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AbstrAct 
Direct content coffee preparation methods may be used as alternative ways to obtain coffee beverages with varied cup profiles. In this investigation the 
antioxidant metabolites, antioxidant activity, and cup profiles were determined for coffee drinks prepared using five different direct contact methods. The 
method that registered greatest antioxidant retention was Ibrik, followed by French press, and Toddy. Antioxidant capacity was proportional to antioxidant 
component retention in the preparations made. It is recommended that coffee be prepared via the Ibrik, French press, and Toddy methods for high 
acceptance levels, as well as for retention of bioactive components with antioxidant properties and abilities.
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1 INtrODUctION

Coffee is a product with massive use, produced in over 
70 countries (Liang et al., 2016; Oktaviani et al., 2020). It forms 
part of the most important agricultural chains in countries 
including Brazil, Vietnam, and Colombia, among others. For 
Colombians, this traditional beverage represents a symbol 
of national identity and pride. The quality of a cup of coffee 
depends on both climatic and postharvest processing factors, 
including the benefit, fermentation, and roasting conditions, as 
well as the variety and composition of the coffee processed 
(De Bruyn et al., 2017).

Numerous studies have addressed coffee functionality, 
based on its antioxidant composition, recommending its 
continuous consumption in order to obtain the health and sensory 
bounty provided thereby (Aguiar; Estevinho; Santos, 2016).

Certain authors have emphasized the role of coffee, 
fruits, grains, and vegetables in the diet as health-protecting 
agents, as they minimize oxidative stress, which is a precursor 
to many illnesses, including diabetes, Parkinson’s disease, 
and various types of cancer (Aguiar; Estevinho; Santos, 2016; 
Oroian; Escriche, 2015). Additionally, the coffee roasting 
process generates products, during the Maillard reaction, which 
also exhibit antioxidant and free radical-trapping properties 
that are attributed to its phenolic content (Moreira et al., 2017).

Phenolic components act as antioxidants, via Single 
Electron Transfer (SET) and Hydrogen Atom Transfer 
(HAT). Phenolic components as the flavonoids, specifically 
phenolic acids and tannins has greatest function tin the 
coffee. Hydroxycinnamic acids, such as chlorogenic acid and 
ferulic acid, provide acidity and bitterness to the cup profile. 
Similarly, the presence of tannins in coffee is associated 

with the beverage’s astringent notes. All of these metabolites 
support sensory quality and highlight the flavor of the toasted 
beans, which generate important benefits for human health, 
as reported in numerous scientific studies (Shao et al., 2015; 
Siswanto; Oguro; Imaoka, 2017; Yan et al., 2017; Bao et al., 
2018; Imtiaz et al., 2019; Javed et al., 2020).

Roasting generates chemical changes in the antioxidant 
composition of coffee, as well as in its antioxidant activity. 
Such is the case of ferulic acid, during the roasting process, 
participates in decarboxylation reactions, in order to create 
phenolic compounds, thus increasing antioxidant content and 
simultaneously providing both bitter and acidic notes to the 
coffee (Lee et al., 2015).

The emergence of both new coffee preparations and the 
positioning of the barista culture constitute an emerging coffee 
market, which is characterized by the ingenuity, innovation, 
and motivation of connoisseurs and coffee lovers. Said 
preparations offer diverse sensorial profiles and antioxidant 
composition, in accordance with the preparation conditions 
employed (Ormaza-Zapata; Díaz-Arango; Rojano, 2019). This 
tendency makes way for the consumption of special coffees 
and the purchase of traditional and recent preparation methods. 
Thus, added value increases for other products derived from 
coffee (Angeloni et al., 2019).

The direct contact methods are characterized by 
leaving the water (10 °C to 90 °C) in contact with the coffee 
for a certain period of time, in order that a mass transference 
phenomenon may occur. Therein, coffee solids pass to the 
water via lixiviation. Contact time varies for the methods under 
study, as does the coffee-water proportion, total preparation 
time, and water temperature (Ormaza-Zapata; Díaz-Arango; 
Rojano, 2019). 
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The relationship between the preparation method, 
cup profile, and antioxidant compound composition 
has neither been established nor used as an opportunity 
to offer varieties of coffee with specific sensorial and 
functional characteristics to the market. Certain previous 
studies (Muñoz et al., 2020; Çelik; Gökmen, 2018) did 
not consider preparation method principle, but instead 
considered only those which are most popular in coffee 
shops or homes, and in some cases, only normalized 
coffee preparation procedures were applied, without 
consideration for comercial preparation methods. In some 
studies, preparation methods were neither correlated with 
the composition of various chemical antioxidant species, 
nor with the cupping test, which represents beverage 
acceptance by expert coffee tasters (Çelik; Gökmen, 
2018). The objective of the present study is to determine 
antioxidant compound retention levels, as well as 
antioxidant capacity in the preparations under study. This 
will occur parallel with the development of an adequate 
cup profile in the preparation of coffee-based drinks, 
by way of five direct contact methods. The antioxidant 
metabolites studied were as follows: total phenols, 
flavonoids, condensed tannins, and hydroxycinnamic 
phenolic acids (chlorogenic acid, caffeic acid, p-coumaric 
acid, and ferulic acid). Antioxidant capacity was evaluated 
by way of the ABTS and ORAC methods.

2 MAtErIAL AND MEtHODs

2.1 Raw materials
The parchment coffee (Coffea arabica L. var. Castillo) 

used was obtained from the municipality of Anserma, 
Caldas, Colombia, from San Rafael Farm, located at 1,750 
m above sea level. It was grown at approximately 20 °C, 
with an average relative humidity of 72%. One thousand two 
hundred grams of each sample were processed, in triplicate, 
for each of the determinations made (Díaz-Arango; Ormaza-
Zapata; Rojano, 2018).

2.2 Physiochemical analyses
The parchment was separated from the green bean, by 

way of a threshing process (Quantik, CR-2000, Quimbaya, 
Colombia). Samples were sifted, and only the excelso coffee 
that remained in the 14/64-inch sieve was used. Pods and other 
grains with defects were removed from groups one and two. The 
humidity content of the green beans was determined with the 
help of a forced convection stove (Dies, TH115FM, Antioquia, 
Colombia). The roasting process occurred at 180 °C +/- 1 °C, 
and 100% power, in a laboratory-scale roaster (Quantik, TC-
150 A/R, Quimbaya, Colombia), until beans with medium 
roast were obtained. After roasting, the samples continued to 

a milling process (Grindmaster 810, Mexico), which varied 
in accordance with the type of beverage preparation to be 
employed (fine, medium, or coarse) (Ormaza-Zapata; Díaz-
Arango; Rojano, 2019).

The size of the ground bean particulates was verified 
with the Taylor series method. Sample pH was measured 
with a digital pH meter (Lab-850; Schott Instruments®, 
Germany). Soluble solids were determined with a digital 
refractometer (PAL-1, Atago®, Japan), and were expressed 
in degrees Brix (°Brix). The weight of the ground coffee and 
that of the beverage were determined using a precision scale 
(Fénix-Plus, Bogotá, Colombia) for each preparation method. 
The Extraction Performance (EP) for each beverage was then 
calculated (Equation 1). Beverages were hermetically sealed 

(1)
2

1

m
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m
 

in polypropylene plastic jars, and stored at -40 °C for their 
subsequent preparation and analysis (Díaz-Arango; Ormaza-
Zapata; Rojano, 2018).
Where m1 is the weight of the toasted, ground coffee in g, m2 
is the weight of the total beverage obtained in g, and the °Brix 
is the beverage’s soluble solids percentage.

2.3 Coffee beverage preparation with direct 
contact methods

Five coffee beverage preparation methods, which 
employed the direct contact principle, were evaluated. The 
toasted and ground coffee were put in direct contact with 
the water at a given temperature, in accordance with the 
preparation method applied. Below, the procedure employed 
for each method is described:

-French press: Toasted, coarsely-ground coffee (≥ 700 
microns) was used, and put in contact with hot water, at 90 °C, 
for four minutes. Fourteen grams of coffee were mixed with 
150 mL of water. Every two minutes, the mixture was stirred. 
A direct contact filtration system is utilized with this method, 
known as the piston cafetière, plunger, or French press.

-Midzudashi: Toasted, medium-ground coffee (500 
- 700 microns) was used, as was cold water at 10 °C. This 
method is equipped with a filtration system underneath, as well 
as a glass container with a plastic mesh netting. The coffee and 
water are in direct contact with ice.

-Toddy: One hundred grams of medium-ground (500 - 
700 microns) coffee was mixed with 500 mL of cold water and 
500 g of ice. The three ingredients were mixed in the plastic 
container. Contact time was 24 hours of refrigerator storage 
at 4 °C. This content passed through a porous filter, with the 
help of gravity, to a glass jar, which was attached to the plastic 
container in order to obtain the final beverage.
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-Ibrik: This method, also known as the Turkish method, 
uses a low-volume metallic container which was placed on 
low heat until having boiled three consecutive times. Each 
time it boiled, the mixture was removed from the flame and 
left to rest for one minute. Fourteen grams of finely-ground 
coffee (350 – 500 microns) was mixed with 150 mL of hot 
water at 90 °C. The total contact time between the water and 
coffee was four minutes. 

-Percolator: Fifty-six grams of medium-ground coffee 
(500 – 700 microns) and 600 mL of water were mixed 
for four minutes by a recirculation system. In this case, a 
greater volume of water passed through the wide-pore filter 
containing coffee.

In Figure 1, the direct contact methods evaluated in the 
present study are shown.

2.4 Coffee beverage cup profile analysis
The respective beverages and the respective 

samples evaluated were prepared for the cup tasting 
(taken from minutes 2-9, every 30 seconds, in triplicate). 
The samples were evaluated with the Q.D.A. (Quantitative 
Descriptive Analysis) flavor profile, and provided a 
rating by the tester (three expert testers). The attributes 
evaluated in each case were: fragrance, aroma, acidity, 
bitterness, body, aftertaste, and overall impression. A form 
with a structured scale, containing values from 1-10, with 

1 being the lowest and 10 being the highest rating, was 
used. Additionally, other descriptors were considered in 
the beverages’ sensorial evaluation, which describe the 
presence of odd smells or flavors, product deterioration, 
contamination, or defects such as acridity, vinegar flavor, 
fermentation, astringency, age, rancidity, phenolic, earthy, 
or chemical flavors, among others. The results of the 
Q.D.A. cup tests were depicted on radial charts (Ormaza-
Zapata; Díaz-Arango; Rojano, 2019).

2.5 Sample preparation
The beverages prepared with the five methods under 

study were diluted to fixed concentrations with distilled 
water, in order to perform antioxidant compound and capacity 
measurements (Rojano; Zapata; Sepúlveda, 2015).

2.6 Total phenol determination
Phenol determination was performed using Follin-

Ciocalteu’s colorimetric method. It constituted a pattern 
curve, using gallic acid as a standard. The results were 
expressed in mg of gallic acid.100g of sample-1. The 
readings were performed at 760 nm in triplicate. A UV-
VIS spectrophotometer (Jenway, 6405, Essex, England) 
was used. The Follin-Ciocalteu reagent and gallic acid 
were obtained from the Merck trading house (Germany) 
(Ormaza-Zapata; Díaz-Arango; Rojano, 2019).

Figure 1: Direct contact coffee preparation methods a) French press b) Ibrik, c) Toddy, d) Midzudashi, and e) Percolator. Source: Authors.
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2.7 Total flavonoid content 
Beginning with an aliquot of 0.5 mL of beverage 

sample solution, 0.5 mL of ethanolic solution was added, with 
AlCl3 at 2 %. After an hour of incubation at room temperature, 
the absorbency was determined to be 420 nm. Catechin 
solutions (Sigma-Aldrich®, USA) were used, as was between 
5-25 µg.mL-1 of ethanol (Merck, Germany), for calibration 
curve construction. Total flavonoid content was calculated as 
mg equivalent to catechin.100 g sample-1. This procedure was 
carried out for each one of the samples in triplicate. The values 
presented correspond to the mean and standard deviation (±). 
A UV-VIS (Jenway, 6405, Essex, England) spectrophotometer 
was used (Díaz-Arango; Ormaza-Zapata; Rojano, 2018).

2.8 Condensed tannins 
Two hundred and thirty μL of the extract sample from 

each coffee beverage was taken, and 670 μL of a recently-
prepared vanilla solution (1 g.100 mL-1) was added to 70 % 
sulfuric acid. The mixture sat for 15 minutes at 20 °C, and 
the spectrophotometric reading was taken at 500 nm and 
compared with the curve pattern used as standard (+)- catechin. 
The results were expressed as mg of catechin equivalent.100 g 
sample-1 (Ormaza-Zapata; Díaz-Arango; Rojano, 2019).

2.9 Hydroxycinnamic phenolic acid content 
The coffee extracts were filtered (0.45 mm pore size) 

with dilutions in supra-pura water. The chromatographic 
conditions were: mobile acetonitrile phase/acidified water 
(phosphoric acid pH = 2.5), (400:600 v/v). The phenolic 
components were eluated under the following conditions: 
flow of 1 mL.min-1, 25 °C, and isochratic conditions. The UV-
visible spectrum was traversed from 200-600 nm for all spikes. 
The identification and quantification of chlorogenic acid, 
caffeic acid, p-coumaric acid, and ferulic acid was performed 
via the standard external method in the beverages under study. 
All tests were performed in triplicate (Díaz-Arango; Ormaza-
Zapata; Rojano, 2018).

2.10 Antioxidant activity ABTS determination 
Measurements were taken at a 734 nm wavelength. 

One hundred μL were used as an extract of the coffee beverage 
samples at different times, with 900 μL of the ABTS radical 
solution. Given 60 minutes to react at room temperature, in the 
dark, the change in reagent absorbency with an ABTS radical 
solution, with the sample solvent. The absorbency value was 
compared to the reference curve constructed with Trolox as 
a standard. For both compounds, the inhibitory concentration 
was determined to be 50 % (IC50), as shown in Equation 3 
(Percentage inhibition (PI)), and the results were expressed 
as TEACm values (μmol Trolox.100 g sample-1) (Ormaza-
Zapata; Díaz-Arango; Rojano, 2019).

2.10.1 Oxygen Radical Absorption Capacity (ORAC) 
evaluation 

In the ORAC determinations, 6-hidroxi-2,5,7,8-
tetrametilchrome-2-carboxilic acid or Trolox (Merck, 
Germany) was used as standard with controlled temperature 
conditions, at 37 °C and 7.4 pH. The readings were performed 
at an excitation wavelength of 493 nm and an excitation 
opening of five, one excitation emission of 515 nm, emission 
opening of 13, an attenuator of 1%, and without attenuating 
plate. Fluorescein solutions of 1x10-2 M in phosphate buffer 
solution (PBS) (75 mM), 2.2’-Azinobis (2-amidinopropane) 
dichlorhydrate (AAPH) 0.6 M in PBS (75 mM) were 
employed. The beverage samples were prepared with 21 
µL of fluorescein, 2.899 µL of PBS, 30 µL of the extract 
tested, and 50 µL of AAPH. Trolox was used as a standard. 
The antioxidant protection effect was calculated using the 
differences between the areas of fluorescein between the target 
and sample below the decay curve, and the Trolox curve, and 
was expressed in µmol Trolox.100 g sample-1 and TEAC m, as 
shown in Equation 2 (Díaz-Arango; Ormaza-Zapata; Rojano, 
2018). Said tests were performed in triplicate. The decrease in 
fluorescein intensity was made in a spectrofluroimeter (Perkin-
Elmer LS-55, Beaconstield, UK). The fluorescein, PBS, 
sodium phosphate acid and the AAPH were acquired from the 
Aldrich Chem. Co trading house (Milwaukee, WI).

(2)PI 1 1 00sample target sample

standard target standard

A A
x

A A

  
       

Where, AUCsample is the area below the sample curve, 
AUCcontrol is the area below the curve for the standard, 
AUCTrolox is the area below the curve for Trolox, and f is the 
extract dilution factor.

2.11 Statistical analyses
All determinations were made in triplicate and 

values expressed as averages the standard deviations (±). 
The statistical differences were determined via variance 
analysis (ANOVA) and the Least Significant Difference 
test (LSD), with a value of p<0.05 for the comparison of 
means of each of the analyzed variables, antioxidant content, 
hydroxycinnamic phenolic acids, and antioxidant activity in 
the coffee beverages prepared via direct contact methods. 
The SAS statistical package was used. Linear regressions 
were calculated with a 95 % (p<0,05) significance level, 
via the STATGRAPHICS Centurion XV statistical package 
(Ormaza-Zapata; Díaz-Arango; Rojano, 2019).

 sample control

trolox control
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3 rEsULts  

The green, threshed coffee registered an initial humidity 
of 12 %, with which it guaranteed that the results obtained were 
comparable between them, based on samples with uniform 
humidity contents. The roasting process was performed 
with the same conditions for all samples evaluated. Certain 
physicochemical variables were analyzed, as presented in Table 1. 

Beverage performance was highest for the Ibrik method, 
followed by the French press and Toddy, in that order. The Ibrik 
method may have presented high performance owing to the 
three consecutive times it was boiled during preparation. Water 
evaporation was thus generated the concentration of soluble and 
insoluble solids in the beverage obtained. The method which 
presented the most diluted beverage was that prepared with a 
percolator, owing to the constant recirculation generated with this 
method, as a consequence of coffee over-extraction. The methods 
with highest performance presented increased darkening, as a 
product of their solid concentrations. Toddy, although it is a cold 
method of preparation, presented high performance, in contrast 
to the Midzudashi cold method, which presented greater fluidity 
and clarity in the beverage obtained. The ANOVA indicated a 
significant difference between preparation methods applied and 
performances obtained p<0.05.

The soluble solids (°Brix) presented the highest values 
in the preparations performed with the Ibrik, French press, and 
Toddy methods, followed by that of Midzudashi, and lastly, 
the percolator. These results corroborate the relationship with 
beverage performance obtained by each of the direct contact 
methods evaluated. Said results indicated that the preparation 
method influenced sugar, organic acid, salt, and other water-
soluble compounds’ dilution. No significant effect was found 
in terms of preparation temperature for beverage solid soluble 
concentration (p>0.05), but the preparation method applied 
did have a significant effect (p>0.05).

The pH of the beverage prepared with the Toddy method 
was the highest of all of the beverages, followed by that of 
the percolator, Ibrik, and French press methods. This assertion 
was made evident with the Toddy method, but not with the 
Midzudashi method, which is also prepared cold. In the latter, 
there was no agitation during preparation, while with the Toddy 

method, there was. This permitted the complete solubilization 
of the organic acids, and the resulting alkalization of the cold 
beverage. With the French press and Ibrik methods, there was 
no mixture homogenization. With the percolator method, there 
was constant water recirculation and over-extraction during 
preparation. The pH value is related to the concentration of 
organic acids present in the coffee. Variance analysis indicated 
a significant difference (p<0.05) between the beverage pH and 
the preparation method applied. 

Total phenol content was high with use of the Ibrik 
method, followed by that of the French press and Toddy methods, 
with values of 3,024, 2,212.9, and 1969.8 mg of gallic acid.100 
g sample-1, respectively (Figure 2). The lowest phenol content 
was obtained with the percolator and Midzudashi methods, in 
decreasing order. The preparation temperature did not have a 
significant effect (p<0.05) on total phenol retention, but the 
preparation method applied did (p>0,05). The Midzudashi and 
percolator preparation methods had the lowest performance 
with the lowest total phenol content, possibly owing to the effect 
of dilution in these preparation methods.

It seems that high temperatures during beverage 
preparation did not affect total phenol retention, with contact 
times of approximately four minutes. 

Flavonoid concentration increased with the Ibrik, 
French press, and Toddy methods, with values of 3,089.9 
mg, 2,367.9 mg, and 2,263.1 mg, respectively, expressed as 
milligrams of catechin equivalent.100 g sample-1 (Figure 3). 
The flavonoid content was lower for percolator and Midzudashi 
methods, and similar there between. The preparation method 
caused a significant effect (p>0.05) on flavonoid retention in 
the beverages obtained. 

In terms of tannin retention in the beverages, prepared 
with different direct contact methods (Figure 4), their 
concentration was greater with the Ibrik method, followed by 
the Toddy and Midzudashi methods, at 162.6, 123.5, and 107.3 
mg, respectively, expressed as mg of catechin equivalent.100 
g sample-1. The French press method had a content slightly 
under that reported for Midzudashi. The percolator method 
registered the lowest tannin content. Statistical analysis 
revealed a significant difference (p<0,05) in the condensed 
tannin concentration, given the beverage preparation method.

Table 1: Physicochemical parameters of coffee beverages prepared with different direct contact methods.

Method Beverage performance °Brix pH Contact time

French press 16.45 (±0.27) a 2.00 (±0.03) a 4.87 (±0.01) a 4 min.

Midzudashi 9.28 (±0.60) b 1.13(±0.02) b 4.82 (±0.01) b 24 hours

Toddy 13.52 (±0.40) c 2.00 (±0.01) a 5.23 (±0.01) c 24 hours

Ibrik 16.54 (±0.27) a 2.10 (±0.01) c 4.88 (±0.02) a 4 min.

Percolator 7.84 (±0.23) d 1.00 (±0.02) d 4.94 (±0.03) d 4 min.
The average values (n=3) with different letters in the same column indicate statistical differences at a 5% significance level (p <0.05).
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Figure 2: Total phenol content with direct contact coffee preparation methods. Average values (n=3) with different letters in the 
same variable indicate statistical differences at the 5% significance level (p>0.05).

Figure 3: Flavonoid content with direct contact preparation methods. Average values (n=3) with different letters in the same 
variable indicate statistical differences at the 5% significance level (p>0.05).

Figure 4: Condensed tannin content in direct contact preparation methods. Average values (n=3) with different letters in the 
same variable indicate statistical differences at the 5% significance level (p>0.05).
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In Figure 5, the content of hydroxycinnamic acid content 
in the beverages prepared with five direct contact methods 
may be observed. The hydroxycinnamic acid that occurs in 
the greatest concentrations, in the five direct contact methods 
evaluated, was chlorogenic acid. The chlorogenic acid content 
was greater in the French press method, followed by that of the 
Ibrik and percolator methods. Caffeic acid content was obtained 
only with the French press and Midzudashi methods. With 
the Toddy, Ibrik, and percolator methods, this component was 
not identified. P-coumaric acid was registered in the highest 
amounts with the percolator and Ibrik methods. The other 
methods presented similar concentrations of this compound. 
Ferulic acid presented the same behavior as p-coumaric acid. 
Only the French press and Midzudashi methods contained the 
four hydroxycinnamic acids evaluated. The ANOVA indicated a 
significant effect (p<0.05) of the preparation method on beverage 

hydroxycinnamic acid concentrations. The cold methods, Toddy 
and Midzudashi, had the lowest chlorogenic acid content.

The values obtained for antioxidant capacity with 
the ABTS and ORAC methods were statistically different 
(p<0.05) (Figure 6). The ABTS activity values, in descending 
order, were for Ibrik, Toddy, French press, Midzudashi, and 
percolator methods. With the ORAC method, antioxidant 
capacities were obtained in descending order for Ibrik, French 
press, Toddy, Percolator, and Midzudashi methods. These 
results indicate a positive correlation in the expression of 
antioxidant components in beverages ready for consumption. 
Percolator and Midzudashi presentations contained the lowest 
antioxidant capacity registered in the evaluated methods. No 
significant effect (p<0.05) was observed between beverage 
preparation temperature and antioxidant activity in the 
components studied.

Figure 5: Hydroxycinnamic phenolic acid content in beverages prepared with direct contact methods. Average values (n=3) with 
different letters in the same variable indicate statistical differences at the 5% significance level (p>0.05).

Figure 6: Antioxidant capacity for ABTS and ORAC methods in beverages prepared with direct contact methods. Average values 
(n=3) with different letters in the same variable indicate statistical differences at the 5% significance level (p>0.05).
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The ratings given to the beverages prepared with 
different direct contact methods presented various profiles, 
with respect to coffee patterns (excelso U.G.Q) (Figure 7). 
This indicates that the cup profile for a coffee beverage will 
correspond to the preparation method applied. The ANOVA 
determined significant differences (p<0.05) between the coffee 
preparation method and cup sensorial profile obtained. The 
French press method presented low acidity and marked bitter 
notes, as compared to the standard sample. The drink prepared 
with the Midzudashi method had body and a greater overall 
impression rating than that of the standard, although the other 
attributes were at the same level as the standard. The beverage 
prepared with the Toddy method obtained exactly the same 
rating as that of the Midzudashi method. The Ibrik method 
possessed low acidity and marked bitter notes, compared to the 
U.G.Q. excelso coffee standard. The remaining descriptors had 
the same rating as excelso coffee. Finally, the beverage prepared 
with the percolator presented a marked aftertaste and the lowest 
overall impression rating of all of the methods evaluated.

Finally, the Toddy and Midzudashi methods presented 
higher overall impression ratings than the hot preparation 
methods compared. The tannin concentrations indicated in 
Figure 4 show low and minimally significant concentrations, 
and none of the tasters indicated astringent, undesirable notes 
in the evaluated samples.

4 DIscUssION
The roasting process occurred under set conditions for 

all samples analyzed. Thus, the thermal degradation level was 
similar in the samples employed for the subsequent antioxidant 

and antioxidant capacity analyses (Díaz-Arango; Ormaza-
Zapata; Rojano, 2018) and cup profiles.

Water temperature, contact time, and mixture 
homogenization permitted an increase in solubility of all 
components in hot water during beverage preparation, as in the 
case of the Ibrik preparation (Yüksel; Barut; Bayram, 2020). 
Certain baristas recommend the consumption of cold coffees, 
given that the greasy sensation, bitterness, and acidity is lower in 
these preparation methods, which use approximate temperatures 
from 8 to 21 °C (Rao; Fuller, 2018; Angeloni et al., 2019; 
Baumann; Wheeler; Alfreds, 2020).

Other coffee components that affect the acidity and pH 
of the beverage prepared include the caffeine, trigonelline, 
chlorogenic acids, citric acid, acetic acid, and formic acid 
present in the beans (De Luca et al, 2016).

Excelso U.G.Q. coffee contains high concentrations 
of the phenolic acids, which are responsible for its higher 
antioxidant activity, as observed in Figure 2, and coincides 
with that reported in numerous studies (Rao; Fuller, 2018; 
Muñoz et al., 2020; De Abreu Pinheiro et al., 2021), including 
on comparison to certain types of Colombian coffee.

The thermic decomposition of phenols during roasting 
permits caffeine liberation in the bean, and this contributes to the 
cup profile of the coffee beverage, lending body, strength, and bitter 
notes thereto (Cheng et al., 2016; Swak; Ji; Jeong, 2017). Thus, 
the bitter flavor is balanced with biological functionality, and as 
such, coffee may be prepared in a variety of ways. Polyphenol 
concentrations, however, come at the expense of bitterness, 
including chlorogenic acid concentrations (De Bruyn et al., 2017).

Figure 7: Sensorial profile of the beverages prepared via the principle of contact, compared to the U.G.Q. pattern. Average 
values (n=3).
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Phenols intervene in the synthesis of products which 
are secondary to the Maillard reaction by way of temperature 
action (Moreira et al., 2017) such as melanoidins, which act as 
antioxidants that lend flavor, color, and serve as reducing agents. 
Additionally, they are sensitive to pH change, participate in 
transesterification reactions, and influence caffeine, chlorogenic 
acid, and caffeic acid concentrations in the beverages prepared 
highly water soluble (Lee et al., 2017). The incorporation of 
phenols in the diet helps to regulate oxidative stress and protects 
the body from diabetes and cardiovascular illness. Similarly, 
their antiallergenic, anti-inflammatory, and antimicrobial 
properties have been proven (Mussatto, 2015).

Phenol content reported with Expresso and Mocca 
methods were 5,000 and 3,000 mg of gallic acid.100 g 
sample-1, respectively (Ormaza-Zapata; Díaz-Arango; Rojano, 
2019b), which presented values superior to those reported 
in the present study for the Ibrik and French Press methods. 
These presented higher levels of phenols in the beverage 
obtained. On comparison of the phenol content reported for 
the Toddy and French Press methods in the present study, with 
the Clever drip and RS-16 methods, similarities were found 
in total phenol concentrations, which were approximately 
2,000 mg of gallic acid.100 g sample-1 for the four methods 
compared (Ormaza-Zapata; Díaz-Arango; Rojano, 2019). 

In a previous study, it was found that flavonoid content, 
with the Expresso method, was 10,705.2 mg of catechin 
equivalent.100 g sample-1 (Ormaza-Zapata; Díaz-Arango; 
Rojano 2019b), which constitutes a value almost three times 
as large as that reported in the present study with the Ibrik 
method, which herein, had a concentration of 3,089.9, mg of 
catechin equivalent.100 g sample-1.

Multiple studies indicate that flavonoids have 
anticancerogenic, anti-inflammatory, and antiartherosclerotic 
properties, and help to prevent illnesses including Alzheimer’s 
and Parkinson’s disease (Chen; Chen, 2013; Kurzawa-Zegota 
et al., 2012). Additionally, they contribute to the reduction in 
prevalence of coronary illness and to macrobian equilibrium, 
on an intestinal level (Cardona et al., 2013).

Condensed tannin concentrations were obtained for 
coffee beverages prepared with the Expresso, Vietnamese, RS-
16, and Clever methods of 197.4, 146.1, and 120.5 mg of catechin 
equivalent.100 g of sample-1. The present study reports tannin 
concentrations for the beverages obtained with the Ibrik and Toddy 
methods that coincide with the tannin range reported by various 
authors (Ormaza-Zapata; Díaz-Arango; Rojano, 2019; Ormaza-
Zapata; Díaz-Arango; Rojano, 2019b), while the remaining direct 
contact methods presented lower tannin concentrations, between 
50 and 100 mg of catechin equivalent.100 g of sample-1.

The presence of tannins in the cupping test relates closely 
to astringent notes found in the beverage obtained, and are 
substances with great functional value (Caetano et al., 2017). In 
terms of the results obtained, the tannin concentration achieved 

in each preparation had astringent notes at an optimal interval, 
given that their presence in the sample did not change the 
sensorial rating; similar ratings were conferred upon the U.G.Q. 
excelso standard. From a bio-functional point of view, tannins 
possess antihemorrhagic and anti-inflammatory properties, 
and help to prevent premature aging and degenerative disease. 
Moreover, tannins generate an undesirable tactile sensation in 
coffee, which causes constriction, frowning, and dryness in the 
oral cavity’s mucous membrane, and influence the bitterness 
sensation. This is generated by the degree of polymerization of 
the condensed tannin molecules. These interact synergistically 
with saliva proteins, and impart an astringent sensation to 
the palate (Chira; Teissedre, 2015; Watrelota; Badet-Murat; 
Waterhouse, 2018). 

On comparison of hydroxycinnamic acid content 
quantified with the direct contact methods (chlorogenic, 
caffeic, p-coumaric, and ferulic acids) to other preparation 
types described extensely in other studies, they were found to 
coincide in a range between 20 and 120 mg.100g of sample-1, 
approximately (Ormaza-Zapata; Díaz-Arango; Rojano, 2019; 
Ormaza-Zapata; Díaz-Arango; Rojano, 2019b; Angeloni et al., 
2019; Muñoz et al., 2020).

Hydroxycinnamic acids influence the sensory 
properties and antioxidant activity in coffee-based drinks. The 
chlorogenic acids provide acidity, astringency, and bitter notes 
to the drink (Cheng et al., 2016), as well as the caffeine and 
flavonoids present. Similarly, in concordance with the present 
study, it was reported that, in Coffea arabica samples, the 
majority hydroxycinnamic acid was chlorogenic acid, while 
caffeic and coumaric acid presented the lowest concentrations 
(Cheong et al., 2013). The relative change in chlorogenic acid 
content in arabica coffee and its isomers depends on the region 
in which it originated, the degree of roasting, and method of 
preparation (Liang et al., 2016).

As indicated, the existence of a direct correlation 
between non-enzymatic browning and the antioxidant capacity 
of Colombian roasted coffee, generated by the Maillard 
reaction, as well as by phenolic compounds belonging to the 
hydroxycinnamic acid group (chlorogenic, caffeic, coumaric, 
and ferulic), melanoidins, caffeine, and certain volatile 
components (Contreras-Calderón et al., 2016).

The methods which obtained the highest ratings in the 
bitterness attribute were the Ibrik and French press methods, 
which coincides with the fact that these methods also had higher 
total phenol and flavonoid retention, as these are responsible 
for the bitter notes in coffee beverages, as previously indicated 
in figures two and three. Additionally, chlorogenic acid levels 
were also high with the French press and Ibrik methods. These 
acids also fortify the bitter flavor of the cup. Similarly, it was 
observed that the methods with highest extraction performance 
(Table 1) presented satisfactory qualifications in the overall 
impression category (Figure 7).
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Midzudashi and Toddy scores did not coincide with 
sensorial profile results reported by Córdoba et al. (2019), 
evaluated in cold beverages, given that the scores indicated 
are a great deal lower than those reported herein, which uses 
the UGQ pattern as a reference, despite having used the same 
discriptors, which include aroma, aftertaste, acidity, body, 
and overall impression. 

In accordance with the findings reported by Yilmaz, 
Hacibekiroğlu and Kolak (2014) the Ibrik or Turkish 
method presents the highest ABTS activity, in comparison 
with three other popular preparation methods (Americano, 
espresso, and mocha), and displayed a value similar to that 
indicated in this study. In terms of antioxidant activity, 
another study indicated that the coffee prepared with 
French presses presented greater antioxidant activity than 
beverages prepared with the Ibrik or Turkish method, as a 
result of employed dilution, coffee-water contact time, and 
preparation method (Çelik; Gökmen, 2018). This last report 
did not coincide with the results of the present study, given 
that antioxidant activity was greater with the Ibrik method 
than with the French press method, although arabica coffee 
was also used.

Dripper methods such as Vietnamese, Clever, 
Kinto, Yama, RS-16, V60 Kalita and V60 presented ABTS 
antioxidant activity with values   between 20,000 and 
35,000 mg µmol Trolox equivalent.100 g sample-1, while 
ORAC antioxidant activity was between 28000 and 55000 
mg µmol Trolox equivalent.100 g sample-1. It was observed 
that the methods of French Press, Toddy and Ibrik in the 
present study, presented a higher expression of antioxidant 
compounds in relation to the dripper methods reported in 
a previous study (Ormaza-Zapata; Díaz-Arango; Rojano, 
2019).

5 cONcLUsIONs

Direct contact preparation methods such as the Ibrik, 
French press, and Toddy methods, in that order, presented 
high antioxidant compound content between those which 
underscore total phenol, flavonoid, and condensed tannin 
content, and their antioxidant activity was also significant 
(ABTS and ORAC). Hydroxycinnamic acid content was high 
with the French press and Ibrik methods. Similarly, in the cup 
profile, bitterness, attributes, and body were highlighted with 
use of these methods, with ratings equal to a U.G.Q. excelso 
standard pattern in the remaining sensorial attributes.  Finally, it 
is recommended that coffee-based beverages be prepared with 
the Ibrik, French press, or Toddy methods, so as to guarantee 
consumption of a greater antioxidant compound content, and 
their expression, as defined sensorial , attributes are attractive 
for consumers of hot and cold coffee, and are similar to those 
of a premium quality coffee.
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