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Abstract

The effects of alginate edible coating on the quality of pansies (visual appearance, weight loss, water activity,
color, and dimensions change) were studied during refrigerated storage (4 °C). The role of pansies’ color and
size, as well as packaging, was also studied. Alginate treatments resulted in a beneficial effect on the visual
appearance of pansies under refrigerated storage when compared to the uncoated, delaying their degrad-
ation from 3-4 days up to 14 days, depending on the pansies’ color, probably derived from their different petal
thicknesses (83 to 183 um for yellow and red pansies). The unpackaged coated pansies had different behav-
iors during storage, associated with their dimensions (the larger coated pansies maintained good visual
appearance during longer storage times than the smaller ones). However, the packaged pansies treated
with edible coating showed to have lower weight loss and shrinkage than the unpackaged, irrespective of the
color and size, with physical stability up to 14 days. In summary, the cumulative use of alginate coating with

packaging under refrigerated storage may contribute to extend pansies’ shelf life.
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INTRODUCTION

The demand for edible fresh flowers has increased in
recent years due to the growing interest of consumers
and professional chefs. Pansies (Viola x wittrockiana)
are attractive edible flowers, with a colorful pallet
of options, rich in health-promoting compounds such
as anthocyanins, carotenoids, flavonoids, potassium,
and phosphorus, and showing interesting in-vitro anti-
oxidant and free radical-scavenging properties
(Gamsjaeger et al., 2011; Rop et al., 2012; Vukics
et al., 2008). However, edible flowers have a limited
shelf life and are very delicate, being highly susceptible
to petal abscission, discoloration, wilting, dehydration,
and browning soon after harvest. Several strategies
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have been tentatively used to improve postharvest stor-
age of fresh pansies, including refrigerating, drying or
canning in sugar, or preserving in distillates. However,
these methods may cause undesirable biochemical and
nutritional changes in the final product that may affect
its overall quality. Therefore, finding suitable methods
for preserving the quality of pansies is extremely
important. Until now, few studies on the postharvest
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preservation of pansies have been done. Kelley et al.
(2003) had studied the effect of temperature (—2.5 to
20°C) on pansies and showed that only the storage at 0
and 2.5°C maintained the visual quality of pansies for
two weeks, which decreased drastically when higher
temperatures were used. Edible coatings are a recent
technology used in fruits and vegetables and reported
to have the potential to improve food appearance and
prolong their shelf life (Alboofetileh et al., 2014
Alvarez et al., 2013; Contreras-Oliva et al., 2012;
Li et al., 2012). However, the few studies on edible
flowers coating performed until now have focused on
broccolis (Alvarez et al., 2013; Ansorena et al., 2011;
Moreira et al., 2011), all studies using chitosan as the
main polysaccharide. Alginate coating, extensively used
on fruits and vegetables, such as lettuce (Tay and
Perera, 2004), apple fresh cut (Moldao-Martins et al.,
2003), carrot (Amanatidou et al., 2000), and mushroom
(Hershko and Nussinovitch, 1998), has never been used
in edible flowers. Furthermore, alginate coatings are
reported to possess good film-forming properties, pro-
ducing uniform, transparent, and water-soluble films
(Lin and Zhao, 2007). They also improve the coating
adhesion to the surface of vegetables (Fisher and
Wong, 1972), are good oxygen barriers (Conca and
Yang, 1993), and reduce the weight loss and natural
microflora counts (Amanatidou et al., 2000). Even
though alginate is not such a good barrier to water
loss as chitosan, it can surpass the allergy problem
that some sensitive persons have to seafood, from
which chitosan is extracted.

To our knowledge, until now, there is no available
scientific literature about the use of edible coatings for
maintaining the quality and extending the shelf life of
pansies. In this order, the objective of this study was to
evaluate for the first time the effect of alginate-based
edible coatings on the quality of pansies during storage
under refrigeration (4 °C), with and without packaging.
The quality of pansies, of different colors and sizes, was
evaluated in relation to some physicochemical charac-
teristics, namely, visual appearance, color, water activ-
ity, and weight loss.

MATERIAL AND METHODS
Samples

Fresh pansies (Viola x wittrockiana) with different
colors (red, white, violet, and yellow) were collected
in full ripening state on October 2016 at the greenhouse
of the School of Agriculture, Polytechnic Institute of
Braganca (Braganca, Portugal). The degree of edible
flower full ripeness was determined on the basis of the
flowers’ size, opening, and color (Rop et al., 2012).
After harvest, fresh flowers were immediately trans-
ported to the laboratory under refrigeration.
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Edible coatings application

Edible coating treatment was applied according to the
method used by Tay and Perera (2004). Pansies were
immersed in 0.5% alginate (Panreac Quimica SA,
Barcelona, Spain) from brown algae solution (w/v)
(made with sterile distilled water) for 30 min. Residual
alginate solution was allowed to drain for 5 min before
immersing the samples in 1% CaCl, solution (w/v) for
30min to induce spontaneous cross-linking reactions.
Surface water was carefully blotted as before, using
paper towels.

Storage assays

In the first experiment, fresh and coated pansies of four
colors (white, yellow, red, and violet) were stored under
refrigeration (4 °C), until presenting unsatisfactory visual
appearance. Every day, at the same time, photos of the
flowers were taken and the water activity, weight loss,
dimensions, and color were measured, as detailed below.

In the second experiment, two factors were studied
during pansies’ storage, namely, size and the role of
packaging. To perform this experiment, pansies of
two colors (white and violet), with three different sizes
(small, medium, and large), were used and analyzed in
terms of the same parameters mentioned previously.
The criterion used to define the size was the following:
small: <3.5cm; medium: between 3.5 and 4.5c¢cm; and
large: >4.5cm (regarding width or length). Pansies with
different sizes were divided into two groups: one group
was left inside Petri dishes while the second group was
packed in thermosealed plastic bags (polyamide and
polyethylene) (Alfa, Spain). Each experiment was per-
formed on six flowers (n=0).

Color, dimensions, water activity, and
weight loss

Flowers’ color was evaluated in different parts of the
pansies’ petals, with a colorimeter Minolta CR-400
(Osaka, Japan), using CIELab scale, namely, L*, a*,
and b* coordinates, where L* varies between 0
(black) and 100 (white), a* (“green to red™), and b*
("blue to yellow™). Furthermore, the Chroma (C¥*)
and Hue Angle (7*) values were determined. In order
to analyze color changes due to edible coating treat-
ment, total color difference (AE*) was also calculated
according to the following equation

AE = JALY+Ab ) +HAaY (1)

where A was the difference of the parameters’ values
after the edible coating treatment and before it (fresh
sample, day 0).



Width and length of pansies were measured with a
digital caliper (Powerfix, Berlin, Germany). To measure
these dimensions, the flowers were positioned with the
darkest petals down. Water activity was determined
with a portable water activity meter (Novasina,
LabSwift-aw, Lachen, Switzerland). This parameter
was evaluated on three samples before treatment (con-
trol) and on all samples after edible coating treatment.

Weight was measured in a digital balance (Kern
ACJ/ACS, Balingen, Germany).

Weight loss (WL) was determined according to
equation (2)

My — M

0

WL = x 100 )

where M, is the initial mass of fresh pansies before
edible coating treatment and M is the mass of pansies
after edible coating application.

Microscopic analysis of pansies’ petals

Fresh petals of different colors were dehydrated by pas-
sing them through increasing concentrations of
ethanol (70, 80, 90, and 100%) for 4h each and then
placed in paraffin to fix. Thin sections of the petals
were then cut into random transversal sections, mounted
in water, and observed on a light microscope equipped
with a camera (Fotocamere Leica DFC49012,
Heerbrugg, Switzerland). Petals’ thickness was measured
in different points (minimum 36 times) on three flowers.

Statistical analysis

The SPSS Statistical software, v. 18.0 (SPSS Inc.,
Chicago, 1L), was used for the statistical treatment of
the data. The normality of the data was verified by
Shapiro—Wilk test. Analysis of variance (ANOVA) or
ANOVA Welch were carried out to determine if there
were significant differences (p < 0.05) between samples,
depending on the existence or not of homogeneity of
variances. Additionally, if significant differences were
detected between treatments, a post hoc analysis
was performed, namely, Tukey’s honestly significant
difference test if variances in the different groups were
identical or Games-Howell test if they were not.
The homogeneity of the variances was tested by
Levene’s test.

RESULTS AND DISCUSSION

Effect of edible coating on pansies’
characteristics during storage

Visual appearance: Uncoated and coated. Figure 1
shows changes during the storage of the uncoated and
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coated pansies. Yellow uncoated pansies showed good
appearance until three to four days, while red
uncoated pansies presented a good appearance until
six days of storage. After this period, the borders of
the petals started to shrivel. When alginate coatings
were applied, better results were observed. All pansies
(white, yellow, violet, and red) maintained a similar
appearance to fresh flowers until six days. After six
days, the darker flowers (violet and red) maintained
best appearance than lighter flowers (white and
yellow). In fact, the darkest flowers maintained simi-
lar appearance to fresh ones until 12 days, in oppos-
ition to the lighter ones that shrank after six days.
These results are very promising because the shelf
life almost doubled.

When comparing uncoated and coated pansies,
application of edible coatings increased their shelf life
irrespective of the pansies’ color. Furthermore, edible
coatings may behave as a protective barrier and conse-
quently being able to reduce respiration and transpir-
ation rates through flower surfaces, retard microbial
growth, and color changes (Ansorena et al., 2011;
Meneghel et al., 2008). Specifically regarding alginate
use, Nussinovitch and Hershko (1996) observed that
alginate coatings served as a barrier to moisture loss
in garlic and later Hershko and Nussinovitch (1998)
found that coated mushrooms have better appearance
and color, as well as an advantage in weight variations,
in comparison with uncoated mushrooms.

Weight loss, water activity, dimensions, and color.
Weight loss (%), water activity, width (cm), and
length (cm) of the coated pansies along storage com-
pared to fresh uncoated pansies are shown in Figure
2(a) to (d). Concerning weight loss (Figure 2(a)),
some differences were found among pansies with differ-
ent colors: red and violet pansies presented consistently
lower weight loss than yellow and white ones. After 12
days of storage, white and yellow pansies had the high-
est values of weight loss, with yellow (68.6%) and white
(66.8%) pansies losing almost twice the weight com-
pared to red pansies (32.5%). These severe losses are
undesirable because it will mean a loss of economic
revenue and has a strong impact on the appearance
of the final product, due to shrinkage. It must be
again mentioned that by using fresh uncoated pansies
as references, negative weight loss were obtained in the
first days of storage due to the weight gain imposed by
the incorporation of alginate to the surface of the
coated pansies.

Even though a decrease in water activity values was
observed after the application of edible coatings to pan-
sies with different colors during storage, the measured
values remained quite similar to those of fresh flowers
(0.980 4 0.005) (Figure 2(b)).



Food Science and Technology International 0(0)

Fresh Edible

During storage (days)

coatings __Uncoated

Day 1106

13118 um

Day 710 12

Day 1106

83+28% pm

Day 710 12

©
L
&
a

134£77° ym

Day 710 12

Day 1106

183+90° um

Day 7to0 12

Coated

Figure 1. Visual appearance of pansies (white, yellow, violet, and red) in fresh, uncoated and after applying edible
alginate coating, during refrigerated (4 °C) storage (n=3). Average values of petals’ thickness (um) are also presented.
*Petals’ thickness (um). Values with the same letter are not statistically different (p>0.05).

Regarding the width and length, all pansies treated
with edible coating reduced their dimensions during
storage (Figure 2(c) and (d)); however, red pansies
showed a lower reduction, when compared with the
other pansies. After 12 days of storage, yellow and
white pansies decreased their size to half, namely,
width reductions from 5.0+0.2 to 2.5£0.2 and from
5.04+0.2 to 3.0 £0.1 cm, respectively, and length reduc-
tions from 6.1+0.3 to 2.6+0.4 and from 6.1 £0.3 to
3.2 £0.5cm, respectively.

Total color variation (AE*) of the coated pansies
during storage is shown in Table 1. In general, all pan-
sies showed no significant differences (p < 0.05) up to 12
days of storage. Nevertheless, after the application of
edible coatings, pansies treated with alginate (0 days)
showed appreciable differences to the human eye com-
pared to fresh pansies (AE* of up to three units as sug-
gested by Trivellini et al. (2014)). This can be explained
because after the application of edible coating, the flow-
ers become brighter, as a result of the formation of the
film around the flower. In our opinion, this fact is not
undesirable but in future, sensory analyses must be per-
formed in order to evaluate the acceptability or even the
preference of consumers.

Thickness of pansies’ petals of different
colors. Thickness of the fresh pansies’ petals was mea-
sured in order to understand if pansies with different
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colors (white, yellow, violet, and red) had petals with
different thickness, explaining in part the results
obtained during their storage and shelf life. To our
knowledge, these are the first results pertaining to the
thickness of pansies’ petals. Our data showed that
yellow pansies had significantly (p <0.05) thinner
petals than other colors (Figure 1), ranging from 47
to 141 pm. On contrary, red pansies had thicker petals
(ranging from 62 to 357 um), while white and violet
pansies showed petals with intermediate values, without
significant differences between them. These results are
very interesting and may explain why red pansies
showed lower weight loss, maintained their dimensions,
and showed good visual appearance during longer stor-
age times. Their higher thickness may improve their bar-
rier against exchanges with the exterior, since flowers are
generally characterized by active metabolism, even
during refrigerated storage (Cevallos and Reid, 2000).
On the contrary, yellow flowers showed the highest
weight and dimension loss, probably because their
petals were thinner, leading to lower resistance.

Effect of edible coatings and packaging on
pansies with different sizes

In this section, we studied the effect of pansies’ size and
the role of packaging. White and violet pansies were
chosen to perform the experiments because they are
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Figure 2. Treated pansies with edible coatings during refrigerated (4 °C) storage: (a) weight loss (%),(b) water activity
(aw), (c) width (cm), and (d) length (cm). Values are expressed as: mean =+ standard deviation (n=3).

Table 1. Total color difference (AE*) of pansies (yellow, white, red, and violet) treated with alginate during storage in

comparison to the uncoated (fresh, t=0 days) pansies

Yellow White Violet
Days Light part Dark part White part Violet part Red Light part Dark part
0 23.9+1.4a 21.3+17.1a 6.6+2.7a 24.6+18.2a 12.4+0.8a 3.3+0.6a 23.7+18.9b
3 31.0+5.7b 24.2+15.6a 6.5+1.1a 19.7 +£3.8a 15.0+8.2a 15.1+£7.2b 8.9+3.3a,b
5 325+5.2b 26.5+16.3a 6.1+1.4a 33.2+18.0a 15.4+8.2a 6.2+1.0a 9.0+5.2a,b
9 31.4+2.0b 21.8+11.8a 7.4+3.2a 22.1+12.8a 18.1 +5.4a 14.0+0.2b 8.0+1.1a
12 32.7+0.9b 27.9+17.7a 7.6+2.8a 31.4+22.5a 19.3+6.1a 6.8+0.8a 10.2+5.4a,b

Notes: Values are expressed as: mean =+ standard deviation. Values with the same letter in same column are not statistically different

(p > 0.05).

the most consumed, while having simultaneously
two colors that showed opposite behaviors in the pre-
vious study.

Visual appearance. Figure 3 shows the appearance of
the coated pansies of different sizes (large, medium, and
small) during storage, with or without plastic packa-
ging. Regarding the packaged coated flowers, its

appearance (color and size) kept constant up to 14
days of storage, while the unpackaged coated flowers
showed more undesirable changes, shrinking rapidly, in
accordance with the previous study. Moreover, fresh
flowers of smaller sizes were spoiled easier than the
larger ones, while these size-induced differences were
not perceived in the packaged flowers. By observing
Figure 3, it is clear that after seven days of storage,

5
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Figure 3. Visual appearance of pansies (white and violet) of different sizes (small, medium, and large), with or without
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Figure 4. Packaging effect during refrigerated (4 °C) storage of the coated pansies of different sizes on
weight loss (%), (c) and (d) width (cm), and (e) and (f) length (cm), of white and violet pansies.
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the smaller flowers were dry and shriveled, while the
larger flowers had a better appearance for longer stor-
age periods. Furthermore, violet pansies seemed to
keep better appearance than the white pansies, in line
with the previous results.

Weight loss, dimensions, water activity, and color. The
weight loss of the coated pansies of different sizes along
storage is detailed in Figure 4 (Figure 4(a) and (b) for
white and violet pansies, respectively), with and without
packaging. After 14 days of storage, the unpackaged
pansies presented the highest weight loss. Among
sizes, the smaller pansies were the most affected ones,
decreasing the weight in average 82 and 75% in white
and violet pansies, respectively. On the contrary, the
packaged pansies maintained their weight almost con-
stant during storage, independently of the size and
color studied. These results are very promising, show-
ing that packaging applied to the coated pansies will
reduce weight loss, when compared to the unpackaged
pansies.

Regarding dimensions, the packaged pansies main-
tained constant their dimensions during the 14 days of
storage, while the unpackaged coated pansies showed a
significant reduction of the width and length values in
both colors studied (Figure 4(c) to (f)). The highest
impact was observed in the smaller group, with reduc-
tion by half: white pansies averagely decreased in width
from 3.7 to 1.5cm and in length from 3.8 to 1.9cm.

The water activity values in all cases maintained high
(>0.961), slightly higher in the packaged pansies, with
values between 0.982 and 0.988 (medium and large
sizes, respectively) than in the unpackaged pansies,
with values between 0.961 and 0.985 (small and large
sizes, respectively).

Color changes of the coated and unpackaged pansies
during storage are detailed in Table 2. Significant dif-
ferences (p < 0.05) were detected on individual factors
(storage day and size) and their interactions. Between
sizes, even though some significant differences were
determined in some situations, it was not possible to
observe any trend. Moreover, measurement of plain
color in the smaller flowers is more difficult, explaining
some high standards deviations obtained. Regarding
storage time, the only color parameter for which a con-
sistent and significant decrease along time (0 and 14
days) was observed for the three sizes groups was the
hue (#*) value in the light part of both pansies, but this
behavior was not observed in the dark region. Thus, in
general terms, it was concluded that the treatment
applied did not affect in great extent the color of pan-
sies in all sizes during storage because no relevant
changes were observed on all color parameters.

The color differences (AE*) of the coated and pack-
aged pansies after 14 days of storage is shown in

8

Table 3. Total color difference (AE*) of the coated and
packaged pansies with different sizes after 14 days of
storage comparing to fresh ones

White Violet
Size White part Violet part Light part Dark part
Small 1.3+0.1a 4.1+15a 1.4+05a 183+10.7b
Medium 22+15a 444+59a 80+15b 7.2+209a
Large 87+1.0b 109+02b 7.0+09b 5.2+3.0a

Notes: Values are expressed as: mean =+ standard deviation.
Values with the same letter in same column are not statistically
different (p > 0.05).

Table 3. Among the white pansies, the larger flowers
showed significantly higher values of AE* for both
parts (white/violet) than the others two sizes. So,
more changes of color occurred in the larger white pan-
sies. On contrary, for the violet pansies, the smaller
flowers were the ones presenting a significantly different
behavior when compared with the medium and larger
flowers. The lowest value of AE* was observed in the
light part of the small violet pansies, while its dark parts
presented the highest value of AE*, with a high stand-
ard deviation derived from the difficulty on the meas-
urements, as explained previously.

CONCLUSION

Edible coating with alginate seemed to have a beneficial
impact on the visual appearance of pansies during stor-
age. However, flowers of different sizes and colors have
different behaviors. Concerning packaging plus alginate
coating, a delay in pansies’ weight loss and shrinkage
was observed, being high water activity values main-
tained, independently the color and size. In summary,
pansies treated with alginate and packaged represent a
cumulative protection, being a very interesting solution
to prolong pansies’ shelf life, independently their color
and size. However, other studies should be performed
such as sensory analyses and acceptability tests of con-
sumers to evaluate if these products will have accept-
ability on the market.
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