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Abstract: Edible flowers are inflorescences traditionally used in various part of
the world to enrich sweet and savoury recipes. The flowers of Viola spp. were
appreciated since the Romans, and today the fresh products are now incorpo-
rated as ingredients in different culinary preparations. In this work, cultivation
of potted Viola cornuta L. cv. Penny Lane was performed in greenhouse with
different environmental conditions (basal heating, additional LED lighting and
moisture management) and therefore the biomass production (number of flow-
ers per square meter and plant dimension per pot) was assessed. The plants
are characterised by flowers with dark purple and orange petals in the same
corolla. The shelf-life of detached flowers was studied in post-harvest condi-
tions at 0 and 4 days of cold storage at 4°C (polyethylene boxes, 12/12 h
light/dark condition) to simulate the condition of | gamma products. Sugars and
secondary metabolites were analysed. Basal heating seems not to increase
flower number but could contribute to reach a well-balanced simultaneous
presence of different antioxidant molecules (polyphenols, anthocyanins,
carotenoids). Our data highlight that the short cold storage under light condi-
tion lead to an increase in the content of total polyphenols and antioxidant
activity, although a general reduction in pigments and sugars is observed.

1. Introduction

Edible flowers are currently part of a niche market and perceived as a
culinary novelty, even if their consumption is known for thousands of
years. In fact, there are several historical evidences that highlight the use
of the inflorescences to prepare and garnish dishes, from some ancient
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civilisation as Greeks and Romans, to more recent
times, e.g. the Victorian period in England (Mlcek and
Rop, 2011; Cunningham 2015). Most appreciated
species were roses (Rosa spp.), calendula (Calendula
officinalis L.), saffron (Crocus sativus L.), dandelion
(Taraxacum officinale L.), and elder inflorescences
(Sambucus nigra L.) (Micek and Rop, 2011). In Indian
and Chinese cultures, edible flowers are used as com-
ponents of medicines based on herbs, in addition to
culinary purposes (Wongwattanasathien et al., 2010).
Several edible flowers are beneficial to human health
showing anti-inflammatory effects and antioxidant
and ROS scavenging activities (Mlcek and Rop, 2011).

Today, around 180 specie are known to produce
edible flowers (Lu et al., 2016), and Viola spp. are
among the most common and currently consumed.
These flowers are characterized by a sweet and
refreshing taste, in addition to a pleasant velvety tex-
ture (Neumann and O’Connor, 2009; Koike et al.,
2015). Edible Violas belong to 3 different species,
namely Viola cornuta L. (horned pansy), Viola tricolor
L. (Johnny Jumpup), and Viola x wittrockiana Gams
(garden pansy) (Neumann and O’Connor, 2009). The
plants are similar to each other except for flower
size, which its diameter is in garden pansies (up to
around 11.5 cm) > horned pansies (up to around 2.5
cm) > Johnny Jump ups (less than 2.5 cm in diameter)
(Bailey, 1998; Kessler et al., 1998). Over the years,
intensive breeding programs selected new varieties
with unique flower colours (pure-colour or multi-
coloured flowers), greater flowers number, and plant
temperature tolerance (Bailey, 1998). The cultivation
of V. cornuta is similar to the one of V. x wittrock-
iana. These speciesare grown as autumn and spring
bedding plants, although they are also raised for the
summer and winter markets (Pearson et al., 1995). In
order to produce edible flowers safe for human con-
sumption, chemical products, such as synthetic fertil-
izers and pesticides, has to be avoided during plants
production; for this reason, only organic cultivation is
allowed (Fernandes et al., 2017). No special needs for
cultivation are required, indeed well drained com-
mercial potting soil can be used. Viola flowers are
often cultivated in greenhouse, and properly defined
environmental factors, such as temperature, pho-
toperiod and irradiance are fundamental for the
quality of the flowers (Gandolfo et al., 2016). Pansies
should be grown between 4 and 13°C, in order to
reduce plant growth rate, internode elongation and
to ensure high quality flowers (Cavins et al., 2000). In
fact, flower size (mm?) decreased linearly with
increasing temperature between 9 and 31°C (Pearson
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et al., 1995). The ideal temperature for growth and
flowering ranges from about 14°C to 21°C (Kessler et
al., 1998). Moreover, pansies are obligate FR (far
red)-dependent long-day plants and, for this reason,
FR radiation are required to promote the flowering
process, in addition to red (R) radiation (Kozai et al.,
2016). Blue light is able to reduce the time required
to produce flower buds in V. x wittrockiana (Rashidi
et al., 2018).

Full-bloomed, edible flowers can be sold in pots
or, mainly, in small and medium rigid plastic pack-
ages to avoid their rapid drying and to preserve their
fragile texture (Whitman, 1991; Kelley et al., 2001).
However, flowers are high perishable so that differ-
ent approaches were performed to prolong their
shelf-life. Cold storage is documented for V. tricolor
and V. x wittrockiana, using sealed low-density
polyethylene film bags. These two species were able
to preserve their commercial attractiveness up to 2
weeks of storage, when kept between 0 and 2.5 °C
(Kelley et al., 2003). More recently, different new
post-harvest technologies were applied on Viola spp.
Edible coatings (e.g. alginate), crystallization and
osmotic dehydration improved violas shelf-life, as
shown by a good visual quality for prolonged period
(Fernandes et al., 2018 a, b, 2019 a, b). Coated pan-
sies contained higher level of polyphenols and
antioxidant activity than uncoated ones, on all
assayed storage times (up to 14 days). Gamma irradi-
ation are also tested, and this methodology increased
polyphenols content and antioxidant activity in V. tri-
color flowers, compared to no irradiated controls
(Koike et al., 2015). Edible flowers are selected and
perceived by their fragrance, appearance, size and
colour. Consumers prefer yellow and orange flowers
rather than blue (Kelley et al., 2001, 2002). Within
this regard, V. cornuta cv. ‘Penny Lane’ with orange-
violet flowers have been selected for this work.

The aim of this work was to cultivate V. cornuta L.
‘Penny Lane’ and test the effect of different cultiva-
tion strategies for a higher production of flowers with
good quantities of nutritional compounds. Moreover,
the post-harvest treatment has been performed to
analyze the change in bioactive compounds. Storage
temperature was maintained around 4-6°C (cold stor-
age) and flowers were also exposed to artificial light
to simulate the refrigerated sector of the grocery
market. Metabolites (polyphenols, anthocyanins,
carotenoids, sugars) were analysed to determine the
shelf-life of packaged flowers as | gamma products.
To the best of our knowledge, any investigation of
metabolites during post-harvest cold storage studies
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were performed on V. cornuta.

2. Materials and Methods

Plant cultivation, greenhouse condition and flower
blooming

Plants of Viola cornuta L. ‘Penny Lane’ with
orange-violet flowers (Fig. 1) were purchased by
Gruppo Padana - Ortifloricoltura dei Fratelli Gazzola
S.S. Societa Agricola (Paese, TV, ltaly) and planted in
420 pots with a diameter of 14 cm (1 L volume). They
were placed on 4 benches of an iron-glass green-
house (called SAM-LAB) equipped with a climatic
control system at the “Centro di Sperimentazione e
Assistenza Agricola” (CeRSAA) in Albenga (SV) 43° 3’
14" North and 8° 13’ 1” East). At the beginning of the
experiment, plants were 3 cm height with a diameter
of 2.5 cm. The substrate used was “TS4” soil from
“Turco Silvestro” company (Albenga, SV, Italy), char-

Fig. 1- Flowers of Viola cornuta cv. Penny lane grown in pot in
SAMLAB greenhouse.

acterized by pH 6.5, electrical conductivity 0.56
dS/m, dry bulk density 250 kg/m? total porosity 90%
v/v. The experimental design foresees 7 treatments
(60 plants each) in the SAMLAB and reported in Table
1. The presence or absence of basal heating was
guaranteed by either electric mat WARMSET at 50°C
or water at 35°C (by hydraulic coil) and the addition
of 1 or 2 hours of light after the astronomical sunset
to extend the photoperiod, as reported in Table 1. In
consideration of the number and the layout of the
benches of the greenhouse and the possibility to sub-
divide the lighting of led lamps used for the experi-
mentation, only the selected treatments were tested
(Table 1). Each bench was equipped with 4 LED lamps
placed at a distance of 1.50 meters from the surface
of the pallet depending on the type of lamp and cul-
ture. For the tests, specifically, VALOYA B200 LED
lamps with AP673L spectrum were used (blue 12% -
green 19% - red 61% - far red 8% - PAR 92%). Each
lamp has a total power consumption of 192 W, a
photon flux in the range 400-700 nm of 284 pumol s*
and a photon flux in the range 300-900 nm of 311
pmol s?). During the trial in the greenhouse the reg-
istered average temperature was 18°C and the aver-
age humidity was 64%. From 01/14/2019 to
02/28/2019 evaluations were carried out to observe
whether different kind of basal heating and supple-
mentary light could affect plant growth. At the end of
the trials, the investigations included the measure-
ment of plant diameter (cm) per each pot and the
number of flowers per meter square. Thus, flowers
were picked by hand in the morning for further
analyses and cold treated.

Flowers storage conditions

Fresh picked flowers were stored in polyethylene
boxes at 4 °C with a 12 hours photoperiod in order to
simulate better the condition of supermarket fridge

Table 1- Greenhouse treatments (basal heating of benches and/or additional light) of Viola cornuta cv. Penny lane. Treatments are car-
ried out for 3 months, from transplantation through flowering period until the end of trials

Basal heating

Additional light

Treatment Elecstgfcmat Ho;;\:aéter Absent 1 hour 2 hours Absent
1 X X

2 X X

3 X X

4 X X

5 X X

6 X X

7 X X
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counter. The refrigerated cells were equipped with
LED lamps (Valoya, Finland) having the following
spectrum: blue 21% - green 38% - red 35% - far red
6% - PAR 94%. Flower storage was evaluated after 4
days post-harvest (time 4) performing the following
biochemical analyses: total phenolics content, antiox-
idant activity (DPPH assay), total anthocyanins con-
tent, total carotenoids content and total soluble sug-
ars content. For each biochemical analysis three
homogeneous biological replica were used. Each
replica was stored at -20°C until further analyses.
Fresh flowers (time 0) are used as control.

Polyphenol content

Polyphenols were extracted as reported by
Bretzel et al. (2013). Fresh flowers (200 mg) were
homogenized in 2 mL of methanol 70 %, and of total
phenolic content was determined using the Folin-
Ciocalteau assay (Singleton and Rossi, 1965). The
absorbance was read at 765 nm in a UV-1800 spec-
trophotometer (Shimadzu Corp., Kyoto, Japan) and
the total phenolic concentration was expressed as
catechin equivalents per gram of fresh weight.

DPPH scavenging activity

The antioxidant activity of each sample was deter-
mined through the 2,2-diphenyl-1-picrylhydrazyl radi-
cal (DPPH) free radical scavenging assay, as described
by Brand-Williams et al. (1995). The absorbance was
read at 517 nm. Antioxidant activity was expressed in
IC,,, which represent the concentration of the sample
able to reduce the initial amount of radical DPPH by
50%. Consequently, lower IC, value of sample corre-
sponds to greater antioxidant activity.

Anthocyanin content

Total anthocyanins were extracted as reported by
Bretzel et al. (2013). 200 mg of sample were homog-
enized in 750 pl of acidified methanol (MeOH/HCI
10:0.1). The absorbance was read at 535 nm and the
total anthocyanin concentration was expressed as
malvidin equivalents per gram of fresh weight.

Carotenoids content

Determination of total carotenoids content was
determined using Lichtenthaler’s formula (1987).
Fresh flowers (100 mg) were added to 5 ml of
methanol 99 % and it was incubated for 24 hours at
4°C. The absorbance was read at 665.2 nm, 652.4 nm
and 470 nm.

Total soluble carbohydrates content
Total soluble carbohydrates content was estimat-
ed from dried flowers (20 mg) using anthrone proto-
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col according to Yemm and Willis (1954). The
absorbance was read at 630 nm, using glucose as
external standard.

Statistical analysis

The normal distribution of the residuals and the
homogeneity of variance was determined and then
data were statistically analysed. The results of bio-
mass (number of flowers and growth in pot) were
expressed as mean values and analyzed using one-
way analysis of variance (ANOVA) followed by
Tukey’s HSSD Test with p=0,05. The results of post-
harvest treatments have been performed using
ANOVA Student’s t-test to determine the significant
difference of each treatment between fresh samples
(time 0) and samples after 4 days (time 4), with p <
0.05. Biochemical results were analysed by one-way
ANOVA followed by Fisher’s probable least-squares
difference test with cut-off significance at p < 0.05
(StatView®, Version 5.0, SAS® Institute Corporation).
The dependent variables were analysed using two-
way ANOVA, with the factors “Treatment” and ““Post
harvest days” (PHD).

3. Results and Discussion

Horned pansy (Viola cornuta) is a biannual plant
with long flowering period through different seasons.
It is also considered as cold-tolerant plant, since the
minimum temperature for flowering is around 4°C,
while the optimal temperature is around 26°C
(Blanchard and Runkle, 2011). Winter temperature
and light are very important factors to determine a
good production of flowers (Boldt and Altland, 2019),
and heating and supplemental lighting are often pro-
vided in greenhouse cultivation to improve the quan-
tity and quality of flowers (Dieleman and Meinen,
2007; Oh et al., 2010). For this reason, horned pansy
plants were subjected to different treatments (Table
1) to evaluate their effect on the growth and flowers
number (Table 2) and thus the yield of edible flowers.

The results indicated that the treatment n. 7 (con-
trol, no basal heating, no additional light hours) and
treatment n. 3 (no basal heating, 2 h of supplemen-
tary light) determined the larger diameter of plants
(Table 2). However, there is no statistically significant
difference (T student analysis) between treatment n.
3 and the control n. 7 (18.0 and 17.1 cm/plant
respectively), probably due to the effect of light
towards vegetative growth. The addition of basal
temperature of the benches by hot water (treatment
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5) corresponded to a decrease of the growth (15,6
cm/plant), while when also additional lighting was
performed the decrease was not significant (treat-
ments n. 1, 4, 6). The growth of the plants seems to
be affected when the additional light is added, in the
absence or with higher temperature of the benches
(Table 2). The effect of supplemental LED lighting is
known to affect positively many plant growth para-
meters of several plants, including pansy (Koksal et
al., 2015), so these results are in agreement with pre-
vious reports. The treatment 2 (electric mat 50°C)
highlighted the lowest value of number of flowers
(604.44 flowers/m?) followed by treatment n.6
(636.94 flowers/m?), while the other trials showed
similar higher amounts (Table 2). Taken together, the
biometric parameters suggest that the single elonga-
tion of photoperiod (2h) plays a positive role to
increase the biomass and to produce more flowers,
and the temperature is a secondary effect. The quali-
ty of plants in relation to light and temperature is
debated since long time (Liu and Heins, 1997; Adams
et al., 1998), and the lower temperatures and higher
irradiance seems to produce higher quality of flow-
ers, including pansy (Pearson et al., 1995; Boldt and
Altland, 2019). The results presented here are in
agreement of the observed influence of the exposure
duration, intensity and combinations of light to the
growth and flowering of V. x wittrockiana (Oh et al.,
2010). The lengthening of the photoperiod has been
confirmed as important factor in V. x wittrockiana
‘Rose’, during experiments aimed to the determine
the influence of photoperiod and phytochrome
(Rashidi et al., 2018). In that research, the night inter-
ruption decreased the plant dimension. The quality
of flowers, especially the edible ones, are related to

the visible characteristics and nutraceutical compo-
nents (Benvenuti et al., 2016). Thus, the influence of
light and temperature for the production of different
metabolites was also determined.

Edible flowers are considered a good source of
antioxidant molecules (Rop et al., 2012; Loizzo et al.,
2015) and polyphenols (including phenolic acids and
anthocyanins) are considered the main antioxidant
compounds. A first detail of phenolic composition
and properties of V. cornuta edible flowers highlight-
ed that their polyphenols content is lower than V. x
wittrockiana (Moliner et al., 2019). The metabolites
were analyzed at the time of harvest (time 0), and
after short period of post-harvest in a chamber at
lower temperature and in the presence of light (12h).
The post-harvest treatment was chosen to mimic the
condition of the benches of grocery stores. Pigments,
as carotenoids and anthocyanins are the important
compounds for evaluating the visual quality of flow-
ers. At time of harvest (time 0), the worst treatment
resulted the n. 3 (addition of 2h light), since the
recorded amount of both pigments were the lowest,
0.14 and 5.63 mg/g FW for carotenoids and antho-
cyanins, respectively (Table 3). Instead, the highest
values were determined with the treatment n.1
(temperature 50°C by electric mat and light 1h (0.32
and 10.42 mg/g FW for carotenoids and antho-
cyanins). The increased temperature, either by elec-
tric mat (n. 2) or by hot water (n. 5), did not support
any increase in flower pigmentation, both for
carotenoid and anthocyanins. Control flowers
showed good carotenoid values (0.30 mg/g FW),
while anthocyanins suffered without addition of light
or temperature (6.93 mg/g FW). Of our knowledge
only few papers have been published so far on the

Table 2 - Effect of different cultivation (basal heating and/or supplementary light) on biomass production of Viola cornuta cv. Penny

lane

Diameter

Treatment

Number of flower
per m?

1 Electric mat 50°C + light 1 h 15.8+0.40 ab 838.42+429 a
2 Electric mat 50°C 16.2+0.46 ab 604.44+48.75 b
3 Light2 h 18.0+0.40 a 864.42+40 a

4 Hot water 35°C + light 1 h 16.6+0.33 ab 851.42+33.8 a
5 Hot water 35°C 15.620.38 b 812.43+44.85a
6 Hot water 35°C + light 2 h 16.1+0.24 ab 636.94+43.55 ab
7 Control 17.1+0.50 a 793.934£38.35a

Plant diameter (cm) and the number of flowers (per meter square) were detected at the end of flowering period.
Data are expressed as mean value (n=60) and analyzed using one-way analysis of variance (ANOVA) followed by Fisher’s probable least-

square difference test with p=0.05.
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Table 3 - Determination of carotenoids, anthocyanins, polyphenols, radical scavenging activity (DPPH assay), and soluble sugars of Viola
cornuta flowers grown under different greenhouse conditions (AV1-7, see Table 1) and cold stored for O (time 0) o 4 (Time 4)

days postharvest

Treatment Carotenoids Anthocyanins Polyphenols DPPH assay Soluble sugars
(mg/g FW) (mg/g FW) (mg/g FW) (1C50 mg/ml) (mg/g FW)
Time O
1 Electric mat 50°C+ light 1 h 0.32+0.00a A 10.42+0.32aA 12.42+0.11aA 0.82+0.00aA 209.69+391aA
2 Electric mat 50°C 0.27+0.00cB 8.05+0.20cA 9.93+0.68bB 0.80+0.01aA 183.84+6.97bA
3 Light2h 0.14+0.01eB 563+0.14e8B 11.00+0.09abA 0.84+0.02abA 179.57+3.98b A
4 (Hot water 35°C + light 1 h) 0.29+0.01 bcA 9.28 +0.49 bc A 11.85+0.40abA 0.86+0.02abA 207.45+4.85aA
5 Hot water 35°C) 0.28+0.01cA 10.29+0.25ab A 9.35+1.06bA 0.89+0.01bB 181.29+3.84bA
6 Hot water 35°C + light 2 h 0.26 £0.00d A 6.93 £ 0.42 dA 7.36+0.16cB 1.19+0.05dB 183.90+10.96b A
7 Control 0.30+0.00b A 8.71+0.57cd A 7.66+0.25¢cB 1.09+0.01cB 179.90+1.44bA
Time 4
1 Electric mat 50°C+ light 1 h 0.33+0.01b A 481+0.19d8B 1246 +0.25aA 0.78+0.01aA 203.61+2.03aA
2 Electric mat 50°C 0.36+0.01aA 7.631+0.18 cA 11.62+0.16 bA 0.82+0.02aA 158.91+2.90dA
3 Light2h 0.21+£0.00e A 9.22+0.19b A 10.88+0.21 bcA 0.84+0.01bA 161.09+0.36dB
4 Hot water 35°C + light 1 h 0.28+0.01cA 10.73+0.56a A 11.65+0.32abA 0.90+0.02cA 175.50+1.30cB
5 Hot water 35°C 0.23+0.00d A 6.65+0.44cB 10.43 £ 0.45cA 0.77+0.02aA 164.42+341dA
6 Hot water 35°C + light 2 h 0.25+0.01d A 4.75+0.49d8B 9.32+0.04dA 0.94+0.02cA 159.48+299d8B
7 Control 0.27+0.01cB 7.49+0.79cA 10.37+0.27cA 0.78+0.01aA 192.31+256bA
ANOVA p-value
Treatment <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
PHD 0.0014 <0.0001 <0.0001 <0.0001 < 0.0001
Treatment x PHD < 0.0001 <0.0001 0.0041 <0.0001 0.0060

Data are expressed as means (n=3, = SE.) ANOVA followed by Fisher’s probable least-square difference test was used, with a cut-off signi-
ficance at p=0.05. Smalls letter indicate comparisons between treatments at the same postharvest day (PHD); capital letters indicate
comparisons between the two PHD for the same treatment. Interaction between treatments and PHD were analysed by two-way

ANOVA.

influence of light and temperature on the content of
pigments in Viola spp. (Rashidi et al., 2018), so these
results will contribute to define the effect of these
factors and their contribution to the pigmentation.
Other metabolites of horned pansy were determined
at time of harvest, such as polyphenols andsugars,
that are expected as fundamental nutraceutical com-
ponents, as well as the scavenger reducing power (by
DPPH assay). With regards to total soluble carbohy-
drates (TSS) statistically significant differences were
observed among the various treatments: higher sug-
ars amounts were observed in the treatments n. 1
and 4, characterized by the addition of light (1 h) and
higher temperature. Although the other treatments
showed the similar less quantities of sugars, the low-
est amount is observed in treatment n. 3 (TSS 179.57
mg/g FW). The highest amount of total polyphenols
(12.42 mg/g FW) was measured in treatment n. 1
(basal electric heating at 50 °C with 1 hour of addi-
tional light), and the lowest value in the control and
n. 6 (7.66 and 7.36 mg/g FW, respectively). The
antioxidant activity is higher in the treatments of
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addition of temperature by electric mat (n. 1 and 2)
with IC, | (DPPH assay) values of 0.80 and 0.82 mg/ml
respectively, followed by the trials n.3 and 4. Flowers
of the control and treatment n.6 showed the lower
scavenger reducing activity. In the present work the
concentration of total polyphenols ranged 7.36 and
12.42 mg GAE/g fresh weight. These values agree
with those found in V. x wittrockiana, reported by
other authors (Rop et al., 2012). However, the
polyphenol values could be underestimated by the
method of extraction, as already shown in Gonzales-
Barrio et al. (2018). In fact, they reported different
polyphenol amounts in V. x wittrockiana by using
either acidic hydrolysis or maceration instead of the
method adopted in this work (Bretzel et al., 2014).
Other reports showed the influence of storage at
different temperature in different flowers (Kelley et
al., 2003). Moreover, different packages used for the
storage conditions can affect the quality of flowers
(Landi et al., 2018). Changes of appearance, and aes-
thetic value were performed on V. x wittrockiana
(Kelley et al., 2003). The results obtained at the time
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of cold storage (time 4) were compared to those at
the time of harvest (time 0). The data reported here
indicated that the purple-pink flowers maintained
the carotenoids content after 4 days of cold storage
in the treatments n. 1, 4 and 6, whereas in the treat-
ments n. 2 and 3 values of carotenoids increased.
Meanwhile, in flowers of treatment n. 5 and 7 (con-
trol) the amount of carotenoids decreased (Table 3).
After 4 days of postharvest treatment, anthocyanins
are the most affected metabolites by cold storage. In
fact, the amount of anthocyanins decreased in the
treatments n. 1, 5 and 6, whereas in the treatment n.
3 values increased (9.22 mg/g FW). The treatment n.
1 showed the largest decrease, 10.42 mg/g FW at
time 0 and 4.81 mg/g FW at time 4. However, the
loss of pigmentation is not always documented, but it
is peculiar of each species and variety, as already
demonstrated in other species as Acmella oleracea,
Salvia discolor, Begonia semperflorens, Tropaeolum
majus (Landi et al., 2018). The total polyphenols con-
tent after cold storage maintained the same values of
that detected at Time 0, with the exception of treat-
ments n. 2, 6 and control, where polyphenols
increased, 11.62, 9.32 and 10.37 mg/g FW at time 4,
respectively (Table 3). The antioxidant activity
increased in the treatments with hot water (n.4, 5,
6). Different susceptibility to the storage process was
observed in other edible flowers, with different
changes (increase or decrease) on nutraceutical val-
ues up to 8 days of postharvest (Landi et al., 2018).
The soluble sugars dropped significantly in the treat-
ment n. 4, since the values was the highest at time 0
but reduced at 80% at time 4 (207.45 and 175.5 mg/g
FW). Other decrease in the content of sugar is
observed for the treatments n.3 and 6. Soluble sug-
ars are important nutritional components of the
flowers and represent a good characteristic for the
choice of edible flowers (Mlcek and Rop, 2011).
However, there are few works on the sugar profile of
edible flowers, e.g. Rosa micrantha (Guimaraes et al.,
2010). In experiment done with cut lily flowers was
discussed the role of reducing sugars, as a typical
reaction of plants that defend themselves against
injury due to chilling or frost (Van doorn and Han,
2011).

4. Conclusions
The different cultivation treatments used in this

work are differently correlated with the analyzed
metabolites. In order to obtain flowers with high

quality of brilliant color, one hour of supplementary
lighting and a basal heating of 50°C seem to be the
right combination of factors. The cold storage
imposed to the flowers as the post-harvest treatment
indicated that the flowers treated with additional 2 h
of light (treatment n. 3) retained values of the
metabolites during the post-harvest, with the excep-
tion of sugars. However, even if the additional light-
ing seems to preserve the flowers from depigmenta-
tion and to maintain the nutraceutical compounds,
the decreased content of the observed sugars could
be a consequence of the phenomenon of senes-
cence. Further studies on the influence of illumina-
tion on plastic bags and the evaluation of ethylene
production can be useful for the definition of the
post-harvest process in V. cornuta. In addition, the
investigation of the other minor nutritional compo-
nents can be crucial to define a more detailed condi-
tion of storage.
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