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Abstract: In this study, 17 edible flowers (Allium ursinum L., Borago officinalis L., Calendula officinalis
L., Centaurea cyanus L., Cichorium intybus L., Dianthus carthusianorum L., Lavandula angustifolia Mill.,
Leucanthemum vulgare (Vaill.) Lam., Paeonia officinalis L., Primula veris L., Robinia pseudoacacia L.,
Rosa canina L., Rosa pendulina L., Salvia pratensis L., Sambucus nigra L., Taraxacum officinale Weber, and
Tropaeolum majus L.) were investigated to assess their sensory profile at harvest and their shelf life and
bioactive compounds dynamics during cold storage. The emerging market of edible flowers lacks
this information; thus, the characteristics and requirements of different flower species were provided.
In detail, a quantitative descriptive analysis was performed by trained panelists at flower harvest,
evaluating 10 sensory descriptors (intensity of sweet, sour, bitter, salt, smell, specific flower aroma,
and herbaceous aroma; spiciness, chewiness, and astringency). Flower visual quality, biologically
active compounds content (total polyphenols and anthocyanins), and antioxidant activity (FRAP,
DPPH, and ABTS assays) were evaluated both at harvest and during storage at 4 ˝C for 14 days to
assess their shelf life. Generally, species had a wide range of peculiar sensory and phytochemical
characteristics at harvest, as well as shelf life and bioactive compounds dynamics during postharvest.
A strong aroma was indicated for A. ursinum, D. carthusianorum, L. angustifolia, and L. vulgare, while
B. officinalis and C. officinalis had very low values for all aroma and taste descriptors, resulting in
poor sensory profiles. At harvest, P. officinalis, R. canina, and R. pendulina exhibited the highest
values of polyphenols (884–1271 mg of gallic acid equivalents per 100 g) and antioxidant activity
(204–274 mmol Fe2+/kg for FRAP, 132–232 and 43–58 µmol of Trolox equivalent per g for DPPH and
ABTS). The species with the longest shelf life in terms of acceptable visual quality was R. pendulina
(14 days), followed by R. canina (10 days). All the other species lasted seven days, except for C. intybus
and T. officinale that did not reach day 3. During cold storage, the content of bioactive compounds
differed, as total phenolics followed a different trend according to the species and anthocyanins
remained almost unaltered for 14 days. Considering antioxidant activity, ABTS values were the least
variable, varying in only four species (A. ursinum, D. carthusianorum, L. angustifolia, and P. officinalis),
while both DPPH and FRAP values varied in eight species. Taken together, the knowledge of sensory
profiles, phytochemical characteristics and shelf life can provide information to select suitable species
for the emerging edible flower market.

Keywords: anthocyanins; aroma; flavor; polyphenols; sensory analysis; postharvest; shelf life

1. Introduction

The consumption of flowers as food is an ancient practice but many flowers, or
parts of them, have had a much wider use in the past than today [1–6]. Rose petals
(Rosa spp.) were already used in Roman times as ingredients in various preparations,
as well as chamomile (Matricaria chamomilla L.) in ancient Greece and chrysanthemum
(Chrysanthemum morifolium Ramat.) in China. In the Middle Ages, common marigold flow-
ers (Calendula officinalis L.) were used as components of salads, especially in France; in the
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same region from the 1600s onwards, various products based on violets (Viola odorata L.)
became popular. Similarly, in various areas of Europe, carnation (Dianthus caryophyllus L.),
dandelion (Taraxacum officinale Weber) and elder (Sambucus nigra L.) flowers were con-
sumed. Some of these food cultures that were once confined to rural populations have
survived, albeit marginally, to the present day and have recently been revived adding color,
flavor, taste and visual appeal to food preparations [7,8].

Today, the assortment of edible flowers includes several species that are used to im-
prove the aesthetic appearance, color, and aroma of foods but also for their nutritional
properties [2,9–13]. Edible flowers contain indeed several bioactive compounds (vitamins,
minerals, phenolic substances), while they are poor in fat and proteins [2,3,9,11,13–16].
Many studies foster the nutritional interest in wild and ornamental flowers, similar to
leafy vegetables. Phenolic compounds (e.g., phenolic acids, flavonoids, and anthocyanins)
are among the most representative biologically active compounds as they are a rich fam-
ily of phytochemicals. Additionally, antioxidant effects [17–20] are highly correlated in
edible flowers [1]. These compounds exert several biological activities important for hu-
man health [7,20,21]. Phenolic compounds counteract oxidative stress caused by reactive
oxygen species [18], and epidemiological data showed that a diet rich in antioxidants
could prevent chronic diseases, such as cancer, cardiovascular and neurodegenerative
disorders [2,18,22–24].

The increasing demand for more attractive, tasty and healthy food can lead to the
production of edible flowers to complement growers’ revenues, creating opportunities to de-
velop value-added products in the floriculture sector, facing a challenging market [1,21,23].
Nowadays, several flowers are available on the market [25], however being few comparing
to the variety of the species with edible flowers. It is therefore important to widen the
knowledge about their quality, phytochemical composition and marketability to face the
demand of consumers, producers, and retailers.

The sensory properties of food are extremely important not just to consumers, but
also to food producers, because they relate directly to product quality and end-user accep-
tance [26], particularly concerning unfamiliar food, such as edible flowers [8,27]. According
to the ISO 9000:2015 on quality management systems, the quality is the degree to which a
combination of characteristics fulfils requirements [26]. Concerning edible flowers, sensory
attributes such as color, appearance, flavor, and texture should be included in these charac-
teristics [28,29]. Sensory science is a scientific discipline that concerns the presentation of a
stimulus to subjects and then the evaluation of the subjects’ response [30]. Studies on sen-
sory profiles or aptitudes of consumers towards edible flowers are increasing [8,27,31–35]
but only a few were performed by trained panelists [29,36].

Edible flowers are highly perishable products, with early petal abscission and discol-
oration, flower wilt, dehydration, and tissue browning [11,37,38]. After harvesting, plant
organs continue living, and both respiration and transpiration processes are considered
the major causes of postharvest losses and poor quality [39]. Senescence is controlled by
developmental [40,41] and environmental signals [42]. Among environmental factors, tem-
perature plays a major role in slowing down these processes, affecting the metabolism of
harvested flowers and their shelf life [11,38,43]. Temperatures from ´2.5 ˝C to 20 ˝C differ-
ently affected the quality and appearance of edible flowers according to the species, show-
ing the possibility to extend their shelf life by decreasing the temperature of storage [11].
Amid low temperatures, the values often chosen are in the range 4–6 ˝C [2,37,39,44–46] and
the most frequently evaluated parameter during postharvest has been the visual quality
so far. Thus, further detailed studies are needed to understand the dynamics of bioactive
compounds in edible flowers and their antioxidant activity upon cold storage.

Recently, we characterized several species of fresh edible flowers by means of spec-
trometry and chromatography, discovering a wide range of variability among species
and numerous promising sources of bioactive compound, such as roses (Rosa canina L.
and Rosa pendulina L.), peony (Paeonia officinalis L.), or Primula veris L. [13]. This research
provides the sensory profiles of the flowers of 17 species, performed by trained panelists to
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add information about this emerging type of food. Their shelf life during storage at 4 ˝C
for 14 days was then assessed through visual quality evaluation, as well as the content
of their biologically active compounds (total polyphenols and anthocyanins) and antioxi-
dant activity (FRAP, DPPH, and ABTS assays) both at harvest and during cold storage to
evaluate their quality and marketability.

2. Materials and Methods
2.1. Plant Material

Seventeen edible flower species (Figure 1) were selected (Table 1) for the sensory and
postharvest evaluation, including different properties and uses [13] and a wide assortment
of flower color, shape and aroma, i.e., the traits that mostly attract consumers to try edible
flowers [8]. Flowers were collected in the nursery for the species already available on the
market (e.g., B. officinalis, C. officinalis, L. angustifolia, and T. majus), while for the others, it
was necessary to collect them from wild plants. Flowers were collected at their full bloom
(March through September according to the species), in 2017 and 2018. See reference [13]
for detailed information on sampling sites and month. Flowers were preserved in plastic
boxes inside a portable refrigerator. A portion of the sample was subjected to sensory
evaluation within a few hours and another portion was transported to the laboratories of
the Department of Agricultural, Forest and Food Sciences (DISAFA—University of Torino;
Long. 7.589, Lat. 45.066) for analyses and postharvest trial.

Figure 1. Seventeen edible flowers selected for the study. From left to right, first line:
Allium ursinum L., Borago officinalis L., Calendula officinalis L., Centaurea cyanus L., Cichorium intybus L.,
Dianthus carthusianorum L.; second line: Lavandula angustifolia Mill., Leucanthemum vulgare (Vaill.)
Lam., Paeonia officinalis L., Primula veris L., Robinia pseudoacacia L., Rosa canina L.; third line:
Rosa pendulina L., Salvia pratensis L., Sambucus nigra L., Taraxacum officinale Weber, Tropaeolum majus L.

2.2. Sensory Analysis
2.2.1. Panel Member Selection and Training

The sensory analysis was performed by the Italian National Organization of Fruit
Tasters (O.N.A.Frut), composed of highly trained panelists that have been working since
2001 to promote and valorize sensory evaluation in the fruit sector. Panelists were trained in
sensory analysis and quantitative descriptive analysis, being able to differentiate between
basic taste solutions and aromas at various levels. The training on edible flowers started
in 2016 with twenty people to improve their perception sensitivity and evaluation of
individual descriptors, according to ISO 8586:2012 and ISO 3972:2011.
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Table 1. List of the 17 species of edible flowers studied in the present work, with related beneficial properties and food use
reported in the literature.

Species (Common Name) Flower Properties Eaten in/as References

Allium ursinum L.
(wild garlic)

Antioxidant, anti-inflammatory,
antimycotic, cardioprotective. Garlic substitute. [47–49]

Borago officinalis L.
(borage)

Purifying, emollient, antitussive, diuretic,
sudorific, anti-inflammatory

Salads, soups, desserts, syrups and
drinks. Cucumber taste. [2,15,50]

Calendula officinalis L.
(calendula)

Anti-inflammatory, antispasmodic,
antiseptic, hepatoprotective, emollient,

refreshing, cicatrizing.

Flavoring and decoration of salted
dishes, bakery products and herb

teas. Food coloring.
[2,51,52]

Centaurea cyanus L.
(cornflower) Diuretic, anti-inflammatory, disinfectant. Garnishing dishes, syrups, teas [2]

Cichorium intybus L.
(chicory)

Laxative, diuretic, hypoglycemic,
depurative, disinfectant, hepatoprotective. Salads, soups. [18]

Dianthus carthusianorum L.
(Carthusian pink)

Diuretic, sudorific, nervine stimulant,
febrifuge, sedative. Infusions, liquors. [53]

Lavandula angustifolia Mill.
(lavender)

Antispasmodic, antiseptic, sedative,
carminative, cicatrizing.

Flavoring and decoration of cakes,
soups, salads, jellies. Essential oil to

flavor food.
[15,54]

Leucanthemum vulgare Lam.
(ox-eye daisy)

Antispasmodic, diuretic, tonic,
antifungal, antibacterial. Tea, salads [55,56]

Paeonia officinalis L.
(common peony)

Antirheumatic, antispasmodic,
anti-inflammatory, analgesic,

hepatoprotective.
Infusions. [57,58]

Primula veris L.
(cowslip)

Anti-inflammatory, anti-viral,
anti-asthmatic.

Garnishing dishes,
conserves, salads [55,59]

Robinia pseudoacacia L.
(black locust)

Antispasmodic, antiviral, diuretic,
emollient, febrifuge, laxative,

purgative, tonic.

Flavoring liquors, jams,
honey, pancakes. [18,55]

Rosa canina L.
(dog rose)

Anticancer, diuretic, laxative,
anti-rheumatic, anti-inflammatory. Salads, jellies, syrups, teas. [2,60]

Rosa pendulina L.
(Alpine rose)

Anticancer, diuretic, laxative,
anti-rheumatic. Salads, jellies. [2]

Salvia pratensis L.
(meadow sage)

Anti-inflammatory, antibacterial,
antiseptic, eupeptic.

Flavoring of butter, vinegar, oil,
salads and creams, soups. Essential

oil to flavor food.
[61]

Sambucus nigra L.
(elder)

Antioxidant, anti-inflammatory,
antibacterial, diuretic, emollient, sudorific,

laxative, cardioprotective.

Herb teas and drinks. Flavoring
honey, jellies and jams. Salads. [18]

Taraxacum officinale Weber
(dandelion)

Antioxidant, anti-inflammatory,
hepatoprotective, diuretic, laxative,

depurative, analgesic.
Salads and soups. [62,63]

Tropaeolum majus L.
(nasturtium)

Disinfectant, antimicrobial, expectorant,
diuretic, anti-inflammatory.

Salads, flavoring of soups, meat,
pasta, cheese, vinegar.

Peppery flavor.
[2,64,65]

To guarantee a common lexicon of organoleptic terminology, the judges worked for
four weeks tasting flowers and evaluating the samples both in groups and individually
during the training sessions. After each panel session, a discussion was held according to
literature [28,66–69] to define the descriptors in terms of appearance, aroma, texture and
taste, following bibliographic references, to build an evaluation sheet for the Quantitative
Descriptive Analysis (QDA). Of the 20 participants, twelve subjects, including males
and females aged 20 to 60, were selected to form the panel and analyze five species
(C. officinalis, L. vulgare, R. pseudoacacia, S. nigra, T. majus) in 2017 and twelve species
(A. ursinum, B. officinalis, C. cyanus, C. intybus, D. carthusianorum, L. angustifolia, P. officinalis,
P. veris, R. canina, R. pendulina, S. pratensis, T. officinale) in 2018.
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2.2.2. Sensory Evaluation Test

The sessions for the sensory evaluation of the edible flowers were carried out in the
sensory laboratory of O.N.A.Frut (Cuneo Province, Italy). Each judge received about 10 g
of species items that had been presented as follows: about 5 g of flowers in a glass for
olfactory evaluation and about 5 g in a white plastic dish for visual and tasting evaluation.
Each species was evaluated independently by each panelist. According to sensory analysis
rules, the sample presentation was basic, without other food in order to uniform the total
impact of different species. Flowers were evaluated in the harvest day, fresh and without
cooking preparation. All samples were served in duplicate to all judges and the order
of presentation was randomized within each test day. Between tasting, assessors were
encouraged to clean their palates with water during a 5-min break.

2.2.3. Quantitative Descriptive Analysis (QDA)

The Quantitative Descriptive Analysis (QDA) is a key part of sensory methodology:
only when the intensity of sensory traits is rated, a food can be described in detail regard-
ing its taste. The QDA method joins descriptor intensity points together with visually
display difference [70]. The QDA was applied as analytical-descriptive method for sensory
evaluation of flower samples. Each selected descriptor was evaluated on a continuous scale
partially structured into 10 segments with intervals from zero (absence of the character) to
10 (maximum intensity). The evaluations of this study were based on previous experiences
of taste evaluation performed on vegetables and fruits [69,71–76] and on flowers [31,36].
During separate sessions, panelists were also asked to give a personal preference (hedo-
nistic test) to flower samples collected in 2018, although not planned in QDA, in order
to assess a preliminary general rating, considering the experience acquired in the previ-
ous years [71,73]. Preference was scored from zero (lowest) to 10 (highest), providing
judgement for taste, appearance and overall satisfaction.

2.3. Shelf Life

The shelf life evaluation was performed once in 2017 in five species (C. officinalis,
L. vulgare, R. pseudoacacia, S. nigra, T. majus) and in 2018 in twelve species (A. ursinum,
B. officinalis, C. cyanus, C. intybus, D. carthusianorum, L. angustifolia, P. officinalis, P. veris,
R. canina, R. pendulina, S. pratensis, T. officinale). Five grams of flowers were put into plastic
boxes with lid (Ondipack 250 cc, 123 mmˆ 114 mmˆ 50 mm, polypropylene, 4.46 g empty,
Plemet, France) and stored at 4 ˝C in a cool chamber (MEDIKA 700, Fiocchetti Cold Manu-
facturer, Luzzara, Italy) with a transparent glass door, for 14 days, without artificial light.
At least five boxes were prepared for each species. The shelf life of flowers was assessed
through a visual quality evaluation across the experiment, performed by the same person.
A 10-points scale was used, based on visual observation of the degree of decay [21,44] with
10 corresponding to freshly harvested flowers, without imperfections, six was the limit of
marketability, while one corresponded to decomposing flowers (wilting, browning).

2.4. Plant Extracts

For each species, three biological replicates of fresh flowers were finely ground with
liquid nitrogen at harvest (day 0) and stored at ´80 ˝C until analyses. Then, on days 3,
7, 10, and 14, three biological replicates of fresh flowers were randomly picked from the
same plastic boxes used for the shelf life evaluation. The material was ground with liquid
nitrogen and stored at ´80 ˝C until analyses. Flowers’ extracts were prepared through the
ultrasound-assisted extraction method [45,77]. For each sample, 0.5 g of frozen grinded
material was put into a glass tube, to which 25 mL of a water:methanol solution (1:1) were
added. The tubes were then put into an ultrasound extractor (23 kHz; SARL REUS, Drap,
France) for 15 min at room temperature. The extraction procedure was performed once.
The phytoextract obtained was filtered through paper filters (Whatman No. 1, Whatman,
Maidstone, UK) and then maintained at ´20 ˝C until the following analyses.
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2.5. Bioactive Compounds
2.5.1. Total Polyphenols

The total phenolic content in the extracts was determined following the Folin–Ciocalteu
method [45,78]. The analysis was performed as follows: 1000 µL of diluted (1:10) Folin
reagent were mixed with 200 µL of phytoextract in each plastic tube. The samples were
left in the dark at room temperature for 10 min, then 800 µL of Na2CO3 (7.5%) were
added to each tube. Samples were left in the dark at room temperature for 30 min. Ab-
sorbance was then measured at 765 nm by means of a spectrophotometer (Cary 60 UV-Vis,
Agilent Technologies, Santa Clara, CA, USA), and the results were expressed on a fresh
weight basis in milligrams of gallic acid equivalents per 100 g (mg GAE/100 g). The evalu-
ation of total polyphenols was performed in triplicate on extracts of days 0, 3, 7, 10, and 14.

2.5.2. Total Anthocyanins

The total anthocyanins were estimated by pH differential method using two buffer
systems: hydrochloric acid/potassium chloride buffer at pH 1.0 (25 mM) and sodium
acetate buffer pH 4.5 (0.4 M), as described in the literature [45,79,80]. This method is
based on the structural transformation of anthocyanins due to a change in pH (colored
at pH 1.0 and colorless at pH 4.5). Briefly, 0.2 mL of each extract was diluted in a 5-mL
volumetric flask with the corresponding buffers and the solution was read after 15 min
against Milli-Q water as a blank at 510 and 700 nm. By means of a spectrophotometer
(Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA). Absorbance (A) was cal-
culated as follows: A = (A510 nm–A700 nm) pH 1.0 ´ (A510 nm–A700 nm) pH 4.5. Then,
the total anthocyanins (TA) of each extract were calculated by the following equation:
TA = [A ˆMW ˆ DF ˆ 1000] ˆ 1/ε ˆ 1, where A is the absorbance; MW is the molecular
weight of cyanidin-3-O-glucoside (449.2 D); DF is the dilution factor (25); ε is the molar
extinction coefficient of cyanidin-3-glucoside (26.900) and results were expressed on a fresh
weight basis in milligrams of cyanidin-3-O-glucoside per 100 g (mg C3G/100 g). The evalu-
ation of total anthocyanins was performed in triplicate on extracts of days 0, 3, 7, 10, and 14.

2.6. Antioxidant Activity
2.6.1. DPPH Assay

To evaluate the antioxidant activity, the first procedure adopted was the 2,2-diphenyl-
1-picrylhydrazyl radical (DPPH) scavenging method [77,81] with slight modifications.
The working solution of DPPH radical cation (DPPH¨, 100 µM) was obtained, dissolving
2 mg of DPPH in 50 mL of MeOH. The solution must have an absorbance of 1.000 (˘0.05)
at 515 nm. To prepare the samples, 40 µL of phytoextract were mixed with 3 mL of
DPPH¨. Samples were then left in the dark at room temperature for 30 min. Absorbance
was measured at 515 nm by means of a spectrophotometer (Cary 60 UV-Vis, Agilent
Technologies, Santa Clara, CA, USA). The DPPH radical-scavenging activity was calculated
as [(Abs0–Abs1/Abs0)¨100], where Abs0 is the absorbance of the control and Abs1 is the
absorbance of the sample. The antioxidant capacity was plotted against a Trolox calibration
curve and results were expressed on a fresh weight basis as µmol of Trolox equivalents per
gram (µmol TE/g). The DPPH assay was performed in triplicate on extracts of days 0, 3, 7,
10, and 14.

2.6.2. ABTS Assay

The second procedure adopted was the 2,21-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid) (ABTS) method [79] with slight modification. The working solution of ABTS radical
cation (ABTS¨) was obtained by the reaction of 7.0 mM ABTS stock solution with 2.45 mM
potassium persulfate (K2S2O8) solution. After the incubation for 12–16 h in the dark at room
temperature, the working solution was diluted with distilled water to obtain an absorbance
of 0.70 (˘0.02) at 734 nm. The antioxidant activity was assessed by mixing 30 µL of
phytoextract with 2 mL of diluted ABTS¨. Samples were left in the dark at room temperature
for 10 min. Absorbance was the measured at 734 nm by means of a spectrophotometer
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(Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA). The antioxidant activity
was plotted against a Trolox calibration curve and results were expressed on a fresh weight
basis as µmol of Trolox equivalents per gram (µmol TE/g). The ABTS assay was performed
in triplicate on extracts of days 0, 3, 7, 10, and 14.

2.6.3. FRAP Assay

The third procedure was the FRAP (Ferric ion Reducing Antioxidant Power)
method [45,77,82]. The FRAP solution was obtained by mixing a buffer solution at pH 3.6
(C2H3NaO2 + C2H4O2 in water), 2,4,6-tripyridyltriazine (TPTZ, 10 mM in HCl 40 mM),
and FeCl3¨6H2O (20 mM). The antioxidant activity was determined mixing 30 µL of phy-
toextract with 90 µL of deionized water and 900 µL of FRAP reagent. The samples were
then placed at 37 ˝C for 30 min. Absorbance was measured at 595 nm by means of a spec-
trophotometer (Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA). Results were
expressed on a fresh weight basis as mill moles of ferrous iron equivalents per kilogram
(mmol Fe2+/kg). The FRAP assay was performed in triplicate on extracts of days 0, 3, 7, 10,
and 14.

2.7. Statistical Analysis

Data of the sensory profiles, visual quality, bioactive compounds, and antioxidant
activity were previously subjected to the Shapiro–Wilk normality test and Levene homo-
geneity test (p > 0.05). The differences between species and across time were computed
using a parametric or a non-parametric one-way analysis of variance (ANOVA), according
to the significance of the previous tests and means were separated with Tukey’s HSD
test (p ď 0.05). The Pearson’s correlation was performed on QDA values and subjective
judgement. The Spearman’s correlation was performed on polyphenols, anthocyanins,
DPPH, ABTS, FRAP and sensory profile values. The principal component analysis (PCA)
was performed on sensory data to visualise the contribution of each attribute to the overall
variability. The partial least square (PLS) regression was also done to investigate corre-
lations between phytochemical profile (X-variables) and sensory data (Y-variables) after
standardization of the data; the phytochemical profile of the 17 species derives from recent
work on the same plant material [13]. All data were analyzed by means of the SPSS soft-
ware (version 25.0; SPSS Inc., Chicagom, IL, USA), except for PCA (Past 4.01, [83]), and
spider charts were prepared using Microsoft Office Excel.

3. Results
3.1. Sensory Analysis
3.1.1. Lexicon and QDA Sensory Sheet Definition

The 10 selected sensory descriptors are defined in Table 2, with four descriptors for
taste (sweet, sour, bitter, and salt), three for aroma (smell, specific flower aroma, and
herbaceous aroma), together with chewiness, astringency and spiciness. A specific sensory
analysis sheet for flower evaluations was realized (Figure S1) and used for the QDA test,
using a reduced list of sensory lexicon both to ease the judges’ evaluation and to describe
the essential traits of samples.

3.1.2. Sensory Profiles

The detailed sensory profiles of the 17 species are shown in Table 3 and Figures S2–S4.
A wide variability was recorded among the tested edible flowers in terms of the range of
intensities, with spiciness having the widest range of variation (7.4), followed by specific
flower aroma (6.2), bitterness and sweetness (6.1), smell (6.1), herbaceous aroma (4.7),
chewiness (4.4), astringency (4.1), sour intensity (2.5), and salt intensity as the least variable
descriptor (2.4). All the sensory descriptors were detected in each flower species, except
for spiciness that was absent in R. pseudoacacia. The highest intensities were recorded for
smell in L. angustifolia (9.0) and specific flower aroma in A. ursinum (8.8).
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Table 2. Sensory lexicon used in this study: descriptors, definitions and bibliographic references.

Sensory Descriptor Definition References

Sweet intensity Taste of sucrose [84–86]
Sour intensity Taste of citric acid [85,87,88]
Bitter intensity Taste of caffeine [85,89]
Salt intensity Taste of sodium chloride [85,88]

Smell intensity Odor’s intensity of edible flower in evaluation [87,90]
Specific flower aroma intensity Aroma’s intensity of edible flower in evaluation [2,9,87,90,91]

Herbaceous aroma intensity Intensity of herbaceous and cut grass aroma [87]
Spiciness Intensity of spice aroma, hot and pungent taste [85,87,92,93]

Chewiness The amount of chewing required to break down the
sample so that it can be swallowed [88]

Astringency
The tactile sensation described as dryness,

tightening, tannic and puckering sensations
perceived in the oral cavity.

[94–96]

Table 3. Intensities (from 0 to 10) of each sensory descriptor detected in the studied edible flowers.

Smell Sweet Sour Bitter Salt
Specific
Flower
Aroma

Herbaceous
Aroma Spiciness Chewiness Astringency

Allium ursinum 8.3 2.4 1.8 2.1 2.7 8.8 1.4 6.1 7.4 0.3
Borago officinalis 4.3 3.6 0.8 1.2 0.8 3.9 2.4 0.1 6.1 0.4

Calendula officinalis 6.7 2.6 1.4 3.0 0.8 5.2 2.2 0.6 7.2 2.1
Centaurea cyanus 5.1 2.2 1.1 2.2 0.9 4.1 3.4 0.2 3.8 0.7
Cichorium intybus 3.1 0.9 2.8 7.2 0.7 5.5 4.1 1.3 5.8 1.3

Dianthus
carthusianorum 6.7 1.9 0.4 2.9 0.5 6.0 1.3 1.4 4.6 0.5

Lavandula angustifolia 9.0 2.8 1.7 5.0 0.5 8.2 2.5 1.8 4.7 0.7
Leucanthemum vulgare 7.4 2.4 0.9 2.7 0.9 3.1 5.3 0.7 5.2 1.5

Paeonia officinalis 4.1 3.9 2.9 6.1 0.6 5.1 5.1 1.6 7.9 1.9
Primula veris 4.1 2.8 0.8 1.2 0.4 2.6 1.6 0.3 6.2 1.4

Robina pseudoacacia 7.1 6.9 1.0 1.4 0.9 5.9 3.1 - 6.3 1.2
Rosa canina 6.3 2.0 2.0 5.2 0.5 6.1 4.2 0.1 6.3 2.0

Rosa pendulina 5.5 1.3 2.1 7.3 0.3 5.0 2.5 0.6 6.5 4.4
Salvia pratensis 7.3 3.9 1.1 2.0 0.6 5.3 2.0 0.8 6.6 0.8
Sambucus nigra 7.8 3.5 0.7 3.5 1.3 6.7 2.8 1.3 7.4 0.9

Taraxacum officinale 6.4 3.7 0.6 1.4 0.8 4.5 1.4 0.4 5.7 0.4
Tropaeolum majus 8.3 0.8 0.8 5.4 1.6 7.3 0.6 7.4 8.2 1.9

Range of variation 5.9 6.1 2.5 6.1 2.4 6.2 4.7 7.4 4.4 4.1

In A. ursinum (Table 3, Figure S2), the intensities of smell and garlic aroma were very
high (8.3 and 8.8, respectively) and flowers were easy to chew (7.4). Borago officinalis had a
marked chewiness (6.1), but was not astringent neither spicy and taste descriptors (sweet,
sour, bitter and salt) were lower than 3.5. Calendula officinalis had medium smell (6.7) and
aroma (5.2), not very marked for taste but easy to chew and little astringent and spicy. The
QDA profile of C. cyanus had low values, with the most marked descriptors (smell, aroma,
and chewiness) lower than 6. The sensory profile of C. intybus was defined by bitter taste,
aroma intensity and chewiness.

The flowers of D. carthusianorum (Table 3, Figure S3) had 6.7 of smell and 6 of aroma,
while bitterness was the most marked of the taste descriptors. The profile of L. angustifolia
had very high values for smell and aroma intensity (9.0–8.2); the chewiness was medium
(4.7) and bitterness characterized the taste. Leucanthemum vulgare had values higher than
5 only in smell (7.4), herbaceous aroma (5.3), and chewiness (5.2). The panel scored
a high chewiness for P. officinalis and among the taste descriptors, the bitter taste was
the highest (6.1).

Primula veris had values lower than 5 in all descriptors, except for chewiness (6.3),
so the organoleptic sensations are delicate. The sensory profile of R. pseudoacacia showed
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high values for smell (7.0), sweet (7.0), and aroma (6.0), and chewiness was sufficiently
easy (6.0).

The profile of R. canina (Table 3, Figure S4) reveals an easy chewiness (6.6) and
bitterness was the most marked of the taste descriptors (4.8). Rosa pendulina flowers
had higher bitter taste (7.2) and astringency (4.4) and lesser herbaceous aroma (2.5) than
R. canina flowers. Salvia pratensis was chewable (6.6), with high smell (7.3) and medium
aroma (5.3); all the other descriptors were equal or lower than 2.0, except for the sweet taste
(3.9). Sambucus nigra had a sensory profile with high intensities of smell (7.8) and aroma
(6.7); it was easy to chew (7.4), sweet and bitter intensities were balanced (3.5), while all the
other descriptors were lower than 2. In T. officinale, the smell and aroma were sufficiently
marked (6.4 and 4.5 respectively), as per chewiness (5.7), while sweet intensity was the
highest among the taste descriptors, though being 3.7. Finally, T. majus had very high
intensities of smell (8.3) and aroma (7.3) and was easy to chew (8.2), spicy (8.2), and quite
bitter (5.4), while all the other descriptors were lower than 2.

The PCA plot generated from the sensory data is shown in Figure 2. Component 1
(PC1) accounted for 25.4% of the sensory variation in the studied edible flowers and PC2
accounted for 20.0%, explaining 45.4% of sensory descriptors variability. PC1 has a positive
association mostly with the variation of specific flower aroma and spiciness, with T. majus
and A. ursinum showing the highest values; while PC2 mainly reflected sour, bitter, and
herbaceous aroma intensities with C. intybus, P. officinalis, and R. pendulina showing the
highest values. The other species are scattered on the plot, with intermediate or negative
relation with most of the sensory descriptors, except for sweet intensity, which characterizes
S. pratensis, D. carthusianorum, R. pseudoacacia, and T. officinale. According to the loadings,
sour and bitter intensity and astringency (upper right quadrant) are inversely related with
sweet intensity (lower left quadrant), while to a lesser extent, smell intensity (lower right
quadrant) is inversely related with herbaceous aroma intensity (upper right quadrant).

Figure 2. PCA biplot of the sensory descriptors of 17 edible flowers.

The data acquired on the sensory traits of the 17 species were evaluated together with
the HPLC-DAD phytochemical profiles of the same plant material reported in a recent
work [13]. In particular, sensory data were correlated with the content of phenolic acids
(cinnamic acids: caffeic, chlorogenic, coumaric and ferulic acid; benzoic acids: ellagic
and gallic acid), flavonols (hyperoside, isoquercitrin, quercetin, quercitrin and rutin),
flavanols (catechin and epicatechin), and vitamin C with PLS regression. Cumulative Q2 of
component 1 (0.059) and component 2 (0.163) and cumulative R2 of both X and Y in the two
components were below 0.3 (R2Y comp.1 = 0.099, R2Y comp.2 = 0.223, R2X comp.1 = 0.167,
R2X comp.2 = 0.274) suggesting weak relations between descriptors and compounds.
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3.1.3. Subjective Judgement

Concerning the satisfaction rating (Table 4), the flowers showed very different levels
of acceptance. The overall subjective judgement ranged from 4.63 of C. intybus to 7.07
of A. ursinum. Regarding taste, the subjective judgement of panel members ranged from
3.25 (R. pendulina) to 6.57 (A. ursinum). Regarding appearance, the different species were
generally appreciated (from 6.21 in T. officinale to 7.64 in P. officinalis) except for C. intybus
(3.25) and D. carthusianorum (4.60).

Table 4. Subjective judgement (0–10 of satisfaction rating) on edible flower.

Species Overall Taste Appearance

Allium ursinum 7.07 ˘ 0.93 a 1 6.57 ˘ 0.79 a 7.21 ˘ 0.91 a
Borago officinalis 5.60 ˘ 0.55 ab 4.60 ˘ 0.55 abcde 6.60 ˘ 0.55 a
Centaurea cyanus 5.64 ˘ 0.84 ab 4.25 ˘ 0.94 bcde 7.32 ˘ 0.87 a
Cichorium intybus 4.63 ˘ 0.75 b 4.00 ˘ 0.82 cde 3.25 ˘ 0.96 c

Dianthus carthusianorum 4.80 ˘ 0.45 b 4.20 ˘ 0.84 bcde 4.60 ˘ 0.89 bc
Lavandula angustifolia 6.30 ˘ 0.84 ab 5.30 ˘ 0.97 abcd 7.60 ˘ 0.55 a

Paeonia officinalis 6.93 ˘ 0.93 a 6.21 ˘ 0.99 ab 7.64 ˘ 0.99 a
Primula veris 5.43 ˘ 0.98 ab 3.29 ˘ 0.95 de 6.36 ˘ 0.99 ab
Rosa canina 5.57 ˘ 0.98 ab 4.43 ˘ 0.79 bcde 7.36 ˘ 0.63 a

Rosa pendulina 5.25 ˘ 0.50 ab 3.25 ˘ 0.96 e 7.50 ˘ 0.71 a
Salvia pratensis 6.00 ˘ 0.82 ab 5.25 ˘ 0.50 abcde 6.50 ˘ 0.58 ab

Taraxacum officinale 6.00 ˘ 0.99 ab 5.86 ˘ 0.90 abc 6.21 ˘ 0.99 ab
1 Mean value ˘ standard deviation of each sample is given. Values with the same letter within the same column
are not statistically different (p < 0.01) according to Tukey’s HSD test.

Despite the positive significant correlations found between the overall subjective
judgement and the intensity of smell, sweet and aroma of specific flower (Table 5, p < 0.01),
and the intensity of herbaceous aroma (p < 0.05), these are often weak (below 0.45). The
correlation between the overall judgment and salt intensity (p < 0.01) and astringency
was instead negative (p < 0.05). The overall subjective judgement was not significantly
correlated with sour and bitter intensity, spicy and chewiness.

Table 5. Pearson’s correlation between sensory parameters and overall subjective judgement.

Sensory Descriptors Overall Subjective
Judgement

Pearson Correlation
Significance

Smell intensity 0.342 ** 1

Sweet intensity 0.421 **
Sour intensity ´0.009 ns
Bitter intensity ´0.135 ns
Salt intensity ´0.234 **

Specific flower aroma
intensity 0.272 **

Herbaceous aroma intensity 0.179 *
Spicy 0.510 ns

Chewiness 0.022 ns
Astringency ´0.171 *

1 the level of significance is given: *, p < 0.05; **, p < 0.01; ns, not significant.

3.2. Bioactive Compounds and Antioxidant Activity at Harvest

Bioactive compounds and antioxidant activity of freshly harvested flowers are re-
ported in Figures 3 and 4. Particularly, polyphenols (Figure 3A) ranged from 76.41 mg
GAE/100 g FW (T. officinale) and 1270.72 mg GAE/100 g FW (P. officinalis). Anthocyanins
(Figure 3B) ranged from 0.58 mg C3G/100 g FW (A. ursinum) and 800.23 mg C3G/100 g
FW of T. majus, which had four times higher values than the second species in ranking
(S. pratensis). The antioxidant activity, measured through different assays, had a similar
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pattern in DPPH and ABTS methods (Figure 4A,B), while the FRAP differed (Figure 4C).
DPPH values ranged from 2.08 µmol TE/g FW (R. pseudoacacia) and 232.44 µmol TE/g FW
(P. officinalis). Both roses had high DPPH scavenging activity (153.96 µmol TE/g FW in
R. pendulina and 132.25 µmol TE/g FW in R. canina), followed by C. intybus (69.17 µmol
TE/g FW) and all the other species. Concerning ABTS, values ranged from 2.70 µmol
TE/g FW (A. ursinum) to 57.59 µmol TE/g FW (P. officinalis). As for the DPPH assay, roses
had high scavenging activity (55.44 µmol TE/g FW in R. pendulina and 43.45 µmol TE/g
FW in R. canina), followed by C. intybus (26.85 µmol TE/g FW) and all the other species.
FRAP values (Figure 4C) ranged from 1.45 mmol Fe2+/kg FW (A. ursinum) to 274.22 mmol
Fe2+/kg FW (P. officinalis). In this assay, T. majus showed very high antioxidant activity
(241.12 mmol Fe2+/kg FW), comparable to that of R. canina (203.72 mmol Fe2+/kg FW),
R. pendulina (257.04 mmol Fe2+/kg FW), S. pratensis (171.09 mmol Fe2+/kg FW), C. intybus
(138.36 mmol Fe2+/kg FW), and P. veris (120.14 mmol Fe2+/kg FW).

Figure 3. Total phenolic content (A) and total anthocyanin content (B) of fresh flowers at harvest (day
0) in all the analyzed species. Data are given as mean values; bars indicate standard error. Different
letters correspond to significant differences between means according to Tukey’s HSD test (p < 0.05).
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Figure 4. Antioxidant activity of fresh flowers at harvest in all the analyzed species, according to
(A) DPPH, (B) ABTS, and (C) FRAP assay. Data are given as mean values; bars indicate standard
error. Different letters correspond to significant differences between means according to Tukey’s
HSD test (p < 0.05).
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The correlation analysis (Table 6) between the content of polyphenols and antho-
cyanins at harvest and the antioxidant activity evaluated through different assays indicated
that all these parameters are significantly correlated, except for the content of anthocyanins
and ABTS values (p = 0.091). All the correlations were positive and the three methods
of analysis for the antioxidant activity were highly related. The total polyphenol and
anthocyanin content at harvest was also evaluated in relation to the sensory profiles of the
species. Few correlations were recorded, being both groups of bioactive compounds nega-
tively correlated only with salt intensity (polyphenols: r = ´0.275, p < 0.001; anthocyanins:
r = ´0.299, p < 0.001).

Table 6. Spearman’s correlation coefficient (r) and related level of significance between polyphenols,
anthocyanins, and antioxidant activity measured with DPPH, ABTS, and FRAP assays.

Polyphenols Anthocyanins DPPH ABTS FRAP

Polyphenols r 1 0.270 0.813 0.649 0.895
Sign. 0.032 0.000 0.000 0.000

Anthocyanins r 1 0.386 0.214 0.444
Sign. 0.002 0.091 0.000

DPPH r 1 0.837 0.793
Sign. 0.000 0.000

ABTS r 1 0.557
Sign. 0.000

FRAP r 1
Sign.

3.3. Shelf Life and Dynamics of Bioactive Compounds

Visual quality grade and the content of total polyphenols and anthocyanins in the
studied species are reported in Table 7. Data on C. intybus was not available, since the
flowers rapidly rotted and no further evaluations were possible beyond day 0. Roses had
acceptable visual quality rate (ě6) for the longest period, up to day 10 in R. canina and up
to day 14 in R. pendulina. All the other species lasted seven days, while T. officinale did not
reach day 3.

Table 7. Visual quality of fresh edible flowers during cold storage at 4 ˝C (0, 3, 7, 10, 14 days after harvest). Data shown are
mean values.

Days A. ursinum D. carthusianorum P. veris S. pratensis

0 10 a 1 10 a 10 a 10 a
3 8.5 b 8.3 b 6.5 b 9 b
7 6.5 c 7.2 c 5.6 bc 8 c
10 5.8 d 5 d 5 c 4.2 d
14 5 e 3 e 4.8 c 3.7 e

*** *** *** ***

B. officinalis L. angustifolia R. pseudoacacia S. nigra

0 10 a 10 a 10 a 10 a
3 9 ab 8 b 7.3 b 9 b
7 8.2 b 7.2 c 7.3 b 8.8 b
10 5.4 c 5.2 d 4.8 c 4 c
14 4.6 c 4 e 3.8 d 2.5 d

*** *** *** ***

C. officinalis L. vulgare R. canina T. officinale

0 10 a 10 a 10 a 10 a
3 8.6 b 8.1 b 8.8 b 3.3 b
7 7 c 7.7 b 8.3 b 2 c
10 4.5 d 5.9 c 7.3 c 2 c
14 1.7 e 5.3 c 5.8 d 1 d

*** *** *** ***
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Table 7. Cont.

C. cyanus P. officinalis R. pendulina T. majus

0 10 a 10 a 10 a 10 a
3 9 b 8.4 b 9 b 8.6 b
7 8.8 b 7.8 b 6.8 c 6 c
10 5.6 c 5.7 c 6.7 cd 4.7 d
14 4.6 d 4.7 c 5.8 d 1 d

*** *** *** ***
1 Data with different letters are significantly different according to Tukey’s HSD test; the level of significance is given (***, p < 0.001).

Concerning the bioactive compounds, the total phenolic content (Table 8) during stor-
age varied, increasing significantly in eight species (B. officinalis, C. cyanus, L. angustifolia, L.
vulgare, P. veris, R. canina, t. officinale) and decreasing in 4 (A. ursinum, C. officinalis, P. officinalis,
T. majus) while it remained stable in R. pseudoacacia, R, pendulina, S. pratensis, and S. nigra.
The total anthocyanin content varied to a lesser extent (Table 8), as only two species showed
significant variation across the trial, namely T. officinale and T. majus. Whereas all the other
species had constant values of anthocyanins during storage.

Table 8. Total polyphenols and total anthocyanins of fresh edible flowers during cold storage at 4 ˝C (0, 3, 7, 10, 14 days
after harvest). Data shown are mean values expressed on a fresh weight (FW) basis.

Days

Total
Polyphenols

Total
Anthocyanins

Total
Polyphenols

Total
Anthocyanins

Total
Polyphenols

Total
Anthocyanins

mgGAE/100 g
FW

mg C3G/100 g
FW

mg GAE/100 g
FW

mg C3G/100 g
FW

mg GAE/100 g
FW

mg C3G/100 g
FW

A. ursinum L. vulgare R. pendulina

0 99.26 ab
1 0.58 230.76 b 0.83 1181.9 a 55.93

3 109.2 ab 0.77 197.91 b 4.3 1043.5 bc 47.22
7 138.7 a 1.4 338.45 a 6.67 1151.4 ab 60.13

10 81.51 b 0.23 313.52 ab 4.32 1033.9 c 31.03
14 47.96 c 0.92 343.48 a 13.93 1139.8 abc 39.48

* ns * ns * ns

B. officinalis P. officinalis S. pratensis
0 118.1 b 38.43 1270.7 a 25.96 433.93 150.7
3 100.8 b 40.27 1210.9 b 28.76 425.35 135.5
7 100.6 b 3.89 1208.6 b 25.58 396.64 107.4

10 115.6 b 45.43 1219.8 b 26.68 349.52 141.8
14 157.2 a 44.73 1161.1 c 26.2 457.66 118.7

*** ns *** ns ns ns

C. officinalis P. veris S. nigra
0 189.6 a 9.9 609.16 b 3.99 307.64 ab 17.29
3 156 ab 35.66 770.23 a 4.24 365.14 a 29.46
7 149.2 ab 26.46 610.58 b 4.86 284.33 b 16.03

10 136.2 b 20.11 638.24 b 4.96 315.84 ab 15.22
14 135.7 b 19.61 731.4 a 3.52 292.16 b 11.72

* ns *** ns ** ns

C. cyanus R. pseudoacacia T. officinale
0 196.8 d 34.67 191.45 14.45 76.41 d 8.84 ab
3 171.5 e 50.12 204.08 9.84 157.33 a 6.05 b
7 276 b 28.57 243.17 10.83 100.35 c 10.62 a

10 213.5 c 23.11 187.53 15.49 117.89 b 8.68 ab
14 317.9 a 38.04 205.6 11.95 98.62 c 8.57 ab

*** ns ns ns *** **
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Table 8. Cont.

Days

Total
Polyphenols

Total
Anthocyanins

Total
Polyphenols

Total
Anthocyanins

Total
Polyphenols

Total
Anthocyanins

mgGAE/100 g
FW

mg C3G/100 g
FW

mg GAE/100 g
FW

mg C3G/100 g
FW

mg GAE/100 g
FW

mg C3G/100 g
FW

D. carthusianorum R. canina T. majus
0 470.5 c 19.16 884.44 d 4.39 341.33 a 800.2 a
3 446.8 c 15.92 1009.6 c 5.04 343.64 a 414.2 b
7 675.9 a 17.25 1204.2 a 4.96 353.95 a 327.5 b

10 635.9 b 16.49 1155 ab 4.5 271.93 a 335.8 b
14 697.7 a 18.97 1104.6 b 5.2 48.74 b 322 b

*** ns *** ns *** **

L. angustifolia
0 148.2 c 4.27
3 198.7 bc 4.94
7 202.9 bc 5.03

10 212.3 b 4.98
14 387.5 a 5

* ns
1 Data with different letters are significantly different according to Tukey’s HSD test; the level of significance is given (*, p < 0.05; **, p < 0.01;
***, p < 0.001; ns, not significant).

Antioxidant Activity during Postharvest

The antioxidant activity measured with the DPPH assay significantly increased in
four species (A. ursinum, D. carthusianorum, L. angustifolia, L. vulgare), decreased in four
species (C. officinalis, P. officinalis, R. canina, R. pendulina) and remained constant in the
others during 14 days of storage (Table 9).

Table 9. Antioxidant activity (DPPH, ABTS, FRAP assays) of fresh edible flowers during cold storage at 4 ˝C (0, 3, 7, 10, 14
days after harvest). Data shown are mean values expressed on a fresh weight (FW) basis.

Days DPPH ABTS FRAP DPPH ABTS FRAP
µmol TE/g FW µmol TE/g FW mmol Fe2+/kg FW µmol TE/g FW µmol TE/g FW mmol Fe2+/kg FW

A. ursinum P. veris

0 2.38 c 1 2.7 c 1.45 b 41.91 abc 23.83 bc 120.14 b
3 6.76 a 7.41 a 4.01 a 42.63 ab 24.7 bc 115.17 b
7 4.75 b 3.32 b 5.04 a 53.29 a 22.96 c 114.25 b

10 4.73 b 5.56 ab 3.77 a 28.68 bc 27.67 a 118.84 b
14 4.79 b 4.65 ab 4.22 a 29.96 c 25.43 ab 131.17 a

*** * *** * *** **

B. officinalis R. pseudoacacia

0 3.47 a 6.53 22.74 b 2.08 ab 2.66 ab 30.35 ab
3 1.81 b 4.61 15.63 d 2.53 a 3.43 a 40.44 a
7 1.28 b 5.34 18.06 c 1.86 ab 4.16 a 47.1 a
10 4.59 a 7.92 24.19 b 1.82 b 3.4 ab 24.66 b
14 4.8 a 8.16 33.56 a 1.4 b 2.56 b 18.88 c

*** ns *** ** * **

C. officinalis R. canina

0 3.62 a 9.21 22.55 b 132.3 b 43.45 c 203.72 b
3 1.29 bc 2.39 34.16 a 137.7 b 52.86 b 227.37 ab
7 1.06 bc 2.3 32.56 a 137.4 b 50.91 bc 239.1 ab
10 0.97 c 2.34 31.34 a 177.6 a 57.39 a 265.09 a
14 1.89 b 1.97 34.87 a 115.8 c 49.98 bc 248 ab

*** ns *** *** * *
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Table 9. Cont.

Days DPPH ABTS FRAP DPPH ABTS FRAP
µmol TE/g FW µmol TE/g FW mmol Fe2+/kg FW µmol TE/g FW µmol TE/g FW mmol Fe2+/kg FW

C. cyanus R. pendulina

0 10.08 b 10.3 b 21.19 c 153.9 b 55.44 ab 257.04
3 10.77 b 13.4 ab 34.31 bc 104.8 c 55.35 ab 248.22
7 16.04 a 16.9 a 40.29 b 170.6 a 56.29 a 246.11
10 11.59 b 14 ab 26.57 bc 99.85 d 54.62 b 251.63
14 12.67 ab 13.7 ab 44.65 a 89.77 e 56.36 a 224.1

** * * ** ** ns

D. carthusianorum S. pratensis

0 29.13 c 17.4 b 92.51 b 11.02 5.39 171.09
3 17.19 d 12.8 c 69.6 b 10.78 5.23 151.51
7 37.59 b 20 b 121.3 a 10.3 5.64 144.54
10 34.87 bc 27.1 a 127.8 a 10.62 5.26 170.26
14 58.3 a 25.5 a 131.4 a 11.76 5.65 194.11

*** *** *** ns ns ns

L. angustifolia S. nigra

0 2.78 bc 7.77 b 19.25 c 5.14 ab 3.74 b 98.79
3 9.72 b 8.75 ab 32.97 abc 6.64 a 5.4 a 109.38
7 4.19 bc 8.9 ab 36.12 ab 4.34 b 4.35 ab 93.79
10 3.3 c 8.97 ab 31.14 bc 5.35 ab 4.24 ab 92.91
14 25.05 a 16.7 a 71.61 a 4.14 b 3.76 b 83.46

* * * ** * ns
L. vulgare T. officinale

0 2.49 cd 3.08 50.08 b 3.18 b 4.78 14.41 bc
3 1.85 d 2.35 49.49 b 6.87 a 7.06 18.46 ab
7 3.86 bc 3.4 77.88 a 2.8 b 6.39 12.15 c
10 5.54 ab 3.18 89.05 a 9.59 a 6.16 22.29 a
14 5.74 a 3.51 96.72 a 2.53 b 6.53 15.59 bc

*** ns *** *** ns ***

P. officinalis T. majus

0 232.4 a 57.6 b 274.2 a 11.51 a 8.05 241.12 a
3 227.3 b 57.9 a 265.8 b 5.85 b 4.73 129.15 b
7 190.9 c 57.5 b 275 a 5.62 b 5.02 113.86 b
10 221 c 57.6 b 274.3 a 4.53 b 5.69 119.76 b
14 187.9 c 55.7 c 261.1 b 6.79 ab 5.88 83.47 b

* * *** * ns ***
1 Data with different letters are significantly different according to Tukey’s HSD test; the level of significance is given (*, p < 0.05; **, p < 0.01;
***, p < 0.001; ns, not significant).

The antioxidant activity measured with the ABTS assay increased in 3 species
(A. ursinum, D. carthusianorum, L. angustifolia) across the trial, decreased in P. officinalis and
remained constant in the others.

Finally, the antioxidant activity measured with the FRAP assay throughout the trial
increased in eight species (A. ursinum, B. officinalis, C. officinalis, C. cyanus, D. carthusianorum,
L. angustifolia, L. vulgare, P. veris), decreased in three species (P. officinalis, R. pseudoacacia,
T. majus) and remained constant in the others.

4. Discussion
4.1. Sensory Evaluation

In the present study, trained panelists have described the sensory profiles of 17 edible
flower species. Sensory analyses or hedonistic evaluations concerning edible flowers are
few; previous studies concerned garlic, pansies, borage, calendula, and nasturtium, among
the others [8,27,29,31–36]. Since sensory science is still evolving on these emergent food



Horticulturae 2021, 7, 166 17 of 26

products, a common lexicon of organoleptic terminology was guaranteed by comparison
with specific literature (Table 2), studying and preparing a sensory sheet with a reduced
list of sensory descriptors to ease the judges’ evaluation and to describe the essential traits
of the samples.

The detected sensory profiles were very different from each other in terms of the
intensity of each descriptor, highlighting peculiar traits. Allium ursinum, D. carthusianorum,
L. angustifolia, and L. vulgare were featured by a strong aroma (smell, herbaceous and
specific flower aroma) but a poor taste (sweet, sour, bitter, and salt), while in C. intybus,
P. officinalis, R. pseudoacacia, and R. pendulina, one of the taste descriptor overcame the
aromatic traits. The other species (B. officinalis, C. officinalis, C. cyanus, P. veris, R. canina,
S. pratensis. T. officinale, and T. majus) had medium or quite high aroma, and one predomi-
nant taste. Among these species, B. officinalis resulted in a poor sensory profile, confirming
previous results [29], while other authors [31] conferred a very high score to sweet taste
of B. officinalis, which resembled cucumber, despite not being very fragrant. Calendula
officinalis also had a poor sensory profile, but an easy chewiness, which are in contrast with
a previous report [31], where this flower had a notably bitter taste, not easy chewiness and
an affinity to saffron taste.

Spiciness was the most variable descriptor out of the 10 considered, characterizing the
profile of A. ursinum and T. majus, as recorded in previous reports [31,36].

Sensory analysis is essential to understand the potential and most suitable use and
combination of each edible flower in the food industry. Differences between species in taste
and aroma are ascribed to the different chemical composition of each flower, constituted
by hundreds of compounds [14]. The fruity and floral aromas in flowers are, for example,
due to the presence of volatile compounds such as ethyl octanoate, 1-hexanol, ρ-cymene,
or β-myrecene [29], and flavonoids are responsible for the astringent and bitter taste
of foods [97], while organic acids confer sour taste [98]. In this study, few correlations
were found between sensory descriptors and higher presence of bioactive compounds
(polyphenols and anthocyanins), except for a decreased intensity of salted taste. The
multivariate analyses (e.g., PCA or PLS regression) are increasingly used in the sensory
science in the attempt of highlighting the degree of contribution of each interdependent
sensory attribute to the overall variability of data, or assessing the correlation between the
sensory attributes and the analytical data [99–104].

In this study, the PCA output confirmed the wide variability of the species in terms
of sensory traits, highlighting interesting taste and aroma intensities. However, the Q2

and R2 coefficients of PLS regression suggested that the current model does not fully
elucidate the role of phytochemical compounds in the sensory profiles of the studied edible
flowers. Despite the importance of bioactive compounds in human nutrition, they are
still of difficult sensory perception and further studies are needed to understand which
compounds are responsible for the taste and aroma of flowers. The phytochemical profile
of edible flowers is affected by environmental and agronomic conditions [105,106] and it
is of major importance to standardize the cultivation of each species in order to obtain a
uniform food produce not only in terms of appearance, but also in terms of sensory profile,
both highly affecting consumer preferences [2,35,36]. This would lead to better satisfy
consumers, which are almost unaware of flowers as a food product, but are curious and
willing to eat them [2,8,14,27,32–35].

4.2. Shelf Life

Fresh edible flowers are commonly considered highly perishable products, as they
rapidly decay within few days after harvest [11,37,38]. Each species has different storage
requirements [2], according to their moisture content and respiration rate [21]. Few studies
examined the storage conditions of edible flowers, receiving much less attention than
cut flowers, vegetables and fruits. An increasing number of trials are thus necessary to
understand their postharvest requirements [11,37,38,46,107].
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Thirteen species out of the 17 analyzed in this study were acceptable for seven days if
stored at 4 ˝C in polypropylene boxes, agreeing with several reports that mostly indicated
the limit of acceptance within one week of cold storage [21,37,38,45,107]. Among these,
B. officinalis, which showed a seven-day shelf life, also spoiled when stored at 0, 2.5, or
5 ˝C in sealed polyethylene film bags [38], despite the orage flowers lasting two weeks at
´2.5 ˝C [38] or only one day at 4 ˝C in another study [107].

Centaurea cyanus also lasted seven days; however, showed a satisfactorily shelf life for
12 days in another study [107]. D. carthusianorum showed an acceptable quality for seven
days, similar to the more common edible carnation (Dianthus caryophyllus L.) in commercial
packaging at 5 ˝C [107]. Salvia pratensis (seven-day shelf life) lasted more than the common
sage (Salvia discolor Kunth, five days [21]), and Salvia hybrid (six days at 5 ˝C in controlled
permeability films with 14 h of light [108]). Tropaeolum majus was acceptable for seven days,
as observed also by [38] at 5 ˝C, but this flower could last two weeks if stored in the dark,
in sealed polyethylene film bags at 0 and 2.5 ˝C [38]. The species with the longest shelf life
were roses, as R. canina lasted 10 days and R. pendulina 14 days, being the most suitable for
sale. Conversely, C. intybus and T. officinale were the least interesting products, not suitable
for storage using the described experimental conditions, as the first one rapidly went rotten
and the second one was suitable only on the day of harvest. There is evidence that these
two species release ethylene [109,110], the hormone that affects the growth, development,
and storage of many vegetables, fruits, and ornamental plants [111].

Despite the presence of ethylene can enhance coloration, it can also induce yellowing
of green portions and softening, fostering the senescence of the stored material even at
extremely low concentrations (30 ppb). The presence and dynamics of this plant growth
regulator should be further investigated to understand its role during postharvest storage
of C. intybus and T. officinale and generally all the edible flowers. During senescence,
polyphenols are also possibly involved in affecting the visual quality of vegetable products.
Most polyphenols are located in the vacuole of plant cells and once a physical stress or
deteriorative process start, plant cells begin to break. Therefore, phenolic compounds mix
with phenol peroxidases or polyphenol oxidase present in the cytoplasm and other cell
organs, leading to the appearance of browning tissues [112].

Results indicated that the studied edible flowers maintained an acceptable visual
quality for one week under cold storage while roses could last more. Further studies are
thus necessary to explore the storage requirements of fresh edible flowers to maintain their
good visual quality for longer periods and prevent flower damages (i.e., tissue browning,
petal discoloration, or dehydration) [37,46].

4.3. Bioactive Compounds and Antioxidant Activity Dynamics

In this study, P. officinalis, R. canina, and R. pendulina had the highest values in
polyphenols and antioxidant activity at harvest, confirming previous results on the same
species [13,22,113–115]. Comparing the total phenolic compounds with previous studies,
the range of values detected (76.41–1270.72 mg GAE/100 g FW) is in accordance with that
found in 51 Chinese edible flowers [22] and in the methanolic extracts of five species [116].
Focusing on single species, B. officinalis polyphenols were similar to another research [15],
but three-fold higher than another study [117]. Polyphenols in C. cyanus were not abundant,
and 2.5-fold lower than the research of [9]. Results on P. officinalis were instead similar to
that of the tree peony (Paeonia, section Moutan) cultivars [114]. Data of S. nigra polyphenols
were three-fold lower than previously evaluated [118] and finally, the phenolic content of T.
majus and P. veris was concordant with other reports on the same species [5,59]. Regarding
anthocyanins, S. pratensis and T. majus showed the highest content, probably thanks to
their bright blue and red-orange colors, determined by these phytochemicals [119]. How-
ever, comparisons with other studies are difficult for the lack of information on the 17
studied species.

Most of the 17 species had FRAP values similar to Chinese edible flowers [22], except
for P. officinalis, both roses and T. majus, which showed higher levels of antioxidant activity
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with this assay. Cichorium intybus had threefold higher FRAP activity than the ethanolic
extracts of the same species [18], while for S. nigra flowers similar values were reported [18].
The ranges of the radical scavenging assays (DPPH and ABTS) were also comparable to
literature, except again for P. officinalis and roses which had higher values in this study.
Conversely, C. officinalis FRAP and DPPH values and T. majus DPPH and ABTS values
resulted lower than previous studies [64,120]. At harvest, our data support previous
reports [17,23,115,116,121], indicating that the antioxidant activity is highly correlated with
the phenolic pattern, as the polyphenols are among the main phytochemicals responsible
for the antioxidant activity [7,23].

Polyphenol content in plant organs depends on several preharvest factors, mainly
related to environmental and stress conditions, since they are principally produced as a
defense against pathogens and solar radiation [122]. Some polyphenols are present in
all plant products, while others are specific to particular foods, but mostly, plants have
complex mixtures of phenolic compounds, which are often poorly characterized and
can behave differently during storage and ripening. Few trials have been performed so
far on the dynamics of bioactive compounds and antioxidant activity in edible flowers
during storage, as the visual quality has been the most frequent evaluated parameter [11].
According to some authors [21], cold storage could affect the bioactive compounds of
edible flowers. A reduction in total phenolic content in squash (Cucurbita pepo L.) flowers
during storage at 5 ˝C was found [44], while no variations were detected in A. oleracea
and B. semperflorens flowers stored at 4 ˝C [21,123]. Total polyphenol content and DPPH
clearance activity changed slight in daylily flowers (Hemerocallis lilioasphodelus L.) during
four days at 4 ˝C [43]. However, during storage throughout 20 days at 4 ˝C, the content of
bioactive compounds and the antioxidant activity measured with DPPH assay increased
in pansies [107]. In addition to differences among species, a comparison between edible
flowers in plastic boxes and flow packs (stored at 4 ˝C) showed that the phytochemical
content can also vary according to the packaging during postharvest [45].

In this study, the content of bioactive compounds differed considering the two-week
trial, as polyphenols followed a different trend according to the species. Anthocyanins were
less variable during storage, with no changes in 15 of the examined species, suggesting that
anthocyanins were not influenced by cold storage. Among the antioxidant assays, ABTS
values were the least variable, varying in only four species across the trial. Interestingly,
S. pratensis was the only species where no variations in the five evaluated parameters
occurred during the trial. Tropaeolum majus phenolic content and S. pratensis anthocyanin
content were stable during storage, conversely to previous studies [21,108]. In addition, we
recorded a decrease in anthocyanins and in antioxidant activity (especially for the FRAP
assay) of nasturtium, conversely to previous findings [21].

The limit of visual acceptance was recorded at day 7 for most of the species (day 10
in R. canina and day 14 in R. pendulina). During the shelf life period, the total polyphe-
nols slightly decreased in C. officinalis (´21.3%), P. officinalis (´4.9%), and R. pendulina
(´12.5%), while increased to a higher extent in C. cyanus (+40.2%), D. carthusianorum
(+43.7%), L. vulgare (+46.7%), P. veris (+26.4%), and R. canina (+30.6%). Generally, it has
been seen that during ripening the concentration of phenolic acids decrease, while the
anthocyanins increase. However, many factors can affect the content of polyphenols in
plants, and different behavior have been recorded according to the species [124]. This can
possibly be explained by the wide diversity of phenolic compounds that can be synthetized
by plants, leading to different phenolic profiles [122]. In addition, if we consider that the
dehydration of fresh material could occur during storage, affecting the amounts of bioac-
tive compounds and antioxidant activity detected. Besides, an increased accumulation
of phenolic compounds has been found to be related to exposure to ethylene in lettuce,
asparagus, and parsnip during storage [111]. It is not currently known whether C. cyanus,
D. carthusianorum, L. vulgare, P. veris, and R. canina produce ethylene except for the related
species of carnation (Dianthus caryophyllus) and rose (Rosa bourboniana and Rosa hybrida),
which are ethylene-sensitive [125–127]. Further investigations on this hormone production
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by edible flowers are thus needed to understand if and how it can affect phenolic dynamics
during storage.

Polyphenols have also been found to decline (´46%) during the shelf life period of
B. semperflorens (nine days), but was unaltered in V. cornuta (16 days) [45]. As per the
antioxidant activity, the trend varied depending on the analytical method used; however,
three species (A. ursinum, C. cyanus, and R. canina) showed increased values in all assays,
DPPH (+99.6%, +59.1%, +34.3%), ABTS (+23%, +64.9%, +32.1%), and FRAP (+247.6%,
+90.1%, +30.1%), compared to the day of harvest. A previous study [45] reported decreasing
values in FRAP antioxidant activity during the flowers’ shelf life (´52% in B. semperflorens
and ´34% in V. cornuta).

Numerous structural, physiological, and biochemical changes occur during ripening
of horticultural products, which is a complex process [128]. This process is influenced by
endogenous and environmental factors, involving multiple transcription regulatory and
biochemical pathways that are still need to be clarified [128]. So far, cold storage has been
seen to successfully delay flower senescence and quality deterioration of edible flowers, by
slowing the growth of microorganisms and the production of ethylene, and by reducing
internal breakdown of tissues, respiration, water loss and wilting [11]. To fully understand
flower senescence during postharvest, more information on the complex phytochemical
profile of each species are needed. However, data of dynamics during postharvest suggest
that the studied edible flowers can be valuable sources of bioactive compounds exerting
antioxidant activity, also beyond the limit of acceptance for sale purposes. Decaying fresh
flowers can be thus recovered and not wasted and can be proposed for the extraction of
valuable bioactive compounds.

5. Conclusions

This study described for the first time the sensory profiles of several edible flower
species. The methodology presented here might be useful for the selection of sensory
descriptors and for giving an indication on the range intensity values concerning the
flowers, even if data will have to be further confirmed in future studies. All the species
were also investigated for their main phytochemical characteristics related to bioactive
compounds, showing a wide variability between species. Generally, cold storage (4 ˝C)
seemed not to have negative effects on the phytochemical compounds, as the total phe-
nolic and anthocyanin contents remained almost unaltered or even increased across
14 days. Paeonia officinalis exhibited the highest values in four out of five characteris-
tics (total polyphenols, DPPH, ABTS, FRAP). Nevertheless, P. officinalis is not currently
cultivated for its flowers and in North-West Italy (where the flowers were sampled) is a
protected species.

Similar interesting results have been obtained in commonly cultivated roses.
Rosa canina and R. pendulina flowers had 10 and 14 days of shelf life at 4 ˝C in plastic
boxes, respectively, being interesting products to be sold as edible flowers, with R. canina
having the strongest smell and rose aroma intensity. The high polyphenol content of
these species might be responsible for their bitter taste, which must be considered before
consumption or preparation of foods. Salvia pratensis too could be easily marketable, as
its values did not change in all five parameters assessed during seven days of storage
and it is characterized by high smell intensity and easy chewability. Edible flowers can
be stored satisfactorily at 4 ˝C for 7–14 days according to the species, and used to confer
appeal and a wide range of tastes, aromas and sensory characteristics to dishes or food
products. The preliminary results on the subjective evaluation should be confirmed in the
future by specific consumer’s tests on a large number of individuals to provide indication
of the possible final user’s judgement. Despite its availability, it is eaten in lower quan-
tities than fruits and vegetables. However, flowers are confirmed as source of bioactive
compounds with antioxidant activity, which can provide not only aesthetic beauty but also
benefits for health, explaining the increasing number of studies on new food applications
of edible flowers.
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Paeonia officinalis, Primula veris, Robinia pseudoacacia, and Rosa canina. Figure S4: Spider charts with
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Author Contributions: Conceptualization, V.S.; methodology, M.G.M., V.S.; investigation, S.D.,
M.G.M., N.M.F., M.C.; resources, V.S.; data curation, S.D., M.G.M., N.M.F., M.C.; writing—original
draft preparation, S.D., M.G.M., N.M.F.; writing—review and editing, S.D., M.G.M., N.M.F., M.C.,
V.S.; supervision, V.S.; funding acquisition, V.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was supported by the program Interreg V-A Francia Italia Alcotra, project n.
1139: “ANTEA—Attività innovative per lo sviluppo della filiera transfrontaliera del fiore edule”.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article or Supplementary Material.

Acknowledgments: Regione Piemonte (Italy) is thanked for granting the sampling of flowers of
the protected species Paeonia officinalis L. The authors thank Marie-Jeanne Welter and the Masters
students of the Laboratory of Cultivation and Transformation of Aromatic Plants at the University of
Turin for their help in collecting data during postharvest of edible flowers, and the Italian National
Organization of Fruit’s Tasters (O.N.A.Frut) for performing the sensory evaluations.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mlcek, J.; Rop, O. Fresh edible flowers of ornamental plants—A new source of nutraceutical foods. Trends Food Sci. Technol. 2011,

22, 561–569. [CrossRef]
2. Fernandes, L.; Casal, S.; Pereira, J.A.; Saraiva, J.A.; Ramalhosa, E. Edible flowers: A review of the nutritional, antioxidant,

antimicrobial properties and effects on human health. J. Food Compos. Anal. 2017, 60, 38–50. [CrossRef]
3. Scariot, V.; Gaino, W.; Demasi, S.; Caser, M.; Ruffoni, B. Flowers for edible gardens: Combinations of species and colours for

northwestern Italy. Acta Hortic. 2018, 1215, 363–368. [CrossRef]
4. Lim, T.K. Edible Medicinal and Non-Medicinal Plants. Volume 7, Flowers; Springer: Dordrecht, The Netherlands, 2014,

ISBN 978-94-007-7394-3.
5. Lim, T.K. Edible Medicinal and Non-Medicinal Plants. Volume 8, Flowers; Springer: Dordrecht, The Netherlands, 2014,

ISBN 978-94-017-8747-5.
6. Chitrakar, B.; Zhang, M.; Bhandari, B. Edible flowers with the common name “marigold”: Their therapeutic values and processing.

Trends Food Sci. Technol. 2019, 89, 76–87. [CrossRef]
7. Koike, A.; Barreira, J.C.M.; Barros, L.; Santos-Buelga, C.; Villavicencio, A.L.C.H.; Ferreira, I.C.F.R. Edible flowers of Viola tricolor L.

as a new functional food: Antioxidant activity, individual phenolics and effects of gamma and electron-beam irradiation. Food
Chem. 2015, 179, 6–14. [CrossRef]

8. Chen, N.H.; Wei, S. Factors influencing consumers’ attitudes towards the consumption of edible flowers. Food Qual. Prefer. 2017,
56, 93–100. [CrossRef]

9. Rop, O.; Mlcek, J.; Jurikova, T.; Neugebauerova, J.; Vabkova, J. Edible Flowers—A New Promising Source of Mineral Elements in
Human Nutrition. Molecules 2012, 17, 6672–6683. [CrossRef]

10. Cunningham, E. What nutritional contribution do edible flowers make? J. Acad. Nutr. Diet. 2015, 115, 856. [CrossRef]
11. Fernandes, L.; Saraiva, J.A.; Pereira, J.A.; Casal, S.; Ramalhosa, E. Post-harvest technologies applied to edible flowers: A review.

Food Rev. Int. 2019, 35, 132–154. [CrossRef]
12. Falla, N.M.; Contu, S.; Demasi, S.; Caser, M.; Scariot, V. Environmental impact of edible flower production: A case study. Agronomy

2020, 10, 579. [CrossRef]
13. Demasi, S.; Caser, M.; Donno, D.; Ravetto Enri, S.; Lonati, M.; Scariot, V. Exploring wild edible flowers as a source of bioactive

compounds: New perspectives in horticulture. Folia Hortic. 2021, 33, 1–22. [CrossRef]
14. Pires, T.C.S.P.; Barros, L.; Santos-Buelga, C.; Ferreira, I.C.F.R. Edible flowers: Emerging components in the diet. Trends Food Sci.

Technol. 2019, 93, 244–258. [CrossRef]

https://www.mdpi.com/article/10.3390/horticulturae7070166/s1
https://www.mdpi.com/article/10.3390/horticulturae7070166/s1
http://doi.org/10.1016/j.tifs.2011.04.006
http://doi.org/10.1016/j.jfca.2017.03.017
http://doi.org/10.17660/ActaHortic.2018.1215.67
http://doi.org/10.1016/j.tifs.2019.05.008
http://doi.org/10.1016/j.foodchem.2015.01.123
http://doi.org/10.1016/j.foodqual.2016.10.001
http://doi.org/10.3390/molecules17066672
http://doi.org/10.1016/j.jand.2015.03.002
http://doi.org/10.1080/87559129.2018.1473422
http://doi.org/10.3390/agronomy10040579
http://doi.org/10.2478/fhort-2021-0004
http://doi.org/10.1016/j.tifs.2019.09.020


Horticulturae 2021, 7, 166 22 of 26

15. Grzeszczuk, M.; Stefaniak, A.; Pachlowska, A. Biological value of various edible flower species. Sci. Pol. 2016, 15, 109–119.
16. González-Barrio, R.; Periago, M.J.; Luna-Recio, C.; Garcia-Alonso, F.J.; Navarro-González, I. Chemical composition of the edible

flowers, pansy (Viola wittrockiana) and snapdragon (Antirrhinum majus) as new sources of bioactive compounds. Food Chem. 2018,
252, 373–380. [CrossRef]

17. Kaisoon, O.; Konczak, I.; Siriamornpun, S. Potential health enhancing properties of edible flowers from Thailand. Food Res. Int.
2012, 46, 563–571. [CrossRef]

18. Loizzo, M.R.; Pugliese, A.; Bonesi, M.; Tenuta, M.C.; Menichini, F.; Xiao, J.; Tundis, R. Edible flowers: A rich source of
phytochemicals with antioxidant and hypoglycemic properties. J. Agric. Food Chem. 2016, 64, 2467–2474. [CrossRef]

19. Ceccanti, C.; Landi, M.; Benvenuti, S.; Pardossi, A.; Guidi, L. Mediterranean wild edible plants: Weeds or “new functional crops”.
Molecules 2018, 23, 2299. [CrossRef]

20. Durazzo, A.; Lucarini, M.; Souto, E.B.; Cicala, C.; Caiazzo, E.; Izzo, A.A.; Novellino, E.; Santini, A. Polyphenols: A concise
overview on the chemistry, occurrence, and human health. Phyther. Res. 2019, 33, 2221–2243. [CrossRef]

21. Landi, M.; Ruffoni, B.; Combournac, L.; Guidi, L. Nutraceutical value of edible flowers upon cold storage. Ital. J. Food Sci. 2018,
30, 336–347. [CrossRef]

22. Li, A.-N.; Li, S.; Li, H.-B.; Xu, D.-P.; Xu, X.-R.; Chen, F. Total phenolic contents and antioxidant capacities of 51 edible and wild
flowers. J. Funct. Foods 2014, 6, 319–330. [CrossRef]

23. Lu, B.; Li, M.; Yin, R. Phytochemical content, health benefits, and toxicology of common edible flowers: A review (2000–2015).
Crit. Rev. Food Sci. Nutr. 2016, 56, S130–S148. [CrossRef]

24. Zheng, J.; Yu, X.; Maninder, M.; Xu, B. Total phenolics and antioxidants profiles of commonly consumed edible flowers in China.
Int. J. Food Prop. 2018, 21, 1524–1540. [CrossRef]

25. Fernandes, L.; Casal, S.; Pereira, J.A.; Saraiva, J.A.; Ramalhosa, E. An overview on the market of edible flowers. Food Rev. Int.
2020, 36, 258–275. [CrossRef]
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