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Abstract

The objective of this work was to study the effect of osmotic drying, using different hypertonic
solutions (sucrose and sodium chloride), on physicochemical characteristics of pansies (Viola Ö wit-
trockiana). The same treatments were applied to lettuce to compare the behavior of flowers with
other vegetables. Pansies’ superhydrophobic surface structure, called papillae, increased the resistance
to exchanges with hypertonic solutions. No weight loss was observed after most treatments (sucrose:
between 2.2 and 6.8 %; NaCl: between -23.0 % and 1.5 %), aw maintained high values (> 0,94) and
monomeric anthocyanins were preserved (fresh 0.10 and 0.19 mg Cy-3glu/g fresh matter for 20%/1 h
in NaCl and 60%/1 h in sucrose). When applying more drastic conditions, as sodium chloride for more
than 1 hour, undesirable textural and color changes were observed. For lettuce, all treatments caused
osmotic dehydration, weight loss (ranged between -9.3 to -30.3 % for 80%/1 h in sucrose and 15%/1 h
in NaCl) and a reduction in aw (< 0,97) and carotenoids, with sodium chloride causing more damage
in visual appearance than sucrose. Therefore, immersion in osmotic solutions can be applied to lettuce
but the desired effect was not achieved for pansies due to the morphological structure of the flowers’
epidermis.
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1 Introduction

Garden pansies (Viola Ö wittrockiana) result
from extensive hybridizing and selection involv-
ing the species of Viola tricolor, Viola lutea, Vi-
ola altaica and others (Lim, 2014). Pansies are
edible flowers, added to salads or used to gar-
nish desserts (frosted cakes, sorbets and iced
drinks). They can also be crystallized and eaten

as a sweet delicacy. Furthermore, these flowers
are rich in health-promoting compounds, such as
anthocyanins, carotenoids, flavonoids, potassium
and phosphorus (Gamsjaeger, Baranska, Schulz,
Heiselmayer, & Musso, 2011; Rop, Mlcek, Ju-
rikova, Neugebauerova, & Vabkova, 2012; Vu-
kics, Kery, & Guttman, 2008), contributing for a
healthy diet, while providing protection against
cancer and cardiovascular diseases, among oth-
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ers (Lu, Li, & Yin, 2016). However, edible flow-
ers have a limited shelf-life, with petal abscis-
sion, discoloration, wilting, dehydration and tis-
sue browning occurring soon after harvest. The
most common ways to preserve edible flowers in-
clude refrigeration, drying or canning in sugar,
and preservation in distillates. However, these
processes can have a negative impact on their
nutritional and sensory quality and appearance.
In response to recent culinary trends, demanding
an increased availability and shelf life of edible
flowers, it is essential to find new technologies
or pretreatments which are able to extend edible
flowers’ shelf life with minimal impact on their
sensory and textural properties.
Immersion in osmotic solutions is a common
procedure used to dehydrate foods, and it can
be regarded as a way to decrease the water
activity and maintain the appearance of pan-
sies. However, few studies on the effect of os-
motic dehydration have been conducted on edi-
ble flowers. This technology has already been ap-
plied to broccoli (Xin, Zhang, & Adhikari, 2013)
and cauliflower (Jayaraman, Das Gupta, & Rao,
1990; Vijayanand, Chand, & Eipeson, 1995), edi-
ble flowers less known by consumers, using sweet
(sucrose or trehalose) and/or salty (ex: sodium
chloride) approaches, but no studies on osmotic
drying were found for pansies.
The main objective of the present work was to
investigate the effect of osmotic dehydration in
sucrose (60 and 80%, w/v) and sodium chlo-
ride (15%, 20%, 25%, w/v) solutions, at room
temperature, on the quality of pansies (Viola Ö
wittrockiana). Visual appearance, weight loss,
aw and color were evaluated before and after
treatments. Simultaneously, the contents of
carotenoids and monomeric anthocyanins were
determined in the treated flowers. Lettuce, a
leafy vegetable with a homogeneous color distri-
bution, was used as a control, being subjected to
the same treatments and evaluations.

2 Materials and Methods

2.1 Samples

Fresh white/violet pansies (Viola Ö wittrock-
iana) were collected at the greenhouse of the

School of Agriculture, Polytechnic Institute of
Bragança (Bragança, Portugal) and transported
immediately to the laboratory under refrigera-
tion. The production mode was organic. Fresh
lettuce was bought at a local market in Bragança
city that is located in the Northeast of Portugal.

2.2 Preparation of osmotic
solutions

The osmotic agents, sucrose and sodium chloride,
were of commercial grade, purchased from a local
market. The different concentrations of 60 and
80% (w/v) of sucrose and 15%, 20% and 25% of
sodium chloride were prepared by dissolving the
required amounts of sucrose or sodium chloride
in distilled water.

2.3 Osmotic dehydration

Pansies or lettuce leaves were placed into the ves-
sels containing the different sucrose/sodium chlo-
ride solutions, remaining totally submerged. The
ratio of raw material to osmotic solution was 1:4.
At each sampling time (15 min, 30 min, 1 h and
2 h for sodium chloride / 1 h and 2 h for sucrose),
the flowers and lettuce leaves were taken out,
gently dried with adsorbent paper and weighed.
These conditions were selected after several pre-
liminary tests, where higher times and mechani-
cal agitation were shown to induce degradation.
Each treatment/time was performed in tripli-
cate, on both pansies and lettuce.
A portion of each sample, including fresh ones,
was immediately analyzed for weight, aw, color,
and microscopy, while the remainder was pre-
served by freeze-drying for analysis of bioactive
compounds, as detailed in Section 2.4.

2.4 Physicochemical
characterization of samples

Color, water activity (aw) and weight
loss

The color of pansies (white and violet parts) and
lettuce were evaluated in three samples of each
treatment/time, with a colorimeter Minolta CR-
400 (Osaka, Japan), using CIELab mode. L*,
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a* and b* coordinates were measured, where
L* varies between 0 (completely black) and 100
(completely white), a* -100 (green) to +100
(red), and b* from -100 (blue) to +100 (yellow).
Furthermore, the Chroma (C*) and Hue Angle
(h*) values were determined. In order to anal-
yse the color variations, the total color difference
(∆E*) was also calculated, according to equation
1:

∆E∗ =
√

(∆L∗)2 + (∆b∗)2 + (∆a∗)2 (1)

where ∆ was the difference between the parame-
ters’ values after the immersion in osmotic solu-
tions and before it (fresh sample).
Water activity (aw) was determined in a portable
water activity meter (Novasina, LabSwift-aw,
Lachen, Switzerland). This parameter was eval-
uated on three samples before treatment (con-
trol) and after immersion in the osmotic solu-
tions. Weight measured in a digital balance
(Kern ACJ/ACS, Balingen, Germany), is the
weight variation expressed in relative percentage
of initial weight.

Freeze-dried

Flowers and lettuce, treated and untreated, were
frozen and lyophilized (Scanvac, Coolsafe, Lynge,
Denmark) for 2 days. They were ground to a ho-
mogenous powder and then stored for protection
from light and moisture until extraction.

Carotenoids

The carotenoids content was determined accord-
ing to the method used by Aquino-Bolaños,
Urrutia-Hernandez, Lopez Del Castillo-Lozano,
Chavez-Servia, and Verdalet-Guzman (2013).
One gram of frozen-dried powder of the osmotic
dehydrated and fresh pansies and lettuce was ex-
tracted twice with 20 ml acetone:hexane solution
(1:1, v/v). Both extracts were put into a sep-
aration funnel, where 200 ml of distilled water
was added to eliminate acetone. The acetone-
free phase was mixed with 5 g anhydrous sodium
sulphate to eliminate any residual water. The
remaining solution was filtered and completed to
100 ml with hexane. Carotenoids content was de-
termined by reading the absorbance at 450 nm

and comparing the result to a β-carotene cal-
ibration curve (0.22–8.8 µg/ml). Results were
expressed in µg β-carotene/g fresh matter.

Monomeric anthocyanins

Extraction was based on the method described
by Li et al. (2014) with slight modifications.
Dried powdered sample (0.5 g) was extracted
with 20 ml of methanol, at 37 oC, for 30 min un-
der agitation (IKA, RCT Model B, Staufen, Ger-
many) at a frequency of 900 rpm. The methanol
extracts were filtered and concentrated in a ro-
tary evaporator (Stuart RE3022C, Staffordshire,
United Kingdom), frozen and lyophilized for 2
days. The extract obtained was re-dissolved with
methanol to a concentration of 50 mg extract/ml,
covered with aluminium foil and preserved under
freezing conditions until further analysis.
The total monomeric anthocyanin contents of
fresh pansies and lettuce, as well as of the sam-
ples immerged in the osmotic solutions, were es-
timated by the pH differential method, following
the methodologies used by Bchir et al. (2012) and
(Rajasekar, Akoh, Martino, & MacLean, 2012).
The method consisted of using two buffer sys-
tems: potassium chloride buffer at pH 1.0 (0.025
M) and sodium acetate at pH 4.5 (0.4 M). Ex-
tracts’ portions were diluted on both buffers, and
allowed to stand for 30 min at room temper-
ature. Subsequently, the absorbance readings
were made on a UV-Visible spectrophotometer
(Thermo, Genesys 10 UV, Waltham, USA) at
the wavelengths of 510 and 700 nm, and the ab-
sorbance difference (A) determined by equation
2:

A = (A510nm−A700nm)pH1.0−(A510nm−A700nm)pH4.5

(2)

The monomeric anthocyanin pigment concentra-
tion was expressed as cyanidin-3-glucoside and
was determined by equation 3:

MAP = A×MW ×DF × 1000

ε
(3)

where MAP= Monomeric anthocyanin pigment
(mg Cy 3-glu/l) MW= molecular weight (449.2),
DF = dilution factor and ε = Molar absorptivity
(26,900). All measurements were performed in
triplicate. The results were expressed in mg Cy
3-glu/g fresh matter.
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2.5 Microscopic analysis of
pansies petals

Thin sections of petals were cut into random
transversal and longitudinal sections, mounted
in glycerin (previously dehydrated in an upward
series of ethanol) and observed on a light mi-
croscope equipped with a digital camera (Leica
DFC49012, Heerbrugg, Switzerland). The struc-
ture of the petals’ epidermis was analyzed at dif-
ferent points.

2.6 Statistical analysis

The SPSS Statistical software, v.18.0 (SPSS Inc.,
Chicago, IL), was used for the statistical treat-
ment of the data. The normality of the data
was verified by the Shapiro-Wilk test. Analysis
of variance (ANOVA) or ANOVA Welch was car-
ried out to determine if there were significant dif-
ferences (p < 0.05) between samples, depending
on the existence or not of homogeneity of vari-
ances. Additionally, if significant differences were
detected between treatments, a post hoc analy-
sis was performed, namely: the Tukey’s honestly
significant difference test, if variances in the dif-
ferent groups were identical, or Games-Howell
test if they were not. The homogeneity of the
variances was tested by Levene’s test.

3 Results and discussion

3.1 Visual appearance and color

Figure 1 shows the visual appearance of fresh
pansies and lettuce before and after treatments
with different concentrations and immersion
times in osmotic solutions (sucrose and sodium
chloride). Flowers and lettuce subjected to the
four treatments with sucrose (1h or 2h at 60 and
80%) and lower concentration of sodium chloride
(15% for 15 or 30 min) showed similar appear-
ance to fresh samples. However, when higher
concentrations of sodium chloride (20 and 25%)
or longer immersion times (1 and 2 h) were ap-
plied, structural damage was observed, as well as
color changes. Furthermore, when pansies were
removed from these higher concentrated osmotic
salt solutions they shrank, making them more

fragile. Lettuce leaves also became more brittle
and showed a darkening in color.
The total color difference, ∆E*, which is a com-
bination of L*, a* and b* values, is a colori-
metric parameter used to characterize the varia-
tion of colors in food during different treatments.
For pansies and lettuce, higher values of ∆E*
and standard deviations were observed in sam-
ples treated with sodium chloride (Fig. 2 and 3,
respectively). Taking into account that a ∆E*
of up to 3 CIELab units indicates color differ-
ences appreciable to the human eye (Trivellini
et al., 2014), both samples showed color differ-
ences detectable by consumers after treatments.
Regarding pansies, a distinct behavior was ob-
served in the two colored parts studied, white
and violet. Generally, the white part showed
lower values of ∆E* than the violet one, without
significant differences between treatments in the
white part, with the exception of the treatment
15% NaCl for 1h. On the contrary, the violet
part was more color sensitive, with the more sig-
nificant alterations observed with the following
treatments: 80% sucrose/2h, 15% NaCl/15 min,
15% NaCl/30 min, and 15% NaCl/2h. Lettuce,
probably due to its increased color homogene-
ity, showed constant values of ∆E*, without sig-
nificant differences detected between treatments,
except for 60% sucrose/2h.

3.2 Weight and aw variation

Immersion time and sucrose/sodium chloride
concentration effects on weight and aw variation
in pansies and lettuce are also given in Fig. 2
and 3, respectively.
Pansies’ weight (Fig. 2) showed significant in-
creases in both osmotic solutions among treat-
ments. It could be expected that, after immer-
sion treatment, pansies should lose weight due
to diffusion of water, even though accompanied
by simultaneous counter diffusion of solutes from
the osmotic solution into the tissue. Further-
more, it is desired to have a high water loss
for preservation purposes and a low solids gain,
which will lead to high weight variations. These
exchanges of solute and water probably did not
happen because pansies’ petals have a structure
named papillae (conical epidermal cells) in the
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Figure 1: Visual appearance of pansies (A) and lettuce (B) before and after immersion in osmotic
solutions with sucrose and sodium chloride

epidermis on both sides of all the petals (spurred,
lateral and upper) (Weryszko-Chmielewska &
Sulborska, 2012) and this structure has been re-
ported to be superhydrophobic (Schulte, Droste,
Koch, & Barthlott, 2011). In the present work,
we observed pansies’ petals by microscopy (Fig.
4). The papillae were very visible, explaining
the obtained results. In some situations, the in-
creased weight observed in pansies could be due
to some sugar or salt dried on the outside of the
flowers. However, when salt was used in differ-
ent concentrations (15, 20, 25%) during 1 hour,
pansies lost weight because probably some cell
rupture occurred, contributing to the bad visual
appearance (Fig. 1). Regarding lettuce, all treat-
ments induced weight loss, giving rise to effective
osmotic dehydration. Comparing different con-
centrations of sucrose (60% and 80%) at 1 h of
immersion, 80% of sucrose was less effective than
at 60%. This is in line with Ponting, Watters,
Forrey, Jackson, and Stanley (1966), who stated
that above 60% sugar concentration, an addi-
tional increase in sugar concentration did not

promote further water loss in vegetables. How-
ever, a decreased weight can be observed in let-
tuce by increasing the immersion time (1 and 2
hours) for both sucrose concentrations. Regard-
ing salt treatments, lettuce showed a higher de-
crease in weight with higher times of immersion
(more than 30 min). However, it was observed
that the effect was not as evident as when the
concentrations of the osmotic solution increased.
Based on these observations, it seems that pan-
sies’ structure does not allow the exchange of so-
lutes with osmotic solutions, and therefore is not
adequate for osmotic drying.
Low water activity reduces the growth of mi-
croorganisms and decreases biochemical reac-
tions, which is important for the preservation of
food. Regarding the water activity (aw) values in
pansies, the highest values were obtained in fresh
samples. A decrease in aw values was observed
after all treatments, except with 15% NaCl for
30 min. However, when using sucrose no sig-
nificant differences were detected between treat-
ments. With NaCl, higher contact times (ex: 1
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Figure 2: aw, weight (%) and ∆E* variation before and after pansies treatments with sucrose (A) and
sodium chloride (B) solutions (lower letters compare treatments while caps compare different parts of
pansies (white and violet). Values with the same letter are not statistically different (p>0.05))

Figure 3: aw, weight variation and ∆E* contents before and after lettuce treated with sucrose (A) and
sodium chloride (B) solutions
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Figure 4: Conical papillae on the surface of ViolaÖwittrociana

and 2 h at 15%, w/v) or higher salt concentra-
tions (20 and 25%; w/v) caused an effective de-
crease in the aw values. As expected for lettuce
subjected to different osmotic solutions, aw val-
ues also decreased compared to the fresh sample.
In general, increased immersion times and con-
centrations induced a decrease in aw, with a lin-
ear decreasing effect. Furthermore, this decrease
was more pronounced when using sodium chlo-
ride as an osmotic solution.

3.3 Carotenoids

Fig. 5 presents the carotenoids content of pan-
sies (A) and lettuce (B) before and after immer-
sion in osmotic solution. The highest concentra-
tions were observed in the fresh sample for pan-
sies and lettuce (75.7 and 72.8 µg β-carotene /g
fresh matter, respectively). In general, a decrease
of carotenoids content was observed with the os-
motic treatments. This decrease might be due
to partial leaching of these pigments as the os-
motic stress increased, due to the breakage of the
cell structures (Tadesse, Abera, & Worku, 2015),
or the susceptibility of carotenoids to oxidation,
isomerisation and other chemical changes during
processing because of their extensive conjugated
double-bond systems (Shi & Le Maguer, 2000).

Samples immersed in sucrose showed lower con-
tents of carotenoids than in sodium chloride. The
effect of different concentrations of osmotic solu-
tions and immersion time on carotenoids content
of lettuce and pansies were significant (p < 0.05).
For pansies, the best conditions to retain the
highest amount of carotenoids was 15% sodium
chloride with 30 min of immersion, and for let-
tuce was 15% of sodium chloride for 15 min. For
pansies, when using sucrose, no significant differ-
ences were obtained between treatments.

3.4 Monomeric anthocyanins

The total monomeric anthocyanins content in
fresh pansies and those immersed in osmotic so-
lutions are shown in Fig. 6A (sucrose) and 6B
(NaCl). Lettuce anthocyanins, if present, were
below the detection limit.
Anthocyanins are the main compounds responsi-
ble for the wide range of colors in pansies. Some
authors report that the anthocyanins present
in the Viola species are formed from malvidin,
peonidin and petunidin anthocyanidins (Gams-
jaeger et al., 2011; Skowyra, Calvo, Gallego, &
Azman, 2014; Zhang et al., 2012). From all
the treatments, only immersion in 60% sucrose
during 1h induced a significant increase of to-
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Figure 5: Carotenoids content (µg β-carotene/g fresh matter) before and after pansies (A) lettuce (B)
treatments with sucrose solutions and sodium chloride

Figure 6: Monomeric anthocyanins content (mg Cy 3-G/g fresh matter) before and after pansies treat-
ments with sucrose and sodium chloride solutions
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tal monomeric anthocyanins compared with fresh
samples. A direct interpretation of this result is
not as expected because anthocyanins are solu-
ble in water and they exist in epidermal and sub-
epidermal cells, dissolve in vacuoles or accumu-
late in vesicles called anthocyanoplasts (Karami,
Yousefi, & Emam-Djomeh, 2013). Therefore,
they could leak into the osmotic medium through
the cuticle and skin ruptures (Karami et al.,
2013). Within the other sucrose treatments, no
significant differences were observed between as-
says, and no indications of degradation or leach-
ing of these compounds existed. Furthermore,
the sugar concentrations applied in the present
work were not sufficient to increase the pH of
the solution, which may raise the percentage of
anthocyanins in the colourless carbinol base form
that is very unstable, making the pigment more
susceptible to degradation by oxygen (Karami et
al., 2013; Stojanovic & Silva, 2007).
For NaCl, only the treatment with 15% and 2h
of immersion caused a decrease of the monomeric
anthocyanins content when compared to the
fresh state. This result might be due to the
increase in the contact time of pansies in the
sodium chloride solution leading to an increase in
osmotic pressure and enhanced water loss. High
water loss resulted in a higher loss of antho-
cyanins because they are water-soluble pigments.

4 Conclusions

In summary, pansies present a superhydropho-
bic structure that increases the resistance to os-
motic dehydration with both sucrose and sodium
chloride solutions. In general, when pansies
were submitted to osmotic solutions, an almost
general weight gain, aw maintenance and high
monomeric anthocyanins contents were observed.
However, high concentrations of sodium chloride
induced damage in pansies’ structure and color
alterations. Compared to pansies, all treatments
applied to lettuce caused effective osmotic de-
hydration, with weight loss and reduced aw, as
expected when performing the osmotic dehydra-
tion of vegetables. So, immersion in osmotic
solutions cannot be applied to pansies due to
their morphological structure, namely the pres-
ence of papillae (conical epidermal cells) that are

extremely hydrophobic.
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