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Abstract: Ecuador is a megadiverse country with a wide variety of floral species that have been little studied. In this
context, the study's objective was to evaluate the physicochemical characteristics and the antioxidant activity of several
floral species of paramo of Pichincha Province in Ecuador. Thus, the weight, size, color, pH, soluble solids, moisture and
ash of fresh flower was quantified. In addition, carotenoids, phenolic compounds and antioxidant activity were quantified
in lyophilized powder. The results obtained showed that the flowers of Werneria nubigena were the longest (43,80 cm);
Brugmansia x candida the widest (9,88cm) and heaviest (9,22g); Tristerix longebracteatus presented high soluble solids
content (21,5 °Brix), Lupinus microphyllus high pH (14,00), Ceanothus maritimus high titratable acidity (0,26%), Castilleja
integrifolia high ash content (6,42%) and Bidens ferulifolia high moisture content (95,73%). In addition, the highest ranges
of total carotenoids and total phenolics were presented by yellow Bidens ferulifolia (24,81 ug 3-carotene/g PS) and Fuchsia
vulcania (531,77 mg EAG /g PS), respectively. Finally, it was found in Bomarea muiltiflora high values of antioxidant capacity
(182,08 trolox eq. pmol/ g PS). These results suggest that the paramo flowers contain essential bioactive compounds that

could be used for food, medicinal and cosmetic purposes.
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|
Introduction

Ecuador is divided into four regions: the coast, which
the Pacific Ocean borders, the Andean highlands, which
is hilly and volcanic; the Amazonian region, which is home
to the Amazon Rainforest; and the insular region, which is
made up of islands and archipelagos in the Pacific Ocean.

Due to its unique geography, it is a megadiverse coun-
try with a wide variety of habitats, enabling it to support a di-
versity of plant and animal species. Evolutionary processes
have conferred characteristics on a continental and regio-
nal scale, geomorphology, soil type, fluctuating precipitation
patterns, habitat fragmentation and temperature gradient.
Thus, the paramo is a high mountain ecosystem located at
an altitude of more than 2800 meters above sea level (masl)
with cold and humid climates, frequent rainfall, strong winds
and nearly constant cloud cover; however, above 4200 masl
the vegetation is scarce, and the paramo is desert or has
large sandbanks’.

The paramos are biologically crucial due to the diversity
and singularity of its flora and fauna species, which are en-
demic to the region. As a result, species diversity increases
between 3000 and 3400 masl and diminishes as altitude
increases?. Asteraceae, Orchidaceae, Melastomataceae,
Campanulaceae, Poaceae, Bromeliaceae, Gentianaceae,
Cyperaceae, Ericaceae and Solanaceae, are the most
abundant families of plants in Ecuador's paramo; the first

seven of these have endemic species. The genera with the
most significant number of species are Miconia, Stelis, Epi-
dendrum, Baccharis, Calceolaria, Pleurothalis, Pentacalia
and Tillandsia®. Many of these plants have showy flowers
mainly used for decoration and have not received much at-
tention from researchers looking into bioactive compounds.
However, certain flowers contain carotenoids, phenols, and
alkaloids, among other organic molecules. This characteris-
tic has contributed to the use of floral species in food and
traditional medicine*.

On the other hand, an antioxidant is any substance that
delays or prevents the oxidation of oxidable substrates such
as lipids, proteins, carbohydrates, and DNAS. Some carote-
noids and phenolic compounds are antioxidants, which can
help to prevent disease®. Table 1 shows the edible uses,
analyzed parts, phenolic compounds, carotenoids and an-
tioxidant activity by ABTs and DPPH method of some para-
mos floral species. Thus, it is shown that most of the para-
mo species were used in food as an infusion using flowers.
In addition, in most cases, the concentration of total phe-
nolic compounds was evaluated, except in Diplostephium
hartwegii and Bidens ferulifolia. Only 5 of the 13 species
studied bibliographically (Hypochaeris radicata, Taraxacum
officinale, Fuchsia vulcania, Tropaeolum majus and Chuqui-
raga jussieuri) presented carotenoids studies, and antioxi-
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dant activity was measured in the majority of cases using
the ABTS or DPPH assay. In this context, the objetive of this
study was to evaluate the physicochemical characteristics
and antioxidant activity of paramo flowers.

|
Materials and methods

Reagents and Standards

Ethanol HPLC grade and reagents of analytical quali-
ty such as hydrochloric acid, sodium hydroxide, dichloro-
methane, acetone, and sodium carbonate were purchased
from Merck (Merck, Germany), while methanol HPLC grade
from Pharmco (PHARMCO by Greenfield Global, Califor-
nia). Folin Ciocalteu reagent and all standard (3-Carotene,
gallic acid, and Trolox) were obtained from Sigma-Aldrich
(Merck, Germany).

Plant Materials

The experimentation was authorized by the Ministe-
rio del Ambiente of Ecuador under the framework contract
MAE-DNB-CM-2017-0080-UTE, Project MAE-DNB-2019-
0911-0O. The collection used the International Code of Con-
duct for the collection and transfer of plant germplasm of
the FAO?!, and the publications of Biodiversity Internatio-
nal®?were utilized in sampling 30 species of paramos in the
Pichincha province (Table 2). The collection was carried out
between February and July 2020.

Determination of physicochemical characteristics
The weight (g) of fresh flower petals was determined

using a Mettler Toledo scale (Mettler Toledo, United States),
as well as the equatorial diameter and longitudinal diameter
(mm)'. Additionally, the soluble solids (°Brix) using a Hitech
hand-held refractometer (Hitech RHB-32 ATC, United Sta-
tes)?, % total titratable acidity?*, pH using a SevenMulti S47
automatic pH meter (Mettler Toledo, United States)®, %
humidity in a Memmert Be 20 oven (Memmert GmbH+Co.
KG, Spain)®*?7, and % ash in a Thermolyne muffle (Ther-
mo Fisher Scientific, United States)® were quantified. The
other fresh flowers were frozen at -80 °C and freeze-dried
in a Christ Alpha 1-4 LDplus equipment (Martin Gwfriertroc-
knungsanlagen GmbH, Germany). The freeze-dried sam-
ples were ground and stored in amber bottles until analysis.

Determination of bioactive compounds and antioxidant
activity

Quantification of total carotenoids

Approximately 10 mg of lyophilized material and 300 pL
of acetone:methanol: dichloromethane (1:1:2) were used for
the microextraction of carotenoids. The mixture was stirred
for one minute in an ultrasound model VWR (VWR Interna-
tional, EE.UU.), and the supernatant was recovered after
centrifugation at 14000 rpm for 4 min in a MiniSpin micro-
centrifuge (Eppendorf, EE.UU.). This process was repea-
ted until the solids showed no color. Finally, the combined
extracts were dried in a rotary evaporator, re-dissolved in
ethanol HPLC, and quantified in a Jasco V-730 spectropho-
tometer (Mettler Toledo, Ecuador), at a wavelength of 450
nm. The total carotenoids were expressed as ug equivalent
of B-carotene / g of dry weight (DW)*.

Family Species Edible Analyzed Phenolic Carotenoids Antioxidant activity References
use part compounds ABTS DPPH
Compositae Diplostephium hartwegii Hieron | Infusion Leaf na na ICs0 10.1 ICs5013.8 7
mg/L mg/L
MeOH MeOH
Compositae Hiypechaeris radicata L. Flavoring Flower 50.8 mg GAE/ 3.9 mg/g 97 % 82 % 8
g inhibition | inhibition
Compositae Taraxacum officinale (L.) Weber | Infusion Flower 0.4 mg GAE/g | 41.9 mg/kg na 0.9 mg ?
ex F. H. Wigg. DW TE/g
11.9 mg Tl6g 10
GAE/kg AAE/kg
Onagraceae Fuchsia vulcania Lam. Infusion Flower 42.5 mg GAE/ 11.8 ng/g na na 1
100 g DW
Tropaeolaceae Tropaeolun majus L. Salad Flower 406 mg GAE/ | 7643.2 nug/g 458 um na 12
100 gDW TE/ g
Orobanchaceae Casfilleja fissifolia L.1. Infusion | Whole plant 61.9 mg na na 0.6 g/ mmol 13,14
GAE/gDW DPPH
Oxalidaceae Oxalis pes-caprae L. Salad Flower 110.7 % 1
inhibition
Leaf 121.7 pmol na 88.5 pmol na 16
GAE/g TE/g
Fabaceae Dalea coerulea (L.f.) Schinz & | Infusion Flower 15.6 mg GAE/ na ICs50 130.6 na v
Thell 100 g DW ng/mL
Fabaceae Lupinus mutabilis Sweet Drink Seed 12.1 mg na 202.7 277.5 1
GAE/g DW umol TE/g | umol TE/g
DW DW
Xanthorrhoeaceae Hemerocallis citrina Baroni Infusion Flower 102.9 mg na IC507.2 ICs0 20.8 o
GAE/ ng/mL ng/mL
100 g DW
Asteraceae Chuguiraga jussieui JF.Gmel. | Infusion Flower 13mg GAE/g | 1 mg/100 g na 6 1
DW DW wmol TE/g
DW
Compositae Bidens ferulifolia (Jacq.) Sweet na Flower na na na 85 % 20
inhibition
Asparagaceae Agave americana L. Infusion Leaf 9.9 mg GAE/g na 126.5 35.0 18
and salad DW pmeol TE/g | pmol TE/g
DW DW

na: not available: GAE: gallic acid equivalent; TE: Trolox equivalent: AAE: Ascorbic acid equivalent: DW, dry weight:
Table 1. Content of phenolic compounds, carotenoids and antioxidant activity of some paramo flowers.
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N | Family Species Sampling location Altitude (masl) Image
1 | Scrophulariaceae | Buddleja incana Ruiz & Pav N0.0°7.0'3.4" W78.0°14.0'58.8" 3997
2 | Compositae Diplostephium hartwegii Hieron N0.0°7.0'15.0" | W78.0°15.0'16.0" 4020 '%i
3 | Compositae Senecio formosoides Cuatrec. NO0.0°7.0'4.6" W78.0°15.0'58.8" 4014 *
4 | Asteraceae Pentacalia peruviana (Pers.) Cuatrec. N0.0°7.0'0.9" W78.0°14.0'59.9" 4027 "#‘;
5 | Hypericaceae Hypericum laricifolium Juss. N0.0°5.0'2.8" W78.0°13.0'59.1" 3598 *
6 | Gentianaceae Gentianella cerastioides (Kunth) Fabris N0.0°4.0'58.9" | W78.0°13.0'59.7" 3598 1
7 | Calceolariaceae | Calceolaria colombiana Pennell. N0.0°4.0'59.2" | W78.0°13.0'59.9" 3610 6 n
8 | Compositae Hypochaeris radicata L.* N0.0°4.0'59.2" | W78.0°13.0'59.8" 3610 L
9 | Compositae Taraxacum campylodes G.E. Haglund N0.0°4.0'59.4" | W78.0°13.0'59.9" 3445 *
10 | Onagraceae Fuchsia vulcanica André $0.0°6.0'10.2" | W78.0°32.0'38.8" 3337 *F
11 | Tropaeolaceae Tropaeolum majus L. 50.0° W78.0°32.0'51.0" 3200
21.0'43.2"
12 | Asteraceae Hypochaeris robertia (Sch.Bip.) Fiori N0.0°7.0'15.0" | W78.0°15.0'15.0" 4020 '\“jf,-’
13 | Compositae Ageratina pichinchensis (Kunth) RMKing &  N0.0°4.0'59.5" | W78.0°13.0'59.7" 3598 d‘?
H.Rob. F
14 | Lamiaceae Salvia carnea Kunth N0.0°4.0'58.9" | W78.0°13.0'59.9" 3598
15 | Loranthaceae Tristerix longebracteatus (Desr.) Barlow & NO0.0°4.0'59.3" | W78.0°13.0'59.8" 3610 E-
Wiens
16 | Orobanchaceae | Castilleja integrifolia L.£. N0.0%.0'59.2" | W78.0°14.0'59.6" 4014 F
17 | Alstroemeriaceac Bomarea glancescens (Kunth) Baker N0.0°4.0'59.2" | W78.0°13.0'59.9" 3610 i_
18 | Asteraceae Werneria nubigena Kunth N0.0°5.0'22.0" | W78.0°14.0'41.0" 3550 & ]
19 Oxalidaceae Oxalis lotoides Kunth 50.0°26.0'59.3" | W78.0° 36.0'59.7" 3165 « . R
rg
20 Alstroemeriaceae  Bomarea mulfiflora (L.1.) Mirb. $0.0°26.0'59.2" | W78.0°36.0'59.5" 3106 ‘
21 Micondaceae Miconia theaezans (Bonpl.) Cogn $0.0°21.0'58.9" | W78.0°22.0'59.5" 3207 ‘
22 Micondaceae Miconia argentea (Sw.) DC. $0.0°17.0'59.5" | W78.0°27.0'59.6" 3246 m
23 Rhamnaceae Duranta triacantha Juss §0.0°13.0'59.2" | W78.0°27.0'59.8" 3030 g
24 | Fabaceae Dalea coerulea (L.f.) Schinz & Thell. 50.0°17.0'59.5" | W78.0°27.0'59.6" 3246 ‘
25 | Fabaceae Lupinus microphyllus Desr. $0.0°22.0'46.7" | W78.0°33.0'6.2" 3031 ii
26 | Xanthorrhoeaceae | Hemerocallis citrina Baroni 50.0°22.0'46.7" | W78.0°33.0'6.2" 3031 ) &;\
ey,
27 | Asteraceae Chuguiraga jussieui J.F.Gmel. 50.0°22.0'46.7" | W78.0°33.0'6.2" 3031
28 | Compositae Bidens ferulifolia (Jacq.) Sweet $0.0°22.0'46.7" | W78.0°33.0'6.2" 3031
29 | Asparagaceae Agave americana L. NO0.0°8.0'37.9" | W78.0°4.0'32.1" 3157
30 | Brugmdaceae Brugmansia x candida Pers. $0.0°27.0'4.6" | W78.0° 36.0'59.9" 3165 ]

Note: masl: meters above sea level: *, Is an unresolved name
Table 2. Family, species, sampling location, altitude and flower image in the studio.
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Quantification of total phenolic compounds

About 10 mg of lyophilized samples were extracted with
500 uL of an 80 % methanol solution that had been acidified
with 0.1% hydrochloric acid. The mixture was homogenized
in a Vortex Mixer VM 300 (Interbiolab Inc., Florida), shaken
in a Fisher Scientific FS60 ultrasonic bath (Fisher Scien-
tific, USA) for 3 min, centrifuged at 1400 rpm for 5 min at
4 °C in a MiniSpin series microcentrifuge (Eppendorf, Ger-
many), and the supernatant was collected The extraction
procedure was carried out in triplicate?°. The recovered
supernatant was filtered through a 0.45 ym PVDF filter to
quantify phenolic compounds. In a 96-well plate, 20 uL of
the methanolic extract was mixed with 100 pL of a 1:4 Fo-
lin-Cioacalteu solution, shaken, and allowed to standard for
4 min. Then, 75 pL of a sodium carbonate solution (100 g/L)
was added to the mixture and shaken for 1 min. After two
hours at room temperature, absorbance was measured at
750 nm using a BioTek Symergy H1 microplate reader (Agi-
lent, United States). In addition, a solution of gallic acid be-
tween 10 to 200 mg/L was employed as a calibration curve.
The results were reported as mg of gallic acid equivalent/ g
of dry weight (DW)®.

Determination of antioxidant activity by ABTS

Approximately 20 mg of lyophilized powder were wei-
ghed and combined with 400 pL of Pharmco HPLC-grade
methanol (Greenfield Global, California) and 400 pL of dis-
tilled water. The mixture was homogenized in a vortex, sha-
ken in an ultrasonic bath for 3 min, and the supernatant was
separated by microcentrifugation at 14000 rpm for 5 min at
4 °C. The resulting solid was dissolved in 560 pL acetone
and 240 pL distilled water. The procedure was repeated to
recover the supernatant that had been combined with the
previous supernatant. The resulting combination was refri-
gerated until it was quantified®°.

The ABTSe<+ radical was prepared by mixing a 1:1 so-
lution of 7 mM ABTS Sigma-Aldrich (Merck, Germany) with
2.45 mM potassium persulfate Sigma-Aldrich (Merck, Ger-
many) and letting itstand for 16 hours in the dark. After that,
the ABTSe<+ radical solution was diluted with absolute etha-
nol by a factor of about 1 to 10, or until an absorbance of 0.7
at 754 nm was obtained. On the other hand, a stock solu-
tion of 2.5 nM Trolox Sigma-Aldrich (Merck, Germany) was
used to prepare the calibration curve, which was diluted by
75, 50, 25, and 12.5 %. For sample quantification, 20 uL
of ABTSe+ radical solutions were added to a 96-well VWR
Tissue culture plate (Novachen, USA) together with 10 pL
of the final or standard supernatant. The measurement was
taken at 270 nm using a spectrophotometer with a Thermo
Scientific Multiskan GO microplate reader (Agilent Scientific
Instruments, California)®'-32. Antioxidant activity was expres-
sed as mmol trolox equivalent per gram dry weight (mmol
TE/g PS).

|
Results and discussion

Physicochemical properties (weight, flower height,
flower width, pH, soluble solids, total titratable acidity, ash,
and humidity)

The weight (Figure 1-A), color (Figure 1-B), height (Fi-
gure 1-C) and width (Figure 1-D) of the flowers under study
are shown in Figure 1. Thus, the weight of the flowers ran-
ged from 0.01 (Ageratina pichinchensis) to 9.22 g (Brug-
mansia x candida). Thus, this study's weight of Tropaeolum

majus (0.61 g) was lower than the same species reported
by other authors (0.72 g)®. In addition, as shown in Figure
1-B, most flowers are concentrated in the first quadrant with
yellow to red colorations, followed by the fourth quadrant
with violet to blue flowers.

The height of the flowers under study varied from 0.17
cm (Hypochaeris robertia) to 43.80 cm (Werneria nubige-
na), and the width from 0.14 cm (Miconia argentea) to 9.88
cm (Brugmansia x candida). Thus, the length and width of
Buddleja globosa (2.00 and 1.24 cm, respectively), Diplos-
tephium hartwegii (2.47 and 1.05 cm, respectively), Fuchsia
vulcania (1.88 and 1.95 cm, respectively), and Agave ame-
ricano (8.16 and 1.75 cm, respectively) showed comparable
values with other studies, which presented values of 0.50
to 0.60 cm height and 0.30 to 0.40 cm width34; 1.40 to 1.50
cm height and 0.12 to 0.16 cm width®; 2.94 cm height and
0.50 cm width®®; and 11 cm height and 6.00 cm width®’, res-
pectively. In addition, the length of Brugmansia x candida
(27.84 cm) in this study showed comparable results with
other authors®®.

The pH (Figure 2-A), soluble solids (Figure 2-B), titrata-
ble acidity (Figure 2-C), ash (Figure 2-D), and humidity (Fi-
gure 2-E) of the flowers under study are shown in Figure 2.
Thus, the pH varied from 2.20 (Oxalis lotoides and Miconia
theazans) to 9.7 (Salvia carnea); the soluble solids ranged
from 1.00 (Hypericum laricifolium and Gentianella cerastioi-
des) to 21.5 °Brix (Tristerix longebracteatus), while the total
titratable acidity expressed as percentage of citric acid varied
from 0.10 (Salvia carnea) to 0.26 (Duranta triacantha). The
values of soluble solids (6.30 °Brix), pH (4.3), and total titra-
table acidity (0.04 %) in this study for Tropaeolum majus were
similar to those reported by other authors (7.53 °Brix, 4.97 of
pH, and 0.32 % of total titratable acidity, respectively) 39. In
addition, edible flowers such as Diplostephium hartwegii, Ta-
raxacum campylodes, Fuchsia vulcanica, Tropaelum majus,
Dalea coerulea, Hemerocallis citrina, Chuquiraga jussieui,
and Agave amaricana showed pH values between 4.3 and
7, indicating that the petals of these flowers may be suscepti-
ble to attack by microorganisms, causing organoleptic altera-
tions, as suggested by otrer authors*.

In this study, the ranges for ash and moisture were 0.33
% (Brugmansia x candida) to 6.42 % (Castilleja integrifolia)
and 42.24 % (Buddleja globosa) to 95.73 % (Bidens feru-
lifolia), respectively. As a result, the humidity of Fuchsia
vulcania (81.26 %) was comparable to values reported by
other authors™. In contrast, the values of ash and humidity
of Troapaeolum majus (21.5 % and 91.81 %, respectively)
were similar to other studies (0.63 % and 89.93 %, respec-
tively)*'. While the humidity of the Agave americana flowers
in this study (61.73 %) was lower than that reported by other
authors (86.62 %)%. In turn, the ash and moisture values
(0.66 % and 93.3 %, respectively) of the Chuquiraga jus-
sieui flowers in this study differed from those found by other
authors (5.08 % and 9.77 %, respectively)*2. In contrast,
these values for Taraxacum campylodes (1.34 % and 69.31
%%, respectively) had a certain relationship with those re-
ported by other authors (2.00 % and 5.9 %, respectively)*.

Bioactive compounds and antioxidant activity
quantification

Total carotenoids of the flowers under study are shown
in Figure 3. Thus, the total carotenoids content ranged from
0.32 (Senecio formosoides) to 24.81 ug 3-carotene/ g dried
weight (DW) (Bidens ferulifolia). These results indicated
that yellow and orange flowers, such as Bidens ferulifolia



Physicochemical characteristics and antioxidant capacity of Ecuadorian paramo flowers

Weight (g)

NP
57, 5 »\@@ 5 @a @‘Nﬂ“#&j@ o
e \0 6\ \*‘
ab‘ﬁ«e\f" “‘#“9 \f °ﬁ°e~° Qof" &ooqb o «@‘?0&@‘” S

R
8 70 60 50 40 30 201G ? 030 40 50 60 70 80
L Y

204

304

40

210
50

60+

70

\“ &
ot 90 P o \a°° & 0”‘&95 $o® g% 240 80 -
\\va “’@f\’ﬂ&ﬁ o l\&x\*ie@ & ‘%@@‘*‘z ¥ s Q‘N&c}““a o o
270
-
60 12
50+ a 10 4
—~ 404 8
b= =
S 304 b B 64
< s
5 d
g g
% 204 [y
2 -

zo"‘@oi@ (}(ﬁ @"@‘Bé‘(@@

£ J’ & 59 o o“ &
£F ‘éz&&b@e%# K ‘0 v” oF oi@é@& &Q@d&

£
& d‘ Q"i\ &‘\6,@‘ s
\& x«@@j@ ¢ @ @‘\ @¢a° e @‘\ éﬂ &b & @’ & (@0 »f ‘}Oé\\ aﬁo\iaé(@
:F‘ & T O &“"‘ & z&o* gt ®¢ &
oﬁpﬁs@p @q“ &‘@ O-aiq(f;&c ((»f"o Qo“o e oed"‘ q‘e\ Wt Qe e Yﬁ
( (‘é &

&o@#é’é& &;\0‘5@"‘6\@5&#? ﬂ‘@ é? S @ \)g\&@;i& &&\5:\\&’ é@f@z £
OO
@\@ A &@‘cy“w\?&&@‘ N &° \s°°°=?
\\oé\ﬁ & B A o @@d"ys& o
@p,,\ai&qe@* £t vc"z o) ﬁqﬁé‘@@ »; W \"Gd;o N @&P;ﬂ&”

Figure 1. Average values of weight, color, height and width of the rowers under study.

Note: Vertical bars indicate the standard error. Different lowercase letters indicate homogeneous groups with Tukey, p <
0.05. 1, Buddleja incana; 2, Diplostephium hartwegii; 3, Senecio formosides; 4, Pentacalia peruviana; 5, Hypericum lari-
cifolium; 6, Gentianella cerastioides; 7, Calceolaria colombiana; 8, Hypochaeris radicata; 9, Taraxacum campylodes; 10,
Fuchsia vulcanica; 11, Tropaeolum majus; 12, Hypochaeris robertia; 13, Ageratina pichinchensis; 14, Salvia carnea; 15,
Tristerix longebracteatus; 16, Castilleja integrifolia; 17, Bomarea glaucescens; 18, Werneria nubigena; 19, Oxalis lotoi-
des; 20, Bomarea multiflora; 21, Miconia theaezans; 22, Miconia argentea; 23, Durantha triacantha; 24, Dalea coerulea;
25, Lupinus microphyllus; 26, Hemerocallis citrina; 27, Chuquiraga jussieui; 28, Bidens ferulifolia; 29, Agave americana;

30, Brugmansia x candida.

(24,81 pg B-carotene/ g DW), Hypericum laricifolium (22,18
Mg B-carotene/ g DW), Oxalis lotoides (21,66 ug B-carotene/
g DW), and Buddleja globose (15,74 ug B-carotene/ g DW)
showed the highest concentrations of total carotenoids, a
result that was also reported by other authors' 4445,

Total phenolics of the flowers under study are shown
in Figure 4. Total phenolic compounds of the flowers under
study varied from 72.13 (Agave americana) to 531.77 mg ga-
llic acid equivalents (GAE)/g DW (Fuchsia vulcania). In this
study, the highest phenolic compound concentrations were
found in Fuchsia vulcania (531.77 mg GAE/g DW), Lupinus
microphyllus (498.58 mg GAE/g DW), Miconica theaezans
(469.27 mg GAE/g DW), Gentianella cerastioides (350.63
mg GAE/g DW), and Senecio formosoides (346.58 mg
GAE/g DW). In contrast, F. magellanica in this study showed
lower values than those reported by other authors (42.49 mg
GAE/100 g DW)™. Despite using the same extraction metho-

dology, this difference may be due to the fact that this study
sampled paramo species at altitudes higher than 3000 me-
ters above sea level, whereas the comparison species were
cultivated in four seasons and at sea level, conditions that
modify the content of phenolic compounds*.

Figure 5 depicts the antioxidant activity of the flowers
under investigation. Thus varied from 43.13 trolox equiva-
lent ymol / g DW (Hypochaeris radicata) to 182.08 trolox
equivalent umol / g DW (Bomarea multiflora). The highest
antioxidant activity values were found in Bomarea multiflora
(182.08 trolox equivalent ymol / g DW), Miconia theaezans
(165.14 trolox equivalent ymol / g DW), Bomarea glauces-
cens (164.10 trolox equivalent pmol / g DW), and Fuchsia
vulcania (161.08 trolox equivalent umol / g DW). As a result,
the inhibitory activity of Hypochaeris radicata in this study
(26.39 % inhibition) was lower than the values reported by
other authors (97.00 % inhibition)*. Several studies have
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Figure 2. Average values of pH, soluble solids, titratable acidity, ash, and humidity of the flowers under study.Note: Verti-
cal bars indicate the standard error. Different lowercase letters indicate homogeneous groups with Tukey, p < 0.05

shown that this variation could be attributable to the method
used for quantification*’.

Conclusions

Ecuador, due to its great biodiversity, hosts a great va-
riety of floral species with potential medicinal and nutritional

properties. As a result, different species had high values of
weight (9.22 g Brugmansia x candida), height (43.80 cm
Werneria nubigenea), width (9.88 Brugmansia x candida),
pH (9.7 Salvia carnea), soluble solids (21.5 °Brix Tristerix
longebracteatus), titratable acidity (0.26 % Ceanothus ma-
ritimus), ash (6.42 % Castilleja integrifolia, moisture (95.73
% Bidens ferulifolia), total carotenoids (24.81 pg of B-caro-
tene / g of DW Bidens ferulifolia), total phenolic compounds
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(531.77 mg of GAE / g of DW Fuchsia vulcania), and an- manuscript.

tioxidant activity (182.08 umol Eq trolox / g of DW Bomarea
muiltiflora). Present results could contribute to the develo-
pment of new products in the field of medicine, cosmetics
and food.
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