the Institute of Food Technologists

A Publication of

\d

Journal of Food Science

Freezing of edible flowers: Effect on microbial anc

antioxidant quality during storage

Luana Fernandes

, Susana Casal®, José Alberto Pereira®®, Ermelinda Lopes Pereira, Jorge A. Saraiva‘®,

and Elsa Ramalhosa

Abstract:
to find out technologies to guarantee this product for a longer time. Flowers of four species (borage [Borago officinalis],
heartsease [ Viola tricolor], kalanchoe [Kalanchoe blossfeldiana], and dandelion [ Taraxacum officinale]) were subjected to freezing
(in their natural form and in ice cubes) and analyzed in terms of visual appearance, the content of flavonoids, hydrolysable

Edible flowers are a new gourmet product; however, they are not always available all years. Thus, it is essential

tannins, phenolics, antioxidant activity (2,2-diphenyl-1-picrylhydrazyl radical scavenging activity and reducing power),
and microbial quality after storage for 1 and 3 months. Flowers in ice cubes showed similar appearance to fresh ones during
the 3 months of storage, whereas frozen flowers were only equivalent up to 1 month with the exception of kalanchoe.
Even though flowers in ice cubes showed good appearance after 3 months of storage, they had the lowest values of bioactive
compounds and antioxidant activity. On the contrary, when frozen, the content of bioactive compounds maintained or
even increased up to 1 month of storage compared to fresh flowers, except for borage. Furthermore, in both freezing
treatments, the microorganisms’ counts decreased or maintained when compared to fresh samples, except in dandelion.
In general, both treatments may allow keeping the flowers after their flowering times.

Keywords: antioxidant activity, edible flowers, frozen, ice cubes, microbial quality, storage

Practical Application:
shelf-life. Edible flowers are stored in the cold (frozen or in ice cubes); however, the effect on the bioactive compounds

The market of edible flowers is increasing, although they are a very perishable product with short

and microbial quality that this treatment may have on borage (Borago officinalis), heartsease (Viola tricolor), kalanchoe
(Kalanchoe blossfeldiana), and dandelion (Taraxacum officinale) flowers is unknown. So, the present study was conducted to
increase the knowledge about the changes that freezing treatments may have in different edible flowers. The results of the
present study underline that each flower has different behavior at frozen and ice cubes storage. However, freezing flowers
maintain/increase the contents of bioactive compounds, while ice cubes not. Both treatments are effective in protecting
flowers from microorganism growth. So, suggesting that both freezing treatments can be used as a preservative method
and may allow keeping the flowers after their flowering times.

1. INTRODUCTION

Edible flowers are one of the new trends of food that are be-
coming popular among consumers and chefs gourmets. One of
the reasons is that edible flowers affect the sensory characteristics
of food by improving color, taste, and esthetic appearance (Mlcek
& Rop, 2011; Tanji & Nassif, 1995). For example, borage (Borago
officinalis L.) petals have a cucumber taste, and its stamens add a
hint of sweetness; dandelion (Taraxacum officinale, Wiggers) has a
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sweet honey-like flavor; heartsease (Viola tricolor L.) has a slightly
sweet green or grassy flavor, and kalanchoe (Kalanchoe blossfeldiana,
Poelln.) flowers are sweet (Newman & O’Conner, 2013). The
other reason is an increase in the number of papers regarding
the potential antioxidant of edible flowers (Barriada-Bernal et al.,
2014; Benvenuti, Bortolotti, & Maggini, 2016; Chen et al., 2015;
Skowyra, Calvo, Gallego, Azman, & Almajano, 2014; Xiong et al.,
2014), reporting that flowers are rich in a great variety of natural
antioxidants such as flavonoids, anthocyanins, and many other phe-
nolic compounds related to health protection and improvement
(Loizzo et al., 2016).

However, harvested flowers have short durability, and their sea-
sonality of production requires preservation technologies. In the
last years, new technologies have been applied to extend the shelf-
life and maintain the quality of edible flowers, such as high hy-
drostatic pressure (HHP) (Fernandes, Casal, Pereira, Ramalhosa, &
Saraiva, 2017a), edible coatings (Fernandes, Casal, Pereira, Pereira,
et al., 2018; Fernandes, Pereira, et al., 2018), drying (Fernandes,
Casal, Pereira, Saraiva, & Ramalhosa, 2018), and irradiation (Koike
et al., 2015). In particular, pansies treated with HHP maintained
good appearance more 14 days than untreated and induced the
production of bioactive compounds (Fernandes et al., 2017a).
Concerning edible coatings, pansies increased shelf-life more
7 days than uncoated, and improved their physicochemical and
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microbiological quality (Fernandes, Casal, Pereira, Pereira, et al.,
2018). Between drying methods, shade drying showed to be a
promising process (more bioactive compounds formed and an-
tioxidant activity) for centaurea petals (Fernandes, Casal, Pereira,
Saraiva, et al., 2018). Irradiation induced higher antioxidant ac-
tivity in Tropaeolum majus L. petals than the corresponding control
(Koike et al., 2015). So, the quality was preserved (Koike et al.,
2015). However, some of these new technologies are not yet ap-
plied by edible flower producers. The technologies most used
by these are refrigeration, drying, crystallization, and freezing.
Among these methods, freezing is one of the most common ways
for maintaining the quality of fresh foods because it reduces the
respiration rates and enzymatic activities and lowers the metabolic
rates, extending product shelf life (Garcia & Barrett, 2002). Frozen
flowers are suitable to be used in bakery products and ice creams.
Another option is to use flowers to make ice cubes, describing
in several cookbooks (Cohen & Fisher, 2012; Horrelson, 2003).
In this form, they will add color, elegance, and flavor to bever-
ages, such as cocktails, ice teas, water, juices, and alcoholic drinks.
However, an impact on the nutrients and bioactive compounds
levels and activity in frozen foods might occur along the stor-
age time (Rickman, Barrett, & Bruhn, 2007). Of our knowledge,
no work has been performed on the effect of freezing on nutri-
tional and bioactive compounds of borage, dandelion, kalanchoe,
and heartsease flowers. So, the aim of this study was to evaluate
for the first time the effect of freezing in these four edible flow-
ers, as they are and in ice cubes, on their bioactive compounds
(flavonoids, hydrolysable tannins, and total phenols determined
by the total reducing capacity [TRC] assay), antioxidant activity
(2,2-diphenyl-1-picrylhydrazyl [DPPH] scavenging activity and
reducing power), and microbial quality during 1 and 3 months of
storage (—18 °C). Thus, this work intends to provide more infor-
mation to consumers and chefs gourmets, about the nutritional
changes that occur in edible flowers treated with freezing methods
along the storage, in order to increase the knowledge about until
when they can store difterent species of flowers without compro-
mising their nutritional and microbial quality. Furthermore, this
information may also be necessary to food, cosmetic, and phar-
maceutic industries that want to preserve edible flowers and then
extract specific compounds.

2. MATERIALS AND METHODS

2.1 Samples

Fresh white borage (B. officinalis), heartsease (V7 tricolor), yellow
kalanchoe (K. blossfeldiana), and dandelion (T. officinale) flowers
that were completely open were bought (100 g of each species) at
a store specialized in edible flowers, located in Portugal. The pro-
duction of flowers was based on organic system. The flowers were
picked in the cool of the day (morning) to maintain the maximum
flavor and taste. Furthermore, only flowers free of insect and dis-
ease were harvested. After harvest, flowers were cooled to maintain
freshness. The fresh flowers were immediately transported to the
laboratory under refrigeration.

2.2 Preparation of ice cubes and freezing storage
conditions
Two freezing methods were studied in the present work, namely,
the flowers were frozen in ice cubes and flowers were simply frozen
(without water around them). The flowers were not sanitized be-
fore these treatments because they were bought at a store special-
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ized in edible flowers and the indication is that they are ready to
eat.

For the first treatment, the edible flowers were placed in ice
cubes trays (each cube with 3 cm x 1.5 cm, and with only one
flower in each cube). Ultrapure water was added to about half
of the tray full (4 mL), just enough to cover the flowers. They
were placed in the freezer (P-Selecta, Templow), at —18 °C, until
solidification, and then 4 mL of water was added until the cubes
were full and frozen again. Ice cubes were stored under freezing
(—18 °C) (P-Selecta, Templow). In the second method, portions
of 10 g of each flower were put inside plastic bags and frozen
at —18 °C during the same time. The freezing temperature at
—18 °C was selected because it is the temperature usually used at
home. The flowers subjected to both treatments were stored for 1
and 3 months. At each sampling time, the samples were thawed for
4 to 6 hr in the refrigerator, in previously sterilized Petri dishes,
because the ice cube water was subsequently analyzed. For each
flower species, at each time and treatment, 45 to 60 flowers were
used in the antioxidant analysis (triplicate); and 15 to 30 flowers
were used for microbial analysis (triplicate) (approximately 50 g in
total). The number of the flowers depended on the weight of each
flower species, as the smaller ones (ex. borage), a higher number
were needed.

2.3 Visual appearance

The visual quality of the flowers was measured by a score scale at
different times of storage (1 day and 1 and 3 months), considering
parameters of coloration, brightness, and turgescence. The score
scale was based on a scale established to sunflowers by Nascimento,
Paiva, Manfredini, and Sales (2019). The scale has scores from 1
to 4, namely:

Score 4: Flowers are turgid, bright, absence of spots—general
aspect: good.

Score 3: Flowers are slightly wilted and opaque, appearance of
dimming points—general aspect: medium.

Score 2: Flowers are wilted and opaque, presence of dimming
points—general aspect: bad.

Score 1: Flowers are totally wilted and dull, totally darkened—
general aspect: discard.

2.4 Microbial quality

The microbial qualities of the fresh flowers, of the water used
to produce the ice cubes, of the ice cubes with frozen flowers, and
of the frozen flowers (in their natural form) were analyzed after
1 and 3 months of storage (—18 °C). One gram of each sample
was mixed with sterile peptone water solution and homogenized
in a Stomacher 400 (Seward, West Sussex, UK). Decimal dilu-
tions were prepared in the same diluent and plated on appropriate
media in duplicate. The growth media and incubation condi-
tions were the following for the studied microorganisms: (I) total
mesophilic: Plate Count Agar (PCA, Merck, Algés, Portugal) for 2
days at 30 °C; (II) yeasts and molds: Rose Bengal Chloramphenicol
Agar (RBC agar, Merck, Algés, Portugal) incubated at 27 °C for
5 days; and (II1) total coliforms and Escherichia coli by the SimPlate®
method. All counts were expressed as logj colony forming units
(CFU)/g sample.

2.5 Extraction conditions for bioactive compounds
analysis
The extraction conditions used were those described by Li, Li,
Li, Xu, and Xu (2014) and Fernandes, Pereira, Saraiva, Casal, and
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Figure 1-Visual appearance and scale score of borage, dandelion, heartsease, and kalanchoe in fresh and in ice cubes during storage (—18 °C).

Ramalhosa (2019) with slight modifications. One gram of each
flower (fresh or after thawing—frozen flowers and in ice cubes)
was extracted with 10 mL of water:acetone (6:4, v/v) at 37 °C for
30 min under agitation (900 rpm, IKA, RCT Model B, Staufen,
Germany). The solution was filtered, and the final volume was
adjusted to 10 mL. The procedure was done in triplicate. The
analyses were performed in fresh samples in order to simulate the
real conditions when consumers are eating these flowers in drinks,
ice creams, and cakes.

2.6 Bioactive compounds (total flavonoids and
hydrolyzable tannins)

Total flavonoids and hydrolyzable tannins contents of the ex-
tracts of fresh, in ice cubes, and frozen flowers during 1 and
3 months of storage were determined following the methodolo-
gies used by Fernandes, Casal, Pereira, Ramalhosa, and Saraiva
(2017b). The flavonoid contents were determined using 1 mL of
extract solutions mixed with 3 mL of NaNO; (5%, m/v) and 3 mL
of AICl; (10%, m/v) after 5 min. After 6 min, 2 mL of NaOH
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Figure 2—-Visual appearance and scale score of borage, dandelion, heartsease, and kalanchoe in fresh and frozen in their natural form during storage

(—18°C).

(1 M) was also added. The measurement of absorbance was read at
510 nm and flavonoids were quantified using a standard curve of
quercetin (10 to 160 pg/mL). Concerning hydrolyzable tannins,
1 mL of different diluted extracts was mixed with 5 mL of KIO;
(2.5%, m/v) and stirred. The absorbance was measured at 550 nm
and a standard curve of tannic acid (0.025 to 1.6 g/L) was used for
calibration. All measurements were performed in triplicate. The
results for flavonoids were expressed in milligram of quercetin
equivalent per gram fresh weight (mg QE/g fw) and hydrolyz-
able tannins in milligram of tannic acid equivalent per gram fresh

weight (mg TAE/g fw).

2.7 Total reducing capacity

The TRC of each sample was determined by the Folin—
Ciocalteu method described by Falcio etal. (2017). A total of § mL
of the extract solutions were added 500 pL of Folin—Ciocalteu
reagent. After 3 to 8 min, 1.5 mL of saturated sodium carbonate
solution was added. After 2 hr, the absorbance values were read
at 765 nm. The blank and standards were prepared similarly, re-
placing the sample by the solvent used in the extraction and the
standards, respectively. A calibration curve was obtained with gallic
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acid (0.25 to 5 mg/L), and the results expressed in milligram of
gallic acid equivalent per gram fresh weight (mg GAE/g fw).

2.8 Antioxidant activity

2.8.1 2,2-diphenyl-1-picrylhydrazyl radical scavenging
activity. The DPPH radical scavenging activity was determined
by the procedure described by Delgado, Malheiro, Pereira, and
Ramalhosa (2010) with some modifications. The extract solutions
were diluted with the solvent used for the extraction, and 300 pL
of these solutions were added to 2.7 mL of the DPPH methanolic
solution (6.09 x 107> mol/L). After 1 hr in the dark at room
temperature, absorbance was read at 517 nm. The percentage of
scavenging effect expressed the antioxidant activity according to

Eq. 1:
DPPH radical scavenging effect (%) =

A — A ample
‘DPPH Sampl % 100 (1)

Appry

where Appp was the absorbance of the DPPH solution and A gy
was the absorbance in the presence of the sample. The blank was
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Figure 3—-TRC, total flavonoids, and hydrolyzable tannins contents in fresh,

frozen in their natural form, and ice cubes of four edible flowers during

storage (—18 °C). Lowercase letters compared different treatments in the same flower species; uppercase letters compared flower species subjected to

the same treatment.

made with the solution used in samples’ extraction. The extract
concentration providing 50% of DPPH radical scavenging eftect
(ECsp) was calculated from the graph of DPPH radical scavenging
effect percentage versus extract concentration.

2.8.2 Reducing power. The reducing powers of the ex-
tracts were determined by the procedure described by Delgado
et al. (2010). A total of 1.0 mL of the extract solutions at difterent
concentrations were added to 2.5 mL of phosphate bufter 0.2 M
(pH 6.6) and 2.5 mL of K3[Fe(CN)g] 1% (m/v). After shaking, the
mixture was incubated at 50 °C for 20 min; and 2.5 mL of 10%
trichloroacetic acid (m/v) was added with further stirring. A vol-
ume of 2.5 mL of the mixture was transferred to another test tube,
to which 2.5 mL of distilled water and 0.5 mL of FeCl; 0.1% (m/v)
were added. The absorbance values were read at 700 nm. From
the graph Abs;oo nm versus extract concentration, the ECs( values
were determined corresponding to the extract concentration that
gave an absorbance of 0.5.

2.9 Statistical analysis

The SPSS Statistical software, v. 18.0 (SPSS Inc., Chicago, IL),
was used for the statistical treatment of the data. The normality of
the data was verified by the 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,
respectively. Additionally, if significant differences were detected

between treatments, a post hoc analysis was performed, namely,
the 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.

3. RESULTS AND DISCUSSION

3.1 Visual appearance

Figure 1 and 2 show the visual appearance of fresh, in ice cubes,
and frozen flowers (in their natural form) during storage. Accord-
ing to the scale score established, flowers in ice cubes showed
good visual appearance without any signs of damage (score 4)
until 3 months of storage (Figure 1), probably because the water
around the flower protected them for physical and oxidative dam-
age. However, borage, dandelion, and heartsease frozen samples
only showed medium visual appearance (score 3) until 1 month of
storage, because signs of wilted and dimming points were visible.
After this period, some symptoms of chilling injury appeared in
these three flower species. Mainly, borage showed signs of brown-
ing, and petals appeared as darkened translucent that will deteri-
orate rapidly after thawing. So, they were classified with a scale
score equal to 1. The tips of petals of dandelion became limp and
dark, and the flower lost all its brightness (score 2). Heartsease
presented some loss of texture and brightness, being limp and
difficult to handle (score 2). On the contrary, frozen kalanchoe
remained with good visual appearance, similar to fresh (score 4),

Vol.0,1ss.0,2020 « Journal of Food Science 5

Food Chemistry



Ansiuayg pao4

Effect of freezing in flowers' quality. ..

Figure 4—-ECs values of DPPH radical scavenging
activity and reducing power for fresh, frozen in their
natural form, and ice cubes of four edible flowers
during storage (—18 °C). Lowercase letters compared
different treatments in the same flower species;
uppercase letters compared flower species subjected
to the same treatment.
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after 3 months of storage, probably because they have more rigid
petals than the other flowers.

3.2 Total reducing capacity, total flavonoids, and
hydrolyzable tannins

The content of bioactive compounds of fresh and defrosted
flowers (in their natural form and in ice cubes) after 1 and
3 months of storage are presented in Figure 3A to C. Com-
pounds with antioxidant activity are very important for keeping
the quality of flowers because these substances delay the process
of senescence and decay, which is caused by the action of reactive
oxygen radicals on biomembranes (Panavas & Rubinstein, 1998).

Comparing the four fresh flowers, the heartsease showed
the highest values of TRC, total flavonoids, and hydrolyzable
tannins. Regarding treatments, freezing and ice cubes modified
the amounts of bioactive compounds in all edible flowers.
However, no trend was observed between treatments and time of
storage. In particular, ice cubes of borage and heartsease, during
both times of storage, showed lower TRC and total flavonoids
than fresh ones, while for dandelion and kalanchoe, this behavior
was only observed after 3 months of storage. It seems plausible
that the cellular structures brake with the freezing process,

6 Journal of Food Science e Vol. 0, Iss. 0, 2020

enabling lixiviation of some components into the water during
the defrosting process.

When the flowers were frozen (in their natural form) and stored
during 1 to 3 months, a significant decrease in TRC (31% and
28%) and total flavonoid (51% and 40%) contents was observed in
dandelion and heartsease, respectively. In frozen kalanchoe (at both
storage times), higher or similar values of all bioactive compounds
were observed than in fresh. This fact could be attributed to some
loss of water during the freezing process.

So, in general, flowers in ice cubes after 3 months of storage
showed the lowest values of bioactive compounds with some
few exceptions. Furthermore, it was observed that for all frozen
flowers, the contents of phenolic compounds (TRC, tannins, and
flavonoids) were kept or even increased during 1 month of storage
except borage. The same tendency was also observed in other
studies in plants, such as in fresh and frozen horseradish and lovage
leaves, for which an increment of 15% and 0.5%, respectively,
was determined (Tomsone & Kruma, 2014). These results can
be explained by the fact that ice crystals formed within the plant
matrix can rupture the cell structure, allowing the lixiviation of
water-soluble cellular components into the drained water (Asami,
Hong, Barrett, & Mitchell, 2003), and therefore, these compounds
can be transferred more easily into the extraction solution.
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Table 1-Mean counts * standard deviation (log CFU/g) of total aerobic mesophilic, yeasts, molds, total coliforms, E. coli, and
psychrotrophic bacteria examined in water, fresh flowers, flowers in ice cubes and frozen flowers during storage.

Conditions
Psychrotrophic
Samples Days Total aerobic mesophilic Yeasts Molds Total coliforms E. coli bacteria
‘Water <2 <2 <2 <1 <1 <2
Borage Fresh 0 453 4+ 0.12¢ <22 <02 <1 <1 414 +017°
Ice cube 1 month <2 <2 <2 <1 <1 <2?
Frozen 4.00 £+ 0.01° <2? <22 <1 <1 <2?
Ice cube 3 months <2? <22 <22 <1 <1 <2?
Frozen 4.15 £ 0.01¢ <2 <2 <1 <1 2.19 £ 0.24*
Dandelion Fresh 0 5.69 + 0.14* 2.48 + 0.40*  2.23 £0.15* <1 <1 4.68 + 0.09*
Ice cube 1 month 5.49 £ 0.10* 227 £ 020 2.69 +0.18° <1 <1 4.55 £+ 0.07*
Frozen 5.70 & 0.03* 2.19 £ 0.24*  3.01 £ 0.13¢ <1 <1 4.74 £ 0.06*
Ice cube 3 months 5.64 £ 0.09* 2.67 £0.26* 3.19 £ 0.06° <1 <1 4.57 £0.11*
Frozen 6.44 + 0.36° 2354 0.40°  3.50 £ 0.14¢ <1 <1 4.72 4 0.15°
Heartsease Fresh 0 5.32 + 0.044 <2t <2t <1 <1 4.68 £ 0.104
Ice cube 1 month 3.20 £ 0.15% <2? <2? <1 <1 <2?
Frozen 4.75 £ 0.06° <2 <2 <1 <1 2.40 £ 0.32>
Ice cube 3 months 3.56 + 0.16° <2? <2? <1 <1 <2
Frozen 4.77 £ 0.09¢ <2 <2 <1 <1 3.06 + 0.18¢
Kalanchoe Fresh 0 6.67 £+ 0.08¢ 2.12 4+ 0.24* <2 <1 <1 5.44 4 0.03°
Ice cube 1 month 3.56 £ 0.10* <2? <2? <1 <1 <2?
Frozen 3.53 £ 0.19* <2? <2? <1 <1 2.08 £ 0.15*
Ice cube 3 months 3.61 £+ 0.06* <22 <22 <1 <1 <22
Frozen 3.95 4 0.11° <2 <2 <1 <1 <2

Values with the same letter in the same column are not statistically different (P> 0.05).

Considering a frozen flower in its natural form and that in an
ice cube, the first consists of freezing the water contained in the
plant cell, while in ice cubes, two layers of water will freeze around
the flower, protecting it. Therefore, it is expected that more ice
crystals will be formed inside the flower tissue during freezing,
which may induce a higher degree of cell wall damage (Petzold &
Moreno, 2016), releasing more bioactive compounds. However,
when analyzing the solution released during thawing, no bioactive
compounds were quantified.

3.3 Antioxidant activity (DPPH radical scavenging
activity and reducing power)

The ECs; values of DPPH radical scavenging activity and
reducing power for fresh, frozen, and in ice cubes for the four
flowers studied in the present work are shown in Figure 4. As
expected, fresh heartsease flowers showed the lowest values of
ECs) for DPPH radical scavenging activity and reducing power,
indicative of higher antioxidant activity, probably associated with
the accumulation of phenolic compounds (ex. flavonoids and
tannins) as mentioned in the previous section. In general, the
four flowers in ice cubes showed the highest values of both ECs),
indicative of lower antioxidant activity, probably because some
water-soluble compounds may migrate from the flower to the so-
lution. Regarding the frozen borage and dandelion flowers after 1
month of storage, they showed higher antioxidant potential (lower
values of ECsy of DPPH) than for other treatments and times.
A similar increase of antioxidant activity was detected in frozen
dandelion, heartsease, and kalanchoe after 1 month of storage for
reducing power. In general, for the frozen samples, after 3 months
of storage, high values of ECs, of DPPH were observed, indicative
of low antioxidant activity. So, it was clear that a substantial
proportion of the total antioxidant activity of the flowers may be
lost during frozen storage. A similar decrease in the DPPH index
during the frozen storage of some vegetables was also mentioned
by Puupponen-Pimii et al. (2003). In general, each flower showed

a different behavior when subjected to different frozen methods
(in natural form or ice cubes) and during storage time.

3.4 Microbial quality

The microbial quality of fresh, in ice cubes, and frozen flow-
ers in their natural form is detailed in Table 1. The water used
for preparing the ice cubes did not contain pathogenic bacteria
(E. coli) that could remain viable during storage, as well as none
of the microorganisms investigated (Table 1). So, water was not
a vehicle of contamination. The water used for preparing ice
must be free from solids, bacteria, flavors, odors, and dissolved
minerals, must be at the lowest possible level (WHO, 1997), and
should not contain pathogenic bacteria that could remain viable
during storage (Dickens et al., 1985). Regarding fresh flowers,
borage showed the lowest microorganisms counts, while kalan-
choe had the highest values. In general, both freezing meth-
ods decreased or maintained the levels of microorganisms when
compared to fresh samples. There was an exception regarding
frozen dandelion, with higher counts of total aerobic mesophilic
(3 months) and molds (at both storage times) than fresh flowers,
as well as in ice cubes (at both storage times) for molds. In gen-
eral terms, the low-temperature conditions used had a protective
effect against the growth of some spoilage microorganisms and
foodborne pathogens, and their counts decreased or remained less
than 1 CFU/g (for total coliforms and E. coli) after storage in most
of the flowers. In fact, mesophilic microorganisms may continue to
grow at low temperature while at reduced growth rates (Vescovo,
Torriano, Orsi, Macchiarolo, & Scolari, 1996). The low counts
of coliforms are a hygienic indicator and indicate sanitary condi-
tions or proper hygiene practices during or after food production
(Sousa, Tamagnini, Olmos, & Gonzilez, 2002).

Psychrotrophic microorganisms are able to grow at low tem-
peratures (Gounot, 1986.); however, in the present study, it was
not observed an increase in psychrotrophic bacteria counts along
storage when compared to the fresh state.
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When comparing frozen flowers in ice cubes and in their nat-
ural form, the first freezing method resulted in flowers with a
lower level of microbial contamination, probably because in ice
cubes, the flowers were more protected from external contam-
inations than frozen flowers. Concerning storage time (1 and
3 months) for ice cubes, in most of the flowers, no significant
differences were detected except for molds in dandelion and to-
tal aerobic mesophilic in heartsease. In both cases, higher storage
times induced higher values of microorganisms. Frozen samples
stored for 3 months had similar or higher values of total aerobic
mesophilic than those stored for 1 month. Furthermore, in most
situations, fresh, in ice cubes, and frozen flowers in their natu-
ral form presented an acceptable or satisfactory microbiological
quality according to the limits established for the microorganism
count at 30 °C (<10* and >10* < 10° CFU/g, respectively),
molds (<10 and >10%> <10° CFU/g, respectively), and yeast
(£10? and >10? < 10° CFU/g, respectively) for the ready to eat
group (Santos, Correia, Cunha, Saraiva, & Novais, 2005). The
exceptions observed were: for frozen dandelion after 3 months
and fresh kalanchoe regarding the total aerobic mesophilic; and
frozen dandelion after 1 and 3 months; and in ice cubes after
3 months concerning molds. Regarding total coliforms (<10?)
and E. coli (<10), all samples were satisfactory according to Santos
et al. (2005).

Taking into account these results, it is necessary to inform the
flower suppliers that they must follow good hygiene and manu-
facture practices in order to guarantee the safety of their product.
Even though freezing has caused a decrease in number of mi-
croorganisms in most of the situations, it is very important to
guarantee that during storage, the temperature must remain con-
stant without fluctuations. Furthermore, concerning the use of
frozen flowers, these can be used straight frozen in bakery, ice
creams, or other foods without thawing first. The flowers in ice
cubes can be incorporated directly into beverages. If it is necessary
to thaw the flowers, this must never be done at room temperature
or in warm water, because it may endanger microbiological safety.
In this sense, defrosting should be done in the refrigerator for the
shortest possible time and then used. Furthermore, the flowers
should not be refrozen because in addition to losing quality, they
can lead to microbial growth.

4. CONCLUSION

Flowers preserved in ice cubes showed good visual appearance
up to 3 months, whereas in frozen, in their natural form, it was
only perceived up to 1 month, except for kalanchoe. No pattern in
the studied bioactive compounds and antioxidant activity was ob-
served between freezing treatments and time of storage. However,
in general, flowers preserved in ice cubes for 3 months showed
the lowest values of bioactive compounds and antioxidant activ-
ity. On the contrary for flowers frozen in their natural form, the
contents of phenolic compounds (TRC, tannins, and flavonoids)
maintained or increased during 1 month of storage, except bor-
age. Concerning microbial quality, frozen flowers in their natural
form and frozen in ice cubes decreased or maintained the levels
of microorganisms when compared to fresh samples, except in
dandelion. Thus, our results indicate that to maintain flowers for
3 months, preservation in ice cubes seems to be more appropriate,
while for shorter times, as up to 1 month, freezing alone is also a
good alternative. So, both freezing treatments can be regarded as
interesting solutions to preserve edible flowers behind their flower-
ing season. Furthermore, new uses and products may be developed

8 Journal of Food Science e Vol. 0, Iss. 0, 2020

for these frozen flowers, such as new drinks, cocktails, ice creams,
and bakery products.
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