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Abstract: Studies on polyphenols and flavonoids in natural products reveal benefits in the prevention
of multiple diseases. Proper extraction, treatment of extracts, and quantification of polyphenols
and flavonoids demand attention from the scientific community in order to report more specific
biological action. Total polyphenol content (TPC) and total flavonoid content (TFC) (measured at
three different times) of ethanol, methanol and acetone extracts of Mauritia flexuosa (aguaje) and
Theobroma grandiflorum (copoazú) fresh pulp, from the Colombian Amazon region, were evaluated
with the purpose of focusing in the polyphenol/flavonoid proportion and its effective antioxidant
activity. This objective could help to explain specific flavonoid biological action based on higher
flavonoid proportion rather than higher total polyphenol content. Differences in extracting solvents
resulted in statistically significant different yields; the highest TPC was observed with acetone 70%
in Mauritia flexuosa and ethanol 80% for T. grandiflorum. The best flavonoid/polyphenol ratio in M.
flexuosa was about 1:2.4 and 1:12.8 in T. grandiflorum and the antioxidant efficacy was proportion-
ally higher for flavonoids extracted from T. grandiflorum. HPLC analysis revealed 54 µg/g of the
flavonoid kaempferol in M. Flexuosa and 29 µg/g in T. grandiflorum. Further studies evaluating this
proportionality, in seeds or peel of fruits, as well as, other specific biological activities, could help to
understand the detailed flavonoid action without focusing on the high total polyphenol content.

Keywords: polyphenols; flavonoids; antioxidant activity; Mauritia flexuosa (aguaje); Theobroma
grandiflorum (copoazú)

1. Introduction

Polyphenol compounds, and among these flavonoids in particular, make a substantial
contribution to the antioxidant activity of specific fruits [1]. Studies on humans revealed
an increased fat oxidation and improved insulin sensitivity in overweight or obese males
by plant flavonoids [2–4]. Furthermore, combined histological and microarray analysis
of aortas revealed local anti-proliferative and anti-inflammatory effects and a reduction
of ovarian cancer cell viability [5,6]. Given multiple health benefits of polyphenols, it is
of general interest to know the phenolic content and major phenolic compounds, such as
flavonoids, found in regularly harvested and consumed fruits [7–9].

The most studied biological property in polyphenols is related to oxido-reducing
activity. Oxidative stress is defined as an imbalance between oxidants and antioxidants
in favour of the oxidants, leading to a disruption of redox signalling and control and/or
molecular damage [10]. Growing investigations in this field implicate oxidative stress
in the development of many diseases like cardiovascular diseases, neurodegenerative
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disorders or cancer [11,12]. Plants and fruits can contribute in the reduction of negative
manifestations in multiples pathologies.

Mauritia flexuosa (Arecaceae) also known as buriti palm, is widely distributed in the
Amazon region, in Colombia, Venezuela, the Guyanas, Trinidad, Ecuador, Peru, Brazil, and
Bolivia [13]. It is characterized by an orange, soft, water-soluble edible pulp. Many ethnic
groups in South America use it for a variety of medicinal treatments. For example, the oil
extracted from the mesocarp is utilized to cure respiratory problems, pneumonia, influenza,
snake bites and heart problems [14]. In Colombia it is commonly named “aguaje” and is
represented in Figure 1.
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Another commercial crop cultivated in the Amazon region is Theobroma grandiflorum
(Malvaceae) known in Colombia as “copoazú” [16,17]. The yellowish-white, fleshy and
insoluble in water, fruit pulp is eaten raw or prepared as juices, ice cream, sweets, and jams
among other products [17]. The regular intake of this fruit and its derivatives might lead to
a lower incidence of metabolic diseases. Studies have shown that phenolic-rich extracts
of Theobroma grandiflorum decreased lipid peroxidation and increased plasma and tissue
antioxidant capacities in high-fat fed rats [18,19]. Several studies have examined the total
phenolic content in T. grandiflorum and M. flexuosa, but a comparison of the most effective
extraction solvents (time of extraction) and the flavonoid/polyphenol ratio and its relation
to antioxidant activity, to the best of our knowledge, has not been reported yet [20–23]. The
objective of this study was to identify the best extraction approaches (solvent and time of
extraction) leading to the highest yield of polyphenols and flavonoids and the consequent
antioxidant activity in the Amazonian fruits M. flexuosa and T. grandiflorum.

2. Results and Discussion
2.1. Total Polyphenol Content (TPC)

TPC for M. flexuosa (aguaje) and T. grandiflorum (copoazú) are shown in Figure 2.
Total polyphenols were extracted, from the edible part of both fruits, in 80% ethanol,
70% methanol and 70% acetone. Both pulps registered higher TPC levels in acetone with
significant differences in comparison to polyphenol extracts in ethanol and methanol.
The more water soluble fruit pulp, M. flexuosa, yielded better TPC registering more than
640 mg GAE/100 g in fresh pulp in 70% acetone. Previous studies, coinciding with the
present work, reported higher TPC, for M. flexuosa, with values of 435.08 ± 6.97 and
362.90 ± 7.98 mg GAE/100 g of fresh pulp [23,24]. For T. grandiflorum studies revealed a
total phenolic content of 40.3 mg GAE/100 g of fresh pulp [25]. In the present work the
70% acetone extract in total polyphenols from Colombian T. grandiflorum registered more
than 50 GAE/100 g of fresh pulp. Table 1 shows accumulated TPC and TFC values in all
extracts and at different extraction times for both fruits.
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Figure 2. TPC (mg of gallic acid equivalents) and TFC (mg quercetin equivalents) per 100 g of fresh pulp in (a) M. flexuosa
(aguaje) and for (b) T. grandiflorum (copoazú) extracts in 80% ethanol, 70% methanol and 70% acetone at three different times.
Data are means and lower-case letters represent significant differences based on ANOVA followed by Tukey test (p < 0.05).

2.2. Total Flavonoid Content (TFC)

Similar to the TPC values, the flavonoid extraction process of M. flexuosa, TFC was
significantly higher with 70% acetone. However, no differences were found with respect to
extraction times. Total flavonoids in 80% ethanol and 70% methanol were similar showing
significant differences within treatments and extraction times (24, 48 and 72 h). Considering
TFC in T. grandiflorum extracts (as reported in Figure 2) the best results were obtained in 80%
ethanol with no significant differences with respect to other solvents or extraction times.

According to other studies M. flexuosa reports the highest TPC and TFC values being
comparable to results of the present study [22,23]. With respect to solvent affinity, 70%
acetone yields better results than 80% ethanol and 70% methanol for the case of polyphenols
and flavonoids in this highly water-soluble fruit pulp adding the contents at three different
extraction times. With respect to polyphenols and flavonoids in T. grandiflorum, a very
fleshy and water insoluble pulp, higher TPC was obtained in 70% acetone, and the best TFC
was registered in 80% ethanol (added concentrations at three different times). Considering
the evaluation of specific biological action of flavonoids, the proportion of flavonoids
in the total polyphenol content could provide focused information. Table 1 reports the
quantitative relation of flavonoids/polyphenols extracted from the pulp of M. flexuosa and
T. grandiflorum.
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Table 1. Phenol and flavonoid quantification in fresh pulp of M. flexuosa and T. grandiflorum.

Fruit Sample Solvent TPC *
(mg/100 g)

TFC *
(mg/100 g) Flavonoid/Polyphenol Ratio

M. flexuosa (aguaje)

Ethanol 204.76 ± 3.43 50.45 ± 0.76 1:4.1

Methanol 212.28 ± 4.16 52.17 ± 0.62 1:4.0

Acetone 235.92 ± 0.86 99.23 ±1.55 1:2.4

T. grandiflorum
(copoazú)

Ethanol 52.05 ± 1.19 4.06 ±0.24 1:12.8

Methanol 47.04 ± 0.61 0.59 ± 0.22 1:79.9

Acetone 66.12 ± 1.42 3.13 ± 0.44 1:21.1

Mean values for TPC * (mg of gallic acid equivalents) and TFC * (mg quercetin equivalents) per 100 g of fresh pulp ± standard deviation,
n = 3. Data represents the addition of concentrations at three different extraction times (24, 48 and 72 h).

For the extraction of polyphenols and flavonoids in the fleshy (and water insoluble
fruit pulp of T. grandiflorum the flavonoid:polyphenol registered, as shown in Table 1, very
diluted presence of flavonoids with respect to the total polyphenol content being 80%
ethanol the most efficient solvent. M. flexuosa and T. grandiflorum could serve as potential
sources of natural antioxidants. Although higher TPC represents higher TFC values; the
proportion of flavonoids in the group of total polyphenols is important to understand how
a specific amount of flavonoids can provide more effective biological action. Flavonoids in
the pulp of T. grandiflorum are 12 to almost 80 times more diluted than flavonoids in the
pulp of M. flexuosa (with flavonoid/polyphenol ranging from 1:24 to 1:4.1).

2.3. Antioxidant Activity Based on 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical
Scavenging Assays

Total antioxidant compounds, extracted in 80% ethanol, 70% methanol and 70%
acetone at 24, 48, and 72 h, in aguaje, as shown in Figure 3, yielded a total radical scavenging
activity (inhibitory concentration (IC50%) when 50% of the antioxidant compounds are
reduced) of 220.2 mg ascorbic acid equivalents per 100 g of fresh pulp (mg AAE/100 g FP)
as a product of the addition of means in each extraction process. Antioxidant activity of
polyphenols and flavonoids found in T. grandiflorum IC50% was 44.0 mg AAE/100 g FP.
With respect to the proportionality for antioxidant compounds in each fruit pulp, phenolic
compounds in M. flexuosa displayed five-fold greater antioxidant efficiency.
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Antioxidant activity of polyphenols and flavonoids in aguaje was highest with signifi-
cant differences in 70% acetone showing no differences with respect to extraction times and
displaying a flavonoid:polyphenol proportion closer range (1:2.4 to 1:4.0). In the case of
copoazú the proportions are wider (1:12 to 1:79) with respect to the presence of flavonoids
in total polyphenol content, but DPPH action was proportionally closer lower with statis-
tical differences with respect to extraction times. These results suggest that having even
proportions of polyphenols and flavonoids in two very different fruit pulps, with respect
to water solubility, antioxidant compounds in T. grandiflorum would display more efficient
antioxidant activity.

2.4. HPLC/UV-Vis Spectrophotometry Flavonoid Identification

Results obtained by the performed analysis are presented in Figure 4. M. flexuosa
shows a kaempferol content of 54.43 µg/g and for 29.04 µg/g for T. frandiflorum. Thus, the
concentration of kaempferol in M. flexuosa extracts is 1.86-fold greater than in T. grandiflorum.
Quercetin was identified in both fruits with concentrations below the limit of quantification.
Bataglion et. al., reported 41.54 µg kaempferol/g and 83.27 quercetin/g of dry weight in
the pulp of M. Flexuosa extracted with methanol. The higher amounts of quercetin could be
due to the different solubility of the substance in water and methanol [26].
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Figure 4. HPLC results for Kaempferol content of M. flexuosa 54.43 µg/g extract and T. grandiflorum 29.04 µg/g extract.
Quercetin in both extracts registered below the limit of quantitation (<LOQ).

This HPLC data confirms the presence of flavonoids kaempferol and quercetin in the
extracts from the present work. Limitations in the availability of more reference standards
invite for posterior chromatographic evaluations. Other studies report the presence of
more polyphenols and flavonoids in these fruits; more studies and different extraction
methods for flavonoids from these fruits are recommended since combined histological and
microarray analysis of aortas revealed local anti-proliferative and anti-inflammatory effects
by quercetin [5,27]. Studies with kaempferol nanoparticles lead to a selective inhibition of
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ovarian cancer cell viability [6,28]. Thus, the investigated fruits could serve as potential
sources of kaempferol and quercetin to be used in multiple purposes.

3. Materials and Methods
3.1. Reagents and Chemicals

Acetone, ethanol, sodium carbonate, and Folin-Ciocalteu reagent were purchased from
PanReac AppliChem, ITW Reagents, (Darmstadt, Germany), acetonitrile and methanol,
from Sigma Aldrich (St. Louis, MO, USA). Sodium nitrite, aluminium chloride obtained
from LOBA Chemie (Mumbai, India), and sodium hydroxide from EMSURE Merck (Darm-
stadt, Germany). HPLC reference standards quercetin and kaempferol were acquired
from MP Biomedicals (Invine, CA, USA). Ascorbic acid and 2,2-diphenyl-1-picrylhydrazyl
(DPPH, Sigma-Aldrich) were purchased from Merck KGaA, (Darmstadt, Germany).

3.2. Plant Material and Sample Preparation

T. grandiflorum pulp and M. flexuosa pulp with seeds were purchased in Leticia (Colom-
bian Amazon). The samples were refrigerated prior to all laboratory analyses. The ex-
traction of phenolic compounds, in two different solvents, was performed according to
the method described by Tauchen et al. [22], with modifications. Five grams of seedless
samples were mixed with 25 mL ethanol 80%, methanol 70%, and acetone 70%, stirred for
30 min at 500 rpm, homogenized and stored at room temperature for 24h in the dark. The
extracts were centrifuged for 10 min at 3500 rpm and the supernatant was recovered. Three
different extractions times (24, 48, and 72 h) were tested in every extraction process and
runs were done in triplicate.

3.3. Total Polyphenol Content (TPC)

The total polyphenol content of the (seedless) pulp extracts was determined using
the Folin-Ciocalteu assay [29]. One millilitre of each extract was mixed with 1 mL Folin-
Ciocalteu reagent (1:10), allowed to react 2 min, and was combined with 2 mL sodium
carbonate (Na2CO3) (3.5% w/v). Reactants were incubated at room temperature for 90 min
and protected from light. The absorbance was then read at 655 nm in a UV-Vis spectropho-
tometer (Mecasys Optizen POP, Daejeon, Korea). Results were calculated based on a gallic
acid standard calibration curve. TPC is expressed as milligrams gallic acid equivalent
(GAE) per 100 g of fresh pulp (mg GAE/100 g FP).

3.4. Total Flavonoid Content (TFC)

An aluminium chloride (AlCl3) colorimetric assay was the means used to quantify
total flavonoids according to Phuyal et. al. [30] with modifications. Amounts of 0.5 mL
of each extract, in triplicates, were added into test tubes with 2.0 mL of distilled water.
To each solution 150 µL of sodium nitrite (NaNO2) (5%) was added followed by a 5-s
vortex after 5 min 150 µL of AlCl3 (10%) were added to each solution following the same
agitation and reaction time. Finally, 1 mL of sodium hydroxide (NaOH) (1M) and 1.2 mL
of distilled water were added with vortexing and a reaction time of 5 min [30]. Total
flavonoid content is reported as milligram quercetin equivalents (QE) per 100 g of fresh
pulp (mg QE/100 g FP).

3.5. DPPH Assay for Radical Scavenging, Antioxidant, Activity

The DPPH radical scavenging assay is reported as the most useful technique for the
search of the antioxidant activity in polyphenols and flavonoids from natural products.
This DPPH compound is a stable free radical when prepared in methanol. The free radical
scavenging assay was implemented to test antioxidant action of polyphenols from both
fruits according to methods described by Shimu et al., [31] and Yeddes et al. [32] with
slight modifications to optimize reactant volumes and reaction time. Volumes of 1900 µL
of DPPH (100 µM) prepared in pure methanol were mixed with 100 µL of each diluted (1:5)
extract and let react in the dark at room temperature for 30 min. The antioxidant activity of
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polyphenols and flavonoids from both fruit pulps was measured via spectrophotometry
at 517 nm comparing against a methanol blank and using a positive control of ascorbic
acid based on a calibration curve. The control curve was prepared with concentrations
of comparable reference ascorbic acid (Merck KGaA) in a concentration range from 50 to
600 µg/mL. All dilutions followed the same DPPH reaction conditions for the antioxidant
activity evaluated in fruit extracts. The slope taken from the calibration curve served for the
calculation of the inhibition concentration (IC50%) when 50% of the antioxidant component
is reduced. Results for IC50% were determined based on Equation (1):

% scavenging DPPH free radical = (ABSControl − ABSExtracts/ABSControl) × 100% (1)

The antioxidant activity from polyphenols and flavonoids extracted from the pulp of
M. flexuosa and T. grandiflorum is reported as mg of ascorbic acid equivalents per 100 g of
fresh pulp (mg AAE/100 g FP).

3.6. HPLC/UV-Vis Spectrophotometry Flavonoid Identification

Pulp of both fruits was homogenized in a commercial blender in a proportion of 1:20
with distilled water. Homogenized solutions were centrifuged for 10 min at 3500 rpm.
Supernatants were paper filtered (6 µm). HPLC analyses was performed in a Dionex Ulti-
Mate 3000 system (Thermo Fisher Scientific, Waltham, MA, USA) with a 250 mm × 4.6 mm
i.d., 5 µm particle size column (Macherey-Nagel, Düren, Germany) in a binary mobile
phase. Eluent A was HPLC grade water and eluent B was acetonitrile [33]. The elution
gradient started from 40% acetonitrile and increased to 50% acetonitrile in 10 min at a flow
rate of 1.5 mL/min. Flavonoids were analysed at 373 nm. External flavonoid standards
for the characterization and quantification of kaempferol and quercetin were prepared
in a mixture of methanol:ethanol (70% v/v, 1:1). Dilutions were done at eight different
concentrations (1.0 to 100 mg/L) for each calibration curve. Flavonoid identification is
reported as a comparison of retention times and quantitation is expressed as micrograms
of each standard per gram of pulp extract (µg/g extract).

3.7. Statistical Analysis

All analyses were run in triplicates and are expressed as mean ± standard deviation
(SD). Means were compared using the ANOVA test followed by Tukey test (p < 0.05) with
the SPSS Statistics software version 20.0 (IBM, Armonk, NY, USA) with previous normality
and homogeneity tests for all data sets.

4. Conclusions

The total phenolic and total flavonoid content in pulp extracts of M. flexuosa and
T. grandiflorum using three different solvents (ethanol, methanol, and acetone) was evalu-
ated at three different times (24, 48, and 72 h) in the present study. The results produced
significant results with respect to solvent and time dependent efficacy for the extraction
process. Our results, from statistical analyses, suggest that an extraction with 70% acetone
yields higher contents and a better flavonoids/polyphenols ratio for M. flexuosa a highly
water soluble fruit pulp. A different case was seen with T. grandiflorum which is a fleshy wa-
ter insoluble fruit pulp and where the best antioxidant activity was detected in polyphenols
and flavonoids extracted in 80% ethanol. The tested extracts showed efficient antioxidant
activity with no direct proportionality with respect to higher content of total polyphenols
and flavonoids suggesting that specific ratios (flavonoids:polyphenols) are important to
consider the efficacy of antioxidant, or other, functionalities of extracted compounds.
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8. Kalinowska, M.; Gryko, K.; Wróblewska, A.M.; Jabłońska-Trypuć, A.; Karpowicz, D. Phenolic content, chemical composition and
anti-/pro-oxidant activity of Gold Milenium and Papierowka apple peel extracts. Sci. Rep. 2020, 10, 1–15. [CrossRef] [PubMed]

9. Dias, R.; Oliveira, H.; Fernandes, I.; Simal-Gandara, J.; Perez-Gregorio, R. Recent advances in extracting phenolic compounds
from food and their use in disease prevention and as cosmetics. Crit. Rev. Food Sci. Nutr. 2020, 61, 1–22. [CrossRef]

10. Madamanchi, N.R.; Vendrov, A.; Runge, M.S. Oxidative stress and vascular disease. Arterioscler. Thromb. Vasc. Biol. 2005, 25,
29–38. [CrossRef]

11. Uttara, B.; Singh, A.V.; Zamboni, P.; Mahajan, R.T. Oxidative stress and neurodegenerative diseases: A review of upstream and
downstream antioxidant therapeutic options. Curr. Neuropharmacol. 2009, 7, 65–74. [CrossRef]

12. Valko, M.; Rhodes, C.J.; Moncol, J.; Izakovic, M.; Mazur, M. Free radicals, metals and antioxidants in oxidative stress-induced
cancer. Chem. Biol. Interact. 2006, 160, 1–40. [CrossRef] [PubMed]

13. Virapongse, A.; Endress, B.A.; Gilmore, M.P.; Horn, C.; Romulo, C. Ecology, livelihoods, and management of the Mauritia flexuosa
palm in South America. Glob. Ecol. Conserv. 2017, 10, 70–92. [CrossRef]

14. Martins, R.C.; Filgueiras, T.S.; de Albuquerque, U.P. Ethnobotany of Mauritia flexuosa (Arecaceae) in a Maroon Community in
Central Brazil. Econ. Bot. 2011, 66, 91–98. [CrossRef]

15. Avila-Sosa, R.; Montero-Rodríguez, A.F.; Aguilar-Alonso, P.; Vera-López, O.; Lazcano-Hernández, M.; Morales-Medina, J.C.;
Navarro-Cruz, A.R. Antioxidant Properties of Amazonian Fruits: A Mini Review of In Vivo and In Vitro Studies. Oxid. Med. Cell.
Longev. 2019, 2019, 8204129. [CrossRef] [PubMed]

16. Yang, H.; Protiva, P.; Cui, B.; Ma, C.; Baggett, S.; Hequet, V.; Mori, S.; Weinstein, I.B.; Kennelly, E.J. New bioactive polyphenols
from Theobroma grandiflorum (‘cupuaçu’). J. Nat. Prod. 2003, 66, 1501–1504. [CrossRef]

17. Lim, T.K. Theobroma grandiflorum. In Edible Medicinal and Non Medicinal Plants: Volume 3, Fruits; Lim, T.K., Ed.; Springer:
Dordrech, The Netherlands, 2012; pp. 252–258. [CrossRef]

18. De Oliveira, T.B.; Rogero, M.M.; Genovese, M.I. Poliphenolic-rich extracts from cocoa (Theobroma cacao L.) and cupuassu
(Theobroma grandiflorum Willd. Ex Spreng. K. Shum) liquors: A comparison of metabolic effects in high-fat fed rats. Pharma Nutr.
2015, 3, 20–28. [CrossRef]

19. Mattoso-Ribeiro, V.; Palmisciano-Bedê, T.; Rocha, G.S.; Barroso, S.; Valença, S.; Blondet-de-Azeredo, V. High fat diet and high
polyphenols beverages effects in enzymatic and non-enzymatic antioxidant activity. Nutr. Hosp. 2018, 35, 169–175.

20. Koolen, H.H.F.; da Silva, F.M.A.; Gozzo, F.C.; de Souza, A.Q.L.; de Souza, A.D.L. Antioxidant, antimicrobial activities and
characterization of phenolic compounds from buriti (Mauritia flexuosa L. f.) by UPLC–ESI-MS/MS. Food Res. Int. 2013, 51, 467–473.
[CrossRef]

21. De Oliveira, D.M.; Siqueira, E.P.; Nunes, Y.R.F.; Cota, B.B. Flavonoids from leaves of Mauritia flexuosa. Rev. Bras. Farmacogn.
2013, 23, 614–620. [CrossRef]

http://doi.org/10.1016/j.foodchem.2010.03.017
http://doi.org/10.3390/nu10081048
http://www.ncbi.nlm.nih.gov/pubmed/30096878
http://doi.org/10.1016/j.jssas.2017.04.003
http://doi.org/10.1016/j.jff.2020.104132
http://doi.org/10.1016/j.atherosclerosis.2011.04.023
http://www.ncbi.nlm.nih.gov/pubmed/21601209
http://doi.org/10.1155/2020/9081686
http://www.ncbi.nlm.nih.gov/pubmed/32455130
http://doi.org/10.1038/s41598-020-71351-w
http://www.ncbi.nlm.nih.gov/pubmed/32917912
http://doi.org/10.1080/10408398.2020.1754162
http://doi.org/10.1161/01.ATV.0000150649.39934.13
http://doi.org/10.2174/157015909787602823
http://doi.org/10.1016/j.cbi.2005.12.009
http://www.ncbi.nlm.nih.gov/pubmed/16430879
http://doi.org/10.1016/j.gecco.2016.12.005
http://doi.org/10.1007/s12231-011-9182-z
http://doi.org/10.1155/2019/8204129
http://www.ncbi.nlm.nih.gov/pubmed/30911350
http://doi.org/10.1021/np034002j
http://doi.org/10.1007/978-94-007-2534-8_31
http://doi.org/10.1016/j.phanu.2015.01.002
http://doi.org/10.1016/j.foodres.2013.01.039
http://doi.org/10.1590/S0102-695X2013005000061


Molecules 2021, 26, 6431 9 of 9

22. Tauchen, J.; Bortl, L.; Huml, L.; Miksatkova, P.; Doskocil, I.; Marsik, P.; Villegas, P.P.P.; Flores, Y.B.; Damme, P.V.; Lojka, B.; et al.
Phenolic composition, antioxidant and anti-proliferative activities of edible and medicinal plants from the Peruvian Amazon. Rev.
Bras. Farmacogn. 2016, 26, 728–737. [CrossRef]

23. Abreu-Naranjo, R.; Paredes-Moreta, J.G.; Granda-Albuja, G.; Iturralde, G.; González-Paramás, A.M.; Alvarez-Suarez, J.M.
Bioactive compounds, phenolic profile, antioxidant capacity and effectiveness against lipid peroxidation of cell membranes of
Mauritia flexuosa L. fruit extracts from three biomes in the Ecuadorian Amazon. Heliyon 2020, 6, e05211. [CrossRef] [PubMed]

24. Cândido, T.L.N.; Silva, M.R.; Agostini-Costa, T.S. Bioactive compounds and antioxidant capacity of buriti (Mauritia flexuosa L.f.)
from the Cerrado and Amazon biomes. Food Chem. 2015, 177, 313–319. [CrossRef] [PubMed]

25. Contreras-Calderón, J.; Calderón-Jaimes, L.; Guerra-Hernández, E.; García-Villanova, B. Antioxidant capacity, phenolic content
and vitamin C in pulp, peel and seed from 24 exotic fruits from Colombia. Food Res. Int. 2011, 44, 2047–2053. [CrossRef]

26. Bataglion, G.A.; da Silva, F.M.A.; Eberlin, M.N.; Koolen, H.H.F. Simultaneous quantification of phenolic compounds in buriti fruit
(Mauritia flexuosa L.f.) by ultra-high performance liquid chromatography coupled to tandem mass spectrometry. Food Res. Int.
2014, 66, 396–400. [CrossRef]

27. Patel, R.V.; Mistry, B.M.; Shinde, S.K.; Syed, R.; Singh, V.; Shin, H.-S. Therapeutic potential of quercetin as a cardiovascular agent.
Eur J. Med. Chem. 2018, 155, 889–904. [CrossRef]

28. Imran, M.; Rauf, A.; Abu-Izneid, T.; Nadeem, M.; Shariati, M.A.; Khan, I.A.; Imran, A.; Orhan, I.E.; Rizwan, M.; Atif, M.; et al.
Luteolin, a flavonoid, as an anticancer agent: A review. Biomed. Pharmacother. 2019, 112, 108612. [CrossRef]

29. Carmona-Hernandez, J.C.; Taborda-Ocampo, G.; Gonzalez-Correa, C.H. Folin-Ciocalteu Reaction Alternatives for Higher
Polyphenol Quantitation in Colombian Passion Fruits. Int. J. Food Sci. 2021, 2021, 8871301. [CrossRef]

30. Phuyal, N.; Jha, P.K.; Raturi, P.P.; Rajbhandary, S. Total Phenolic, Flavonoid Contents, and Antioxidant Activities of Fruit, Seed,
and Bark Extracts of Zanthoxylum armatum DC. Sci. World J. 2020, 2020, 8780704. [CrossRef]

31. Shimu, A.S.; Miah, M.; Billah, M.; Karmakar, S.; Mohanto, S.C.; Khatun, R.; Reza, M.A.; Hoque, K.M.F. A comparative study of
biological potentiality and EAC cell growth inhibition activity of Phyllanthus acidus (L.) fruit pulp and seed in Bangladesh. Saudi J.
Biol. Sci. 2021, 28, 2014–2022. [CrossRef]

32. Yeddes, N.; Chérif, J.K.; Guyot, S.; Sotin, H.; Ayadi, M.T. Comparative Study of Antioxidant Power, Polyphenols, Flavonoids and
Betacyanins of the Peel and Pulp of Three Tunisian Opuntia Forms. Antioxidants 2013, 2, 37–51. [CrossRef] [PubMed]

33. Chen, P.X.; Bozzo, G.G.; Freixas-Coutin, J.A.; Marcone, M.F.; Pauls, P.K.; Tang, Y.; Zhang, B.; Liu, R.; Tsao, R. Free and conjugated
phenolic compounds and their antioxidant activities in regular and non-darkening cranberry bean (Phaseolus vulgaris L.) seed
coats. J. Funct. Foods 2015, 18, 1047–1056. [CrossRef]

http://doi.org/10.1016/j.bjp.2016.03.016
http://doi.org/10.1016/j.heliyon.2020.e05211
http://www.ncbi.nlm.nih.gov/pubmed/33102844
http://doi.org/10.1016/j.foodchem.2015.01.041
http://www.ncbi.nlm.nih.gov/pubmed/25660891
http://doi.org/10.1016/j.foodres.2010.11.003
http://doi.org/10.1016/j.foodres.2014.09.035
http://doi.org/10.1016/j.ejmech.2018.06.053
http://doi.org/10.1016/j.biopha.2019.108612
http://doi.org/10.1155/2021/8871301
http://doi.org/10.1155/2020/8780704
http://doi.org/10.1016/j.sjbs.2021.01.004
http://doi.org/10.3390/antiox2020037
http://www.ncbi.nlm.nih.gov/pubmed/26787622
http://doi.org/10.1016/j.jff.2014.10.032

	Introduction 
	Results and Discussion 
	Total Polyphenol Content (TPC) 
	Total Flavonoid Content (TFC) 
	Antioxidant Activity Based on 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assays 
	HPLC/UV-Vis Spectrophotometry Flavonoid Identification 

	Materials and Methods 
	Reagents and Chemicals 
	Plant Material and Sample Preparation 
	Total Polyphenol Content (TPC) 
	Total Flavonoid Content (TFC) 
	DPPH Assay for Radical Scavenging, Antioxidant, Activity 
	HPLC/UV-Vis Spectrophotometry Flavonoid Identification 
	Statistical Analysis 

	Conclusions 
	References

