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Abstract: Agastache spp. are used as ornamental plants for their pleasant aroma and the different
colors of flowers. Nowadays, their edible flowers have become attractive for their nutraceutical
properties. Post-harvest treatment appears as a crucial point to avoid impairment of the nutraceutical
compounds and aroma, so different treatments were tested to analyze their effect on the bioactive
metabolites and volatilome. Results indicated that freeze-drying was the best solution to prolong the
shelf life of these flowers. The use of high temperatures (50, 60, 70 ◦C) led to altered the composition
of antioxidant compounds (phenolic compounds, flavonoids, anthocyanins, carotenoids). Air-drying
at 30 ◦C was a reasonable method, even though time consuming. Concerning the aroma profile,
all samples were dominated by oxygenated monoterpene compounds. Pulegone was the main or
one of the major constituents of all samples together with p-menthone. Gas Chromatography-Mass
Spectrometry results showed a correlation between the temperature and the number of identified
compounds. Both fresh and freeze-dried samples evidenced a lesser number (10 and 19, respectively);
when the temperature raised, the number of identified constituents increased. Statistical analyses
highlighted significant differences between almost all aromatic compounds, even if both Principal
Component and Hierarchical Cluster analyses differed at 60 and 70 ◦C and from the other treatments.

Keywords: carotenoids; phenolic compounds; antioxidant activity; VOCs; aroma; air-drying; freeze-
drying; preservation

1. Introduction

Edible flowers (EF) have been known for a long time [1]. EF are commonly con-
sumed as vegetables, such as broccoli, cauliflowers, and artichokes, and are normally
ascribed as horticultural products. Nowadays, the recovery of ancient and folk recipes
with uncommon and refined ingredients are becoming of great interest. These new food
ingredients can be included in the diet if their nutraceutical properties are properly defined.
Regarding this topic, several flower varieties have entered the horticultural market, and
new EF have been selected for their pleasant aroma and phytochemical composition [2–6].
The edible part of flowers consists mainly in petals and the reproductive organs, such as
carpels and stamens [7]. In some cases, pollen of specific flowers may contain potential
allergens [8], and susceptible people should carefully introduce new varieties of flowers
into their diet, in order to check for any allergic reactions [8]. Bioactive compounds are
detected in different amounts, and differ in relation to the flower anatomy, botanical family,
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and attitude to environmental condition [9,10]. Carbohydrates are the main constituents
in EF, followed by other components with biological activities such as vitamins, miner-
als, and antioxidant compounds [11–15]. Phenolic compounds are the main antioxidant
compounds, usually detected in the petals [11]. Phenolic acids occur naturally in plants
and their intake in a diet contributes to preventing cancer along with cardiovascular and
neurodegenerative diseases [11]. Similar biological activities are ascribed to flavonoids
and anthocyanins, as subgroups of phenolic compounds [11]. Pigments, such as antho-
cyanins and carotenoids, have insect attractive functions, characterized also by important
antioxidant activities [16–18].

EF are usually consumed fresh, but they are highly perishable within few days of har-
vest, and the postharvest period is very crucial for their longevity [19,20]. The senescence
process is often mediated by ethylene and by programmed cell death. The first visible
signals of deterioration are alteration of flowers morphology, color, and sometimes their
aroma [21]. Many different technologies are used to prolong the cell vitality or to ensure
a good maintenance of some bioactive compounds. Cold treatment is frequently used to
prolong the fresh flowers’ longevity up to one week, even if loss of pigmentation, vitamins
content (ascorbic acid), and other metabolites such as phenolics can occur [20]. Drying
is another common method used to prolong EF shelf life. This process can be achieved
by using different instruments and temperatures, even though the results can be different
in terms of visual quality and metabolite composition [22]. The oven/air drying method
is traditionally used with herbs and spice, or flowers for infusion, but the prolonged
treatment may negatively affect the nutritional properties [22,23]. Freeze-drying is the
alternative strategy able to better preserve flowers’ nutraceutical properties, especially the
thermolabile compounds [20,24].

The Lamiaceae family consists of hundreds of genus and thousands of species, and
the Agastache genus is one of the most representative taxa, with twenty-two herbaceous
perennial aromatic species [25]. These plants are commonly used as herbal drugs and
spice, as well as a source of essential oils (used in perfumes). Several Agastache species
are cultivated as bee forage, ornamental plants, and for therapeutic purposes [25,26].
Tubular two-lipped flowers are characterized by different colors and fragrances [27,28].
The phytochemical compounds and aroma profile have been recently described for a few
species [2,25].

Agastache aurantiaca (A. Gray) Lint & Epling is native to North America, but it also
grows spontaneously in Mexico (Sierra Madre of southwestern Chihuahua and western
Durango), distributed in rocky fields, plateaus, and canyon summits in open pine-oak
woodlands [29]. To the best of our knowledge, very few studies were performed on this
species, mainly focused on plant essential oils [30], flavonoids [31], anthocyanins [32], and
trace elements [4]. Flowers of the variety ’Sunset Yellow’ were recently investigated for
the assessment of nutritional compounds, the aroma, and essential oil profiles, suggesting
their use as EFs [2].

In this work, Agastache aurantiaca ’Apricot Sprit’ was examined. The flowers have a
light orange color, and their full blooming occurs from June to September [33]. The aim
of this work was to investigate for the first time the nutraceutical properties (secondary
metabolites with antioxidant activity and total sugars quantification) and the aroma profile
of fresh and dried flowers (freeze-dried, hot-air dried at 30, 50, 60, 70 ◦C), in order to
identify the most suitable drying temperature able to guarantee a high-quality product.

2. Materials and Methods
2.1. Plant Materials

Young plants obtained from cuttings of Agastache aurantiaca (A.Gray) Lint & Epling
’Apricot Sprite’, were purchased online from a French nursery company, and grown in
10-L pots, filled with peat characterized by pH 6.1, electrical conductivity 0.38 dS/m,
bulk density 120 kg/m3, total porosity 94% v/v. Fertigation with a drip irrigation system
was performed once a day (0.33 L per plant) with NPK mineral fertilizer and a mixture of
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microelements (Plantiol, New Polyplants srl, Lucca, Italy). The plants were grown until full-
blooming in an unheated greenhouse at La Chambre d’Agriculture des Alpes-Maritimes
(CREAM, Nice, France, GPS: 43.668318 N, 7.204194 E). High quality flowers, carefully
selected without any signs of disease or aesthetic/sensory defect, were harvested and used
for the postharvest treatments (reported in Post-harvest treatments). The collection of the
inflorescences took place in the summer flowering period (2019), between 8:00 and 10:00 in
the morning. Subsequently, the fresh flowers were weighed (FW), packaged, and frozen at
a temperature of −80 ◦C.

2.2. Post-Harvest Treatments

Flowers of A. aurantica ’Apricot Sprite’ were initially weighted (FW), and then vacuum
freeze-dried (Labconco, Kansas City, MO, USA) for 48 h, or hot-air dried with an electric
dryer (Dejelin Nutri Dry with constant ventilation). The hot-air drying process proceeded
until the dry weight (DW) was unchanged (the moisture reached 16–18%, data not shown).
Different temperatures were used (30, 50, 60, 70 ◦C) for 65, 12, 5, 3 h, respectively. The
percentage of weight loss was calculated by the following formula: (FW-DW) × 100/FW.
Fresh, dried, and freeze-dried flowers were analyzed at the Plant Physiology Laboratory of
the Department of Agricultural, Food and Environment, University of Pisa.

2.3. Biochemical Analyses

For total carotenoids quantification, 100 mg of fresh flowers and 40 mg of dried flowers
were extracted in 10 mL of pure methanol for 24 h at 4 ◦C. The absorbance was determined
at 470 nm (UV-VIS Spectrophotometer, SHIMADZU UV-1800, Shimadzu Corp., Kyoto,
Japan), and the values were used to calculate the total carotenoid content (µg/g FW or
DW) following the proper formulas reported in Lichtenthaler [34].

To determine total phenolic compounds, flavonoids, and anthocyanins content, as well
as flowers radical scavenging activity (DPPH and FRAP assays), 200 mg of fresh flowers
and 50 mg of dried flowers were extracted in 2 mL of 70% (v/v) methanol solution for
30 min at 4 ◦C. At the end of the incubation, the samples were centrifuged at the maximum
speed for 10 min, and the supernatants were used for the above mentioned analysis.
Total phenolics were determined with Folin-Ciocalteu reagent according to Singleton and
Rossi [35], and the results were expressed as mg gallic acid equivalent (GAE) per g FW
or DW. The total flavonoids content was determined as reported in Kim et al. [36]. The
absorbance was read at 510 nm and the concentration was expressed as mg of (+)-catechin
equivalents (CE) per g of FW or DW.

The total monomeric anthocyanin content in the extracts was determined through
the pH differential method as described by Lee et al. [37] and Giusti and Wrolstad [38].
Samples were diluted in aqueous buffer at pH 1 (0.025 M potassium chloride buffer) and
pH 4.5 (0.4 M sodium acetate buffer) and the absorbance was read at 510 and 700 nm. The
monomeric anthocyanin pigment concentration was calculated according to the formula
reported in Giusti and Wrolstad [38], and the results were expressed in µg of cyanidin-3-O-
glucoside (C3G) per gram of FW or DW.

The determination of the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) scavenging
activity was determined according to Brand-Williams et al. [39]. The results of the DPPH
free radical scavenging activity were expressed as mg of Trolox equivalent antioxidant
capacity (TEAC) for weight of samples. The Ferric ion Reducing Antioxidant Power (FRAP)
antioxidant assay was performed according to Szôllôsi et al. [40], and data were reported
as µmolFeSO4/g FW or DW.

The total soluble sugars were spectrophotometrically estimated as reported in Das
et al. [41], with some modifications. In brief, 0.8 mL of 0.2% (w/v) anthrone solution were
added to 0.2 mL sample, and the absorbance was read at 620 nm after 12 min of incubation
at 90 ◦C. Data were reported as mg glucose per g FW or DW.

All the data presented are the mean of three independent replicates.
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2.4. Volatilomes

Fresh and dried flowers were analyzed for their volatile compounds using the Head
Space Solide Phase Microextraction (HS-SPME) following the method previously reported
by Najar [42]. Briefly, 1 g of each sample was placed in a 25-mL Erlenmeyer flask for
30 min at room temperature (equilibration time). By the ending time, the fiber (100 µm
polydimethylsiloxanes (PDMS, Supelco Ltd., Bellefonte, PA, USA) was exposed in the
headspace phase of the samples for 5 min and then transferred to the injector of an Agilent
7890B Gas Chromatograph (Agilent Technologies Inc., Santa Clara, CA, USA) equipped
with an Agilent HP-5MS (Agilent Technologies Inc., Santa Clara, CA, USA) capillary col-
umn (30 m × 0.25 mm; coating thickness 0.25 µm) and an Agilent 5977B single quadrupole
mass detector (Agilent Technologies Inc., Santa Clara, CA, USA). The analytical conditions
of the used GC-MS were already reported [42].

2.5. Statistical Analysis

The biochemical data were statistically analyzed by one-way analysis of variance
(ANOVA) with software Past3, version 3.15., using either Tukey Honestly Significant
Difference (HSD) or the Mann–Whitney test according to the variance homogeneity (Levene
test), with a cut-off significance of p < 0.05 (letters). The linear correlation between the
antioxidant constituents and antioxidant scavenging activity (DPPH and FRAP assay) was
determined using Microsoft Excel ® 2013 (Microsoft Corporation, Redmond, WA, USA).

The one-way ANOVA and the bivariate correlation tests (IBM SPSS software, for
Windows, Version 25.0. Armonk, NY, USA) were used first to examine the difference
between the major compounds and then to reveal if any relationship occurred between
these compounds and the enhancement of the temperature. A correlation matrix was
used for the measurement of eigenvalues and eigenvectors in PCA, a multivariate analysis
performed on volatile compounds (omitted those present in a % lesser than 0.5%). The
PCA plot was performed choosing the two highest principal components (PCs), analysis
whose objective is to reduce the dimensionality of the multivariate data of the matrix with
preserving most of the variance [43]. The two-way hierarchical cluster analysis (HCA)
was performed using Ward’s method with squared Euclidian distances as a measure of
similarity. These two analyses were conducted by the JMP software package 13.0.0 (SAS
Institute, Cary, NC, USA).

3. Results and Discussion
Biochemical Analyses

Fresh flowers are used as control for the concentration of bioactive compounds
(Table 1). These quantities are closed to other Agastache species, recently described in
Najar et al. [2]. Similar composition of polyphenolics was observed recently in A. rugosa
fresh flowers, while flavonoids and anthocyanins differed due to color dissimilarity with
A. aurantiaca [44]. Flowers were subjected to different artificial air-drying methods (AD),
achieving the same weight loss in different time (65, 12, 5, 3 h) in relation to the applied
temperature (30, 50, 60, 70 ◦C, respectively). The freeze-drying (FD) method is the unique
treatment in which the water is removed by high pressure and low temperature, reaching
comparable dry weight to the other methods at the end of process (81.3–83.7% water loss).

In post-harvest treatment, color is a remarkable characteristic that describes the quality
of a dried product [45]. The intensity of the color depends on the presence of pigments
(e.g., carotenoids and anthocyanins), their quality and concentration [46]. The FD system
maintained a good amount of these metabolites, as the observed highest value of total
carotenoids (Table 1). The maintenance of carotenoids content by FD system was already
detected in Tagetes erecta, and lutein was even higher in FD than in fresh flowers [47].
The other treatments showed significantly different values, depending on temperature
and the length of the drying process. The lower content of carotenoids was detected
at 50 ◦C (AD 50 ◦C), when the treatment was prolonged for 12 h. Carotenoids in plant
tissues are susceptible to oxidation when exposed to light, oxygen, high temperatures,
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enzymes, moisture, and storage [47]. In this work, the temperature and drying time could
be responsible for flowers discoloration and carotenoids depletion, as also reported in
various flowers [46,47]. This effect could be ascribed also to the activity of lipoxygenase, a
thermostable oxide-reductase enzyme that catalyzes the oxidation of carotene [48].

Table 1. Determination of metabolites in A. aurantiaca flowers subjected to different treatments. Data are presented as means
± standard error (SE, n = 3). Abbreviations: FW = fresh weight; DW = dry weight; GAE—gallic acid equivalents; CE—±
catechin equivalents; C3G—cyanidin-3-O-glucoside equivalents; GLU—glucose. sig.= significant post hoc test at p < 0.05.

Fresh
Flowers 1

Freeze-Drying
(FD)

Air Dried
(AD) 30 ◦C

Air Dried
(AD) 50 ◦C

Air Dried
(AD) 60 ◦C

Air Dried
(AD) 70 ◦C

Total Carotenoids
µg/g DW 125.93 ± 6.73 222.49 ± 4.88 a 177.83 ± 2.64 c 86.77 ± 0.46 e 187.07 ± 3.68 b 146.05 ± 1.8 d

Total Anthocyanins
µg C3G/g DW 55.80 ± 2.51 366.65 ± 28.32 a 185.31 ± 42.2 b 360.96 ± 58.65 ab 422.56 ± 15.91 a 245.7 ± 19.74 b

Total phenolics (TPC)
mg GAE/g DW 3.33 ± 0.12 32.58 ± 2.01 ab 34.26 ± 1.38 a 24.60 ± 1.40 b 25.84 ± 1.90 b 26.07 ± 1.38 b

Total flavonoids (TFC)
mg CE/g DW 1.768 ± 0.03 29.77 ± 0.58 a 30.93 ± 0.56 a 22.66 ± 0.67 b 23.35 ± 0.81 b 22.62 ± 0.21 b

Total soluble sugars (TSS)
mg GLU/g DW 26.12 ± 0.37 358.91 ± 5.55 c 212.12 ± 2.96 d 512.18 ± 2.68 a 461.31 ± 4.11 b 341.99 ± 4.77 c

FRAP activity
µmolFeSO4/g DW 19.33 ± 0.07 403.4 ± 21.78 ab 458.79 ± 12.88 a 281.75 ± 17.62 c 306.84 ± 24.77 c 318.53 ± 4.63 bc

DPPH activity
mg TEAC/g DW 1.49 ± 0.03 19.4 ± 0.48 b 23.26 ± 0.52 a 14.87 ± 0.05 c 17.88 ± 0.81 b 17.67 ± 0.01 b

1 fresh flower’s data are reported as g FW−1 instead of g DW−1.

Anthocyanins pigments were also detected in Agastache flowers (Table 1). The highest
content was detected in AD 60 ◦C (422.56 µg/g DW), FD (366.65 µg/g DW), and AD 50 ◦C
treated flowers (360.96 µg/g DW). The total content of anthocyanins decreased in the other
treatments, probably due to either temperature (70 ◦C) or length of the drying process
(30 ◦C, 65 h), which affected their degradation. The presence of some enzymes, such as
polyphenol oxidase (PPO), could also promote the oxidation of these metabolites. PPO is
relatively thermolabile, and temperatures above 50 ◦C can decrease its activity, especially
when high temperature are combined with long drying cycles. In fact, anthocyanins are
stable at high temperatures, while PPO is thermolabile and significantly inhibited above
80 ◦C [49,50].

The content of total phenolics (TPC) and flavonoids (TFC) showed a similar trend.
The highest content was quantified in AD 30 ◦C and FD flowers. TPC was quantified as
32.58 and 34.26 mg GAE/g DW in FD and AD 30 ◦C, while TFC was 29.77 and 30.93 mg
CE/g DW, respectively. With the increase of the temperature, either AD 50, 60, or 70 ◦C,
the TPC and TFC declined to the lowest amounts (Table 1), probably due to the activity
of PPO [49,50]. These data confirmed the harmful effect on phenolic compounds of high
temperature in AD system, as already observed in other flowers [46,47].

The antioxidant activity was monitored with two different methods: the FRAP assay
and the radical scavenger activity (DPPH assay). The DPPH scavenger activity of fresh
samples is comparable with the values obtained from the other Agastache flowers already
published [2]. The FRAP assay detected in dried flowers showed the highest activity in
the AD 30 ◦C samples (458.79 µmol FeSO4/g DW) followed by FD flowers (403.45 µmol
FeSO4/g DW), then lower values were reported for the other temperatures. The second
method used (DPPH assay), confirmed these results, and the highest value was observed
in AD 30 ◦C flowers (23.26 mg TEAC/g DW) followed by FD samples (19.4 mg TEAC/g
DW). At temperature higher than 30 ◦C, a significant decrease in the general scavenging
power occurs, as shown by the loss of natural antioxidants of the dried flowers at 50, 60,
and 70 ◦C.

A linear correlation between antioxidant activity and antioxidant compounds can
help to define the contribution of each class of metabolites to flower scavenging activity
(Table S1). Regardless of the assay performed, a strong correlation (R2 > 0.84) was observed
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between antioxidant activity (FRAP or DPPH) and phenolics and flavonoids content.
Weaker correlations were detected between antioxidant assays and pigments (carotenoids
and anthocyanins), probably also due to their limited amounts.

A relevant characteristic of Agastache flowers is the sweetness, due to sugar content [2],
the highest macronutrient present in flowers [13]. The amount of total soluble sugars
(TSS) detected in fresh flowers (26.12 mg Glu)/g DW) can be attributed to their peculiar
percentage of water (Table 1). On the other hand, the highest content of total soluble sugars
(TSS) was shown in AD 50 ◦C, followed by AD 60 ◦C flowers (512.18 e 461.31 mg GLU/g
DW, respectively). FD and AD 70 ◦C flowers showed a remarkable content of TSS too,
while the lowest value for dried flowers is observed at AD 30 ◦C.

The concentration of sugars in the different treatments might be linked to different
factors. Dried flowers at 30 ◦C showed lower sugar content probably due to the prolonged
drying cycle (65 h). This may induce a faster sugars consumption, due to flowers respira-
tion as a consequence of the flower senescence process [51]. At 30 ◦C, it can be assumed that
the senescence of flowers is enhanced, and the ethylene action may affect the respiration
rate and therefore the content of soluble sugars [52]. No references are given to support
the Agastache flower as ethylene sensitive, but the obtained results suggest an involvement
of this hormone, to be further investigated. However, at high temperature (50–60–70 ◦C)
the activity of ACC synthetase and the reduced accumulation of ACC oxidase, key en-
zymes of ethylene biosynthesis, were inhibited, as already demonstrated in cut carnation
petals [18,53]. Apart from these observations, little is known about the biochemical and
physiological changes that occur during the development and senescence of A. aurantiaca
flowers. Therefore, it would be appropriate to investigate the nature and behavior of this
flower during natural senescence.

4. Volatilome Analyses

The chemical composition of volatiles present in fresh and treated flowers is reported
in the Table 2. Overall, fifty-one compounds were identified with a total percentage of
identification ranging from 97.5% (in FD samples) to 100% (in fresh flowers).

Oxygenated monoterpenes prevailed in all samples and they amounted for at least
67.1% in AD 70 ◦C to reach more than 90% in fresh flowers. In the fresh flowers, pulegone
was the major compound (75.5%) followed by β-caryophyllene and menthone; the three
compounds represented 90.3% of global identified fraction. Pulegone was a common
compound among all samples where it dominated in AD 60 ◦C and AD 70 ◦C samples,
while in the remaining ones was the second main constituent preceded only by menthone.
Interesting to note that this latter compound was present in a much smaller amount in
the fresh sample (5.2%) and increased exponentially to reach 50% of identified fraction in
AD 30 ◦C. All flowers shared the other three constituents beside pulegone and menthone:
limonene (ranged from 1.4% in AD 60 ◦C to 3.4% in AD 30 ◦C, respectively), isopulegone
(from 1.3% in AD 60 ◦C to 3.4% in AD 30 ◦C, respectively). β-caryophyllene, initially
the second main constituent in fresh samples, was detected in very low percentage with
increasing the drying temperature (not exceeded 2% in AD 60 ◦C). This was an opposite
behavior to that observed in the Thymus daenensis Celak, where β-caryophyllene increased
enhancing the oven temperature [54]. The bivariate correlation in the cited compounds
(Table S2) highlighted the absence of correlation between their amounts and the used
temperature except for pulegone, which showed a statistically significant negative linear
relationship (p < 0.05: greater the amount of pulegone is associated to lower temperature).



Horticulturae 2021, 7, 83 7 of 13

Table 2. Chemical composition of the volatile organic compounds (VOCs) from A. aurantiaca ‘Apricot Sprite’ flowers.
Headspace–Solid Phase Micro-Extraction (HS-SPME) was performed on Gas Chromatography–Mass Spectrometry (GC–MS)
with DB-5 capillary column. Data represent mean values of relative percentage (n = 3, ±SD).

Compounds Class LRI Fresh (AD) 30 ◦C (AD) 50 ◦C (AD) 60 ◦C (AD) 70 ◦C FD

1 3-Methylcyclohexanone nt 958 − 0.1 ± 0.01 − 0.2 ± 0.03 − −
2 Sabinene mh 974 − 0.1 ± 0.01 − − − −
3 1-Octen-3-ol nt 980 − 0.2 ± 0.01 − 0.1 ± 0.00 − −
4 3-Octanone nt 986 − 0.2 ± 0.01 − − − 0.3 ± 0.08
5 6-Methyl-5-heptene-2-one nt 986 − − − 0.2 ± 0.05 − −

6 β-Myrcene mh 991 0.6 ± 0.02 0.9 ± 0.14 − 0.1 ± 0.02 0.3 ± 0.07 0.1 ± 0.01
7 Limonene mh 1030 2.5 ± 0.03 3.4 ± 0.40 1.7 ± 0.04 1.4 ± 0.48 1.8 ± 0.93 2.1 ± 0.48
8 Benzyl alcohol nt 1036 − − − 0.4 ± 0.25 − −
9 Nonanal nt 1104 − − − 0.1 ± 0.01 0.5 ± 0.16 −
10 p-Menthone om 1154 5.2 ± 0.06 50.0 ± 0.39 43.3 ± 0.89 28.9 ± 1.27 25.7 ± 0.88 43.4 ± 2.09
11 Isomenthone om 1164 − 4.8 ± 0.30 4.4 ± 0.11 − 2.9 ± 0.13 3.7 ± 0.13
12 Menthofurane om 1165 1.7 ± 0.60 − − 3.3 ± 0.44 − −
13 Isopulegone om 1177 2.3 ± 0.29 3.4 ± 0.17 2.7 ± 0.03 1.3 ± 0.78 1.8 ± 0.09 2.5 ± 0.14
14 Verbenone om 1205 − 0.2 ± 0.02 0.3 ± 0.13 0.3 ± 0.05 0.3 ± 0.08
15 Decanal nt 1206 − − − 0.3 ± 0.07 1.6 ± 0.62 −
16 (−)-trans-Isopiperitenol om 1210 − − − 0.10 ± 0.03 − −
17 1,4-Dimethyl-4-acetylcyclohexene nt 1226 − − 1.3 ± 0.11 3.9 ± 0.97 1.1 ± 0.13 −
18 2-Hydroxycineole om 1228 − − − 0.2 ± 0.03 − −
19 cis-Pulegone Oxide om 1230 − − 0.3 ± 0.03 − 0.2 ± 0.05 −
20 Pulegone om 1237 75.5 ± 1.85 30.2 ± 0.23 32.6 ± 0.01 34.5 ± 1.66 30.8 ± 0.53 35.8 ± 1.39
21 Piperitone om 1253 − 0.2 ± 0.00 1.2 ± 0.06 4.5 ± 0.55 2.3 ± 0.16 −
22 2-Hydroxy-3-isopropyl-6-methyl-

2-cyclohexen-1-one nt 1274 − 0.8 ± 0.01 0.7 ± 0.01 0.8 ± 0.06 2.2 ± 0.00

23 1-Cyclohexene-1-carboxaldehyde,
4-hydroxy-2,6,6-trimethyl-3-oxo- nt 1302 − − 5.6 ± 0.04 5.7 ± 0.73 2.4 ± 0.42 3.5 ± 0.12

24 2-Hydroxypiperitone om 1302 − 2.0 ± 0.06 − − 0.4 ± 0.04 −
25 Undecanal nt 1307 − − − − 0.2 ± 0.05 −
26 2-Methyl-2-(3-methyl-2-

oxobutyl)cyclohexanone nt 1309 − 0.4 ± 0.02 0.4 ± 0.04 0.6 ± 0.09 − 1.1 ± 0.07

27 Citronellic acid) nt 1314 − − 0.3 ± 0.04 0.8 ± 0.06 − −
28 Piperitenone om 1340 − 0.2 ± 0.01 0.5 ± 0.03 2.1 ± 0.17 1.1 ± 0.05 −
29 Menthofurolactone om 1354 − − − − − 0.1 ± 0.08
30 Eugenol pp 1357 − 0.3 ± 0.03 0.9 ± 0.04 4.6 ± 0.42 1.3 ± 0.04
31 1,2-Dimethyl-1-cyclodecene nt 1360 − − − − − 0.3 ± 0.04
32 8-Methyl-6-nonenoic acid nt 1373 − − − 0.1 ± 0.04 −
33 cis-trans-Nepetalactone om 1377 − − − − − 0.1 ± 0.07
34 β-Caryophyllene sh 1419 9.6 ± 1.51 0.9 ± 0.12 1.0 ± 0.08 2.0 ± 0.31 1.8 ± 0.16 0.1 ± 0.06
35 Dihydropseudoionone nt 1456 − − − − 0.7 ± 0.03 −
36 α-Humulene sh 1456 1.0 ± 0.32 0.1 ± 0.01 0.3 ± 0.01 0.9 ± 0.11 − −
37 (E)-β-Famesene sh 1457 0.6 ± 0.32 − − − − −
38 2-Hydroxy-4,5-

dimethylacetophenone nt 1476 − − 0.3 ± 0.01 − − −
39 Germacrene D sh 1481 1.0 ± 0.71 − − − − −
40 Mintlactone om 1500 − 0.4 ± 0.04 0.8 ± 0.06 0.8 ± 0.04 0.6 ± 0.03 1.0 ± 0.18
41 Isomintlactone om 1531 − 0.1 ± 0.01 0.2 ± 0.00 0.1 ± 0.08 - 0.4 ± 0.09
42 Lilial pp 1534 − − − − 0.7 ± 0.16 −
43 Caryophyllene oxide os 1581 − 0.10 ± 0.01 − 0.1 ± 0.03 − 0.10.01
44 Hedione nt 1649 − 0.1 ± 0.01 − − 4.6 ± 0.59 −

45
(7a-Isopropenyl-4,5-
dimethyloctahydroinden-4-
yl)methanol

nt 1659 − − − − 0.7 ± 0.16 −

46 Octyl ether nt 1659 − − 0.7 ± 0.35 0.7 ± 0.08 6.6 ± 0.17 0.4 ± 0.05
47 α-Hexylcinnamaldehyde pp 1750 − − − − 1.0 ± 0.10 −
48 Dibutyl adipate nt 1766 − − − − 1.0 ± 0.13 −

49
Dodecahydro-3a,6,6,9a-
tetramethylnaphtho[2,
1-β]furan

os 1766 − − − − 0.2 ± 0.03 −

50 2-Hydroxycyclopentadecanone nt 1846 − − − − 1.8 ± 0.25 −

51 Galaxolide nt 1851 − − − − 3.2 ± 0.71 −
52 Musk T os 1989 − − − − 1.0 ± 0.07 −

Number of identified
compounds 10 23 21 30 29 19

Class of compounds Fresh (AD) 30 ◦C (AD) 50 ◦C (AD) 60 ◦C (AD) 70 ◦C FD

Monoterpene hydrocarbons (mh) 3.1 ± 0.05 4.4 ± 0.57 1.7 ± 0.04 1.5 ± 0.36 2.1 ± 0.13 2.2 ± 0.37

Oxygenated monoterpenes (om) 84.7 ± 2.80 91.5 ± 0.40 88.5 ± 0.81 76.1 ± 1.68 67.1 ± 0.55 87.3 ± 0.50
Sesquiterpene hydrocarbons (sh) 12.2 ± 2.86 1.0 ± 0.13 1.3 ± 0.10 2.9 ± 0.42 1.8 ± 0.16 0.1 ± 0.01
Oxygenated sesquiterpenes (os) − 0.1 ± 0.01 − 0.1 ± 0.00 1.2 ± 0.16 0.1 ± 0.07
Phenylpropanoids (pp) − 0.3 ± 0.03 0.9 ± 0.04 4.6 ± 0.42 1.7 ± 0.25 −
Non-terpene derivatives (nt) − 1.8 ± 0.04 8.0 ± 0.48 13.9 ± 1.97 24.4 ± 0.54 7.8 ± 0.68

Total identified 100 ± 0.00 99.1 ± 0.33 99.5 ± 0.27 99.1 ± 0.62 98.3 ± 0.74 97.5 ± 0.37



Horticulturae 2021, 7, 83 8 of 13

The fluctuation in the menthone and pulegone percentage may be due to their conver-
sion into other compounds as mentioned by Asekun and coworkers [55]. They attributed
the loss of these compounds (such as menthone, pulegone, and 1,8-cineole) in fresh and
gently oven-dried samples of Mentha longifolia shoots to their vaporization or conversion
into other compounds. Although drying, in general, may lead to changes in volatile com-
position and content, some temperatures allow better preservation of volatile constituents,
whereas others may cause significant losses of volatiles.

Both freeze-drying and heat treatment with a temperature more or equal to 50 ◦C in-
creased the non-terpene amount. Noteworthy is the presence of 4-hydroxy-2,6,6-trimethyl-
3-oxo-1-cyclohexene-1-carboxaldehyde in most samples, except for fresh flowers and those
treated with a low temperature (30 ◦C). The amount of this compound was around 5.0%
in both AD 50 ◦C and AD 60 ◦C then to be halved in AD 70 ◦C, while in FD samples it
amounted to 3.5% of the identified fraction. AD 70 ◦C flower was also characterized by the
presence of good percentage of other non-terpenes such as octyl ether (6.6%) and methyl
dihydrojasmonate (4.6%). These samples (AD 70 ◦C) were distinguished by the presence of
galaxolide (3.2%), 2-hydroxycyclopentadecanone (1.8%), α-hexylcinnamaldehyde (1.0%),
dibutyl adipate (1.0%), and musk T (1.0%). Even though 70 ◦C seems to induce the syn-
thesis of these compounds, no correlation was observed between their percentages and
the increasing of the temperature. The formation of new chemicals may take place [56]
as shown in all treatments by Xing [57] and Díaz-Maroto [58]. This can be attributed to
oxidations or to the breakdown of cell wall, or to the hydrolysis of glycosylated forms and
thus to the release of several compounds. Concerning the flower volatile emission as a
response to high temperature, no report was present in the literature. Only the presence of
galaxoide was reported in the EO of Turkish Helichrysum plicatum subsp. polyphyllum and
subsp. isauricum [59], while hedione naturally occurred in trace in several flowers [60]. AD
60 ◦C sample showed the highest number of identified compounds and it was noted by its
high amount of eugenol (4.6%), piperitone (4.5%), 1,4-dimethyl-4-acetylcyclohexene (3.9%),
mentofurane (3.3%), and piperitenone (2.1%). Only piperitone signaled a statistically posi-
tive correlation with the temperature effect (p < 0.05) (Table S2. The first two compounds of
PCA analyses explained more than 66% of the variance (Figure 1).

PC1 (40.7%) axis was responsible for the segregation of the AD 70 ◦C flowers from the
others due to its high amount in non-terpene compounds such as ester (methyl dihydrojas-
monate (12)) and ether (galaxoide (17)). In the left high quadrant (negative PC1, positive
PC2), AD 60 ◦C sample was placed in the borderline, while AD 50 ◦C almost overlapped
PC 2 axis. In the opposite quadrant (negative plot in both axes) were gathered fresh with
FD and AD 30 ◦C flowers; this behavior was especially due to the amount of isopulegone
and limonene.

The two-way HCA analysis confirmed what was reported by PCA; in fact two main
clusters were observed: C1, a homogeneous cluster formed by only AD 70 ◦C, and C2
englobed the rest of the samples. C2 is further divided into two subclusters: C2.a, homoge-
neous and included only fresh flowers, and C2.b, which on its own can be divided into 2
subgroups: one formed by AD 30 ◦C and the other one with FD and AD 50 ◦C. (Figure 2).

Only a few works on the spontaneous volatile emission from Agastache flowers were
present in the literature and especially on the temperature effect and freeze-drying treat-
ments. Both volatile organic compounds of fresh flowers and the EO composition of this
studied species (Agastache aurantiaca (A. Gray) Lint & Epling) were reported by our team
in a recent study [2], as well as only the essential oil composition of some species of this
genus were previously investigated [30,61–65]. Drying method, a common technique to
preserve the quality of herbs, impact directly in their quality [63]. Even though the eugenol
was not present in both fresh and FD samples, this result confirmed what was reported
by Ion [64], who underlined no statistical difference in its percentage among fresh and
those processed by FD. The same authors concluded that although freeze-drying is one
of the most recommended techniques for herb drying, significant changes can occur in
the chemical composition of the EO from Ocimum basilicum and this result was confirmed
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by the present study. Of note, was the proximity between FD and AD 50 ◦C. The same
observation was noted in the volatiles of tea flowers [65], where the authors deduced
that the volatile from samples treated with 60 ◦C were close to those observed by the FD
and thus recommended the AD method at 60 ◦C for 180 min. Başer and Buchbauer [66]
claimed that monoterpenes vaporized more rapidly by increasing drying temperature,
while Mashkani [54] reported that their contents significantly reduced by the increase of
the oven temperature. This finding was in disagreement with the results reported herein
where a very slight difference in the monoterpene percentage was observed in all samples
except for AD 70 ◦C, where the difference was notable (a decrease of about 27%). Chua and
coworkers [67] investigated the EO of Cassia alta, and showed the loss in volatile content
after FD. They assumed that the loss could be due to the reduction of the pressure of drying
chamber, although Antal reported in Mentha spicata that the reduction of pressure increased
the release of volatile compounds [68]. This statement totally agrees with the results of the
present work, where an increase of the number of identified fractions was noted in FD in
comparison with fresh flowers.
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5. Conclusions

Agastache aurantiaca is an appreciated ornamental plant for their color and aroma, and
the flowers are consumed as food, therefore the conservation of their bioactive compounds
and aromatic profile is crucial. The presented data showed that the freeze-drying technique
is the best solution to prolong the shelf life of these flowers and to maintain high concen-
tration of antioxidant compounds (e.g., phenolic compounds, flavonoids, anthocyanins,
carotenoids). The air drying system at 30 ◦C is a time consuming method with a significant
loss of sugars, probably due to the senescence process. The aromatic profile of different
treated flowers showed the oxygenated monoterpene compounds as a major class. Pule-
gone is the main or one of the major constituents of all samples together with p-menthone.
With the increasing of temperature, pulegone decreased and p-menthone increased.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/horticulturae7040083/s1. Table S1. Correlation between antioxidants content (total polyphe-

https://www.mdpi.com/article/10.3390/horticulturae7040083/s1
https://www.mdpi.com/article/10.3390/horticulturae7040083/s1
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nols, total flavonoids total anthocyanins, total carotenoids) in flowers of Agastache aurantiaca and
their radical scavenger activity (DPPH-assay and FRAP-assay). Table S2: Bivariate correlation test in
the main compounds.
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