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Abstract: The increasing attention on the impact of food on human and environmental health has
led to a greater awareness about nutrition, food processing, and food waste. In this perspective,
the present work deals with the investigation of the chemical non-volatile and volatile profiles of
two Citrus-based products, produced through a conscious process, using Citrus peels as natural gelling
agents. Moreover, the total polyphenol content (TPC) and the antioxidant properties were evaluated,
as well as their sensorial properties. Chemical and antioxidant results were compared with those
of Citrus fresh fruits (C. reticulata, C. sinensis, and C. limon). Concerning the non-volatile fingerprint,
the two samples showed a very similar composition, characterized by flavanones (naringenin,
hesperetin, and eriodyctiol O-glycosides), flavones (diosmetin and apigenin C-glucosides), and
limonoids (limonin, nomilinic acid, and its glucoside). The amount of both flavonoids and limonoids
was higher in the Lemon product than in the Mixed Citrus one, as well as the TPC and the antioxidant
activity. The aroma composition of the two samples was characterized by monoterpene hydrocarbons
as the main chemical class, mainly represented by limonene. The sensorial analysis, finally, evidenced
a good quality of both the products. These results showed that the most representative components
of Citrus fruits persist even after the transformation process, and the aroma and sensorial properties
endow an added value to Citrus preparations.

Keywords: Citrus fruit; marmalade; phenols; limonoids; volatiles; antioxidant; sensorial analysis;
food waste; LC-MS/Orbitrap; HS-SPME

1. Introduction

In recent decades, the attention on nutrition and its impact on health and economic
growth is dramatically increased. In particular, the global demand for fruits and vegetables
is rapidly growing, mainly due to the benefits on human health provided by their intake [1].

Recently, extensive scientific reviews have provided evidence that a high consumption
of fruit and vegetables is associated with the prevention of chronic noncommunicable
diseases (NCDs), such as cardiovascular diseases, cancer, diabetes, as well as neurodegen-
erative disorders [2-6]. NCDs are responsible for 71% of death globally, thus, as a part
of 2030 Agenda for Sustainable Development, the reduction by one-third in premature
mortality from NCDs through prevention and management represents the major challenge
for sustainable development [7]. Unhealthy diet and lifestyle may play a role in increasing
metabolic risk factors (e.g., blood pressure, blood glucose, and lipids), thus the World
Health Organization (WHO) recommends an intake of at least 400 g per day of fruits and
vegetables to reduce the risk of certain NCDs and to promote healthy nutrition [8].
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Fruits and vegetables are a good source of nutrients, such as fibers, minerals, and
vitamins. In addition, non-nutrients compounds, also called phytochemicals, are secondary
plant metabolites, including polyphenols and triterpenoids, extensively known for many
biological activities and benefits on human health [9,10].

A large amount of scientific literature is focused on health-promoting effects of
polyphenols and related antioxidant agents (hydroxycinnamic acids, flavonoids, stilbenes,
lignans) contained in fruits and vegetables in preventing the occurrence of degenerative
diseases. Polyphenols were shown to exert antioxidant and free radical scavenging ac-
tivities, as well as anti-inflammatory, antimicrobial, antiproliferative, cardioprotective,
neuroprotective, and hepatoprotective properties [11-14].

Fruit and vegetables were classified in major groups, based on nutrient and phyto-
chemical levels, to help consumer choice and nutritional professionals, and in subgroups
considering botanical properties, total antioxidant capacity (TAC), and average levels of
components. Among subgroups, the “Citrus fruit family” includes clementine, grape-
fruit (white and pink), kumquat, lemon, lime, orange, and tangerine. In relation to food
components, Citrus fruit subgroup was found to be the highest in flavanones and the
second highest in lycopene and flavones, providing at least 25% Dietary Recommended
Intakes (DRI) for vitamin C/100 g. In addition, TAC ranged from 1000 to 3000 umol Trolox
Equivalent (TE)/100 g [10,15].

Fruits of the genus Citrus (Rutaceae family) are cultivated worldwide, and the market
demand is constantly growing globally. The total production of Citrus fruit in the world
reached 43,755.6 thousand tons in 2019, against 126,250.1 in 2011 [16]. Citrus fruits are
considered as a part of the human diet, due to the their low energy and fat content, good
amount of macronutrients (carbohydrates, dietary fiber, organic acids, vitamins), miner-
als, and bioactive phytochemicals, such as carotenoids (e.g., -cryptoxanthin), flavonoids,
limonoids, and essential oil [17]. Flavonoids are present in Citrus fruits as flavanones
(e.g., hesperetin, naringenin, eriodictyol, isosakuranetin), flavones (luteolin, apigenin, dios-
metin, chrysoeriol), and flavonols (quercetin, kaempferol), in the form of O-glycosides
or C-glycosides [18,19]. The beneficial effects of Citrus flavonoids were investigated in a
large number of studies reporting many pharmacological activities and health-promoting
properties, such as antioxidant, anti-inflammatory, anticarcinogenic, cardiovascular pro-
tection, and beneficial effects on metabolic diseases [20-22]. Limonoids are oxygenated
triterpenoids occurring in Citrus fruits both as aglycones and glycosides, particularly in
by-products of juice production, such as seeds and peels [23]. Limonoids are considered
responsible for the delayed bitterness of Citrus juice, especially when they occur in the
form of aglycone, while the glycosylation confers a more pleasant taste to Citrus juice
and products [24]. Recently, Citrus limonoids have been extensively studied for their po-
tential biological activities including antioxidant, antimicrobial, insecticidal, anticancer,
antidiabetic, and hypocholesterolemic effects [23,24]. Thus, both flavonoids and limonoids
occurring in Citrus fruits contribute, separately or synergistically, to beneficial effects of
Citrus fruits and related products on human health and well-being.

Concurrently with the large demand of fruits and vegetables as sources of health-
promoting agents, the food industry has evolved and oriented to the development of novel
and functional foods. Meanwhile, a great attention has been addressed to the effects of
food processing on chemical composition, properties, quality, and safety of foods [1].

Citrus fruits are consumed either fresh or as processed products, such as juice, mar-
malade, jelly, and dehydrated products [25]. About a third of Citrus fruit worldwide
is consumed after processing [16]. The high content in water make Citrus fruit highly
perishable, thus marmalade and jam are the most common processing methods used for
their preservation, prolonging shelf life and their off-season utilization [25]. In the last
years, the nutraceutical properties of products coming from fruit processing have attracted
attention, with particular regard to their chemical content in terms of biologically active
substances as well as their antioxidant capacity [26-29]. Few previous studies are reported
in the literature on Citrus jam/marmalade (orange and mandarin) that highlight the pres-
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ence of bioactive components having good antioxidant capacity, even though in lower
amount with respect to fresh fruits [30-32].

As aresult of Citrus fruit processing, a large amount of waste (about 50% of whole fruit)
is produced with a high impact on environmental aspects, thus recently Citrus byproducts
have been investigated as source of bioactive molecules to be used as food, beverage,
pharmaceutical, and cosmetic ingredients. Peels, membranes, and seeds constitute the solid
residue of Citrus waste, thus their reuse can contribute to reduce the impact of waste/by-
products [25]. In a recent study, the addition of orange peel in orange jam formulation
resulted in a good strategy to improve the phenol content and the antioxidant capacity [33],
as well as to replace pectin as a gelling agent [34]. As other examples, in our previous
collaboration studies, olive oil and bread were fortified with Citrus peel/leaf and albedo,
respectively, obtaining products with improved organoleptic properties and enriched with
some Citrus phytochemicals [35-38].

In continuing our investigations on the chemical profile and health-promoting properties
of several Citrus fruits typical of the Mediterranean area, such as bergamot (Citrus x bergamia
Risso & Poiteau), Italian chinotto (Citrus x myrtifolia (Ker Gawl.) Raf.), Sardinian Pompia
(Citrus limon var. pompia Camarda var. nova) and mandarin (Citrus reticulata Blanco) [39-43],
the attention was herein focused on commercial Citrus-based products (Coctura®) obtained
from lemons, oranges, and mandarins of selected cultivars provided by local farms located
in Sicily (Italy) and processed as marmalades, with some modifications, such as the addition
of Citrus peels in an optimized amount. The reduction of fruit waste as well as the val-
orization of local species as contribution to the biodiversity preservation are two important
concepts at the basis of the production of Citrus-based Coctura® products.

The aim of the present work was to investigate in depth the chemical fingerprint of two
Citrus-based products with respect to flavonoids and triterpenoids, as well as the volatile
organic compounds, to evaluate the preservation of health-promoting phytochemicals
typical of Citrus fruits. The chemical composition of the final products was compared with
that of fresh Citrus fruits utilized for their preparation. The quantitative analysis of the major
identified compounds was also performed. Highly sensitive analytical techniques were
used, such as ultra-high performance liquid chromatography coupled to a high resolution
Orbitrap-based mass spectrometer (UHPLC-HR-MS/Orbitrap) and gas-chromatography
coupled to MS (GC-MS) for non-volatile and volatile compounds, respectively. In addition,
the total polyphenol content (TPC) and the antioxidant properties were evaluated to
investigate the nutraceutical properties of the final products. Taking into account how the
acceptability of food products is important among consumers, a sensorial analysis was
finally performed.

2. Materials and Method
2.1. Chemicals and Reagents

Analytical grade methanol and n-butanol used for extract preparation were purchased
from Merck (Darmstadt, Germany). UHPLC grade methanol, formic acid, and water were
supplied from Romil-Deltek (Pozzuoli, Italy). DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS
(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and Folin—Ciocalteu reagent were
purchased by Merck (Darmstadt, Germany). Limonin standard (99.8% purity) was obtained
from DBA Italia s.r.l. (Milano, Italy). Hesperidin (97% purity) and vitexin (>95% purity)
were purchased from Merck (Darmstadt, Germany).

2.2. Citrus Fruits and Commercial Products
2.2.1. Fruit Origin and Product Composition

Commercial Coctura® products and Citrus fruits were kindly supplied by the company
“TERRA AQUA s.rl.” located in Verona (Italy).

“Coctura® Mixed Citrus” is a gastronomic specialty based on Citrus fruits cultivated
by local farms in the territory of Santo Stefano di Briga, an ancient village located in Messina
province (Sicily, Italy), crossed by the torrent Santo Stefano. The used Citrus fruits are sweet
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oranges (Citrus sinensis (L.) Osbeck), mandarins (Citrus reticulata Blanco cv. Avana), and
lemons (Citrus limon (L.) Osbeck cv. Femminello Santa Teresa). “Coctura® Lemon” is based
only on Femminello Santa Teresa lemons. All fresh fruits were collected in February 2021;
the pulps and peels were separated and stored at —20 °C until extract preparations.

The composition of both the commercial products is shown in Table 1.

Table 1. Composition (%) of Coctura® Citrus products.

Coctura® Products Fruits (Pulp and Peel) Cane Sugar
. . Sweet oranges 37.5%, Femminello Santa Teresa o

Mixed Citrus lemons 9.5%, Avana mandarins 8.5% %

Lemon Femminello Santa Teresa lemons 55% 44%

2.2.2. Product Preparation

The fruit products were prepared following the process of preparation of marmalade/jam,
according to the Italian Legislative Decree n° 50/2004 and the European Union Council
Directive 2001/113EC, while food information to consumers about the origin of fruits
agrees with the Regulation (EU) 2018/775.

The Citrus fruits were collected from plants at ripening stage, then selected for quality
and processed, separating pulp, seeds, and peels. All the operations were made manually.
The selected fruit material was successively mixed with cane sugar and placed in a steel
ball for cooking under vacuum (<1 bar) at T < 65 °C to preserve the quality of fruits and
organoleptic characteristics. The cooked material was then concentrated in sugars, stirred,
and transferred into filled glass jars while still warm, then capped and subjected to pasteur-
ization at T = 98 °C for no more than 15 min. All jars were left at room temperature for at
least 24 h for cooling. No additional pectin, flavours, or preservative agents were added.

2.3. Preparation of Extracts

Citrus pulps, deprived of seeds, were lyophilized (Modulyo, Pirani 501, Edwards, UK),
while peels were dried in an oven at T = 39 °C. Mixed Citrus and Lemon products, as well
as the dried fruits peels and pulps, were subjected to an extraction process to recover the
potential bioactive molecules.

Each sample (15 g of Citrus products, fruits peels, and fruits pulps) was extracted
with methanol by ultrasound-assisted extraction using a Labsonic LBS2 ultrasonic bath
(Falc Instruments s.r.l., Treviglio, Italy) for 15 min (T = 20 °C, 59 kHz), then centrifuged
(4000 rpm for 10 min). The supernatants were recovered, and the solvent removed under
vacuum to obtain dry methanol extracts as reported in Table 2.

Table 2. Extraction yield of Citrus samples.

Extract Weight (g)

Sample (15 g) MeOH n-BuOH
Coctura® Mixed Citrus 5.78 0.16
Coctura® Lemon 5.70 0.27
Orange peel 1.18 0.12
Mandarin peel 1.28 0.16
Lemon peel 0.95 0.16
Orange pulp 1.16 0.07
Mandarin pulp 1.14 0.09
Lemon pulp 0.79 0.23

For UHPLC-MS analyses, the obtained extracts were successively partitioned between
n-butanol and water to remove the sugar content. After mixing for 5 min, the organic and
aqueous phases were separated by centrifugation (4000 rpm) for 10 min. The n-butanol
solutions were dried under vacuum to obtain dry extracts (Table 2), which were injected
into the LC-MS system.
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2.4. Total Polyphenol Content

Total polyphenol content (TPC) was assessed by a modified protocol of the Folin—
Ciocalteu method [44]. The analysis was performed in triplicates. The n-butanolic extracts
of all samples (0.150 g each) were diluted with 2 mL of MeOH 70%. The diluted solution
(50 pL) was determined as already described. The incubation was performed at 40 °C for
30 min, then the absorbance was determined at 765 nm in a UV-1800 spectrophotometer
(Shimadzu Corporation, Kyoto, Japan). TPC were referred as gallic acid as standard and
expressed as mg GAE/100 g of original product (mg gallic acid equivalents/100 g).

2.5. Antioxidant Activity

The antioxidant activity of the fruits pulps and peels and of the two Citrus-based prod-
ucts (Mixed Citrus and Lemon) was assessed in triplicates by free radical scavenging DPPH
(2,2-diphenyl-1-picrylhydrazyl radical) activity and ABTS (2,2-azino-bis(ethylbenzene-
thiazoline-6-sulfonic acid) assays.

For the DPPH assay;, 10, 20, 40, and 60 pL of the methanolic solutions of the samples
were added to a DPPH solution to reach a final volume of 1 mL. After 30 min of incubation
at room temperature in the dark, the blenching of DPPH was measured at 517 nm. The re-
sults were expressed as ICsg value, calculated from the regression line relating the DPPH
inhibition ratio and the sample volume, using the interpolation method. The inhibition
ratio (I %) was calculated as [(AbsO — Abs1/Abs0) x 100], where Abs0 is the absorbance of
the DPPH and Absl is the absorbance of the sample, according to Brand-Williams et al. [45].
The ABTS assay was assessed according to the Re et al. method [46], using 20 uL of the
fruit pulps and marmalades” methanolic solutions and 5 uL of the fruit peels’ methanolic
solutions. The oxidization of the ABTS with potassium persulfate produced the green/blue
radical cation, ABTS*. ABTS* was reduced, in turn, by the presence of hydrogen-donating
antioxidants, determining a decolorization of the green/blue chromogen, determined
spectrophotometrically at 734 nm. Trolox was used as control (2.5 mM). The results were
expressed as mM of Trolox equivalents per 100 g of fresh product (fruits and marmalades).

2.6. Chemical Characterization by UHPLC-ESI-HR-MS/Orbitrap Analysis

The chemical content of the fruits used for the manufacturing of the analysed prod-
ucts and of the two Citrus-based marmalades was investigated by means of ultra-high-
performance liquid chromatography (UHPLC, Vanquish Flex Binary pump) coupled to
an electrospray ionization (ESI) high resolution-mass spectrometer (HR-MS) Q Exactive
Plus MS Orbitrap-based FI-MS system (Thermo Fischer Scientific Inc., Bremem, Germany).
For UHPLC-MS analyses, the n-butanol extracts were dissolved in methanol (2 mg/mL)
and centrifuged (4000 rpm) for 10 min, then the supernatants were injected (5 pL injection
volume) on a C-18 Kinetex® Biphenyl column (100 x 2.1 mm, 2.6 um particle size) provided
of a Security Guard TM Ultra Cartridge (Phenomenex, Bologna, Italy). Chromatographic
separation was obtained by using a mixture of formic acid in methanol 0.1% v/v (solvent A)
and formic acid in H,O 0.1% v/v (solvent B) as eluent and developing a linear solvent
gradient from 5 to 70% A within 18.5 min, at a flow rate 0.5 mL/min. The column and
autosampler temperature were maintained at 35 and 4 °C, respectively. The acquisition
of HR mass spectra was done in a scan range of m/z 150-1200 in ESI negative ionization
mode, operating in full (70,000 resolution, 220 ms maximum injection time) and data
dependent-MS/MS scan (17,500 resolution, 60 ms maximum injection time). Ionization
parameters were optimized as previously reported [37]. Data were elaborated using the
Xcalibur™ software.

For the quantitative analysis of the major chemical constituents, three calibration
curves were constructed using hesperidin, vitexin (apigenin 8-C-glucoside), and limonin as
external standards for quantification of flavanon O-glycosides, flavone C-glucosides, and
limonoids, respectively. Stock methanol solutions (1 mg/mL) were first prepared and then
diluted by serial dilution to obtain solutions in triplicate at different concentrations in the
following range: 0.00625-0.05 mg/mL for hesperidin and vitexin, 0.00156-0.0125 mg/mL
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for limonin. The calibration curves were constructed plotting concentrations with respect
to the areas obtained by MS peak integration. The relation between variables was ob-
tained by linear simple correlation (R? = 0.9647 for hesperidin; R? = 0.9895 for vitexin,
and R? = 0.9972 for limonin). Data were obtained by Microsoft® Office Excel, and the
amounts of components were finally expressed as mg/100 g & standard deviation (SD) of
original product.

2.7. Headspace-Solid Phase Microextraction (HS-SPME) Analysis

The volatile organic compounds (VOCs) of the fruits used for the manufacturing of the
analysed products and of the two Citrus-based products were analysed by the headspace-
solid phase microextraction (HS-SPME) method. All the samples (a slice including peel
of each Citrus and 1 g of each Citrus-based product) were placed into a 50 mL glass flask,
covered with an aluminum foil, and left to equilibrate for 30 min at room temperature.
Thereafter, a sampling of 5 s for the fruits and 5 min for the marmalades was performed
using a Supelco PDMS fiber (100 um), preconditioned according to the manufacturer
instructions. Once sampling was finished, the fiber was withdrawn into the needle and
transferred to the injection port of the GC-MS system.

2.8. GC-MS Analyses

The gas chromatography-electron impact mass spectrometry (GC-EIMS) analyses
were performed using an Agilent 7890B gas chromatograph (Agilent Technologies Inc.,
Santa Clara, CA, USA) equipped with an Agilent HP-5MS capillary column (30 m x 0.25 mm;
coating thickness 0.25 um) and an Agilent 5977B single quadrupole mass detector. The used
analytical method was as follows: oven temperature rising from 60 to 240 °C at 3 °C/min;
injector temperature of 220 °C; transfer line temperature of 240 °C; carrier gas helium of
1 mL/min. The mass spectra were acquired on full scan in a scan range of 30-300 m/z and a
scan time of 1.0 s.

The peak identification was based on both a comparison of the retention times with
those of pure samples, comparing their linear retention indices relative to the series of
n-hydrocarbons (C8-C27), and a computer matching against commercial (NIST 14 and
ADAMS 2007) and laboratory-developed mass spectra libraries built up from pure sub-
stances and components of commercial essential oils of known composition and MS litera-
ture data [47-52].

2.9. Sensorial Evaluation and Physicochemical Analysis

The sensorial evaluation of the Mixed Citrus and Lemon samples was performed at
the Pharmacy Department of the University of Pisa, using a panel made up by 30 untrained
panelists, comprising students, technicians, researchers, and professors, aged between
24 and 68 years. A 9-point hedonic scale, with 1 = dislike extremely and 9 = like extremely,
was used to assess a set of attributes for each sample: colour, aroma, taste, flavour, texture,
spreadability, and overall acceptability. The samples, three replicates for each one, were
presented in a random pattern and a glass of water was provided to the panelists to
rinse the mouth between each tasting, according to the Emelike and Akusu method [53].
The physicochemical analysis of the marmalades such as total sugars, titratable acidity
(%), and sugar-acid ratio were evaluated. Total sugars (IS) were determined using a
laboratory refractometer RL3 (Polkie Zaklady Optyczne, Warszawa, Poland) and expressed
in °Brix [33]. The determination of titratable acid (TTA) was performed on 10 g of Citrus-
based samples, homogenized in 100 mL of distilled water, and measured with 0.1 N NaOH
with phenolphthalein-ethanol solution as an indicator. TTA content was expressed as % of
citric acid [33]. All the experiments were performed in triplicate. Finally, the sugar-acid
ratio was calculated.
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2.10. Statistical Analysis

The t-test was carried out between the two samples (Mixed Citrus and Lemon), con-
cerning the aroma composition (chemical compounds and classes) and the sensorial prop-
erties (colour, aroma, taste, flavour, texture, spreadability, and overall acceptability), while
ANOVA test was carried out among all the samples for TPC and antioxidant assays. p < 0.05
was used to assess the significance of differences between means. The statistical analyses
were performed using the JMP software package (SAS Institute, Cary, NC, USA).

3. Results
3.1. Total Polyphenol Content and Antioxidant Potential Evaluation

TPC and antioxidant power of the fruit pulps and peels and of the two Citrus-based
products are reported in Table 3. Concerning the fresh fruits, the peels showed the highest
content of polyphenols, even though statistically differences were observed. The mandarin
peels sample was the richest one, showing a content of 68.24 £+ 1.49 mg GAE/100 g of
fresh weight (FW), followed by lemon peels (59.45 £+ 1.23 mg GAE/100 g) and orange
peels (41.21 £ 3.03 mg GAE/100 g). The fruit pulps, instead, were characterized by a TPC
significantly lower than the peels, comprising between 13.47 £ 0.56 mg GAE /100 g in the
orange and 19.24 + 0.27 mg GAE/100 g in the lemon ones.

Table 3. Total polyphenol content (TPC) and radical scavenging effects assessed by DPPH and ABTS
assays of the fruit pulps and peels and the Citrus-based products (Mixed Citrus and Lemon).

TPC DPPH ABTS

(mg GAE/100 g) IC5p (mg/mL) (TEAC mM/100 g)
Lemon pulp 19.24 +0.27 PE 0.70 £ 0.037 ¢ 1.85 4 0.08 ©
Lemon peels 59.45 +1.23B 0.14 + 0.008 P 11.77 £ 2.30 A
Mandarin pulp 18.45 + 0.59 PE 1.14 + 0.068 A 1.75£0.01 €
Mandarin peels 68.24 +1.49 A 0.21 + 0.001 P 13.36 £ 0.52 A
Orange pulp 13.47 +0.56 £ 0.81 +0.053 € 1.57 £0.14€
Orange peels 4121+3.03¢ 0.20 + 0.002 P 6.93 +£0.228
Coctura® Mixed Citrus 15.79 +0.85 F 1.00 +0.011 B 3.34 +0.42 BC
Coctura® Lemon 24.28 £0.95P 0.26 + 0.003 P 3.61 +0.17 BC

The results are expressed as mg gallic acid equivalents (GAE)/100 g FW (n = 3) + standard error for TPC, and
as ICsp (mg/mL) (n = 3) &+ standard error and mmoL Trolox equivalents (TAEC)/100 g FW (n = 3) & standard
error for DPPH and ABTS, respectively. The superscript uppercase letters (A-E) indicate statistically significant
differences between the samples.

Concerning the Citrus-based products, both the Lemon and the Mixed Citrus samples
were characterized by good amounts of polyphenols, even though they resulted signif-
icantly higher in the former sample, reaching a concentration of 24.28 £ 0.95 mg GAE
in 100 g of product, than in the latter (15.79 £ 0.85 mg GAE/100 g). Similarly, both the
antioxidant assays (DPPH and ABTS) evidenced the highest antioxidant activity of the
peels, followed by the Citrus marmalades, while the pulp were the samples with the lowest
antioxidant power. Concerning the marmalades, DPPH assay evidenced a significantly
difference between the antioxidant power of Mixed Citrus and Lemon ones, resulting
higher in the latter, with a lower ICsy. The dose-response curves for DPPH radical scaveng-
ing capacity of all the samples are reported in Figures S1-54 (Supplementary Materials).
The ABTS assay, instead, showed a higher antiradicalic activity of the Lemon product than
the Mixed Citrus one, but no statistically differences were evidenced.

3.2. Chemical Characterization and Amount of Bioactive Molecules

The phytochemical profile of Lemon and Mixed Citrus Coctura® samples, as well
as pulp and peels of fresh Citrus fruits, was investigated in depth by means of UHPLC-
HR-ESI-MS/Orbitrap, a highly sensitive technique useful for the identification of sub-
stances in complex mixtures. The LC-MS chromatograms obtained from the analyses
of the two Citrus-based products are reported in Figure 1. From the qualitative point of
view, the two samples showed a very similar composition, characterized by the presence
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of two major classes of components, flavonoids and triterpenoids. All compounds were
identified based on their elution order, full and fragmentation MS data (Table 4) compared
with the literature data. According to the literature, among flavonoids, several flavanone
O-glycosides were tentatively identified: eriocitrin and/or its isomer neoericitrin (peak 17),
narirutin and/or naringin (peak 20), and hesperidin and/or neohesperidin (peak 25),
the most representative components in Citrus genus [21]. Since each couple of isomers
differ for the sugar portion constituted by rutinose or its isomer neohesperidose, the correct
identification it is not possible based only on MS data. However, eriocitrin, narirutin, and
hesperidin are reported as the main component of Citrus juice, while neoeriocitrin, naringin,
and neohesperidin are predominant in the peels [21]. In addition, four flavone C-glucosides,
apigenin (peak 10) and diosmetin (peaks 14, 18, and 19) derivatives, were identified in both
extracts by MS data [39]. In both the extracts, also three triterpenoids, belonging to the
limonoid class, were identified and assigned as nomilinic acid glucoside (peak 23), limonin
(peak 29), and nomilinic acid aglycone (31). The annotated compounds by MS data were
previously isolated in Citrus fruits and identified by NMR techniques [54—62]. The fragmen-
tation spectra herein obtained by Orbitrap MS/MS experiments are shown in Figures S5-57
(Supplementary Materials). A minor compound, the limocitrin O-glucoside-3-hydrohy-3-
methylglutaryl (peak 22) [63] was found in both Citrus marmalades. The Mixed Citrus prod-
uct showed the presence of the terpenoid roseoside (peak 6) [64], the flavanone O-glycoside
poncirin (peak 27), and a limonoid (peak 30) not detected in the Lemon product.
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Figure 1. UHPLC-HR-ESI-MS/Orbitrap profiles, registered in negative ionization mode, of
n-butanolic extracts of Lemon and Mixed Citrus products. Peak data are shown in Table 4.

The chemical profiles of Citrus peel and pulp are showed in Figures 2 and 3, respec-
tively. Compared to Coctura products, the chemical composition of fresh fruits showed as
major components the same flavanone O-glycosides and limonoids, with (neo)hesperidin
(25) and limonin (29) well represented in all fruits, and (neo)eriocitrin (17) prominent in
lemon pulp. All fruits used for their manufacturing were richer in several minor com-
pounds, belonging to different classes such as hydroxycinnamic acids, including feruloyl
(4, 5, and 13), coumaroyl (2, 3, and 7), and sinapoyl (8) derivatives in all analysed Citrus,
the terpenoids roseoside (6) and ichangin (28) in mandarin and orange pulps. The phenyl-
propanoid xanthoxylin (15) and two methoxyflavonoids (22 and 24) were detected only in
lemon peels. Several minor peaks remained unidentified.
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Table 4. Chromatographic and mass spectrometry data of compounds identified in the analysed samples: Coctura Mixed Citrus (A), Coctura Lemon (B), Orange

peel (C), Mandarin peel (D), Lemon peel (E), Orange pulp (F), Mandarin pulp (G), Lemon pulp (H). Peak numbers correspond to those of Figures 1-3.

Peak Compound ? tr (min) HR-[M —HI~ HR-MS/MS Prﬁd““ Tons Molecular Formula Mass Error (ppm) Extract Ref.
(m/z) (ml/z)
Organic acid and derivatives
1 Citric acid 0.5 191.0193 173.01, 111.01, 87.01, 85.03 CsHgO7 —2.25 C,D,E,EGH [39]
9 Aconitic acid 7.3 173.0086 129.09, 111.01, 85.03 CeHgOp —3.23 H
11 Citric acid derivative 7.7 247. 0821 185.08, 173.01, 111.01, 87.01, 85.03 C10H1607 —0.93 H [65]
Phenolic acid
2a,2b cis/trans Coumaroyl acid glucoside 44,48 325.0929 145.03, 117.03 Ci15H150s +0.03 F [66,67]
3a,3b cis/trans Coumaroylisocitric acid 4.5 337.0567 191.01, 163.04, 129.02, 119.05, 85.03 C15H1409 +0.59 C,D,E [65]
4 Feruloylisocitric acid 5.3 367.0670 193.05, 147.03, 134.04, 85.03 C16H16010 —-0.27 , [65]
5a, 5b cis/trans Feruloyl glucoside 6.2,6.3 355.1035 193.05, 175.04 C16H2009 +0.11 F G H [66,67]
7 p-Coumaric acid 6.5 163.0396 119.05, 104.03 CyoHgO3 —2.88 C,D,E [66,67]
8a, 8b cis/trans Sinapoyl glucoside 6.8 385.1142 223.06, 205.05, 119.01, 91.01 C17H2019 +0.47 F G H [66,67]
12 Dihydroxyhydrocinnamic acid hexoside 7.9 357.1190 195.07, 151.08, 121.03 C16H2209 +0.31 A,B,E [68]
13 Ferulic acid 8.2 193.0501 178.03, 149.06, 134.04 C10H1004 —2.75 C,D,E [66,67]
Phenylpropanoid
15 Xanthoxylin 9.0 195.0658 177.05, 151.08, 136.05, 121.03 C1oH1204 +2.46 E [69]
Terpenoids
6 Roseoside 6.2 (IM + HCOOQO]~ 431.1923) 385.19, 223.13, 205.12, 153.09 C19H3p0s A,C,D,EF [67]
16 Abscisic acid glucose ester 9.6 425.1819 263.13,219.14, 151.08 Ca1H3009 —0.45 F [70]
21 Abscisic acid 11.6 263.1288 219.14, 204.11, 201.13, 151.08 Cy5H004 +0.30 C,D,EF [71]
Flavone C-glucosides
10 Vicenin-2 (apigenin 6,8-di-C-glucoside) 7.3 593.1515 503.12, 473.11, 383.08, 353.07 CyyH30015 +0.51 A-H [39,43]
Lucenin-2 4'-methyl ether )
14 (diosmetin 6,8-di-C-glucoside) 8.9 623.1618 503.12, 413.09, 383.08 CasH32046 0.00 A,B,C,D,FEGH [39,43]
18 Diosmetin 8-C-glucoside or 6-C-glucoside 10.5 461.1091 371.08, 341.07, 298.05 C»nH» 011 +0.43 A,B,C,D,E,GH [43]
19 Diosmetin 8-C-glucoside or 6-C-glucoside 10.9 461.1091 371.08, 341.07, 298.05 C»nH» Oy +0.43 A,B,C,D,E,G H [43]
Flavanone O-glycosides
17 Eriocitrin/neoeriotricin 9.8 595.1672 287.05, 151.00, 135.04 CyH3015 —0.34 A-H [39,43]
o L 579.1716 )
20 Narirutin/naringin 11.2 (IM + HCOOJ~ 625.1772) 271.06, 151.00, 119.05 CyyH3,014 —0.52 A-H [39,43]
5 5 609.1824 )
25 Hesperidin/neohesperidin 12.5 (IM + HCOO]~ 645.1593) 301.07, 286.05, 151.00 CogH34015 -0.16 A-H [39,43]
593.1875
27 Poncirin 15.1 (IM + HCOO]~ 285.08, 270.05 CasH3401s ~0.13 AEG [43]

639.1933)
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Peak Compound ? tg (min) HR-[(l:n/[ /z_) HI” HR-MS/I\(/:: /i’)r ‘gd““ Tons Molecular Formula Mass Error (ppm) Extract Ref.
Methoxyflavonoids
Limocitrin O-3-hdroxy-3-methylglutaryl
22 (HMG)- glucoside- 12.0 651.1569 507.11, 345.06, 329.03 A,B,E [67]
24 Tetramethoxyflavonoid O-HMG-glucoside- 12.2 681.1673 537.12, 375.07, 359.04, 345.02 E [67]
Ciclopeptydes
726.3830
26 Citrusin III 14.2 (M + HCOO]~ 696.37,590.33, 119.05 C36Hs53N709 +0.28 C,D,EG [72]
772.3892)
Limonoids
23 Nomilinic acid glucoside 12.1 711.2872 651.27, 607.28, 370.36, 59.01 C34Hy3016 +0.28 A-H [39]
487.1978
28 Ichangin 16.4 (IM + HCOO]~ 469.19, 411.15, 381.21, 147.08 Ca6H3209 +0.90 EG [73]
533.2028)
29 Limonin 16.9 469.1861 (M + HCOO]~ 515.1920) 321.11, 229.12,199.11 CoH30Os +0.43 A-H [37,73]
Deacetyl nomilin/isobacunonic 471.2021
30 -acety 17.3 (IM + HCOOJ~ 471.20, 453.19, 429.19, 303.72 © CaH3,08 —-0.72 A,C,DEFGH [62,73]
acid/limonol 517.2078)
31 Nomilinic acid 18.0 531.2233 471.20, 427.21, 369.17, 59.01 CasH36010 —0.56 A,B,C,E,FEGH [37,73]

2 Compounds were tentatively identified based on comparison of mass spectra (full scan and fragmentation patterns) with literature. ® The base ion peak is shown in bold. ¢ Product
ions generated by fragmentation of [M + HCOO]~ adduct.
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Figure 2. UHPLC-HR-ESI-MS/Orbitrap profiles, registered in negative ionization mode, of
n-butanolic extracts of Citrus peels. Peak data are shown in Table 4.
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Figure 3. UHPLC-HR-ESI-MS/Orbitrap profiles, registered in negative ionization mode, of
n-butanolic extracts of Citrus pulps. Peak data are shown in Table 4.

Results of quantitative analysis (Table 5) showed that the Lemon sample was higher in
both flavonoid and limonoid content than the Mixed Citrus one (28.9 + 3.14 vs. 17.2 + 0.45
and 8.85 & 0.94 vs. 4.95 + 0.41 mg/100 g of Coctura® product, respectively). Among
flavonoids, flavanone O-glycosides were more represented than flavones C-glucosides,
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with eritriocin the most abundant in both samples, but three times higher in the Lemon
than in the Mixed Citrus, while the latter sample was richer in naringin and hesperidin.
The three limonoids were found in comparable amount, with nomilinic acid glucoside
a little bit higher in both samples. Quantitative analysis of fresh fruits (Table 5) showed
that, despite a reduction in terms of both flavonoid and limonoid contents during the
preparation process of marmalades, the relative composition of all samples was maintained.
Moreover, (neo)eriocitrin (17) was the most represented flavonoid in Coctura Lemon as
well as in pulp and peel of fresh lemon, while a lower content was observed in Coctura
Mixed Citrus where a lesser quantity of lemon was used. Analogously, naringin (25) was
higher in Coctura Mixed Citrus than in the Lemon one, due to its presence in mandarin
and orange where the flavanone was detected in a good amount, especially in the peels.
Limonoids resulted higher in Coctura Lemon as expected by the great content observed in
lemon peel, the richest sample in this class of metabolites, mainly represented by limonin.
All quantitative results are summarized in the chart in Figure 4.

Table 5. Amount of flavonoids and limonoids in Coctura® products and fresh Citrus samples
expressed as mg/100 g of fresh product.

Amount
(mg/100 g of Fresh Weight)

Coctura Products Peel Pulp
Peak Mixed Citrus Lemon Orange Mandarin Lemon Orange Mandarin Lemon
Flavonoids
10 0.729 + 0.024 1.08 £0.13 7.57 £0.62 7.60 £ 0.63 1.38 £0.126 3.15+0.35 1.26 £0.15 3.68 +0.53
14 0.431 + 0.019 1.10 £0.13 0.456 + 0.019 2.79 +0.34 nd 0.00390 = 0.0024 0.163 + 0.021 4.15 & 0.60
18 0.527 4 0.0084 1.36 + 0.16 0.794 £ 0.028 2.48 £0.20 2.17 £0.043 nd 0.293 £ 0.027 2.59 £ 0.043
19 0.876 &+ 0.015 213 +£0.24 1.01+0.11 6.82 + 0.64 2.08 £0.19 nd 0.587 & 0.063 4.90 £ 0.095
17 5.08 £ 0.081 16.4 +1.74 0.610 & 0.034 0.706 & 0.074 354+1.5 0.0590 =+ 0.067 0.266 & 0.024 535+5.6
20 2.10 # 0.070 0.482 + 0.055 6.44 £ 0.052 20.6 £2.3 0.734 +0.023 63.7 +6.1 342441 779+13
25 7.48 +0.23 6.40 £ 0.69 782 £3.1 96.6 = 4.9 249+ 14 415+3.0 499 +4.0 91.1+11
Total 17.2 £ 045 289 £3.14 95.0 £ 4.4 138 £9.1 66.7 £3.4 109 £9.5 86.7 £ 8.4 168 + 19
Limonoids
23 1.79 £ 0.048 3.30 £0.37 0.467 £ 0.023 0.18 £0.016 1.09 £ 0.094 0.193 £ 0.020 0.587 & 0.066 4.27 £0.59
29 1.66 £ 0.043 2.60 £+ 0.26 13.2 £0.062 140 +£1.1 86.5 + 4.2 157 £ 14 354434 173 £2.1
31 1.50 £0.32 2.95+0.31 0.182 + 0.0088 nd 11.1£0.34 0.392 + 0.044 5.29 4 0.44 3.06 & 0.42
Total 4.95 £0.41 8.85 £ 0.94 13.9 + 0.65 142411 98.6 £4.6 163+ 14 413 £39 246 £3.1

200

mg / 100 g fresh weight
N S
N R O ® O N kR N ®
S &S & &5 & S & & S
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Mixed Lemon Orange Mandarin Lemon Orange Mandarin Lemon
Citrus peel peel peel pulp pulp pulp
Flavonoids Limonoids

Figure 4. Distribution of flavonoids and limonoids in Coctura® products (Mixed Citrus and Lemon)

and fresh Citrus fruits.
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3.3. Aroma Composition

The complete compositions of the headspaces of the analysed Citrus-based samples
are reported in Table 6. Overall, 20 compounds were identified, covering the 100% of the
whole chemical profiles.

Table 6. Complete composition of the headspaces of the Mixed Citrus and Lemon samples.

Relative Abundance (%) + Standard Deviation

i1
Compounds Lri. Class Mixed Citrus Lemon
«-Pinene 933 mh 0.5+ 0.07 0.6 +0.11
Camphene 948 mh 0.1+0.088 0.3 +0.034
-Pinene 977 mh 0.5+ 0.15 0.8 +0.14
Myrcene 991 mh 1.3 £0.09 1.2 £0.07
Octanal 1003 nt 0.1+0.034 -B
o-Phellandrene 1006 mh 0.1+0.028 0240014
1,4-Cineole 1015 om -B 0.240.044
o-Terpinene 1017 mh 0.6 = 0.08 0.5 4 0.09
p-Cymene 1025 mh 09 +0.22 1.1+£0.15
Limonene 1029 mh 80.8 +1.76 A 70.5+3.29 B
(E)-B-Ocimene 1047 mh 02 +£0.17 0.2 +0.02
y-Terpinene 1058 mh 104 £ 1.05 12.2 £ 0.66
Terpinolene 1089 mh 1.4 4+ 0.06 2.2 £0.35
Linalool 1101 om 0.2 +0.03 0.3 +0.12
Nonanal 1105 nt 0.1 £0.07 0.2 +0.08
Fenchol 1114 om 0.2 £0.01 0.8 £0.33
Borneol 1165 om -B 03+0134
4-Terpineol 1177 om 0.7 = 0.09 22 +0.92
«-Terpineol 1191 om 1.7 +£0.33 58 £2.35
Safranal 1201 ac -B 0.2 4 0.074
Monoterpene hydrocarbons (mh) 96.9 + 0.48 89.9 +4.11
Oxygenated monoterpenes (om) 29 +047 9.7 £ 3.88
Apocarotenoids (ac) -B 0.2 £0.074
Other non-terpene derivatives (nt) 0.2+ 0.10 0.24+0.16
Total identified (%) 100 + 0.01 100 + 0.02

! Linear retention index on a HP 5-MS capillary column. For all the compounds and for the chemical classes, the su-
perscript uppercase letters (A, B) indicate statistically significant differences between the samples. The statistically
significance of the relative abundances was determined by the t-test, with p < 0.05.

The volatile organic compounds (VOCs) of both the Citrus-based samples were rep-
resented mainly by monoterpene hydrocarbons, resulting higher in Mixed Citrus (96.9%)
than in Lemon (89.9%). Among these secondary metabolites, limonene was undoubtedly
the main detected compound, as it covered 80.8 and 70.5% of the Mixed Citrus and Lemon
sample HSs, respectively. y-Terpinene was also detected in good percentages in both the
product aroma profiles (Mixed Citrus: 10.4%; Lemon: 12.2%).

In addition, the volatilome of the Lemon sample was characterized by the presence
of good percentage of oxygenated monoterpenes (9.7%), which instead were lower in the
Mixed Citrus one (2.9%). This difference was attributable to the larger amount of 4-terpineol
in the former sample (5.8%) than in the latter one (1.7%).

The marmalades showed a similar aroma profile to the fresh Citrus, whose chemical
composition was reported in Table 7. A total of 20 compounds were identified in orange,
mandarin, and lemon volatile profiles, represented mainly by monoterpene hydrocarbons
(98.0 and 99.8% in mandarin and orange, respectively), as observed for the marmalade
samples. Limonene was the most abundant compound in all the analysed fruits, particularly
in orange, in which it accounted for 93.3% of the whole composition. Lemon and mandarin,
instead, showed lower amounts of this compound (60.6% and 66.8%, respectively), while
good percentages of other chemicals, in particular 3-pinene (14.8%) and y-terpinene (13.3%)
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were detected in noticeable amounts in the lemon aroma. However, y-terpinene was the
second most abundant component (18.9%) of the mandarin volatile emission.

Table 7. Complete composition of the headspaces of fresh lemon, mandarin, and orange fruits.

Relative Abundance (%) + Standard Deviation

Compounds lLri.l Class.

Lemon Mandarin Orange
a-Thujene 926 mh 0.7 £ 0.00 1.0+0.15 -
«-Pinene 933 mh 314011 2.3 4043 0.8 £ 0.03
Sabinene 973 mh 3.3+0.08 0.3 £0.04 22+0.11
[3-Pinene 979 mh 14.8 £0.12 1.8 +0.27 0.2+0.11
Myrcene 991 mh 1.9+0.11 1.8+0.38 2.7 +£0.05
Octanal 1003 nt - 0.6 £0.32 -
a-Phellandrene 1006 mh 0.1+ 0.01 0.1 4+0.03 -
x-Terpinene 1017 mh 0.7 £0.02 1.3 +0.03 -
p-Cymene 1024 mh 0.2 £0.09 3.3 +£0.60 -
Limonene 1029 mh 60.6 = 0.12 66.8 +2.29 93.3 £0.12
(E)-B-Ocimene 1047 mh 0.2 £0.01 - -
v-Terpinene 1058 mh 13.3 £0.01 189 £2.23 0.2+0.17
Terpinolene 1089 mh 0.8 £0.03 1.1+0.15 0.2 £0.01
Linalool 1101 om - 02=+01 0.2 £0.02
4-Terpineol 1177 om - 0.1+0.06 -
a-Terpineol 1191 om - 0.2+£0.12 -
-Caryophyllene 1419 sh 0.1 +0.01 - -
Methyl N-methylanthranilate 1408 nt - 0.2+£0.16 -
trans-x-Bergamotene 1436 sh 0.1 £0.01 - -
Valencene 1493 sh - - 0.2 +0.03
Monoterpene hydrocarbons (mh) 99.8 = 0.01 98.0 = 0.87 99.6 & 0.05
Oxygenated monoterpenes (om) - 0.7 £0.32 0.2 £0.02
Sesquiterpene hydrocarbons (sh) 0.2 +£0.02 - 0.2 +£0.03
Other non-terpene derivatives (nt) - 1.3+ 055 -
Total identified (%) 100.0 + 0.01 100.0 + 0.01 100.0 + 0.01

! Linear retention index on a HP 5-MS capillary column.

3.4. Sensorial Properties and Physicochemical Analysis

The average score and the radar graph of the different attributes perceived by the
30 untrained panelists who took part to the sensorial analysis of the Lemon and Mixed
Citrus products are reported in Table 8 and Figure 5, respectively. Each attribute had a
score between 1 and 9, according to the 9-point hedonic scale.

Table 8. Average scores and standard deviations for the different sensorial attributes of the sensorial
analysis performed on the Lemon and Mixed Citrus products.

Sensorial Attributes Mixed Citrus Lemon

Colour 7.84 +0.14 A 553 +0.14 8B
Aroma 6.40 + 026 A 5.64 +0.08 B
Taste 752 +0.10 4 6.56 +0.14 B
Flavour 7.02 40254 6224+ 0.128
Texture 6.33 4+ 0274 554+ 0.158
Spreadability 6.88 +0.30 A 53340208
Overall acceptability 742 +0.164 6.18 £ 0.05 B

Superscript uppercase letters (A,B) indicates statistically significant differences between the samples for each
attribute. The statistical significance of the relative abundances was established by the t-test, with p < 0.05.

The scores for the sensory attributes of the Lemon sample ranged between 5.33 and
6.56. The spreadability was the parameter with the lowest score, followed by the colour
(5.53), the texture (5.54), and the aroma (5.64). Flavour and taste, instead, scored more than
6 (6.22 and 6.56, respectively), as well as the overall acceptability (6.18), resulting in the
“like slightly” area of the hedonic scale [74].

The Mixed Citrus scores were between 6.33 and 7.84. The highest value was achieved
for the colour, followed by the taste (7.52), the overall acceptability (7.42), and the flavour
(7.02). Scores between 7 and 8 corresponded to “like moderately” on the words version of
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the 9-point hedonic scale [74]. Scores under 7, instead, were obtained for the spreadability
(6.88), the aroma (6.40), and the texture (6.33).

Colour
9
8
Overall acceptability 6 Aroma
Spreadability Taste
Texture Flavor
Lemon —— Mixed Citrus

Figure 5. Radar graph of sensory analysis of Lemon and Mixed Citrus samples.

The total sugars and the titratable acidity of the Mixed Citrus and Lemon samples
were 52.5 + 0.436 and 57.6 £ 0.288 °Brix, and 1.25 £ 0.00% and 1.27 £ 0.00%, respectively.
The sugar-acid ratio (TS/TTA) were 42.03 for Coctura® Mixed Citrus and 45.43 for Coctura®
Lemon. As reported by Teixera et al. [33] higher SS/TA ratio indicates an improved taste
due to a better balance between sugars and acids. As well evidenced by the radar graph,
Mixed Citrus, despite its lower sugar-acid ratio, scored better than Lemon in the sensorial
analysis for all the assessed attributes, evidencing the significant influence of the used
Citrus species on the sensorial attributes, as well as on the overall acceptability of the final
product. A picture of Mixed Citrus and Lemon samples is showed in Figure 6.

Figure 6. Coctura® Mixed Citrus (A) and Lemon (B) products.

4. Discussion

In the present study, Coctura® Lemon and Mixed Citrus products were evaluated and
compared to the starting fresh fruits for their chemical and sensorial properties, in order to
support the consumption of fruit-based products as source of health-promoting agents.

Both samples were found to be a source of phenolic compounds. The total phenolic
content of the analysed Citrus products was lower than that reported by Rosa et al. [30]
for both the orange marmalade (155.67 & 48.2 mg GAE/100 g) and the mandarin/orange
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one (135.78 £ 46.74 mg GA /100 g), and by Rababah et al. [31], whose study highlighted
a polyphenol content of 436.9 £ 28.2 mg GAE/100 g in an orange marmalade as well.
Noticeable was the study conducted by Teixeira et al. [33], which investigated, among
others, the polyphenolic content of marmalades produced with the addition of different
percentages of orange peels during the formulation. The results evidenced a raising amount
of phenols by increasing of the peels, reaching a maximum content of 12.73 4+ 0.05 mg
GAE/100 g, which, contrariwise to the previous mentioned studies, is lower than the
phenolic compound content of the samples studied in the present work. To the best of our
knowledge, however, this is the first study investigating the composition of marmalades
made only from lemons and from a mixture of lemons, oranges, and mandarins. As a
consequence, a comparison with the literature should be challenging.

Moreover, the amount of phenols in the analysed samples was accurately determined
by UHPLC-MS quantitative analysis by using an external standard for each class of detected
phytochemicals. To the best of our knowledge, this is the first paper reporting phytochem-
ical analyses of Citrus marmalade by using this technique. The total flavonoid amount
calculated by calibration curves agreed with results obtained spectrophotometrically. A to-
tal flavonoid content of 17.2 + 0.45 and 28.9 £ 3.14 mg/100 g of Mixed Citrus and Lemon
samples, respectively, was found. Compared to flavonoid content (35-147 mg/100 g) re-
ported in edible part of orange [75], both Citrus-based products could be considered a good
source of flavonoids.

Furthermore, according to the chemical data reported in the literature for fresh Citrus
fruits and confirmed by quantitative analyses of starting fruits performed in this study,
flavanone O-glycosides mostly contributed to the phenol composition of Citrus-based
products. When only lemons were used, the final product showed a predominant amount
of eriocitrin, followed by hesperidin and narirutin/naringin. This evidence is in agreement
with data reported in the literature about lemon juice in which hesperidin and eriocitricin
are the most significant flavanones, but with hesperidin usually the most abundant one, as
observed for lemon pulp analysed in this study [18,19,76]. When lemons, sweet oranges,
and mandarins were mixed for marmalade production, the ratio between the main fla-
vanones was changed consequently. The total flavonoid content was found lower, with an
increased amount of hesperidin, which resulted the main component, followed by erioc-
itricin. Similarly, the content of narirutin/naringin was higher in the Mixed Citrus sample.
These findings are in agreement with results obtained by quantitative analysis of fresh
fruits in this study and the literature data reporting mandarin and orange as a good source
of hesperidin, followed by narirutin/naringin and eritriocin [18,19,76]. Lemon sample was
also richer in flavone C-glucosides than Mixed Citrus, suggesting that lemon contributed
greatly to the presence of these compounds in the product obtained with Citrus mixture.
Similarly, limonoid content showed about 50% reduction when a mixture of Citrus fruits
was used, as expected from the higher content of these components registered in lemon
fruits, especially in lemon peel. According to Rababah et al. [31], a reduction in terms of
both flavonoid and limonoid contents during the preparation process of marmalades was
observed, probably due to a cell structure disruption during the fruit processing. However,
the relative composition of all samples was maintained.

Probably related to their phenol content, the two Citrus-based products showed a
good antioxidant potential, even though it was lower than that of the fresh Citrus fruit.
Results agreed with Rababah et al. [31], who reported a reduction of the antioxidant power
during the processing of a strawberry jam. The radical scavenging ability is related to
many degenerative diseases and aging events, thus intake of antioxidant compounds is
important for their prevention. Several epidemiological studies suggested a direct relation
between flavonoid intake and decrease of cardiovascular diseases and other degenerative
pathologies [77]. Citrus flavonoids, in particular hesperidin and naringin, were extensively
studied for their antioxidant activity, which is related not only to their radical scavenging
activity, but also to their involvement in the regulation of antioxidant gene expression.
Hesperidin and naringin, as well as their aglycones, were found to play an important role
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in the prevention of pathological conditions related to oxidative stress and inflammation,
also thanks to their ability to inhibit key enzymes involved in the inflammation response
and to downregulate the production of pro-inflammatory cytokines [19]. The cardiopro-
tective effect of hesperidin and naringin, as well as their potential in the prevention of
atherosclerosis and cancer, is reported in many studies [19,21,22,78]. In addition, several
studies highlighted a lipid-lowering effect exerted by flavanones, in particular naringin
and hesperidin, in in vivo models after a diet supplemented with a flavanone nutritional
dose [42,43,79]. More recently, the pharmacological properties of limonoids, as typical
constituents of Citrus fruits previously considered undesirable bitter compounds, have
been investigated in depth. Interestingly, limonin, the most abundant limonoid aglycone in
Citrus seeds, was found to exert antitumor activity in in vivo studies, as well as antioxidant
capacity, and hypocholesterolemic properties reducing apoB production in liver cells by
>70% [23,24,80]. Limonin showed also antiviral activity towards human retroviruses [81].
Thus, both flavonoids and limonoids could play a role in exerting beneficial effects in
human health.

Our chemical investigation showed the presence of two aglycones, limonin and
nomilinic acid, and the glucoside of nomilinic acid only. Limonoid aglycones are usu-
ally more abundant in seeds and peels, while glucosides, soluble in water and alcohols,
predominate in the fruit pulp. The limonoid amount found in Coctura® products suggested
a good balance of Citrus peels and fruits in the formulations.

The aroma profile of the Mixed Citrus and Lemon samples reflected the VOCs emitted
from the analysed fresh fruits employed for their formulation, which in turn, are in line
with the literature data investigating the chemical composition of the EOs obtained from
the fruit peels of these Citrus [35,82,83], as these by-products were exploited as natural
sealing agents, promoting the reduction of food waste and as a consequence the circular-
ization of the supply chain. The flavour, as well as the EOs, of Citrus fruits have been
widely investigated over the years. According to our findings on the aroma composition
of C. limon, Settanni et al. [83] reported monoterpene hydrocarbons as the main class of
the peels essential oil of C. limon cv. Femminello Santa Teresa, mainly represented by
limonene, followed by y-terpinene and 3-pinene. Contrarywise, very low percentages of
sesquiterpene hydrocarbons were found [83]. Accordingly, almost the whole aroma profile
of the Lemon sample, produced using the same lemon cultivar, was represented by the
same main chemical class, with limonene, responsible for a fresh, citrus-like scent [35,84],
followed by y-terpinene, perceived as fresh-herbaceous, bitter, and citrus [35,84], as the
most representative constituents, while the sesquiterpenes, least volatile, were even ab-
sent. Conversely, very low percentages of 3-pinene were revealed, probably due to its
high volatility.

The aroma of the Mixed Citrus sample showed a predominance of monoterpene
hydrocarbons as well, as these secondary metabolites were the most represented in all the
three employed fruit species, as reported in Table 5. Limonene was evidenced to be the
major constituent here too, followed by myrcene and sabinene, both found in the HSs of all
three fruit samples, even though in greater percentages in C. sinensin and C. limon, rather
than in C. reticulata. These findings corroborate with the literature data. Ascrizzi et al. [35],
indeed, reported the predominance of this class in both the hydrodistilled and manually
squeezed essential oils (EOs) of C. sinensis (L.) Osbeck. Moreover, the hydrodistilled EO
showed good percentages of oxygenated monoterpenes, represented mainly by the alcohol
linalool, associated to floral, green, and citrus hints [35,85], which was found also in the
HS of the analysed orange fruit, although in very low percentages (0.2%). The EO of
C. reticulata Blanco, despite the fact that it was characterised predominantly by a percentage
of monoterpene hydrocarbons as the EOs of lemon and orange, showed higher amounts of
the oxygenated form of these secondary metabolites, mainly represented by cis-limonene
oxide, cis-p-mentha-2,8-dienol, citronellol, and carvone [86]. These components, however,
were not detected either in the fresh mandarin orange nor in the analyses Mixed Citrus
product, even though its aroma was constituted by almost 10% of the whole composition



Foods 2022, 11, 1550

18 of 23

by oxygenated monoterpenes. The main detected chemicals belonging to this class, instead,
were «-terpineol and 4-terpineol, responsible for coniferous, cold, and stale, and musty,
dusty, and spicy flavours, respectively [84,87]. The presence of notable percentages of
these molecules, almost absent in the fresh fruits, may be considered negative as they
were degradation products of limonene and linalool as a consequence of heating treatment
and storage [88]. Perez-Lopez et al. reported that x-terpineol may be a significant off-
flavour in mandarin juice stored for extended time due to its high stability and evidenced
the opportunity to measure its formation as a quality parameter [88]. Despite the good
percentage of this compound in the aroma profile, the Mixed Citrus sample was considered
of good quality during the sensorial analysis, even better than the Lemon one. This
should make us reflect on the importance of combining chemical and sensorial analysis
in the food industry. Sensory evaluation, indeed, is a key tool as it allows to take into
consideration the human perception of a food, deriving from the combination of chemical
and physical stimuli [89], permitting the development of new products able to meet the
consumer requirements in terms of organoleptic properties [90]. The acceptance of a food
product is strictly connected to its success on the marketplace and depends on the ability
of the food to meet the consumers expectations and needs [91]. It is an hedonic measure,
which could be affected by several factors, such as the sensory properties of the food
product, the expectations of consumers, the culture, and the physiological conditions [26].
The sensory properties include the characters of a food which could be described using the
human senses, as colour, aroma, taste, flavour, texture, and spreadability. As the sensory
properties are able to influence the consumers’ choices, they should be considered key
attributes exploitable by the manufacturers for the improvement and the differentiation of
their food products [91].

5. Conclusions

The cultivation and consumption of Cifrus fruits is dramatically increasing worldwide,
due to the recognition of their high-value chemical constituents with many beneficial ef-
fects to the human health and prevention of chronic diseases. The consumer demand for
health-promoting food products is consequently raised, thus targeted studies are needed to
enrich the knowledge about chemical and biological properties, as well as quality and safety.
The chemical, biological, and sensorial investigations of Citrus-based products performed in
this study showed that the most representative and biological active components of Citrus
fruits, such as flavanone O-glycosides and limonoids persist even after the transformation
process, by conferring antioxidant potential to the final products. Despite a reduction in
terms of both flavonoid and limonoid contents during the preparation process of mar-
malades, the relative composition of all samples was maintained. (Neo)eriocitrin was the
most represented flavonoid in Coctura® Lemon as well as in pulp and peel of fresh lemon,
while a lower content was observed in Coctura® Mixed Citrus where a lesser quantity of
lemon was used. Analogously, naringin was higher in Coctura Mixed Citrus than in the
Lemon one, due to its presence in mandarin and orange, where the flavanone was detected
in a good amount, especially in the peels. Limonoids resulted higher in Coctura Lemon as
expected by the great content observed in lemon peel, the richest sample in this class of
metabolites, mainly represented by limonin. The quantitative estimation of flavonoids and
limonoids in the peel of lemon, orange, and mandarin used in manufacturing of Coctura®
products evidenced peels as a good source of both these bioactive agents. The utilization
of peels in the product formulation can be considered a good choice useful to reevaluate
a waste material for the preparation of food from local vegetal sources with benefits for
human health. Furthermore, the aroma constituents and sensorial properties endow an
added value to the Coctura® Citrus preparations.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/foods11111550/s1: Figure S1. Dose-response curves for DPPH radical scavenging capacity of
lemon pulp and peel n-butanolic extracts. The DPPH % of inhibition was plotted against concentration
of the sample. The experiments were performed in triplicates. Figure S2. Dose-response curves for


https://www.mdpi.com/article/10.3390/foods11111550/s1
https://www.mdpi.com/article/10.3390/foods11111550/s1

Foods 2022, 11, 1550 19 of 23

DPPH radical scavenging capacity of mandarin pulp and peel n-butanolic extracts. The DPPH %
of inhibition was plotted against concentration of the sample. The experiments were performed in
triplicates. Figure S3. Dose-response curves for DPPH radical scavenging capacity of orange pulp
and peel n-butanolic extracst. The DPPH % of inhibition was plotted against concentration of the
sample. The experiments were performed in triplicates. Figure S4. Dose-response curves for DPPH
radical scavenging capacity of Coctura Lemon and Mixed Citrus n-butanolic extracts. The DPPH %
of inhibition was plotted against concentration of the sample. The experiments were performed in
triplicates. Figure S5. HR-ESI-MS/MS of flavone C-glucosides detected in Citrus fruits and Coctura®
products: vicenin-2 (peak 10), lucenin-2 4’-methyl ether (peak 14), diosmetin 8-C-glucoside and/or
diosmetin 6-C-glucoside (peaks 18 and 19). Figure S6. HR-ESI-MS/MS of flavanones O-glycosides
detected in Citrus fruits and Coctura® products: eriocitrin/neoeriotricin (peak 17), narirutin/naringin
(peak 20), hesperidin/neohesperidin (peak 25), poncirin (peak 27). Figure S7. HR-ESI-MS/MS
of limonoids detected in Citrus fruits and Coctura® products: nomilinic acid glucoside (peak 23),
limonin (peak 29), deacetyl nomilin/isobacunonic acid /limonol (peak 30), nomilinic acid (peak 31).
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