox was 
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used as reference standard (0.3, 0.5, 1.0, 1.5 mM). Quercetin was used for results 

comparison. The TEAC value is defined as the concentration (mM) of a standard 

Trolox solution exerting the same antioxidant activity of a 1 mg/mL extract 

solution. Each determination was performed in triplicate. 

 

NMR analysis 

NMR experiments were performed on a Bruker DRX-600 spectrometer (Bruker 

BioSpin Gmbh, Rheinstetten, Germany) equipped with a Bruker 5 mm TCI 

CryoProbe at 300 K. All 2D NMR spectra were acquired in MeOH-d4, and standard 

pulse sequences and phase cycling were used for COSY, HSQC, and HMBC 

spectra. The NMR data were processed using Topspin 3.2 software.
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Conclusion 

 

The main target of the present study was the definition of the chemical profile of 

selected Southern Italy typical agricultural productions and related by-products (O. 

ficus indica cv. Sulfarina, F. carica cv. Dottato, P. dulcis cvs. Filippo Cea, 

Fascionello, Pizzuta, Romana, P. vera cv. Napoletana), with the aim to clarify their 

metabolome and to highlight the occurrence of phytochemicals with health benefits. 

The flowers of O. ficus indica cv. Sulfarina, deriving from the “scozzolatura” 

process, proved to be a good source of antioxidant phenolics, mainly phenylbutirric 

acids and glycosylated flavonoids, isolated and characterized by NMR analyses, 

and quantified by LC-ESI/QTrap/MS/MS experiments.  

With the aim to investigate the metabolite profile of the leaves of F. carica cv. 

Dottato, a phytochemical investigation was carried out. As result, several classes of 

coumarins, along with C- and O-glycosylated flavonoids, were identified. 

Moreover, “eco-friendly” extraction methods resulted quite effective in extracting 

antioxidant phenolics, supporting the employment of common fig leaves as a source 

of bioactives. 

The leaves, husks and shells of P. dulcis cvs. Filippo Cea, Fascionello, Pizzuta 

and Romana were submitted to phytochemical investigation, highlightining the 

occurence of several classes of secondary metabolites, like minor phenolic acids 

derivatives, flavonoids, both glycosylated and aglycones, different classes of 

terpenes, along with lignans and neolignans. In addition, “green” solvents exhibited 

selectivity towards certain classes of compounds, returning extracts with a good 

radical scavenging activity.  

Furthermore, the polar fraction of P. dulcis seeds was investigated, as well as the 

main by-products deriving from peeling processes (removed skins and blanching 

water), pointing out the occurrence of cyanogenic glycosides in the seeds, while 

integuments and blanching water resulted a rich source of antioxidant phenolics, 
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specially proanthocyanidins and glycosylated flavonoids. Moreover, clear 

differences were observed among the metabolite profiles of Apulian and Sicilian 

cultivars, suggesting the influence of different growing conditions on the 

metabolome of a plant species. 

The extensive phytochemical investigation carried out on the leaves, husks and 

shells of P. vera cv. Napoletana evidenced a phenolics-based metabolome of the 

main by-products of pistachio manufacturing, with gallic acid derivatives and 

flavonoids as main constituents, along with anacardic acids effectively and 

selectively extracted by ethanol, as confirmed by the LC-ESI/QTrap/MS/MS 

quantitative analyses. In addition, noteworthy phenolic content and radical 

scavenging activity were observed for all the prepared extracts.  

The LC-HRMS/MS-based metabolite profiling carried out on the polar fraction 

of P. vera cv. Napoletana seeds highlighted the occurrence of antioxidant 

constituents, chemically related to the phenolics identified in the non-edible parts. 

During the PhD stage spent at the University of Hamburg, the non-polar fraction 

of almonds and pistachios was investigated. Several phospholipids classes, varying 

for head groups, side chains length and unsaturation degree, along with 

diacylglycerols and triacylglycerols, were assessed by LC-ESI/QToF/MS/MS 

analyses, while GC-FID experiments allowed quali-quantitative determinations of 

the main free fatty acids. 

The achieved results may contribute to afford an added value to discarded and 

underestimated biomasses deriving from agrifood processes, which demonstrated 

to represent a rich source of bioactives, suggesting perspective applications for 

secondary uses, like their employment in cosmetics and nutraceutics. In addition, 

we furtherly supported the claim of beneficial effects on human health deriving 

from a daily moderate almond or pistachio nuts intake. Finally, the present work 

highlighted LC-HRMS as a powerful analytical technique for a quick and 

informative preliminary metabolite profiling of plant matrices, even if NMR 
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spectroscopy still results essential to achieve an exhaustive and complete 

metabolome definition of plant species. 
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