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Abstract

Phenolic compounds are an extensive group of structures, with one

or more hydroxyl groups, frequently associated to health benefits by

the current literature. Although they exert pronounced functional

activities, it is known that they undergo many structural

transformations during the digestion process. Nature and extent of

these transformations have not yet been fully characterized. The

objective of this work was to verify how the microbiota of humans

modifies the yerba mate compounds using a simulation of colonic

fermentation. Yerba mate was obtained at the local commerce of

Maringá, State of Paraná, Brazil and the extraction was carried out by

simulating the preparation of the traditional beverage known as

chimarrão. The latter consists basically in a hot water extraction. For

mimicking the digestion and fermentation we used the methodology

described by Correa et al. [1], but with human inoculum, obtained from

female donors aged 25-30 years, who had not used antibiotics during

the past 3 months and who maintained a diet low in phenolics for 3

days prior to the analysis. Phenolic compounds were analyzed in a HPLC

system coupled to a diode-array detector and a linear ion trap mass

spectrometer equipped with an electrospray ionization source.

Stomach digestion generally diminished the phenolic contents, whereas

the opposite generally occurred for the small intestine digestion. Use of

the inoculum from humans, on the other hand, resulted in much lower

amounts of some compounds to the point that the total phenolics after

FHFI comprised 51% of the crude extract. Diminution was more

pronounced for trans-3-O-caffeoylquinic acid. However, for 5-O-

caffeoylquinic acid and 4,5-O-dicaffeoylquinic acid, the contents after

fermentation with the human inoculum were increased. Although both

stomach and small intestine also modify the phenolic compounds,

colonic fermentation represents a much more drastic event in terms of

metabolic transformation.
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Recommendations

Introduction

Phenolic compounds are an extensive group of structures with one

or more hydroxyl groups associated with aromatic rings. Among the

structures belonging to this group, phenolic acids and flavonoids stand

out as the most bioactive. Phenolic acid consists of a structure

composed of a benzene ring and carboxyl and hydroxyl groups, while

flavonoids have a benzoic ring with 15 carbon atoms (C6-C3-C6) and a

phenylpropane unit [2]. The configuration of both is responsible for

giving them different functional capacities such as antioxidant, anti-

inflammatory, cytotoxicity against tumor cells and antimicrobial.

Materials and methods
Yerba mate was obtained from commercial brand acquired in the

local commerce of Maringá, State of Paraná, Brazil. The extract was

carried out by simulating the preparation of the traditional beverage

known as chimarrão. Thus, it was used a hot infusion (approximately

85ºC) at the rate of 100g per liter of water. The mixture remained

under stirring for 5 minutes, after which it was filtered and

lyophilized.

The digestion was carried out following different stages and, in

order to evaluate the influence of each one on the structure, aliquots

of the crude extract were submitted to digestion and removed at

each stage, except for the oral one.

In vitro gastrointestinal digestion was simulated as previously

described [1]. A portion of each lyophilized plant extract was mixed

with artificial saliva solution (Na2HPO4, KH2PO4, NaCl, pH 6.75) with

the addition of a-amylase (200 U of enzyme activity). This mixture

was shaken at 150 rpm for 10 min at 37°C. The gastric step was

produced with the adjustment of pH to 1.2 and the addition of

artificial gastric fluid (pepsin in saline solution, pH 1.2). The mixture

was incubated at 37°C for 120 min, on a shaker with an agitation of

150 rpm. Finally, the pH was adjusted again to 6.0 following the

addition of NaCl, KCl, and artificial intestinal fluid (pancreatin and bile

extract in NaHCO3 buffer). The mixture was incubated at 37°C for 60

min, at 150 rpm. Thereafter the samples were lyophilized and kept at

-20 C.

The colonic fermentation was carried out according to previous

work [1]. Initially, a fermentation medium was prepared which was a

carbonate-phosphate buffer. The mineral medium was adjusted to

pH 7.0 and glucose was added to a final concentration of 0.8%. Part

of the material obtained after small intestine step was added to the

culture medium and the mixture was purged with nitrogen until the

anaerobic indicator (methylene blue) became colorless.

Results

Table 1 shows the results of the phenolics found in the initial

yerba mate extract (crude extract) as well as their quantification. One

flavonoid (Quercetin-3-O-rutinoside) and eight phenolic acids were

discovered. The main constituents were trans 3-O-Caffeoylquinic

acid, cis 3-O-Caffeoylquinic acid and 5-O-Caffeoylquinic acid. That

represents, together, 64% of total compounds identified by HPLC

methods, approximately.

Conclusion

The digestion and fermentation mimicry technique aims to

understand how the compounds present in foods are affected during

their passage through the human gastrointestinal tract. Although

both stomach and small intestine also modify the phenolic

compounds, colonic fermentation represents a much more drastic

event in terms of metabolic transformation.
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Table 1. Quantification of phenolic compounds (mg/g) of crude extract of yerba mate 
(mean ± SD).

Peak Crude extract

1 cis 3-O-Caffeoylquinic acid 27.74±0.25

2 4-O-Caffeoylquinic acid 17.40±0.03

3 trans 3-O-Caffeoylquinic acid 35.30±0.70

4 5-O-Caffeoylquinic acid 22.93±0.30

5 Quercetin-3-O-rutinoside 2.81±0.06

6 3,4-O-diCaffeoylquinic acid 9.74±0.03

7 cis 3,5-O-diCaffeoylquinic acid 3.58±0.02

8 trans 3,5-O-diCaffeoylquinic acid 7.49±0.02

9 4,5-O-diCaffeoylquinic acid 6.70±0.06

Data are means ± SD. 

Table 2. Quantification of phenolic compounds (mg/g) of yerba mate after stomach and 
small intestine digestion and after colonic fermentation with human inoculum (mean ±
SD).

Peak
Stomach 
digestion

Small intestine 
digestion

Colonic 
fermentation

1 cis 3-O-Caffeoylquinic acid 17.08±0.32b 48.33±1.39c 10.56±0.25e

2 4-O-Caffeoylquinic acid 16.94±0.56a 19.75±0.63b 4.85±0.15d

3 trans 3-O-Caffeoylquinic acid 30.12±1.11b 24.78±0.41c 4.80±0.27d

4 5-O-Caffeoylquinic acid 29.19±0.78b 25.39±0.12c 31.04±0.55d

5 Quercetin-3-O-rutinoside 2.26±0.06b 3.05±0.04c 5.80±0.09d

6 3,4-O-diCaffeoylquinic acid 3.67±0.19b 12.84±0.17c Nd

7 cis 3,5-O-diCaffeoylquinic acid 0.69±0.02b 1.83±0.01c Nd

8 trans 3,5-O-diCaffeoylquinic acid 0.43±0.04b 0.70±0.01c Nd

9 4,5-O-diCaffeoylquinic acid 2.47±0.21b 10.48±0.02c 10.63±0.57 c

Data are means ± SD. Different letters denote p<0.05 among stages. 

Table 2 shows the quantification of phenolic compounds to

the yerba mate after de digestion steps. About digestion until

small intestine, some compounds had their quantities modified,

mainly trans 3-O-Caffeoylquinic acid (peak 3), cis 3,5-O-

diCaffeoylquinic acid (peak 7), and trans 3,5-O-diCaffeoylquinic

acid (peak 8) that suffered diminution.

Although phenolic acids and flavonoids has great functional

activity, is knowledge that they suffer many transformations in

their structure during the digestion process. For this reason,

digestion and fermentation are extensively mimicked with

techniques that aim to understand how the compounds present

in foods are affected during their passage through the human

gastrointestinal tract.

The objective of this work was to verify how the microbiota of

humans modifies the yerba mate compounds using a simulation

of colonic fermentation.

Other compounds increased the amount, especially cis 3-O-

Caffeoylquinic acid (peak 1) and 4,5-O-diCaffeoylquinic acid (peak

9), and with minor alterations the compounds 4-O-Caffeoylquinic

acid (peak 2), 5-O-Caffeoylquinic acid (peak 4), Quercetin-3-O-

rutinoside (peak 5) and 3,4-O-diCaffeoylquinic acid (peak 6).

Quercetin-3-O-rutinoside (rutin) was compound stable in oral

and gastric process of digestion. These results made the total

compounds after digestion in the small intestine close to the

initial amount.

Considering the compounds present after the small intestine,

colonic fermentation caused a great decrease in the number of

bioactives evaluated. However, three in particular increased or at

least maintained their content, namely: 5-O-Caffeoylquinic acid,

Quercetin-3-O-rutinoside, 4,5-O-diCaffeoylquinic acid. The total

phenolic compounds in small intestine digestion were

147,16±2,66 mg/g and after colonic fermentation, there was

67,70±1,04 mg/g, representing a loss of 54%.

For the human inoculum, the donors were women aged 25-30

years, who had not used antibiotics in the past 3 months and who

maintained a diet low in phenolics for the 3 days prior to the

analysis.
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