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a b s t r a c t 

Coffee beverage presents unique organoleptic characteristics of aroma and taste. These sensory attributes depend 

on the chemical composition of the brewed coffee. Our objectives were to determine the sensory quality of the 

coffee beverage obtained by different brewing methods as assessed by untrained tasters and to characterize the 

solid residues of this extraction using the medium infrared spectrum. Four brewing methods were evaluated 

by 124 untrained consumers. The infusion method presented better global impression and preference of these 

consumers than the other brewing methods. Significant changes in the chemical composition of the coffee residues 

were observed. These changes influenced the acceptance of the consumers and can be due to the potential of 

retention or filtering of organic compounds by the brewing method. Thus, there was a sensory quality difference 

among the brewing methods and the infrared spectrum indicated the need to distinguish the classes of organic 

compounds for a better understanding of how coffee brewing interacts with the chemical composition. 
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. Introduction 

Currently, about two billion coffee cups are consumed daily world-

ide ( De Bruyn et al., 2017 , Pereira et al., 2020 , Pickard et al., 2013 ).

he flavor, representing the convergence of the aroma and taste, is a

nique organoleptic characteristic of this beverage ( Assis et al., 2019 ,

ereira et al., 2020 ). Furthermore, the chemical composition of brewed

offee depends on numerous factors, for example, harvest and post-

arvest processing, and the brewing method employed ( De Bruyn et al.,

017 , Joët et al., 2010 , Pereira et al., 2020 ). In recent decades, many

offee-based beverages obtained by using different extraction tech-

iques have entered the market ( Angeloni et al., 2019 ). 

Steeping using a French press, filtration or dripping in a Hario V60,

eroPress, cold drip technique, and boiling are brewing methods used

n the production of coffee beverages. These methods may differ in the

rain size of ground coffee, types of extraction, and amount of coffee

nd water used in the process ( Angeloni et al., 2019 ). 
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Sensory evaluation techniques are critical in the development, pro-

uction, and quality maintenance of foodstuffs ( Civille & Oftedal, 2012 ).

n this analysis, tasters use their gustatory sensibilities to assign a score

0 to 100 points) to sensory attributes (e.g., fragrance, flavor, after-

aste, acidity, body, balance, sweetness, and uniformity) ( SCAA, 2013 ).

ccording to Pereira et al. (2020) , gustatory sensibilities are obtained

hrough the professional experience of each panelist (Q-Grader). 

Many studies have observed a positive linear correlation between

he sensory attributes of the coffee beverage and Q-grader scores

 Adhikari et al., 2019 , De Bruyn et al., 2017 , Pereira et al., 2020 ). How-

ver, in this study we used untrained tasters to assess the sensory percep-

ion of specialty coffee (sensory score > 80 points). In addition, sensory

uality is related to the chemical composition of roasted coffee beans

 Pereira et al., 2020 , Bellumori et al., 2021 ). Thus, we carried out an

nalysis in the medium infrared (Mid-infrared) spectrum band of the

olid residues from the beverage extraction. The Mid-infrared spectrum

s an important analytical technique for the chemical discrimination of
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Table 1 

Sensory acceptance by a 9-point hedonic scale and preference ordering test of 

the untrained tasters concerning coffee brewing methods. 

Extraction 

methods 

Sensorial evaluation 

Appearance Aroma Taste Global impression Sum of orders † 

Hario V60 6.44 ab 6.41 a 5.55 ab 6.02 a 334 a 

Chemex 5.94 b 6.60 a 5.73 a 6.19 a 355 a 

French Press 5.27 c 5.77 b 4.73 c 5.17 b 248 c 

Espresso 6.96 a 6.71 a 4.90 bc 5.58 ab 293 b 

Average 6.15 6.38 5.22 5.74 - 

Means followed by at least one same letter vertically do not differ by Tukey’s 

test at 5% probability. 
† Ordination preference test. 
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w  
offee beans and can provide relevant data regarding changes in the

hemical composition of coffee beverage produced using different brew-

ng methods ( Zhang et al., 2016 ). 

Thus, the objectives of this study were to determine the sensory qual-

ty of the coffee beverage obtained by different brewing methods as as-

essed by untrained tasters and to characterize the solid residues of this

xtraction using the Mid-infrared spectrum. These analyses are impor-

ant for the sensorial acceptance of the coffee beverage by consumers

nd the spectral bands can show differences in the extraction of senso-

ial compounds among the preparation methods. 

. Material and methods 

This study was submitted to and approved by Plataforma Brasil

nd by the Research Ethics Council, according to protocol CAAE:

7739319.3.0000.5072. 

.1. Raw materials 

Thirty kg of arabica coffee, processed by the wet method, scored at

4 points by the SCA protocol were used in this study ( SCAA, 2013 ). In

he post-harvest processing wash, the coffee fruits were immersed in a

ox containing potable water (500 L) to remove dirt (soil, leaves, and

talks) and to separate floating fruits ( Pereira et al., 2020 , De Bruyn

t al., 2017 ). Floating fruits and water were discarded while the fruits

hat sank, which have a greater density than the floating fruits, were

ried in the sun. The coffee husk was removed in a peeler before the

offee bean roasting process. 

The coffee samples were selected by a Q-Grader with more than ten

ears of experience in sensory analysis. 

.2. Roasting procedure 

The skin and peel of coffee fruits were removed using pre-cleaning

quipment for coffee samples (Pinhalense-DRC laboratory line), being

hen selected by size, in a 16 # UP sieve. 

The samples were roasted in a Probat roaster (Probatino model, year

018), using LP gas, with a maximum capacity of 1.2 kg. The initial

oasting parameters were 140°C with completion at 190 ± 5 °C, with

n average roasting time of 8 min and 47 s. The period used for sam-

le roasting, between 8 and 12 min, was based on the Specialty Coffee

ssociation sample roasting protocol ( SCAA, 2013 ). 

.3. Extraction and brewing of coffee 

Four brewing methods of coffee were evaluated in this study (Sup-

lementary material 1). 

The Hario V60, Chemex, and French press methods involved scalding

or pre-cleaning and preheating of the equipment, and used about 10 g of

round coffee for every 100 ml of water at a temperature setting of 94°C

Supplementary material 1). Coarse ground, 30 s of pre-infusion of the

owder in about 10% of the total water, and a filtration time greater

han 2 min were used in these methods (Supplementary material 1).

rinding of coffee beans was performed in a Bunn© model coffee mill

Bunn-O-Matic Corporation, Springfield, IL). 

The Espresso coffee extraction used a Delonghi - ECAM 23.210B

uper-automatic coffee extraction machine with a 1450-watt motor, fre-

uency: 50 ∼ 60 Hz, and a pressure of 15 bar per cup, with the capacity

o extract two cups of coffee per batch (Supplementary material 1). An

8-gram portion of ground coffee was produced using the fine adjust-

ent of the mill with grade # 1, according to the machine’s technical

tandard. It was considered a strong extraction, with 90 mL output for

wo cups, according to technical specifications ( Delonghi Ecam, 2020 ). 
2 
.4. Panelists 

A panel of untrained tasters was recruited randomly from regular

offee consumers, aged at least 18, among students and workers from

he Federal Institute of Espírito Santos, Brazil (69 men, 55 women, aged

8 to 67 years old). None of the participants was informed about the

xtraction methods or the type of coffees available. The Human Research

thics Committee of this Federal Institute approved the study. 

.5. Sensory analysis 

Coffee samples, obtained by four different brewing methods, were

nalyzed by affective methods, according to Meilgaard et al. (2006) .

nitially, the tasters’ sensory perception was assessed using the sensory

cceptance test for attributes, in which each sample was evaluated for

ppearance, flavor, and overall impression, with a 9-point hedonic scale

1 = extremely like to 9 = extremely dislike). In the second stage, a

anked sensory preference test was adopted. Thus, the tasters were in-

tructed to rank the coffee samples, with the most preferred sample hav-

ng a score of 4 until the least preferred with a score of 1. The four coffee

amples, encoded with random three-digit numbers, were served simul-

aneously in both tests. Each one was served in a plastic cup with about

0 mL, at 80°C. Between samples, they were instructed to rinse their

ouths with water. 

.6. Medium infrared analysis 

The residual coffee grounds from the four brewing methods sub-

ected to the preference and acceptance tests were dried for sampling

at 80°C until constant weight, for 8 h). Those samples plus a sample

f unbrewed coffee for reference were submitted to Mid-infrared spec-

roscopy analysis. 

A 10-g aliquot of each sample (0.074 mm - mesh sieve, standard US

tandards) was placed in a glass desiccator until it reached room tem-

erature (25 ± 2°C), and then, the Mid-infrared analysis was performed.

The spectra of the roasted and ground coffee samples with fine gran-

lometry were obtained in a model Cary 630 Fourier Transform Infrared

FTIR) spectrometer from the manufacturer Agilent Technologies, in an

TR diamond accessory with a reflection angle of 45°, 1 mm diameter,

00 μm of active area and approximately 2 μm of penetration depth

n the sample, using a reflectance detector of zinc selenide (ZnSe). The

edium infrared spectra of the samples were obtained as the average

f 8 consecutive scans, with a resolution of 4 cm 

− 1 in the wavelength

ange from 4000 to 650 cm 

− 1 , that is, in the region of the Medium in-

rared electromagnetic spectrum, considering that this spectral region

resents a large amount of information that can be used for the func-

ional characterization of organic compounds ( Silverstein et al., 2007 ). 

.7. Experimental design and statistical analysis 

The experiment was conducted in a completely randomized design

ith 124 replications using untrained consumers who evaluated the
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Table 2 

Similarity assessment of untrained consumers by the Tocher method of coffee 

beverage obtained by Hario V60, Chemex, French press, and Espresso extraction 

method. 

Group Number of consumers / 

tasters 

Consumers/tasters belonging to the group 

Hario V60 

1 83 107 119 87 110 72 77 54 99 113 4 8 112 96 30 6 

29 1 22 49 74 55 46 53 51 2 26 32 71 123 19 

111 64 40 90 57 37 5 56 48 115 65 68 69 35 78 

12 25 16 89 41 94 28 36 38 106 33 27 50 97 114 

98 108 7 121 3 83 11 58 17 13 42 105 101 9 18 

45 104 102 88 124 84 23 76 

2 26 95 120 44 92 59 118 10 82 75 86 66 70 24 14 93 

85 100 109 43 21 62 39 122 103 91 15 

3 5 73 116 81 80 20 

4 3 67 117 31 

5 2 52 63 

6 1 34 

7 1 47 

8 1 60 

9 1 61 

10 1 79 

Chemex 

1 74 114 124 74 58 36 112 12 24 95 93 69 46 8 105 6 

15 2 14 41 38 113 49 59 109 32 71 62 7 1 115 

57 16 48 13 102 104 28 54 22 64 110 97 92 51 26 

19 123 45 78 55 75 30 3 5 90 33 120 40 108 29 

23 68 56 21 70 25 106 118 96 72 76 11 83 99 

2 3 53 119 4 

3 25 37 88 100 101 85 9 44 98 86 121 17 80 50 39 52 

18 122 35 43 107 27 77 73 20 91 

4 4 89 94 116 10 

5 7 42 66 47 111 34 117 87 

6 3 84 103 79 

7 2 81 82 

8 2 61 65 

9 1 31 

10 1 60 

11 1 63 

12 1 67 

French Press 

1 65 108 109 19 35 96 1 112 83 22 13 75 37 120 59 72 

25 116 70 117 48 8 7 105 95 77 21 122 11 64 49 

98 14 67 28 32 54 107 71 79 61 68 36 56 92 124 

84 12 115 121 3 114 51 44 6 76 106 38 53 45 16 

9 50 111 88 99 

2 30 40 93 17 100 5 62 101 73 18 74 65 85 29 66 42 

27 39 94 20 41 86 69 47 91 46 90 30 78 33 80 

3 7 4 123 58 104 119 113 26 

4 3 31 82 103 

5 5 2 24 34 102 55 

6 2 60 110 

7 5 43 97 57 118 15 

8 2 52 63 

9 1 10 

10 1 23 

11 1 81 

12 1 87 

13 1 89 

Espresso 

1 42 108 115 40 88 69 121 98 91 112 85 41 118 56 35 

31 

83 73 50 117 89 86 105 94 77 4 58 28 122 113 70 

120 25 119 20 33 96 74 64 3 71 68 27 

2 24 38 44 72 97 16 114 75 9 47 59 29 23 36 5 110 

93 37 84 92 81 101 1 32 7 

3 17 22 26 8 104 109 78 95 13 21 48 90 18 10 124 49 

30 19 

4 5 42 116 55 53 103 

5 7 2 51 46 6 99 17 62 

6 7 45 65 39 102 66 82 100 

7 3 61 106 15 

8 3 12 63 107 

9 2 57 111 

10 2 14 43 

11 2 52 87 

( continued on next page ) 

Table 2 ( continued ) 

Group Number of consumers / 

tasters 

Consumers/tasters belonging to the group 

12 1 11 

13 1 24 

14 1 34 

15 1 54 

16 1 60 

17 1 67 

18 1 76 

19 1 79 

20 1 80 

21 1 123 

Table 3 

Contribution of sensory variables (%) in the Tocher method grouping 

of the coffee beverage obtained by different brewing methods Hario 

V60, Chemex, French press and Espresso extraction method. 

Brewing 

methods 

Contribution of sensorial variables (%) 

Appearance Aroma Taste Global impression 

Hario V60 32.6 27.8 24.5 15.1 

Chemex 33.1 27.3 27.0 12.6 

French Press 26.3 30.5 25.6 17.5 

Espresso 29.8 29.4 23.1 17.6 
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3 
ensorial attributes of the coffee from four brewing methods: Chemex,

ario - V60, French Press, and Espresso. 

Sensory acceptance was determined through analysis of variation

nd the averages compared by the Tukey test with 5% probability. In the

valuation of the similarity among the brewing methods, a matrix was

laborated with the averages of the variables and, later, a dendrogram

as constructed using the Average Euclidean distance to measure the

istances between the brewing methods and the single-link hierarchical

rouping method. 

To assess the similarity among the sensory evaluations of the 124 un-

rained consumers, the Tocher optimization grouping method was used,

sing the Average Euclidean distance to measure the distances among

he 124 consumers/tasters, for each coffee extraction method - Chemex,

ario - V60, French Press, and Espresso. The SPSS program version 19

as used for statistical analysis. 

Considering the results of the classification test of the preferences

f the tasters, the final score was obtained by the sum of orders com-

ared by the Friedman test in the table of Newell and McFarlane

 Meilgaard et al., 2006 ). 

The original spectra organized in a matrix had each replicate as a

ample. All calculations were performed using Matlab software version

2013a. The data were centered on the mean and subsequently submit-

ed to exploratory analysis using the multivariate principal component

nalysis (PCA) technique. 

. Results and discussion 

For the appearance attribute, the coffee extraction by the French

ress method had a value lower than the other methods ( Table 1 ). The

ltered methods, Chemex and Hario V60, had no statistical difference

p > 0.05) in this sensory attribute. The coffee produced by the French

ress method is turbid and with a light brown color, which may have led

o the rejection of this method by untrained consumers. The attributes

f color, appearance, and brightness of coffee are the main attributes re-

ponsible for discriminating coffee sensory characteristics ( Scholz et al.,

013 ). Our data show the importance of understanding and discussing

his behavior about the appearance of coffee. Furthermore, the visual

haracteristics of the product are, for consumers, an indicator of qual-

ty, placing their mind in an anticipatory or predictive model that can
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Fig. 1. Dendrogram (Average Euclidean 

distance – Complete connections) obtained 

among the four coffee extraction methods 

(1 – Chemex; 2 – Hario V60; 3 – French Press; 

and 4 – Espresso) regarding the group of 

untrained consumers. 
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e powerful enough to modify the activation pattern observed in the

rimary sensory regions ( Carvalho & Spence, 2018 ). 

The Chemex, Hario V60, and Espresso methods did not show sta-

istical differences (p > 0.05) in the score for the aroma ( Table 1 ). The

roma score of the French Press was lesser than the scores of other meth-

ds ( Table 1 ). Nevertheless, the pressure exerted on the extraction of

spresso coffee may release more intensely odorous compounds than

he infusion methods ( Firestein, 2001 ). 

Although aroma and taste are characterized by the origin of green

offee, the roasting process controls the developmental progress of the

olatile compounds, resulting in differences in the complexity of coffee

roma with different roast degrees and conditions ( Bhumiratana et al.,

011 ). Furthermore, the form of extraction also generates a different

erception concerning the aroma of coffee due to the increase in the

etention or filtration of aroma compounds ( López-Galilea et al., 2008 ).

The flavor variable presented low variation in the methods used

 Table 1 ). The Hario V60 method does not show statistical differences

p > 0.05) with the Chemex and Espresso methods. Espresso and French

ress methods also had no statistical differences and they were re-

ected according to flavor with means scores like “moderately dislike ”

4.0) and “neither like nor dislike ” (5.0). The flavor score of the in-

usion extraction methods ( Table 1 ) confirms the data obtained by

achado et al. (2008) . Brazilians consume, on average, about 220 mL

f infusion coffee per day ( Machado et al., 2008 , Soares et al., 2019 )

hich may explain the rejection of other brewing methods. Further-

ore, flavor is arguably the most important aspect of good coffee. This

ensory variable is extremely complex and arises from numerous chemi-

als during roasting and cup preparation ( Sunarharum et al. 2014 ). The

nowledge of flavor precursors, as well as the formation mechanism and

inetics of the key flavor compounds, is essential in the development of

igh-quality coffee ( Poisson et al., 2017 ). 

The Chemex and Hario V60 had better global impression and pref-

rence according to untrained consumers than other brewing methods

 Table 1 ). These results can be confirmed in the dendrogram of the sen-

ory analysis and extraction methods, which suggests the existence of

wo homogeneous groups ( Fig. 1 ). Group A formed by the Chemex,

ario V60, and Espresso methods of extraction, and group B by the

rench Press method. These two groups can be related to the granu-

ometry of the coffee grind. Only the Espresso method had fine ground

Supplementary material 1). The variability of the particle size distribu-

ion of coffee grounds significantly affects the percolation rate, caffeine

evel, solid content, pH, and acidity as a consequence of changes in the

icrostructural properties of the coffee, such as porosity and the perco-

ation pathway ( Severini et al., 2016 ). 
4 
Despite the French Press being an infusion extraction method, it pre-

ented the worst results in the preference test with untrained consumers,

ndicating that the high acidity that the method produces, in addition

o the denser body due to the contact with the powder, may have neg-

tively influenced the perception of consumers ( Fig. 1 , Table 1 ). It may

e explained by the small differences in the acidity of the different ex-

raction methods in the sensory evaluation ( Gloess et al., 2013 ), since

he coffee obtained with the Hario V60 method presented low acidity

nd body ( Zapata et al., 2019 ). Nevertheless, French Press is the choice

or brewing specialty coffee that produces delicious coffee with intense

avor according to Suastuti et al. (2020) . Thus, the results of this study

isagree with those authors’ findings. 

The French Press also has a lot of contact with the coffee grounds,

eleasing microparticles that suggest more density on the palate at the

ime of consumption, thus impairing the sensory perception of untrained

onsumers, or even because this method is not commonly used for daily

offee consumption at home. Another factor associated with the French

ress, differences can be caused by factors such as the environmental

emperature, and the delay between serving and consuming the coffee,

hich can impact its sensory properties ( Adhikari et al., 2019 ). Thus,

he results presented in Table 1 indicate that untrained consumers have

reater acceptance of coffee by the infusion method through processes

hat are softer on the palate, in this case, the Chemex and Hario V60

ethods, indicating that the attributes of sweetness, flavor, and balance

re more pronounced after extraction. 

Our results of sensory characteristics of coffee corroborate those of

apata et al. (2019) . For these authors, statistical analysis indicated

ignificant differences (p > 0.05) between coffee preparation methods

nd the sensorial profile of the cup. The coffee obtained with the V60

ethod presented low acidity and body attributes. The V60 and V60

alita methods registered the lowest tannin content ( Zapata et al.,

019 ). Tannins are astringent, bound polyphenols, which precipitate,

hus shrinking, proteins, causing the astringency of tannins to mani-

est in a dry feeling that occurs in the mouth after the consumption

f some wines, strong tea, or unripened fruit ( Kumar & Upadhyaya,

012 ). 

.1. Similarity assessment of untrained consumers by the Tocher method 

Twelve groups (average) observed in the Tocher optimization for

ario V60, Chemex and French press methods ( Table 2 ) show the ho-

ogeneity in the sensory acceptance of the 124 untrained consumers.

he V60 is extremely popular among consumers and industry experts,

nd it has not been previously investigated in the scientific literature.
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Fig. 2. Spatial distribution of the coffee ex- 

traction methods based on Principal Compo- 

nent Analysis, referring to the Chemex, Hario 

V60, French Press, Espresso methods, followed 

by the control sample. 
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foods due to the effect of the aroma on the taste centers in the nose 
n addition, high per-cup levels of caffeine were found for the V60 and

eropress methods ( Angeloni et al., 2019 ). 

The sensory characteristics that most influenced the grouping by

ocher optimization were appearance and aroma ( Table 3 ). In this opti-

ization, global impression had lesser influence than sensory variables.

The Chemex method had a slightly longer brewing time than Hario

60, which allowed a greater perception of all the nuances of the cof-

ee. Thus, the influence of sensory characteristics in the grouping by

ocher optimization for the Chemex method is in agreement with those

roposed by Bhumiratana et al. (2011) . According to these authors, the

roma of coffee detected by the descriptive panel is mainly affected by

he stage of preparation and the consumer evaluations are necessary to

dentify the key attributes that might impact acceptability. 

The grouping for French Press method ( Table 2 ) was similar to the

esults of Fibrianto et al. (2017) . For those authors, the aroma attribute

n the French Press technique had higher intensity than the others.

urthermore, the differences in coffee brewing techniques, especially

echniques using pressure, have an impact on the concentration of caf-

eoylquinic acids ( Blumberg et al., 2010 ), which explains the separation

f this method by untrained consumers ( Fig. 1 ). 

In the Espresso method cream formation was observed, which is a

ypical characteristic and one of the greater sensorial impacts of this

reparation, whereas the French Press method did not present much

ream. Because of that, there was a significant difference between sam-

les where the persistence of the cream attribute was compared. The

udges described the samples obtained by the Espresso method homoge-

eously, which could be due to sensory and hedonic expectations that

nfluence the real perception of food ( López et al., 2019 ). On the other

and, grinding increased the surface area and released volatile aromas,

ence leading to more intense characteristics as compared to whole

oasted beans and brewed coffee ( Bhumiratana et al., 2011 ). 

.2. Mid-Infrared analysis 

In this study, the PCA method was applied, generating a distribution

f the samples based on the brewing methods of coffee and the control

ample, which did not go through any extraction and was added for com-

arison purposes in the instrumental analysis ( Fig. 2 ). The separation

bserved in the PCA scores can be better understood when considering

he chemical composition of the coffees studied ( Fig. 3 ). 

The first principal component (PC1) retains 87.10% of the explained

ariance, while the second principal component (PC2) explains 10.33%

f it. So, more than 97% of the information was contained in the first two

ain components, that is, both were responsible for the separation of

he samples. Furthermore, the four groups of PCA suggests that Sample

ontrol, Espresso, Hario V60, and French Press have differentiation in
5 
hemical composition ( Fig.s 2 and 3 ). The samples of coffee obtained by

he different coffee extraction techniques did not have the same profiles

f volatile and bioactive compounds ( Angeloni et al., 2019 , Gloess et al.,

013 , Zapata et al., 2019 ). 

The brewing methods that differ the most were the French Press and

he Hario V60 in the PCA, which may be due to the removal or reten-

ion of chemical compounds by each method ( Figs. 2 and 3 ). The great-

st hydroxycinnamic acid content was obtained with the V60 method,

hile the V60 and V60 Kalita methods retained the lowest amounts of

his compound in coffee samples ( Zapata et al., 2019 ). The hydroxycin-

amic acids (e.g ferulic, caffeic, sinapic, and p-coumaric acids) make

p about one-third of the phenolic compounds in foods ( Teixeira et al.,

015 ). Furthermore, the brewing methods and water temperature influ-

nce caffeine extraction ( Bellumori et al., 2021 ). 

The OH-stretching bands at 3500–3100 cm 

− 1 , aldehyde absorption

ands at 2921 to 2852 cm 

− 1 and carbonyl of carboxylic acid, alde-

yde, and ester at 1740 cm 

− 1 , carbonyl of ketone and amino acid at

638 cm 

− 1 , NH bond of a primary amine at 1585 cm 

− 1 , amino acid

arboxylate at 1461 cm 

− 1 , C-N bond of amine at 1157 cm 

− 1 , and CO

ond of alcohol were observed in the Mid-Infrared spectrum ( Fig. 3 ). In

ddition, our study of the chemical composition of brewed coffee was

he first to use the Mid-Infrared technique, which is considered the most

conomical and the fastest compared to other analytical methods. 

The OH-stretching of carboxylic acids or alcohols may characterize

he coffee sugars and the NH-stretching of primary amines also can be

bserved at 3500–3100 cm 

− 1 ( Fig. 3 ). Primary amines are nitrogenous

rganic compounds that derive from the substance ammonia (NH 3 ) by

eplacing one or more hydrogens with organic radicals, (N–H) and aro-

atic (C–N) compounds could also be contributed from the Maillard

eaction, particularly heterocyclic components such as pyrazines and

yridines that have amine (N–H) and aromatic (C–N) groups. Biogenic

mines are nitrogenous organic bases that serve as important indicators

f quality in a wide variety of food products, these organic compounds

re usually formed by free amino acid decarboxylation as a consequence

f physical-chemical and biochemical processes that take place during

offee bean processing ( Dias et al., 2012 ). Furthermore, carbonyl (C 

= O)

nd amine (N 

–H) groups have a negative correlation with the antioxi-

ant activity of coffee extracts ( Kurniawan et al., 2017 ). 

The absorption bands observed in the Mid-infrared of coffee samples

 Fig. 3 ) may be due to hydrocarbon oxidation products ( Gracia et al.,

011 ). The lack of oxygen during superheated steam roasting also helps

o decrease the content of unsaturated aldehydes which are formed by

ipid oxidation and contribute to an undesirable woody, cardboard-like

avor ( Chindapan et al., 2019 ). 

The carbonyl group (1740 cm 

− 1 ) imparts organoleptic qualities of
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Fig. 3. Distribution of wavelengths cm 

-1 , 

Principal Component Analysis, referring to 

the coffee extraction methods applied in this 

study: Chemex, Hario V60, French Press, and 

Espresso. 
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nd mouth ( Lyman et al., 2003 ) and the carbonyl of the 1800- 1680

m 

− 1 region ( Fig. 3 ) provides a flavor that appears to be consistent

ith the taste and aroma perceived by coffee cuppers ( Lyman et al.,

003 ). 

Carbonyl was also associated with bands at 1712, 1705, 1697, 1689,

638 cm 

− 1 of ketone and carboxylic acid ( Fig. 3 ). The most abundant

olatile compounds in coffee are aldehydes and ketones, and some of

hem are also Maillard reaction products ( Ludwig et al., 2014 ). Further-

ore, medium-roasted coffee has a more full-bodied flavor, an improved

alance of taste and aroma, and a more pronounced citrus taste than

ight-roasted coffee ( Lyman et al., 2003 ). According to these authors,

he thermal process caused changes to the ester, aldehyde, ketone, and

arboxylic acid, increasing the sensory quality of coffee. 

Regarding the content of lipids, the methods of preparing the bever-

ge produces variation. In some methods (Turkish and French) prepared

ith arabica coffee, lipid content was higher than in other methods (Ex-

ress, Italian, Traditional, and Hario V60) prepared with conilon coffee

 Santos & Junior, 2019 ). Furthermore, triesters and carboxylic acid can

lso be produced by the thermal degradation of lipids during the roast-

ng and brewing of coffee ( Fig. 3 ). This biomolecule has the organic

unction of ester and carboxylic acid ( Silverstein et al., 2007 ). 

Proteins and amino acids (carboxylate band at 1461 cm 

− 1 ) are essen-

ial for the conversion of reducing sugars into aroma precursors through

aillard reactions ( Joët et al., 2010 , Poisson et al., 2017 ) and the neg-

tive loadings of these compounds might be related to the suppression

f sweetness of the coffee ( Versari et al., 2011 ). 

The brewing methods of coffee influence the sensory attributes and

he acceptance and preference of untrained consumers. This influence

an be due to the potential of retention or filtering of organic com-

ounds of each method. Furthermore, the infusion method (Hario V60

nd Chemex) has a better preference than other methods. 

. Conclusion 

The Mid-infrared analysis associated with PCA demonstrated effi-

iency in separating the classes of compounds between the brewing

ethods French Press and Hario V60, confirming that the technique

hould be used as a support in quality control. Furthermore, the Mid-

nfrared results indicate the need to distinguish the classes of organic

ompounds, aiming at a deeper understanding of the chemical compo-

ition that interacts with coffee brewing. 
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