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Abstract: The aim of this study was to obtain an extract from boldo leaves (Peumus boldus) with 

antioxidant properties, studying its bioaccessibility and potential application in the development of 

orange biscuits. The extraction conditions were defined by performing a factorial design, working 

with two variable factors: extraction time and solvent concentration (96° ethanol and water). Total 

phenolic compounds (TPC) content was determined by Folin-Ciocalteau method, and antioxidant 

capacity (AC) against ABTS•+ radicals. On the selected extract, phenolic compounds were identi-

fied by UHPLC. To evaluate its application as a functional ingredient, TPC and AC were determined 

to orange biscuits with different extract content. Furthermore, bioaccessibility was determined by 

applying the standardized static in vitro digestion method Infogest. Results showed that 1 h extrac-

tion time, using water as solvent at 70 °C had the highest content of total phenolic compounds 

(218.83 ± 25.91 mg eq GAE/g of extract) and the best antioxidant potential being the AC of 720.56 ± 

15.00 μMol eq TE/g of extract. Gallic acid, chlorogenic acid, rutin and catechin were identified as 

the main phenolic compounds on this sample. Regarding the use of boldo extract in the develop-

ment of a functional orange biscuits, a significant increase in the content of TPC and AC was ob-

served compared to a control biscuit (without extract addition). The study of bioaccessibility evi-

denced a reduction of 87% in the content of phenolic compounds. Thereby, further studies in strat-

egies of encapsulation of the extract are needed. In conclusion, boldo extract was found to be an 

ingredient with potential functionality for its use in food processing. 
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1. Introduction 

Due to the current pace of life, the last few decades have seen a transformation in 

eating habits caused by the lack of time to cook and high consumption of food with sugar, 

fat and sodium that are now available and accessible everywhere. There is increasing sci-

entific evidence that poor nutrition together with certain behavioural factors contributes 

to the development of NCDs [1]. New generations of consumers are becoming conscious 

about their diet, searching the market and demanding that the industry provide new 

foods that contribute to their health and wellbeing [2]. 

In recent times there has been a notable increase in the use of medicinal herbs, occu-

pying a very important consumption in the world of alternative medicine [3]. For this 

reason, scientists are currently interested in studying herbs that have been used through-

out history [4], to incorporate them into new formulations and develop new functional 
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foods. One herb widely used in Uruguay and Latin America is Boldo (Peumus boldus Mol). 

It is known for its properties for liver treatment, due to boldine [5]. Boldo leaves have been 

shown to possess more than 30 compounds such as quercetin glycosides, kaempferol de-

rivatives, phenolic acids, proanthocyanidins, among others [6,7]. In this study [8], they 

compared the content of phenolic compounds, antioxidant capacity and anti-inflamma-

tory activity of commercial herbal infusions, and determined that boldo infusions had a 

higher content of phenolic compounds and antioxidant capacity than other samples. 

The aim of this work was to provide novel information regarding to in vitro bioac-

cessibility of the bioactive compounds present in a extract from boldo leaves (Peumus bol-

dus) and studying the potential application in the development of orange biscuits. 

2. Materials and Methods 

2.1. Samples of Boldo Leaves 

Were used dehydrated leaves of Peumus boldus Mol. for commercial use Cabral®  

(Montevideo, Uruguay). The leaves was ground with a domestic mill at a power of 130 W 

and a frequency of 50 Hz for 3 min, reaching a fine particle size. The crushed samples 

were stored in glass jars at 4 °C. 

2.2. Experimental Design 

An experimental design [9] (central compound design) was carried out according to 

the conditions of Table 1, based on a response surface model, factorial design. The exper-

imental design consisted of four trials (systems 1, 2, 3, and 4), 2 factors with 2 levels, and 

three central points to estimate the experimental error (systems 5, 6, and 7). The variables 

studied were extraction time (t, expressed in hours) and ethanol: water ratio (r, expressed 

in %). The two levels studied were 30/70/1 and 30/70/2% water /% ethanol/time respec-

tively. Three central points were obtained using the following conditions: 1.5 h, 65/35% 

water/ethanol. Each system was contained 8.0g of ground sample, 0.5 g of citric acid, and 

400 mL of solvent. The samples were put in a water bath at 70 °C, with agitation following 

the time specified for each system. Then the extracts were filtered by vacuum filtration, 

using filter paper. The Samples that contain hydroalcoholic solvent, after having been fil-

tered, Ethanol was evaporated in rotary evaporation at 60 °C. All samples were frozen at 

-20 °C for 96 h and freeze-dried for 120 h. 

2.3. Total Fenolic Compound and Antioxidant Capacity 

Phenolic compounds were determined in samples by Folin-Ciocalteau method as de-

scribed by Fernández-Fernández. et al. [10]. Gallic acid was used as reference with 5 con-

centrations ranged between 0.05 and 1 mg/mL. 10 µL of standard solution or sample and 

200 µL of 20% sodium carbonate (Na2CO3) were mixed. After 2 min, 50 μL of Folin-Cio-

calteu (1/5 dilution) reagent was added. The mixture as ept in darness for 30 min and 

absorbance at 750 nm was determined using the MULTISKAN FC-Thermo Scientific plate 

reader. 

The Overall antioxidant capacity of the samples was performed employing the ABTS 

methodology described by Fernández-Fernández. et al. [10], with some modifications. The 

radical ABTS• + (2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) was prepared by 

mixing 10mL of ABTS (7 mM) reagent and 176 μL of potassium persulfate (140 mM), 

keeping the mixture in the darkness for 16 h. TROLOX standars solution were used for 

calibration curve withconcentrations between 0.25 and 1.5 nM. A 96-well microplates was 

used, 10 μL of sample were added with 190 μL of ABTS • + solution previously adjusted 

to an absorbance of 0.7 AU in darkness, afterwards, absorbance was measured using the 

MULTISKAN FC-Thermo Scientific plate reader at 750 nm. 
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2.4. Identification Compounds by UHPLC 

The samples were analyzed by liquid chromatography procedure described by Fer-

nández-Fernández. et al. [10], with some modifications. An UltiMate 3000 UHPLC equip-

ment (Thermo Scientific), with a diode array detector, and a Thermo Scientific BDS 

Hypersil C18 reversed-phase column was used, with a flow of 1 mL/min. The mobile 

phase was methanol (A), acetonitrile (B), phosphoric acid pH 2.81 (C). The system was 

run with the following gradient elution program: 0 min, 5% A/95% C; 10 min, 10% 

A/10%B/80% C; 20 min, 20% A/20% B/60% C; 40 min, 20% A/20% B/60%; 45 min, 100%B; 

50 min 100%B; 55 min 5%B/95%C. The duration of each run was 55 min. The sample used 

is the same at Section 2.3. The injection volume was 20 μL. Six standards were used as 

reference compounds: gallic acid, caffeic acid, chlorogenic acid, quercetin, catechin and 

boldine. The identification of each compound in analyzed samples was performed by 

comparison with retention times and their absorbance at 290 nm, while catechin was de-

tected at 370 nm. The data were processed using Dionex Chromeleon 7.1 SR2 software. 

2.5. Bioaccesibility and Bioactivity Assays 

The selected extract was subjected to simulated digestion to obtain the bioaccessibil-

ity and bioactivity as, described Fernández-Fernández. et al. (2021) [11]. The digestion 

process was divided into three stages: first is the salivary stage, which includes the addi-

tion of α-amylase enzyme (3.9 unit/mL), the system was incubate for 5 min; the gastric 

stage is the second, it consists of a closed system, where the pH was adjusted to 2 with 1M 

HCl. 1.5 mg of the enzyme pepsin was added and it was left to incubate for 90 min. The 

third and last stage is the duodenal one, which is also a closed system in which the pH 

was adjusted again to 7 using 1 M NaHCO3. Then 9.2mg of the enzyme pancreatin and 

55.2 mg of bile were added, and finnally it was incubated for 150 min. The incubations 

were carried out at 37 ± 1 °C with heating plates and with constant shaking at 250 RPM. It 

was centrifuged for 20 min at 9500 rpm, and the supernatant was freeze-dried for 96 h. 

After freeze-dried, these samples were used to determine total phenolic compounds and 

ABTS antioxidant capacity, as described in Section 2.3. 

2.6. Biscuits Preparation 

It was used the procedure described by Fernández-Fernández. et al. (2021) [11] to 

formulate the biscuitswith some modifications. Four samples of orange biscuits enriched 

with boldo leaf were prepared with different percentages of flour/boldo extract: sample 1: 

46.54/0%; sample 2: 46.14/0.4%; sample 3: 45.64/ 0.9 %; sample 4: 45.14/1.4%.  For elabo-

ration the flour and the boldo extract, were mixed in a mixer at a power of 130 W and a 

frequency of 50 Hz for 5 min to homogenize. After that, the rest of the ingredients were 

added, forming a homogeneous dough. The cookies were cut with circular molds of 4.0 

cm in diameter and with a height of 0.5 cm, to then be baked, in a Xion brand electric oven, 

for 10 min at 160 °C. 

2.7. Fenolic Compound and Antioxidant Capacity of Biscuits 

Samples of each formulation were triturated, weighed by 100mg and 100 µL of 

DMSO were added. After that, 1200 µL phosphate buffer saline (PBS) 5 mM pH = 7.4 were 

added for better polyphenols extraction.The content of phenolic compounds and ABTS 

antioxidant capacity of the biscuits was determinedfollowing Section 2.3 above. 

2.8. Statistical Analysis 

All analyses was performed by triplicate. The results were treated by analysis of var-

iance (ANAVA), using the Infostat, Minitab and Graphpad Prism software. Differences 

between groups were consider significant when α < 0.05. Where significant differences 

existed, Tukey comparasion of means was applied at the 0.05 level of significance. 
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3. Results and Discussions 

3.1. Antioxidant Compound of Extract 

Table 1 shows the results for phenolic compound content and antioxidant capacity. 

In a study published by Soto et al. (2013) [12], they extracted boldo samples from tea bags, 

using 1 g/50mL water at 90 °C for 5 min, and obtained values of 34.3 ± 2.1 mg GAE/g dry 

sample. Similar results can be seen in the work by Iazusta et al. (2018) [13] where carried 

out an extraction (1/50) on a commercial sample of boldo leaves using water at 95 °C for 3 

min, and obtained a phenolic compound content of 88 ± 8mg GAE/g dry sample. Our 

extracts presented between 3 and 6 times more phenolic compounds than the aforemen-

tioned studies. The ABTS antioxidant capacity results show similar values to those ob-

tained by Speisky et al., (2006) [14] in boldo tea samples extracted with water at 95–100 °C 

for 5 min, 898 μMol eq TE/mL herbal tea. The extract system selected was system 3, as it 

was a simple and environmentally friendly extraction using water as a solvent at a tem-

perature of 70 °C and an extraction time of 1 h. In terms of total phenol content, system 3 

did not show significant differences with the rest of the systems, obtaining 218.83 ± 25.91 

mg eq GAE/g extract dry, but in terms of antioxidant capacity, there were significant dif-

ferences between the systems, being system 3 the one that showed differences only with 

system 7 but not with the rest of the systems. A value of 720.56 ± 15.00 μMol eq TE/g extrac 

dry was obtained. 

3.2. Characterization of the Selected Extract 

By UHPLC, four phenolic compounds have been identified in boldo leaf extracts: 

gallic acid, chlorogenic acid, rutin, and catechin (Figure 1). These results are similar with 

other studies where these compounds were also found in extractions using water as a 

solvent [15,16]. It’s reported that boldo extractions contain caffeic acid and boldine [15,16]. 

In this work, we couldn’t identify caffeic acid and boldine compound probably due to 

extraction temperture, whereas other studies used higher temperatures (over 80 °C) than 

the used in the present work (70 °C) [15,16]. Several authors mention that boldine has a 

low contribution to the antioxidant activity in boldo extracts, being the rest of the phenolic 

compounds the ones with the highest activity [17,18]. 

Compounds identified in this study have beneficial properties for human health. 

Gallic acid has been reported with benefits to suppress lipogenesis, reduce plasma glu-

cose, insulin and triglyceride levels [19,20]. Coffee beans have shown health benefits, 

which are attributed to chlorogenic acid, this being one of the main compounds present 

[21]. Recent studies have shown that the ingestion of 300–600mg of chlorogenic acid pre-

sent in 1~2 cups of coffee, improves insulin resistance, lipid oxidation and brain function 

[22]. Rutin has shown beneficial properties against cardiovascular diseases, neurodegen-

erative disorders, and improves lipid profile [23]. Catechins have many beneficial prop-

erties for human health, anti-cancer effects, anti-obesity, anti-diabetic, this is due to their 

antioxidant and prooxidant power intervening against reactive oxygen species [24]. 

 

Figure 1. Chromatograms obtained at a wavelength of 290 nm. Gallic acid (tR: 5312), chlorogenic 

acid (tR: 11,223) and rutin (tR: 18,823). 
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Table 1. Total phenol compound, antioxidant capacity and composition of the systems with their respective times. 

Systems 
Total Phenol Compound 

mg eq GAE/g Extract Dry 

Antioxidant Capacity 

μMol eq TE/g Extrac Dry 
% Water % Ethanol Time (h) 

System 1 215,79 ± 12,00 a 864,99 ± 24,49 a 30 70 1 

System 2 216,91 ± 30,99 a 792,37 ± 57,71 a 30 70 2 

System 3 218,83 ± 25,91 a 720,56 ± 15,00 a,b 100 0 1 

System 4 213,30 ± 39,14 a 732,97 ± 33,17 a,b 100 0 2 

System 5 173,76 ± 15,21 a 883,12 ± 54,95 a 65 35 1.5 

System 6 193,09 ± 21,31 a 603,80 ± 31,54 b,c 65 35 1.5 

System 7 196,89 ± 8,29 a 514,70 ± 26,89 c 65 35 1.5 

Note: All results are expressed as the average ± standard error, different letters in the same column indicate significant 

differences according to Tukey, p < 0.05. 

3.3. Bioaccessibility Study of the Extract before and after In Vitro Digestion 

Figure 2 show total phenolic content and ABTS antioxidant capacity in the undi-

gested and digested extract. It can observe a lower presence of phenolic compounds and 

antioxidant capacity in the extract after digestion. Nevertheless, results show some anti-

oxidant and phenolic compounds that supported the digestion process. The results ob-

tained are consistent with several studies, wherelosses of phenolic compounds and anti-

oxidant capacity in samples of Yerba mate (ilex paraguatiensis) [25] and Citrus pomaces 

[11] are reported. 

In this stady a reduction of 87% was obtained with respect to the content of phenolic 

compounds. It can be observed that the compounds involved in the extract are very sen-

sitive to the digestion process and only 13% was bioaccessible. However, a low antioxi-

dant capacity in vitro does not always represent a low capacity in vivo, according to [26] 

some compounds with low antioxidant capacity in vitro, after their metabolization into 

simpler compounds, may contribute to the antioxidant capacity of plasma. 

 
 

(A) (B) 

Figure 2. (A) Total phenol content and ABTS antioxidant capacity in the undigested and digested extract. Difference letters 

(a and b) indicate significant differencecs (Tukey, p < 0.05). (B). Total phenol content and ABTS antioxidant capacity in 

oranges biscuits. Difference letters (a and b) indicate significant differencecs (Tukey, p < 0.05). 

3.4. Preparation of Biscuit with Selected Extract and Determination of Bioactivity 

After the results for the selected extract, it was decided to make a control biscuit and 

biscuits with different concentrations of extract (0.4, 0.9, 1.4%). See Figure 2B. The biscuit 

with the highest content of phenolic compounds compared to the control biscuit was the 

biscuit containing 1.4% extract (2.70 ± 0.19 mg eq GAE/g biscuit), without differences be-

tween the biscuits containing 0.4% and 0.9%. As for the antioxidant capacity, the biscuit 

with 1.4% of the extract showed the highest antioxidant power (4.50 ± 0.42 μMol eq TE/g 

biscuit) compared to the control biscuits and 0.4% and 0.9%. A relationship between the 

total amount of phenolic compounds and antioxidant capacity can be observed [27]. 
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4. Conclusions 

An extract with high antioxidant power and total phenol content was obtained using 

water as solvent. Four phenolic compounds were identified in the extract: gallic acid, cat-

echin, rutin and chlorogenic acid. The extract subjected to the digestion process showed a 

bioaccessibility of 13% for total phenolic compounds. The use of the extract in the biscuit 

formulation showed an increase in total phenolic content and antioxidant capacity, mak-

ing the extract a potentially functional ingredient for use in food processing. We need to 

conduct further studies on the encapsulation strategies. 

Author Contributions: Conceptualization, A.M.; methodology, A.M. and A.I.; validation, A.M. and 

A.I.; formal analysis, M. R., M.B., A.I., and A.M.; investigation, M.R., A.I., M.I., and A.M.; resources, 

M.I. and A.M.; data curation, M.R. and M.B.; writing—original draft preparation, M.R. and M.I. and 

A.M.; writing—review and editing, M.R., M.I. and A.M; supervision, M.I., A.I., and A.M.; project 

administration, M.I. and A.M.; funding acquisition, M.I. and A.M. All authors have read and agreed 

to the published version of the manuscript. 

Funding: This research was funded by Comisión Sectorial de Investigación Científica (CSIC-Ude-

laR) project entitled “Recently developed bioactive compounds in the prevention of non-communi-

cable chronic diseases incorporated in high-consumption functional dairy foods”. Programa de Fo-

mento de la Investigación, Desarrollo e Innovación, UTEC Proyecto 1811-2018. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: We do not have supplementary data to show other than the results 

presented in the “Results and Discussion” section. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Ferrante, D.; Virgolini, M. Salud pública y factores de riesgo: vigilancia de factores de riesgo de enfermedades no transmisibles. 

Rev. Argent. Cardiol. 2005, 73, 221–227. 

2. Araya, H.L.; Lutz, M.R. Functional and healthy foods. Rev. Chil. Nutr. 2003, 30, 8–14. https://dx.doi.org/10.4067/S0717-

75182003000100001 

3. Moreale, J.; González, T.; Giménez, A.; Alfonso, M.d.C. Evaluación de las interacciones farmacológicas de las hierbas medicina-

les en Uruguay. (Spanish). Biomedicina 2012, 7, 6–21. 

4. Gallegos-Zurita, M. Las plantas medicinales: principal alternativa para el cuidado de la salud, en la población rural de Ba-

bahoyo, Ecuador. Anal. Fac. Med. 2016, 77, 327–332. 

5. Speisky, H.; Cassels, B.K. Boldo and boldine: An emerging case of natural drug development. Pharmacol. Res. 1994, 29, 1–12. 

doi:10.1016/1043-6618(94)80093-6 

6. Fernández, J.; Lagos, P.; Rivera, P.; Zamorano-Ponce, E. Effect of boldo (Peumus boldus Molina) infusion on lipoperoxidation 

induced by cisplatin in mice liver. Phytother. Res. 2009, 23, 1024–7. doi:10.1002/ptr.2746. 

7. O’Brien, P.; Carrasco-Pozo, C.; Speisky, H. Boldine and its antioxidant or health-promoting properties. Chem. Biol. Interact. 2006, 

159, 1–17. doi:10.1016/j.cbi.2005.09.002. 

8. Muñoz-Velázquez, E.E.; Rivas-Díaz, K.; Loarca-Piña, M.G.F.; Mendoza-Díaz, S.; Reynoso-Camacho, R.; Ramos-Gómez, M. Com-

paración del contenido fenólico, capacidad antioxidante y actividad antiinflamatoria de infusiones herbales comerciales. Rev. 

Mex. Cienc. Agríc. 2012, 3, 481–495. 

9. Box, G.E.P.; Hunter, J.S.; Hunter, W.G. Statistics for Experimenters. An Introduction to Design, Data Analysis, and Model Building; 

John Wiley & Sons: New York, NY, USA, 1978. 

10. Fernández-Fernández, A.M.; Dumay, E.; Lazennec, F.; Migues, I.; Heinzen, H.; Lema, P.; López-Pedemonte, T.; Medrano-Fer-

nandez, A. Antioxidant, Antidiabetic, and Antiobesity Properties, TC7-Cell Cytotoxicity and Uptake of Achyrocline satu-

reioides (Marcela) Conventional and High Pressure-Assisted Extracts. Foods 2021, 10, 893. https://doi.org/10.3390/foods10040893 

11. Fernández-Fernández, A.M.; Dellacassa, E.; Nardin, T.; Larcher, R.; Gámbaro, A.; Medrano-Fernandez, A.; del Castillo, M.D. In 

Vitro Bioaccessibility of Bioactive Compounds from Citrus Pomaces and Orange Pomace Biscuits. Molecules 2021, 26, 3480. 

https://doi.org/10.3390/molecules26123480. 

12. Soto, C.; Caballero, E.; Pérez, E.; Zúñiga, M.E. Effect of extraction conditions on total phenolic content and antioxidant capacity 

of pretreated wild Peumus boldus leaves from Chile. Food Bioprod. Process. 2014, 92, 328–333, 

https://doi.org/10.1016/j.fbp.2013.06.002. 

13. Irazusta, A.; Caccavello, R.; Panizzolo, L.; Gugliucci, A.; Medrano, A. The potential use of Mentha x piperita L., Peumus boldus 

Mol. and Baccharis trimera Iless. extracts as functional food ingredients. Int. J. Food Nutr. Res. 2018, 2, 14. 

https://doi.org/10.3390/molecules26123480


Biol. Life Sci. Forum 2021, 1, x 7 of 4 
 

 

14. Speisky, H.; Rocco, C.; Carrasco, C.; Lissi, E.A.; López-Alarcón, C. Antioxidant Screening of Medicinal Herbal Teas. Phytother. 

Res. 2006, 20, 462–467. 

15. Bianchini, M.C.; Gularte, C.O.A.; Escoto, D.F.; Pereira, G.; Gayer, M.C.; Roehrs, R.; Puntel, R.L. Peumus boldus (Boldo) Aqueous 

Extract Present Better Protective Effect than Boldine Against Manganese-Induced Toxicity in D. melanogaster. Neurochem. Res. 

2016, 41, 2699–2707. doi:10.1007/s11064-016-1984-z 

16. Zielinski, A.A.F.; Haminiuk, C.W.I.; Alberti, A.; Nogueira, A.; Demiate, I.M.; Granato, D. A comparative study of the phenolic 

compounds and the in vitro antioxidant activity of different Brazilian teas using multivariate statistical techniques. Food Res. 

Int. 2014, 60, 246–254, https://doi.org/10.1016/j.foodres.2013.09.010. 

17. Del Valle, J.; Godoy, C.; Asencio, M.; Aguilera, J. Recovery of antioxidants from boldo (Peumus boldus M.) by conventional and 

supercritical CO2 extraction. Food Res. Int. 2004, 37, 695–702. 

18. Lara-Fernández, L.; de la Garza-Toledo, H.; Wong-Paz, J.E.; Belmares, R.; Rodríguez-Herrera, R.; Aguilar, C.N. Separation con-

ditions and evaluation of antioxidant properties of boldo (Peumus boldus) extracts. J. Med. Plants Res. 2013, 7, 911–917. 

19. Dludla, P.V.; Nkambule, B.B.; Jack, B.; Mkandla, Z.; Mutize, T.; Silvestri, S.; Orlando, P.; Tiano, L.; Louw, J.; Mazibuko-Mbeje, 

S.E. Inflammation and Oxidative Stress in an Obese State and the Protective Effects of Gallic Acid. Nutrients 2019, 11, 23. 

https://doi.org/10.3390/nu11010023 

20. Kahkeshani, N.; Farzaei, F.; Fotouhi, M.; Alavi, S.S.; Bahramsoltani, R.; Naseri, R.; Momtaz, S.; Abbasabadi, Z.; Rahimi, R.; Far-

zaei, M.H.; Bishayee, A. Pharmacological effects of gallic acid in health and diseases: A mechanistic review. Iran. J. Basic Med. 

Sci. 2019, 22, 225–237. https://doi.org/10.22038/ijbms.2019.32806.7897 

21. Gao, J.; Hu, J.; Hu, D.; Yang, X. A Role of Gallic Acid in Oxidative Damage Diseases: A Comprehensive Review. Nat. Prod. 

Commun. 2019, https://doi.org/10.1177/1934578X19874174 

22. Ochiai, R.; Tomonobu, K.; Ikushima, I. Effect of chlorogenic acids on fatigue and sleep in healthy males: A randomized, double-

blind, placebo-controlled, crossover study. Food Sci. Nutr. 2018, 6, 2530–2536. 

23. Isemura, M. Catechin in Human Health and Disease. Molecules 2019, 24, 528. https://doi.org/10.3390/molecules24030528. 

24. Frutos, M.J.; Rincón-Frutos, L.; Valero-Cases, E. Rutin. In Nonvitamin and Nonmineral Nutritional Supplements; Nabavi, S., Silva, 

A.S., Eds.; Academic Press: Cambridge, MA, USA, 2019; pp. 111–117. https://doi.org/10.1016/B978-0-12-812491-8.00015-1. 

25. Ribeiro, V.R.; Maciel, G.M.; Fachi, M.M.; Pontarolo, R.; Fernandes, I.D.A.A.; Stafussa, A.P.; Haminiuk, C.W.I. Improvement of 

phenolic compound bioaccessibility from yerba mate (Ilex paraguariensis) extracts after biosorption on Saccharomyces cere-

visiae. Food Res. Int. 2019, 126, 108623. 

26. Villano, D.; Fernández-Pachón, M.S.; Troncoso, A.M.; García-Parrilla, M.C. Comparison of antioxidant activity of wine phenolic 

compounds and metabolites in vitro. Anal. Chim. Acta 2005, 38, 391–398 

27. Muñoz-Velázquez, E.E.; Rivas-Díaz, K.; Loarca-Piña, M.G.F.; Mendoza-Díaz, S.; Reynoso-Camacho, R.; Ramos-Gómez, M. Com-

paración del contenido fenólico, capacidad antioxidante y actividad antiinflamatoria de infusiones herbales comerciales. Rev. 

Mex. Cienc. Agríc. 2012, 3, 481–495. 


