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Abstract

This study was carried out with the objective of determining the antioxidant properties and

quantification of total phenolics and flavonoids in relation to quercetin and rutin in some of

the monofloral honeys produced in Minas Gerais (Brazil). In this study, 15 monofloral honey

samples were obtained from different geographic regions of Minas Gerias, Brazil. The hon-

eys were obtained from Cooperative of Beekeepers and Family Farmers of Northern Minas.

To determine the antioxidant properties of honey samples, the test methods of total phenolic

content, flavonoids (rutin and quercetin) and DPPH were used. As a result of the analysis of

phenolic and flavonoid contents, the samples with the best results were A1-Aroeira and A4-

Assa peixe. In antioxidant activity, the honey with the best EC50 results was A6-Aroeira. Dif-

ferences between the antioxidant activities of the honey samples were found significantly

(p< 0.01).

Introduction

Honey is a high-quality natural food product, both nutritionally and due to its therapeutic

properties that ensure a balance in the biological process [1, 2] which occurs because in the

composition there are bioactive compounds [3, 4].

Honey has been used for a long time in folk medicine [5, 6] orally or topically against vari-

ous diseases and since then, consumers generally consider honey as a natural source of health

due to the therapeutic qualities attributed to it, such as antimicrobial, gastrointestinal protec-

tive and antioxidant properties, in addition to being a good source of energy [7].

Several substances that make up honey are responsible for its antimicrobial and antioxidant

character, but the chemical composition of honey is extremely variable, due to the various fac-

tors that influence the composition, such as geographic location and soil type, botanical origin,

time of year, rainfall, processing, handling and storage, in addition to the bee species [8]. Thus,
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the nectar collected by bees for the preparation of honey, determine differences in the compo-

sition of honey. Therefore, this variation is what allows obtaining different properties, such as

biological activities [9, 10].

Bioactive compounds are present in honey in minority proportions, but are responsible for

these properties, such as the presence of phenolic compounds that provide those who consume

honey, natural antioxidants, which help prevent disease and control aging [11–13]. The pres-

ence of phenols in honey originates from pollen and nectar collected by bees [14].

In addition to these compounds, honey has intrinsic factors, such as glucose-oxidase

enzymes, catalase and other compounds such as carotenoids, organic acids, ascorbic acid,

amino acids and proteins, conferring its own antioxidant activities [15].

Living cells have limited ability to nullify the activity of free radicals, but it is believed that

the ingestion of antioxidants, such as those in honey, can improve cell protection and, there-

fore, physiological function [16]. In addition, honey activities are related to several factors,

including high water and sugar content, low pH value, presence of hydrogen peroxide and

other micronutrients [17–19].

The chemical and biological properties of honeys have been studied, which has brought an

increased interest in the medicinal use of these honeys in treatments for diseases that are

caused by oxidative, anti-inflammatory, antiviral, antifungal, antitumor stress [7, 20–21].

The content of phenolic compounds from the secondary metabolism of plants that make

up honey is directly related to antimicrobial activity, those that are richer in these compounds

and have a darker color usually have greater antimicrobial activity [22, 23].

Honey has been used in topical or skin applications, including the treatment of surgical

wounds, skin ulcers, abscesses [24], burns and for histological preservation of skin grafts [25].

Due to their polyphenolic profile, monofloral honeys have significant antioxidant activity, as

well as antidiabetic, antimicrobial and anticancer activities [26].

Manuka honey is a monofloral honey rich in macro and micronutrients, including several

secondary metabolites (flavonoids, phenolic acids and 1,2-dicarbonyl compounds). Wound

healing, anti-cancer, antioxidant and anti-inflammatory effects are related to the presence of

these phytochemicals [26, 27].

There are honeys on the world market that have exceptional therapeutic properties and

great market value, Manuka honey is an example, produced by the bee Apis mellifera from the

nectar collected from Leptospermum scoparium (Myrtaceae) native to New Zealand [28, 29].

Due to the biological importance of honey in the treatment of various diseases associated

with the growing need for natural alternatives, the aim is to investigate the antioxidant activity

of different types of honey produced in Minas Gerais and compare the results with Manuka

honey.

Material and methods

Chemicals and instruments

All reagents and chemicals used were analytical grade from Sigma Chemical Company

(St. Louis, MO, USA). A Shimadzu UV-VIS spectrophotometer UV-VIS 2550 was used for

absorbance measurements.

Honey samples

A total of 16 samples of honey were analyzed: 15 samples from various regions of Minas Gerais

(Brazil), provided by COOPEMAPI (Cooperative of Beekeepers and Family Farmers of North-

ern Minas, headquartered in Bocaiuva-MG) in 2019 and Manuka honey (MGO 30+)
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purchased from New Zealand (Brand: Manuka Health, lot: IMH 6925). The samples were

identified by numbering and stored protected from light (25–30˚C).

Color determination

Performed according to the methodology proposed by the Codex Alimentarius Commission

[30], which consists of reading the absorbance of the pure sample in a spectrophotometer at

560 nm against pure glycerin blank, and classification according to the Pfund table.

Preparation of honey extracts

For the preparation of the extracts an aqueous solution of methanol 50% (v/v) was used. Then,

the honey was diluted (8 mL of honey to 80 mL of 50% methanol solution). This solution was

kept in a reflux device for two hours at 80˚C. Dilution and extraction were performed on each

honey sample separately, stored in sealed jars and kept in the freezer [31].

Phenolic compounds. Determination of total phenolic content. The Folin-Ciocalteu

method was used to determine the total phenolic content [32] with some modifications. To

carry out the test, the extract, at concentrations between 50 and 100% was used (600 μL) and

mixed with 3.5 mL of distilled water and 200 μL of Folin-Cicalteu reagent, after 3 minutes it

was added 500 μL of sodium carbonate (Na2CO3 at 3%). This solution was kept in the dark for

one hour at 25˚C. The absorbance was measured at 725 nm, with methanol blank, using a

UV-VIS spectrophotometer (SHIMADZU-UV-VIS 2550). All measurements were taken in

triplicate, and then the results were averaged and plotted on a graph of (concentration/absor-

bance) to determine the equation of the line and R2. Gallic acid (3,3,4-trihydroxybenzoic acid

in concentrations between 30–80 μL/mL) was used as a standard to derive the calibration

curve. The total phenolic content was expressed in mg equivalent of gallic acid per 100 g of

honey [33].

Determination of total flavonoid content. The Aluminum chloride method was used to

determine the total flavonoid content [34] with some modifications. To carry out the test, the

extract, at concentrations between 50 and 100%, was used (3000 μL) and added to 200 μL of

aluminum chloride (5% AlCl3). This solution was kept in the dark for 25 minutes at 25˚C. The

absorbance was measured at 417 nm, with methanol blank, using a UV-VIS spectrophotome-

ter (SHIMADZU-UV-VIS 2550). All measurements were taken in triplicate, and then the

results were averaged and plotted on a graph of (concentration/absorbance) to determine the

equation of the straight line and R2. Rutin and quercetin (25–50 μg/mL) were used as a stan-

dard to derive the calibration curve. The total flavonoid content was expressed in mg equiva-

lent to rutin and quercetin per 100 g of honey.

Antioxidant activity DPPH assay (2,2-diphenyl-1-picrylhydrazyl). The DPPH radical scav-

enging activity of honey samples was determined as described by Brand-Williams et al. (1995)

[35] with some modifications. To carry out the test, the extract, at concentrations between 50

and 100%, was used (500 μL). A DPPH stock solution of 40 μL/mL methanol was prepared.

The sample was then added to 3000 μL of DPPH, shaken vigorously and kept in the dark for

25 minutes at 25˚C. To obtain the standard curve of gallic acid, a stock solution at 80 μg/mL

was prepared and concentrations between 30 and 80 μg/mL were used the absorbance of the

solution was measured at 517 nm, using a spectrophotometer (SHIMADZU-UV-VIS 2550)

against a methanol blank [35]. All measurements were taken in triplicate. With the absorbance

values, the percentage of antioxidant activity was calculated by the equation:

{(AbsCont–AbsAmos) /AbsCont}×100 [36], where:

AbsCont represents the absorbance value of the control;
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AbsAmos represents the absorbance value of the sample.

From the results, graphs were constructed in Excel relating concentration and percentage

of Antioxidant Activity (%AA), and the EC50, which consists of the sample’s capacity to scav-

enge 50% of DPPH free radicals, was calculated through the equations of each graphic.

Statistical analysis

The results were performed in triplicate and expressed as mean ± standard deviation. Submitted

to the Shapiro-Wilk test for the normality of the ANOVA residues and verified the homogeneity

between the variances. Analysis of variance (ANOVA) was applied to meet the assumptions for

parametric data, with the Tukey test a posteriori for comparisons between means, with an alpha

level of 0.05. The R open source statistical software (4.1.0) was used for analyses.

Results and discussion

Honey samples

The studied honeys are monofloral and are described with their respective abbreviations in

Table 1.

The honeys used in the work were obtained from the COOPEMAPI, which effectively uses

the microscopic analysis of honey pollen to prove the botanical origin (S1 Table).

Honey can be categorized as monofloral and polyfloral honey. Monofloral honey is

obtained from the nectar of specific source plants which can be determined by melissopalyno-

logycal analysis. According to the International Commission for Bee Botany [37] honeys can

be categorized a monofloral depending on the pollen grain size. Thus, pollen grains < 20 μm

need to be at least 96% for the sample to be considered monofloral, where as pollen grains >

85 μm need to be only 7% present.

Color determination

Most of the 16 honeys evaluated showed a dark amber color (Table 2). Where 10 samples

(58.82%) are characterized as dark amber, four samples (23.53%) as amber and the other three

Table 1. Identification of honeys according with botanical origin.

Popular name Scientific name Botanical family

A1 Aroeira Astronium urundeuva (M. Allemão) Engl. Anacardiaceae

A2 Eucalipto Eucalyptus robusta Sm. Myrtaceae

A3 Betônica Hyptis sp. Fabaceae

A4 Assa peixe Veronia scorpioides (Lam.)Pers. Asteraceae

A5 Aroeira Astronium urundeuva (M. Allemão) Engl. Anacardiaceae

A6 Aroeira Astronium urundeuva (M. Allemão) Engl. Anacardiaceae

A7 Aroeira Astronium urundeuva (M. Allemão) Engl. Anacardiaceae

A8 Pequi Caryocar brasiliense Cambess. Caryocaraceae

A9 Candeinha Eremanthus incanus (Less.) Less. Asteraceae

A10 Caiaté Omphalea diandra L. Euphorbiaceae

A11 Aroeira Astronium urundeuva (M. Allemão) Engl. Anacardiaceae

A12 Cipó-uva Serjania lethalis A. St.-Hil. Sapindaceae

A13 Aroeira Astronium urundeuva (M. Allemão) Engl. Anacardiaceae

A14 Velame Croton urucurana Baiil. Euphorbiaceae

A15 Eucalipto Eucalyptus robusta Sm. Myrtaceae

A16 Manuka Leptospermum scoparium J.R. Forst & G. Forst. Myrtaceae

https://doi.org/10.1371/journal.pone.0262038.t001
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samples (17.65%) as light amber. Manuka honey has also been classified as dark amber. Color

of foods is the essential factor that primarily determines the acceptability of foods [38, 39].

The color of honey is related to the botanical origin, climatic factors during the flow of nec-

tar and the temperature at which the honey matures inside the hives [40]. In addition to these

factors, other factors such as mineral content also influence the color of honey. Honey color is

also related to antioxidant capacity, the darker, the greater the antioxidant action, which may

be linked to the presence of anthocyanin and flavone groups [41].

Quantification of total phenolics and flavonoids

Boxplot graphical analysis was used to assess the distribution of honey performance of the 16

samples evaluated in the study (Fig 1). This analysis consists of plotting box-shaped charts

where the median, the first and third quartiles of the data are represented. Box width can be

used, as well as standard deviation, to assess data dispersion.

The quantification of total phenolics (Table 3; Fig 1) was made from the equation of the

straight line of the standard curve for gallic acid. To calculate the equivalent value of gallic acid

(mg GAE100 g-1 of sample), the equation of the straight line obtained (R2 = 0.984) was used.

To obtain the total flavonoid content (Table 3; Fig 1), two standards were used, rutin and

quercetin, and the values were calculated in the same way as described above. For rutin the

equation of the line with R2 = 0.998, for the quercetin with R2 = 0.999.

The determination of the total phenolic content is considered a quick and sensitive method

for honey samples [42]. In the vast majority of results, it is possible to observe appositive rela-

tionship between the result of total phenolics and the levels of flavonoids, with the antioxidant

capacity in honeys [43].

The content of phenolic compounds ranged from 42.52 ± 3.29 to 107.93 ± 1.12 milligrams

equivalent to gallic acid per hundred gram of honey (mg GAE100 g-1), where the most relevant

results were for A4-Assa-peixe (107.93 ± 1.12 mg GAE100 g-1), A1-Aroeira (101.67 ± 0.87 mg

GAE100 g-1) and A6-Aroeira (81.63 ± 2.78 mg GAE100 g-1) respectively, when compared to

gallic acid and also when compared to Manuka honey (A16) (Table 3).

Even the lowest values found for honeys in this work, such as A8-Pequi (48.82 ± 1.33 mg

GAE100 g-1); A14-Velame (45.52 ± 0.52 mg GAE100 g-1); A10-Caiaté (42.93 ± 2.25 mg GAE100

g-1) and A12-Cipó uva (42.52 ± 3.29 mg GAE100 g-1), are equal to or superior to Brazilian mono-

floral and multifloral honeys from the Southeast region with contents between 18 and 43 mg

GAE100 g-1 [44]. Intermediate levels observed in this study (62.72–81.63 mg GAE 100 g-1), has

higher contents than honeys analyzed in Malaysia with a content of 59.05 mg GAE100 g-1 [45];

Cuban honeys with a content of 59.58 mg GAE 100 g-1 [46] and with Portuguese honeys, the

highest value observed was 72.78 mg GAE 100 g-1 [47]. The results of the levels for honeys

A1-Aroeira and A4-Assa peixe (101.67 ± 0.87 and 107.93 ± 1.12 mg GAE100 g-1) has levels close

Table 2. Color shades of honeys.

Identification Color Identification Color

A1 Aroeira Dark amber A9 Candeinha Light amber

A2 Eucalipto Amber A10 Caiaté Light amber

A3 Betônica Amber A11 Aroeira Dark amber

A4 Assa peixe Dark amber A12 Cipó uva Dark amber

A5 Aroeira Dark amber A13 Aroeira Dark amber

A6 Aroeira Dark amber A14 Velame Light amber

A7 Aroeira Dark amber A15 Eucalipto Amber

A8 Pequi Amber A16 Manuka Dark amber

https://doi.org/10.1371/journal.pone.0262038.t002
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to the values verified for multifloral honey from different geographical origins, with a higher value

of phenolic compounds from 110 mg GAE 100 g-1 [48] and also honeys of Spanish origin with a

maximum observed content of 103.48 mg GAE100 g-1 [49].

When comparing the values of 15 honeys to Manuka honey (141.73 ± 2.37 mg GAE 100 g-1)

used in this study as a positive control, it can be observed that A4-Assa peixe honey (107.93 ± 1.12

mg GAE100 g-1) is the closest to the total phenolic content.

The flavonoid content in the analyzed honey samples ranged from 2.24 ± 0.15 to

18.94 ± 0.19 mg QE 100 g-1of honey. The highest contents were of honeys A1-Aroeira,

A4-Assa peixe, A6-Aroeira and A5-Aroeira, respectively (Table 3). When comparing the con-

tents with other studies, it can be observed that the content determined for A1-Aroeira of

18.94 ± 0.19 mg QE 100 g-1 is higher than that evaluated for multifloral honeys from Argen-

tina, where the flavonoid content is 15 mg QE100 g-1 [50]. A study with multifloral Spanish

honeys presented, for flavonoids, 2.39 mg QE100 g-1 [49], which is close to the lowest values

found in this study, which are for A12-Cipó uva and A14-Velame honeys (2.24 ± 0.15 and

2.25 ± 0.13 mg QE 100 g-1) respectively.

The flavonoid contents ranged from 0.92 ± 0.15 to 7.00 ± 0.19 milligrams equivalent to

rutin per gram of honey (mg RE 100 g-1) were also found. The highest value was determined

for the A1-Aroeira sample and the other samples with intermediate results have contents

between 2.14 ± 0.17 and 3.95 ± 0.29 mg RE 100 g-1

Fig 1. Boxplot of the comparative results obtained from honeys. For total phenolics; flavonoids equivalent to rutin and

quercetin; antioxidant activity (EC50).

https://doi.org/10.1371/journal.pone.0262038.g001
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When comparing the flavonoid values with Manuka honey (20.43 ± 0.26 mg QE 100 g-1

and 7.58 ± 0.26 mg RE 100 g-1), it is observed that the sample A1-Aroeira is that the contents

related to quercetin and rutin (18.94 ± 0.19 mg QE 100 g-1 and 7.00 ± 0.19 mg RE 100 g-1), are

closest to the results observed for Manuka honey.

Antioxidant activity

One of the methods used to assess the antioxidant potential of extracts is the colorimetric assay

based on the capture of the DPPH radical (2,2-diphenyl-1-picryl-hydrazyl), which is character-

ized by an oxidation-reduction reaction, where the DPPH radical is reduced in DPPH-H,

identified by an initially purple to yellow color change, as well as a decrease in absorbance at

515/517 nm [51].

To determine EC50 in mg/mL (Table 3; Fig 1) for the antioxidant action, the equations of

the standard lines for gallic acid and for each of the honeys were used. The R2 of the equations

were between 0.995 and 0.919.

Among the antioxidant compounds of natural origin, the phenolic compounds stand out,

which have defense functions against pest attacks, but in the human body they have oxide-

reduction properties, which can play an important role in the absorption, sequestration and

neutralization of free radicals, in addition to inhibiting lipid peroxidation [37].

The EC50 result observed for cipó-uva honey (44.12 mg/mL) and wild honey (19.20 mg/

mL) are higher than those found in a study carried out in Piauı́ for cipó-uva honey (237.70

mg/mL) and wild honey (136.92 mg/mL) [52].

After analyzing the results, it was found that samples A6-Aroeira and A1-Aroeira had the

best EC50 result, respectively 11.30 mg/mL and 15.00 mg/mL, with the A6 sample being the

closest of the result obtained for Manuka honey (A16 = 8.20 mg/mL) (Table 3). It is important

Table 3. Data on the contents of total phenolics, flavonoids: Rutin and quercetin and EC50 (mean ± SD; n = 3).

� mg/100 g of sample

Phenol content Flavonoid content Flavonoid content EC50

GAE� Eq Rutin � Eq Quercetin� mg/mL

A1 101.67 ± 0.87b 7.00 ± 0.19b 18.94 ± 0.19b 15.00 ± 0.07h

A2 63.97 ± 2.33de 2.80 ± 0.15f 7.41 ± 0.13f 19.20 ± 0.19fg

A3 62.95 ± 2.11de 1.22 ± 0.15j 3.06 ± 0.12j 31.49 ± 0.17c

A4 107.93 ± 1.12b 3.95 ± 0.29c 10.47 ± 0.37c 18.42 ± 0.05g

A5 72.02 ± 2.00cd 3.49 ± 0.16d 9.34 ± 0.15d -

A6 81.63 ± 2.78c 3.56 ± 0.20a 9.55 ± 0.24d 11.30 ± 0.05i

A7 54.91 ± 0.63ef 2.57 ± 0.13g 6.84 ± 0.12g 30.31 ± 0.06d

A8 48.82 ± 1.33fg 2.14 ± 0.17h 5.60 ± 0.18h 62.12 ± 0.13a

A9 51.38 ± 2.26fg 1.24 ± 0.16ij 3.17 ± 0.18ij 24.21 ± 0.09e

A10 42.93 ± 2.25g 1.33 ± 0.13i 3.45 ± 0.14i 18.27 ± 0.18g

A11 72.45 ± 0.17cd 1.90 ± 0.21g 4.90 ± 0.26g 20.30 ± 0.26f

A12 42.52 ± 3.29g 0.95 ± 0.20k 2.24 ± 0.15k 44.12 ± 0.15b

A13 78.29 ± 2.40c 3.10 ± 0.18e 8.19 ± 0.17e 18.36 ± 0.15g

A14 45.52 ± 0.52fg 0.92 ± 0.15k 2.25 ± 0.13k 23.33 ± 0.18e

A15 73.50 ± 3.97cd 2.65 ± 0.23g 6.89 ± 0.23g 16.15 ± 0.11h

A16 141.73 ± 2.37a 7.58 ± 0.26a 20.43 ± 0.26a 8.20 ± 0.16j

Antioxidant activity tests were performed in triplicate, three times, in sample 5; and in all tests the results showed non-relevant antioxidant activity. EC50 = 0.269 mg/mL

of gallic acid. Means followed by the same letter in the column do not differ according to Tukey’s test at p� 0.05.

https://doi.org/10.1371/journal.pone.0262038.t003
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to emphasize that the lower the EC50 value, the greater the efficiency of the sample in deactivat-

ing the free radical.

The presence of aromatic rings and hydroxyls in phenolic compounds, which gives this

class the antioxidant power and thus, are responsible for the antioxidant, antimicrobial, antivi-

ral and antitumor activities of honey, which contributes to human health in preventing dis-

eases [53].

Antioxidants also have the function of preventing free radicals from damaging cells and tis-

sues [53]. The main classes of antioxidants that are present in nature are phenolic compounds

(phenolic acids, flavonoids and tannins), carotenoids, tocopherols, ascorbic acid and its deriva-

tives [54–60].

The detection of phenolic compounds and the ability to scavenge free radicals by the stud-

ied honeys allow us to infer that honeys present themselves as a functional food, since through

their antioxidant activity, interact with free radicals, fighting them, and thus help in various

cellular processes, such as the prevention of skin aging [61].

Conclusion

The studied honeys have levels of total phenolics and flavonoids above the results found in the

literature for other honeys, mainly A1-Aroeira and A4-Assa peixe honeys. Regarding the eval-

uation of the antioxidant action, EC50 have promising results, especially the A6-Aroeirahoney

sample. Honeys with the same flowering, but from different geographic regions, have different

values of chemical composition, further studies are needed to verify the differences in results

between these honeys. The continuity of studies in relation to monofloral honeys is necessary

to determine other physicochemical parameters. But the results presented in this work are

promising to guide other works to be carried out with monofloral honeys, mainly related to

studies of biological activities.
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22. Alvarez-Suarez JM, Giampieri F, González-Paramás AM, Damiani E, Astolfi P, Martinez-Sanchez G,

et al. Phenolics from monofloral honeys protect human erythrocyte membranes against oxidative dam-

age. Food Chem Toxicol. 2012; 50(5):1508–16. https://doi.org/10.1016/j.fct.2012.01.042 PMID:

22330201

23. Lacerda JJ de J, Santos JS dos, Santos SA dos, Rodrigues GB, Santos MLP dos. Influência das carac-

terı́sticas fı́sico-quı́micas e composição elementar nas cores de méis produzidos por Apis mellifera no
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53. Angelo P. M., Jorge N. Compostos fenólicos em alimentos–Uma breve revisão. Rev Inst Adolfo Lutz.

2007; 66(1): 1–9.

54. Amarowicz R, Pegg RB, Rahimi-Moghaddam P, Barl B, Weil JA. Free-radical scavenging capacity and

antioxidant activity of selected plant species from the Canadian prairies. Food Chem. 2004; 84(4):551–

62.

55. Sarker U, Oba S. Nutraceuticals, phytochemicals, and radical quenching ability of selected drought-tol-

erant advance lines of vegetable amaranth. BMCPlant Biol. 2020; 20: 564. Available from: https://doi.

org/10.1186/s12870-020-02780-y.

56. Sarker U, Hossain Md N, Iqbal Md. A, Oba S. Bioactive Components and Radical Scavenging Activity in

Selected Advance Lines of Salt-Tolerant Vegetable Amaranth. Front. Nutr. 2020; Available from:

https://doi.org/10.3389/fnut.2020.587257 PMID: 33330589

57. Sarker U, Oba S. Phenolic profiles and antioxidant activities in selected drought-tolerant leafy vegetable

amaranth. Sci Rep. 2020; 10: 18287. Available from: https://doi.org/10.1038/s41598-020-71727-y

PMID: 33106544

58. Sarker U, Oba S. Polyphenol and flavonoid profiles and radical scavenging activity in leafy vegetable

Amaranthus gangeticus. BMC Plant Biol. 2020; 20: 499. Available from: https://doi.org/10.1186/

s12870-020-02700-0 PMID: 33138787

59. Sarker U, Oba S. Antioxidant constituents of three selected red and green color Amaranthus leafy vege-

table. Sci Rep. 2019; 9: 18233. Available from: https://doi.org/10.1038/s41598-019-52033-8 PMID:

31796754

PLOS ONE Antioxidant activities of monofloral honeys

PLOS ONE | https://doi.org/10.1371/journal.pone.0262038 January 19, 2022 11 / 12

http://www.redalyc.org/articulo.oa?id=237117576030
https://doi.org/10.1016/j.foodchem.2015.09.051
http://www.ncbi.nlm.nih.gov/pubmed/26593496
https://doi.org/10.1155/2013/313798
https://doi.org/10.1155/2013/313798
http://www.ncbi.nlm.nih.gov/pubmed/24027653
http://dx.doi.org/10.1016/j.talanta.2016.12.002
http://dx.doi.org/10.1016/j.talanta.2016.12.002
http://dx.doi.org/10.1016/j.aaspro.2014.11.022
https://doi.org/10.2174/092986713804999358
http://www.ncbi.nlm.nih.gov/pubmed/23298140
http://dx.doi.org/10.1016/j.foodchem.2008.11.028
https://doi.org/10.1016/j.foodchem.2015.10.050
https://doi.org/10.1016/j.foodchem.2015.10.050
http://www.ncbi.nlm.nih.gov/pubmed/26593609
http://dx.doi.org/10.1016/j.lwt.2011.04.003
http://www2.ib.usp.br/index.php?option=com_docman&task=doc_view&gid=72&tmpl=component&format=raw&Itemid=98
http://www2.ib.usp.br/index.php?option=com_docman&task=doc_view&gid=72&tmpl=component&format=raw&Itemid=98
http://www.nutritime.com.br
https://doi.org/10.1186/s12870-020-02780-y
https://doi.org/10.1186/s12870-020-02780-y
https://doi.org/10.3389/fnut.2020.587257
http://www.ncbi.nlm.nih.gov/pubmed/33330589
https://doi.org/10.1038/s41598-020-71727-y
http://www.ncbi.nlm.nih.gov/pubmed/33106544
https://doi.org/10.1186/s12870-020-02700-0
https://doi.org/10.1186/s12870-020-02700-0
http://www.ncbi.nlm.nih.gov/pubmed/33138787
https://doi.org/10.1038/s41598-019-52033-8
http://www.ncbi.nlm.nih.gov/pubmed/31796754
https://doi.org/10.1371/journal.pone.0262038


60. Sarker U, Oba S. Nutritional and bioactive constituents and scavenging capacity of radicals in Amar-

anthus hypochondriacus. Sci Rep. 2020; 10: 19962. Available from: https://doi.org/10.1038/s41598-

020-71714-3 PMID: 33203902
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