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Il Abstract

The present study aimed to evaluate the effects of hot-air convective drying, shade drying and freeze-drying on the
bioactive compounds and antioxidant activity of Centaurea (Centaurea cyanus L.) petals, as well as on several of their
physicochemical properties. All the dried samples showed different appearances as compared to fresh petals, with lower
titratable acidity, lower carotenoids and hydrolysable tannins contents, and greater antioxidant activity. Of the drying methods,
shade drying presented the highest values for monomeric anthocyanins, flavonoids, hydrolysable tannins, total reducing
capacity and antioxidant activity. By contrast, greater losses were observed as a result of hot-air convective drying. Thus
shade drying is a highly promising process that should be considered as a suitable drying method for Centaurea petals.

Keywords: Centaurea petals; Hot-air convective drying, Shade drying,; Freeze-drying, Bioactive compounds, Antioxidant
activity.

Il Resumo

No presente trabalho pretendeu-se avaliar o efeito da secagem por convecgdo com ar quente, secagem a sombra
e liofilizacao sobre compostos bioactivos e actividade antioxidante de pétalas de centaurea, bem como em algumas
propriedades fisico-quimicas. Todas as amostras desidratadas apresentaram uma aparéncia diferente das frescas, menor
acidez titulavel e menores teores de carotendides e taninos hidrolisaveis. Por outro lado, as amostras secas apresentaram
uma maior actividade antioxidante. Entre os métodos de secagem, a secagem a sombra apresentou 0s maiores valores
de antocianinas monomeéricas, flavonoides, taninos hidrolisaveis, capacidade redutora total e actividade antioxidante.
Pelo contrario, as maiores perdas foram observadas com ar quente. Assim, a secagem a sombra € um processo bastante
promissor que deve ser considerado como um método adequado para desidratar pétalas de centaurea.

Palavras-chave: Pétalas de Centaurea; Secagem por conveccdo com ar quente; Secagem a sombra; Liofilizacdo; Compostos
bioactivos, Actividade antioxidante.

I 1 Introduction

The Centaurea (Centaurea cyanus L.) flower, also known  plant, for colouring sugar and confectionaries, in teas and
as blue cornflower or bachelor’s button, grows as awild and  salads and to garnish dishes (CHIRU, 2009; CHAITANYA,
common garden plant throughout Europe (CHIRU, 2009).  2014). Several therapeutic activities have also been attributed
Due to its intense blue flowers it is used as an ornamental  to Centaurea flowers, including the treatment of indigestion,
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gallbladder dysfunction, kidney regulation, menstrual
disorder regulation, increasing immunity and for the efficient
cleaning of wounds (CHIRU, 2009; LIM, 2014). However,
fresh Centaurea flowers are difficult to store since the petals
show visible signs of deterioration just a few days after
harvest, even under refrigeration. Up to now, no guidelines
have been established for the storage of edible flowers,
and few studies have been carried out to determine which
factors limit their quality (KOU et al., 2012).

Drying is the most common post-harvest method
for the preservation of plants (BATRAS, 2015) and
fruits (SADLER, 2016). This technology can be used
to obtain products that are easily processed, can be
stored for long periods and can be used conveniently
in the manufacture of formulated foods. Drying methods
decrease the water-related activities of plants, and
consequently inhibit the growth of microorganisms while
decreasing the rate of the biochemical reactions, thus
extending the shelf life of the products at room temperature
(HAMROUNI-SELLAMI et al., 2013). Furthermore, these
processes are more economical with respect to storage
and transport costs, since dried flowers occupy less space,
weigh less and do not require refrigeration. However,
knowledge concerning the application of drying methods to
edible flowers remains insufficient (ABASCAL et al., 2005).
Several studies have been carried out with marigold flowers
(Tagetes erectaL.) (SIRIAMORNPUN et al., 2012), purple
coneflower (Echinacea purpurea (L.) Moench) (LIM, 2014;
KIM et al., 2000), roses (Rosa x hybrida L.), carnations
(Dianthus caryophyllus L.) (CHEN et al., 2000), daylilies
(Hemerocallis disticha Donn.) (TAl; CHEN, 2000) and black
locust flowers (Robinia pseudoacacial..) (Jl et al., 2012),
but none have involved Centaurea petals. Thus the aim of
this work was to investigate the effects of three different
drying methods (hot-air convective drying, shade-drying,
and freeze-drying) on the bioactive compounds of Centaurea
petals, including the monomeric anthocyanins, carotenoids,
flavonoids and hydrolysable tannin contents, as well as
on the total reducing capacity and antioxidant activity
(DPPH radical scavenging activity and reducing power),
and on several physicochemical properties, in order to
identify the best method to preserve the bioactive richness
and quality of Centaurea petals.

I 2 Material and methods
2.1 Fresh petals

Approximately 1 kg of fully developed fresh
Centaurea flowers was collected from different plants at
the greenhouse of the School of Agriculture, Polytechnic
Institute of Braganca, Portugal. Immediately after harvesting,
the fresh flowers were transported to the laboratory under
refrigeration and the petals separated from the remaining
parts of the flowers.
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2.2 Drying methods

The fresh petals were dried using three methods,
as described below.

1. Hot-air convective drying: The petals were
distributed uniformly as thin layers on trays and
dried in an oven at 50 °C (Memmert, Schwabach)
for 1, 2,3 or 4 hours. This temperature was chosen
because it is commonly found in similar studies
on drying flowers and herbs (MAO et al., 2006;
BALLADIN; HEADLEY, 1999; CHEN et al., 2000).
The relative humidity and temperature were controlled
in the different sections of the hot-air convective
oven using portable thermo-hygrometers (Hanna
Instruments, HI 9564, Woonsocket) and digital
thermometers (Hanna Instruments, HI 98509,
Woonsocket), respectively. The relative humidity
was maintained constant at 4.3% + 1.2% and the
temperature at 49.6 °C + 2.4 °C throughout the
experiments;

2. Shade drying: The Centaurea petals were
distributed uniformly as thin layers on trays and
dried in the dark for 3 days at room temperature
(22 °C), with a relative humidity of 41.0% + 0.4%;

3. Freeze-drying: The Centaurea petals were frozen
at (-18 °C) and then freeze-dried at -120 °C
(Scanvac, Coolsafe, Lynge, Denmark) for 24 h.

Each treatment was carried out in triplicate.
The drying times were established in order to attain a
water activity (a,) below 0.5.

2.3 Weight loss, moisture content, water activity, pH
and titratable acidity

The weight loss (WL) was determined according
to Equation 1:

_My-M_

0

WL 100 (1)

where: M, was the initial mass of fresh Centaurea petals before
drying and M the mass of Centaurea petals after drying.

The weight was determined using a digital balance
(Kern ACJ/ACS, Balingen, Germany) and the moisture
content from the weight loss at 105 °C to constant weight
(BOLAND; CUNNIFF, 1999). The water activity (a ) was
determined using a portable water-activity meter (Novasina,
LabSwift-aw, Lachen, Switzerland). To determine the titratable
acidity (TA), a 0.5 g sample was homogenized in 50 mL
of distilled water using an Ultra-Turrax homogenizer (IKA,
Werke, Germany), filtered (GAITHERSBURG; HORWITZ,
1990), and 10 mL of the filtrate titrated with 0.01 N NaOH,
using phenolphthalein as the indicator. The results were
expressed as g citric acid/100 g of dry weight (DW).
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2.4 Carotenoids

The carotenoid content was determined according to
the method used by Aquino-Bolafios et al. (2013). One gram
of dried petals, subjected to the different drying methods,
as well as a fresh sample (control), were extracted twice
with 20 mL of an acetone:hexane solution (1:1, v/v). The
extracts were each placed in a separation funnel, to which
200 mL of distilled water were added to eliminate the acetone.
The acetone-free phase was mixed with 5 g of anhydrous
sodium sulphate to eliminate any residual water; and the
remaining solution filtered and the volume completed to 100
mL with hexane. The carotenoid content was determined
by reading the absorbance at 450 nm, using a calibration
curve of B-carotene in hexane (0.22-8.8 ug/mL). The results
were expressed in ug p-carotene/g DW.

2.5 Preparation of the extracts for the analysis of
polar bioactive compounds and antioxidant
activity

Dried powdered samples obtained by the different
drying methods (1 g), as well as a fresh sample (control),
were extracted with 50 mL of water:acetone (6:4; v/v)
at 40 °C for 30 min with agitation (IKA, RCT Model B,
Staufen, Germany) at a frequency of 1000 rpm (LI et al.,
2014). The extracts were filtered, concentrated in a
rotary evaporator (Stuart RE3022C, Staffordshire, United
Kingdom) (40 °C), frozen and freeze-dried. The extracts
obtained were re-dissolved in water:acetone (6:4; v/v) to
a concentration of 50 mg extract/mL, and preserved by
freezing until further analysis. Each extraction treatment
was carried out in triplicate.

2.6 Monomeric anthocyanins, total flavonoids,
hydrolysable tannins and total reducing capacity

The total monomeric anthocyanins, total flavonoids
and hydrolysable tannin contents, as well as the
total reducing capacity (TRC) of the Centaurea petal
extracts (from the control and the dried samples) were
determined according to the methodologies used by
Fernandes et al. (2017). All determinations were carried
out in triplicate. The results for monomeric anthocyanins
were expressed in mg cyanidin-3-glucoside/g dry weight
(mg Cy 3-glu/g DW), for flavonoids in mg of quercetin
equivalent/g DW (mg QE/g DW), for hydrolysable tannins
in mg of tannic acid equivalent/g DW (mg TAE/g DW), and
for TRC in mg gallic acid equivalent/g DW (mg GAE/g DW).

2.7 Determination of antioxidant activity
2.7.1 DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical-scavenging activity
The DPPH radical-scavenging activity was determined
by the procedure described by Fernandes et al. (2017)

and the antioxidant activity expressed by the percentage
of scavenging effect according to Equation 2:
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A -A
DPPHradicalscavengingeffect(%) = —-0—S21€ 100 (2)

DPPH

where: A, is the absorbance of the DPPH solution and

ASEmp,e the absorbance in the presence of the sample.

The blank was prepared with the solution used in
the extraction of the samples. The extract concentration
providing 50% of DPPH radical-scavenging effect (EC,,)
was calculated from the graph of DPPH radical-scavenging
effect percentage versus extract concentration.

2.7.2 Reducing power

The reducing power of the extracts was determined
using the procedure described by Delgado et al. (2010)
and expressed by the EC_ values. These were determined
from the graph of Abs,  versus extract concentration,
corresponding to the concentration that provided an
absorbance of 0.5. Each solution was analysed in triplicate.

2.8 Statistical analysis

SPSS Statistic software, version 18.0 (SPSS Inc.,
Chicago, USA), was used for the statistical treatment of
the data. Analyses of variance (ANOVA) or Welch’'s ANOVA
were carried out to evaluate whether there were significant
differences (p < 0.05) amongst the samples. In addition,
significant post-hoc analyses were carried out (Tukey’s
HSD test if the variances in the different groups were
identical or the Games-Howell post-hoc test if they were
not). The homogeneity of the variance was evaluated by
Levene’s test and the correlations between the variables
were determined by Pearson’s correlation coefficient.
The principal component analysis (PCA) was carried out
to differentiate Centaurea petals in the fresh state from
those subjected to the three drying methods. The variables
considered were the WL, a,, TA, pH, carotenoids, total
reducing capacity, hydrolysable tannins, flavonoids and
anthocyanin contents, as well as the EC_ values obtained
from the DPPH and reducing power assays.

Il 3 Results and discussion
3.1 Visual appearance

Figure 1 shows the visual appearance of the fresh
versus the dried Centaurea petals. In general, all the dried
petals were darker, shrivelled and smaller than the fresh
petals. The petals had a different visual appearance as
compared to the fresh ones even after short hot-air convective
drying periods (1 or 2 hours). No visual differences were
perceived amongst the three drying methods, with all the
petals presenting similar colours.

3.2 Physicochemical analyses

With respect to water activity (a,), significant
differences were found amongst the drying methods
(Table 1). The a  values of the dried flowers ranged from
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Table 1. Physicochemical properties of Centaurea petals subjected to different drying methods.

Weight Loss Titratable Acidity
Samples %) (g citric acid/100 g
DW)
Fresh -- 0.97 + 0.01¢ ——— 0.69 £ 0.05¢
1 0.92 + 0.01¢ 29.8 £ 1.1 0.24 + 0.052
Hot-air convective dried 2 0.90 + 0.01¢ 59.3 + 1.5° 0.47 + 0.03°
3 0.67 + 0.05° 725 £2.3° 0.53 + 0.03p¢
4 0.47 + 0.01° 73088078 0.66 + 0.04¢
Shade-dried 72 0.47 + 0.01° 77.8 £6.3° 0.43 + 0.03°
Freeze-dried 24 0.33 £ 0.012 88.0 + 0.3¢ 0.49 + 0.05°

Values are expressed as: Mean + Standard deviation. Values with the same letter in the same column are not statistically different (p > 0.05).

Fresh Hot-air convective drying (50 °C)
3h

TREATMENTS
Shade-drying
(22 °C, 3 days)

Freeze-drying
24h

1h 2h
£ - /-\
\ N
> & g
N v
N <

Figure 1. Fresh Centaurea petals and those subjected to three drying methods: hot-air convective drying, shade-drying and

freeze-drying.

0.33 (freeze-drying) to 0.92 (hot-air convective drying for
1h). As expected, these values were lower than that of the
fresh sample (0.97); however, no significant differences
were observed between fresh petals and those subjected
to hot-air convective drying for 1 and 2 hours, with the a_
only being further reduced by longer exposure to hot-air
convective drying. According to Barbosa-Céanovas et al.
(2003), pathogenic microorganisms cannot grow at a values
below 0.86, and yeasts and moulds cannot develop ata,
values below 0.62, but values below these were only reached
with hot-air convective drying for 4 hours, shade drying
for 72 hours and freeze-drying for 24 hours. Furthermore,
a product with an a, of 0.3 will be more stable in relation
to enzymatic activity (BARBOSA-CANOVAS et al., 2003),
but only the freeze-dried flowers showed a  values with
this order of magnitude.

With respect to WL, this was more pronounced as a
result of freeze-drying (88.0%), followed by shade drying
(77.8%), and hot-air convective drying for 4 hours (73.0%)
and 3 hours (72.5%).

Regarding TA, the values were reduced by drying
from 0.69 g citric acid/100 g DW (fresh sample) to as low
as 0.24 (hot-air convective drying for 1 h). The decrease in
acidity as a result of drying could be attributed to conversion
of the acids into sugars or some other compounds, or the
acids might have been used in the respiration process
(PRAJAPATI et al., 2011). The application of longer hot-air
convective drying periods caused an increase in acidity
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(0.24 (1h) to 0.66 (4h) g citric acid/100 g DW), while the
shade-dried and freeze-dried samples showed intermediate
acidity values (0.43 and 0.49 g citric acid/100 g DW,
respectively). No explanation for this variability was found
in the literature, indicating that more detailed studies are
needed involving the formation of free fatty acids and the
transformation of organic acids.

3.3 Total carotenoids

A severe loss of total carotenoids was caused
in the Centaurea petals by all the drying methods, with
significant differences in these losses amongst the drying
methods (Table 2). The highest carotenoid contents were
found in the hot-air convective dried samples, followed
by the shade-dried samples, and the lowest values in the
freeze-dried petals. These results were unexpected, and the
explanation for the carotenoids losses in the freeze-dried
Centaurea petals remains unknown and requires further
investigation, as also found for the lycopene content in
freeze-dried tomatoes (CHANG et al., 2006).

When comparing the present results with those of
Siriamornpun et al. (2012) for marigold flowers, a similar
trend was seen, with the higher total carotenoid content being
supported by larger amounts of lycopene, B-carotene and
lutein in the case of hot-air convective drying than in the case
of freeze-drying. Furthermore, in the present study the fresh
flowers presented carotenoid values (28.1 ug p-carotene/g DW)
approximately three times higher than those of the dried
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flowers (less than 10 pg B-carotene/g DW). The results of
this study suggest that drying, when applied to flowers, may
cause carotenoid degradation. Carotenoids are thermally
labile (MURATORE et al., 2008) and unstable at low water
activity values (LAVELLI et al., 2007).

3.4 Monomeric anthocyanins

The total monomeric anthocyanin contents of the
Centaurea petals subjected to different drying methods
varied significantly according to the method used (Table 2),
ranging from 1.90 (hot-air convective drying for 3 h) to
5.11 mg Cy 3-glu/g DW (shade drying), with values for
the fresh petals of 3.95 mg Cy 3-glu/g DW. Almost all the
hot-air dried samples presented the lowest monomeric
anthocyanin content, probably due to the high temperatures
used and high oxygen concentrations involved in this type
of drying, leading to rapid degradation of the anthocyanins
(PIGA et al., 2003). However, higher values were determined
after 4 h than after 3 h for hot-air convective drying.
This might be a consequence of the balance achieved
between the drying temperature and time or due to the
transformation of polyphenols (including anthocyanins)
from the bound state to the free state, which may occur
at high temperatures after long periods (ZHENG et al.,
2015). Apart from the heat, a number of other factors such
as light, temperature and storage conditions can also be
responsible for the anthocyanin degradation during drying
(SHAHIDI; NACZK, 2004). Since shade drying does not
imply in the use of high temperatures and exposure to light
is limited, these factors may explain the higher preservation
of the anthocyanins when using this method.

3.5 Total flavonoids

Table 2 shows the total flavonoid contents of the
Centaurea petals subjected to the different drying methods.
Once again the hot-air dried samples presented the lowest
concentrations, those dried with hot air for only 1 h showing
the lowest amount (10.04 mg QE/g DW), corresponding
to 46% of the content determined in the fresh samples
(21.87 mg QE/g DW). These results are in agreement
with those of Piga et al. (2003), who found that hot-air
drying may lead to a significant decrease in flavonoids.
On the other hand the shade-dried petals presented the
highest flavonoid concentration (30.06 mg QE/g DW) and
freeze-drying caused flavonoid losses of approx. 36% in
comparison with the fresh petals.

3.6 Hydrolysable tannins

Significant differences were detected between
the different drying methods with respect to the
hydrolysable tannin content (Table 2), ranging from
3.56 to 6.77 mg TAE/g DW for hot-air convective drying
for 3 h and shade drying, respectively. However, the
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highest values, at least twice the amount, were observed
in the fresh samples (13.67 mg TAE/g DW). These findings
were similar to those of Salminen (2003), who reported
lower values for hydrolysable tannins in birch leaves
(Betula pubescens Ehrh.), dried in an oven (60 °C for 12 h)
(11.58 mg/g DW) than in those dried in a fume hood at
room temperature for 4 days (14.14 mg/g DW) and in the
freeze-dried (48 h) leaves (15.35 mg/g DW). Moreover,
the room temperature air-dried and freeze-dried samples
were not different (SALMINEN, 2003), as also observed
in the present work.

3.7 Total reducing capacity

Regarding the total reducing capacity (TRC) of
Centaurea petals subjected to the different drying methods,
the values varied between 6.12 and 15.12 mg GAE/g DW
(Table 2). The highest TRC was recorded for petals dried
at room temperature (shade-dried), 1.26 times higher than
the fresh petals. All the dried samples, with the exception
of the hot-air convective samples dried for 1 h, had higher
mean values for TRC than the fresh samples, although some
cases were not significantly different. This is in agreement
with the results of Suvarnakuta et al. (2011), who reported
that dried plant materials contained larger amounts of
antioxidants, such as polyphenolic compounds, than the
fresh plant materials. Dehydration treatments may release
bound phytochemicals (e.g., phenolic compounds) from
the matrix, making them more accessible to extraction
(WOJDYLO et al.,, 2014). In addition, the intercellular
spaces of the tissues may collapse, liberating more
bioactive secondary metabolites such as polyphenolic
compounds (DI CESARE et al., 2003; YOUSIF et al.,
1999). Furthermore, Suhaj (2006) suggested that some of
the bioactive compounds in the fresh samples might be
unstable or degraded by enzymatic action, suggesting
the use of dried samples.

When comparing hot-air convective drying with
freeze-drying, no significant differences were observed
between the methods, with the exception of 1 h convective
drying, results that differed from those of Siriamornpun et al.
(2012), Mao et al. (2006) and Zheng et al. (2015) for
marigold, daylily and loquat flowers, respectively. These
authors found higher values for TRC after freeze-drying
than after hot-air convective drying. However, the
hot-air drying conditions applied by those authors were
different from those used in the present study, namely,
60 °C for 4 h (SIRIAMORNPUN et al., 2012), 55 °C for
24 h (MAO et al., 2006), and 40 °C or 60 °C for 8 h or
5 h, respectively (ZHENG et al., 2015). Thus higher
temperatures and longer drying times were used in these
studies as compared to those used in the present work.
Since phenolic compounds are sensitive to heat, an
increase in temperature may result in a significant loss
of these compounds (LIN et al., 2011).
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3.8 Antioxidant activity

3.8.1 DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical-scavenging activity

Table 2 shows the DPPH scavenging activities of
the Centaurea petals dried by the methods used in the
present work. The shade-dried samples presented the
highest antioxidant activity, with the lowest EC,, values for
DPPH (0.55 mg extract/mL), while the fresh, freeze-dried and
hot-air dried samples for 1 h and 4 h showed higher EC,,
values. These results corroborate with the previous analysis,
showing that the shade-drying method resulted in petals with
higher DPPH radical-scavenging activity than the other drying
methods. The present results were similar to those reported by
Pinela et al. (2012) for Tuberaria lignosa (Sweet) Samp, who
observed that infusions of shade-dried samples showed the
highest DPPH radical-scavenging activity and reducing power
as compared to infusions of freeze-dried and fresh samples.
Furthermore, the present study showed that hot-air drying
for 2 h and 3 h (0.72 and 0.69 mg extract/mL, respectively)
produced samples with higher DPPH radical-scavenging activities
than freeze-drying (0.85 mg extract/mL). These results were
different from those obtained with daylily flowers, where the
water and ethanol extracts from freeze-dried flowers showed
higher DPPH scavenging activities than those prepared from
hot-air dried samples (MAOQ et al., 2006), and also for those
prepared from marigold, where the freeze-dried and fresh
petals showed higher DPPH scavenging activities (67% and
65%, respectively) than those dried with hot air (52.4%), for
a 0.1 mg/mL extract solution (SIRIAMORNPUN et al., 2012).
However, these different results in relation to the present results
can be explained by the different times and temperatures used
in both studies. In the first study, the flowers were treated at
55 °C for 24 h (hot-air dried) and for 12 h (freeze-dried), and
in the second study at 60 °C for 4 h (hot-air dried) and for
48 h (freeze-dried). Thus the application of different drying
conditions and methods significantly influences the DPPH
scavenging activities of dried petals.

3.8.2 Reducing power

With respect to reducing power, significant differences
were detected (Table 2). The EC, values ranged between
1.10 and 3.65 mg extract/mL for shade-dried and fresh
petals, respectively and hence the shade-dried samples

presented the highest reducing power, since they had the
lowest EC, value. In addition, the reducing power values
of hot-air convective dried petals (1 h, 3 h and 4 h) were
not significantly different from those of freeze-dried petals.
However, all these EC, values were lower than those of
the fresh samples, suggesting that drying increased the
antioxidant activity in terms of the reducing power of the
petals.

3.9 Correlations between total reducing capacity,
monomeric anthocyanins, flavonoids,
hydrolysable tannins, and antioxidant activity

The Pearson correlation coefficients determined
between the TRC, monomeric anthocyanins, flavonoids,
hydrolysable tannins and antioxidant activity (EC, values
of DPPH and reducing power assays) are presented
in Table 3. Significant positive correlations were found
between the TRC and monomeric anthocyanins (0.668),
as well as between the TRC and the flavonoids (0.737),
showing the important role of these compounds in the
TRC. As expected, negative correlations were detected
between the TRC and the EC, values of DPPH (-0.751)
and reducing power (-0.531), since these properties
are inversely correlated. The flavonoids also presented
a positive correlation with the monomeric anthocyanins
(0.965), since anthocyanins are a subclass of flavonoids.

Concerning the antioxidant activity, a significant
negative correlation was found between the flavonoids and
the EC,, DPPH values (-0.502), related to the antioxidant
potential of these compounds. Moreover, a significant
negative correlation was found between the EC,, DPPH
and monomeric anthocyanins (-0.402), demonstrating their
role in the DPPH free-radical scavenging effect.

3.10 Principal component analysis

The principal component analysis (PCA) was
applied to classify the fresh and dried samples into
groups. Figure 2 shows the scores of the first two principal
components for the Centaurea petals subjected to the
three different drying treatments. The first two principal
components explained 88.5% of the total variation

Table 3. Pearson correlation coefficients for the total reducing capacity, monomeric anthocyanins, flavonoids, hydrolysable tannins

and EC,, values of the DPPH and Reducing Power assays.

Monomeric

. Flavonoids
anthocyanins
Total reducing capacity 0.668** 0.737**
Monomeric anthocyanins . 0.965**
Flavonoids _ _
Hydrolysable tannins . .
EC,, DPPH . .

Hydrolysable EC,, Reducing

EC,, DPPH

tannins Power
-0.065 -0.751* -0.531**
0.510** - 0.402** 0.087
0.491** - 0.5602** 0.042
. 0.302 0.787*
0.650**

Correlation is significant at **p < 0.01.
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PC2 (33.5 %)

PC1 (55.0 %)

Figure 2. Principal component analysis plot of fresh (F) Centaurea
petals and of those dried by the following methods: hot-air convective
drying (HA), freeze-drying (FD) and shade-drying (SD). Principal
component 1 (PC1), Principal component 2 (PC2), total reducing
capacity (TRC), water activity (AW), weight loss (WL).

(PC1 =55.0% and PC2 = 33.5%, respectively). PC1 was
mainly correlated positively to the hydrolysable tannins,
carotenoids, EC,, values of the reducing power, TA and
a,, and negatively to WL. PC2 was highly correlated to
the monomeric anthocyanins, TRC, flavonoids and pH,
and negatively to the EC,  values of the DPPH assay.
Three groups were obtained. Group | was formed by the
shade-dried flowers (SD), with high scores in PC2 due to
the high values of the monomeric anthocyanin contents,
TRC and flavonoids. With respect to the fresh petals (F),
corresponding to Group I, these samples presented the
highest hydrolysable tannins and carotenoid contents,
TA and EC, values of the reducing power, whereas the
hot-air dried and freeze-dried samples (Group IIl) showed
the highest WL and EC,, values of the DPPH, indicating
lower antioxidant activity.

I 4 Conclusion

The results of this study show that each drying
method produces different effects on the physicochemical
properties and bioactive compounds of Centaurea petals.
In general, drying produced darker, shrivelled and
smaller flowers with lower TA values and carotenoid and
hydrolysable tannin contents than fresh flowers, while
increasing their total reducing capacity and antioxidant
activity in terms of reducing power. The highest carotenoid
content was identified in hot-air convective dried samples,
but this method produced the lowest anthocyanin and
flavonoid contents, while the shade-dried samples

Braz. J. Food Technol., Campinas, v. 21, 2017211, 2018

presented the highest values for both compound classes.
The shade-dried samples also presented the highest TRC,
DPPH radical-scavenging activity and reducing power, and
one of the lowest a  values. In summary, the present study
has provided useful information on the industrial drying
processes of Centaurea petals, showing the advantages of
shade drying at room temperature, which is a sustainable
and green technology with low energy costs.
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