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A B S T R A C T   

This work aimed to evaluate the physicochemical changes during the roasting process of Robusta 
and Arabica coffee. The highest content of total phenolics was detected in roasted coffee at 
temperatures of 135 ◦C/20.20 min, 210 ◦C/9.02 min, 210 ◦C/11.01 min, and 220 ◦C/13.47 min 
for both species. Robusta coffee showed greater antioxidant activity compared to Arabica coffee, 
except for the profiles at 230 ◦C/17.43 min and 275 ◦C/7.46 min that did not differ between 
samples by the DPPH and FRAP methods. For Arabica coffee, the antioxidant activity was in-
dependent of the roasting profile used. Robusta coffee presented higher values of the indexes b* 
(intensity of yellow vs blue), c* (chroma) and hue, being characterized as lighter and with greater 
chroma and hue. The highest levels of caffeoylquinic acid (5-CQA) were observed in Robusta 
coffee. Arabica coffee had lower trigonelline values. Caffeic acid and hydroxymethylfurfural were 
identified only in Robusta coffee. However, the results provided solid knowledge for the design of 
general properties and chemical compounds generated from binomials of roasting time and 
temperature that are little used in the world market.   

1. Introduction 

Coffee is a drink of vast popularity and appreciated worldwide. The Brazilian coffee production, initially estimated for the 2023 
harvest, was estimated at 54.94 million bags of 60 kg, of which 37.43 million bags are of the coffee especies Coffea arabica and 17.5 
million bags of Coffea canephora (robusta and conilon). The Brazilian states with the largest coffee production are Minas Gerais, 
Espírito Santo, São Paulo and Bahia [1]. The most cultivated species are C. arabica and C. canephora (robusta), robust being considered 
of inferior quality when compared to arabica coffee because it has a more bitter and astringent taste [2]. 

Coffee is the second most important beverage after water, with an estimated annual consumption of approximately 500 billion cups 
[3,4]. Most coffee drinkers do not drink the beverage for health-related reasons. However, coffee has a variety of antioxidant 
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compounds and numerous types of functional phenolic compounds that play a protective role against various diseases. The main 
phenolic compounds present in coffee are chlorogenic (CGA), caffeic and ferulic acids [5–7]. Antioxidants have been the subject of 
growing interest due to their ability to inhibit oxidative reactions and their role in food preservation. Total phenolics, a diverse class of 
bioactive compounds of plant origin, are widely recognized for their potent antioxidant potential and ability to eliminate free radicals 
[8]. In addition to providing functionality, the sensory profile (fragrance/aroma and flavor) is strongly enhanced and influenced by the 
coffee beans roasting process. In this process, the time-temperature binomial is considered a relevant parameter in obtaining a drink 
with different flavor and aroma profiles [9,10]. 

During the roasting process, modification and/or generation and release of various chemical compounds occur through Maillard 
reactions, Strecker degradation, caramelization and other chemical reactions. These reactions are responsible for the desired physi-
cochemical and sensory attributes in the coffee beverage, such as flavor, aroma and color, but also the formation of undesirable 
compounds (Hidroximetilfurfural (HMF), acrylamide and others) [11,12]. 

During coffee roasting, it is essential to control the temperature and interrupt the process at the right time to obtain a product with 
good sensory and physicochemical properties. The degree of roasting of the coffee bean is determined by the habit and preference of 
the consumer. The roasting conditions usually employed are close to the temperature and time of 200–210 ◦C/8–12 min [13,14]. In 
this context, it is necessary to explore other time and temperature binomials to predict the impact on the chemical composition and 
antioxidant properties of coffee through the use of unusual temperatures for coffee processing. The study of different roasting profiles 
is important because it can generate data that will help in the implementation of new roasting indices that can benefit the chemical 
composition as well as the final quality of the product. Some studies have already evaluated the effect of different time/temperature 
binomials on the phenolic composition and antioxidant activities of coffee varieties [5,6,15]. However, in the present study, the bi-
nomials used were different from previous studies, using a wide temperature range. Therefore, this study aimed to evaluate colori-
metric indices, chemical composition, antioxidant activity, and total phenolics in Robusta and Arabica coffees, alternating the 
binomial time and temperature. 

2. Materials and methods 

2.1. Materials 

All reagents met the quality norms required for analytical grade reagents. Folin–Ciocalteu’s phenol reagent (FCR), acetic acid, 
caffeic acid, chlorogenic acid, gallic acid (>98%), 6-hydroxy-2578-tet-ramethylchroman-2-carboxylic acid (Trolox), 2,2-diphenyl-1- 
picrylhydrazyl (DPPH), Triphenyltetrazolium chloride (TPTZ), caffeine, trigonelline and 5-hidroxymethylfurfural were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Ethyl acetate (≥99,7%), methanol (≥99.9%) were purchased from Chromasolv (Shanghai, 
China). Ethyl alcohol (≥99.5%), sodium carbonate, ferric chloride and sodium were purchased from Êxodo Científica (Sumaré, SP, 
Brasil). 

2.2. Coffee samples 

Coffee samples (Coffea arabica Catúai variety and Coffea canephora Pierre variety), dry processed, June–July/2020 crop, were 
supplied from coffee farms in the São Geraldo city, located in Zona da Mata Mineira, Minas Gerais, Brazil. 

2.3. Coffee roasting process 

The coffee beans were roasted using a Probat drum roaster (Probat-Werke). Each roast profile was performed only once. Then, the 
samples of roasted and ground coffee beans were individually packaged in an odor-free closed hermetic package and transported to the 
Laboratory of Natural Dyes and Bioactive Compounds of the Federal University of Viçosa Food Technology Department and kept in 
storage at 5 ◦C for further analysis. Six different roasting profiles were obtained by varying the roasting temperature and time. Five of 
the roasting profiles were created to obtain standard roasting [Underdeveloped (T1): 135 ◦C/20.20 min; Light (T2): 210 ◦C/9.02 min; 
Dark (T3): 220 ◦C/13.47 min; Baked (T4): 230 ◦C/17.43 min; and Scorched (T5): 275 ◦C/7.46 min)], while the control was the 
standard procedure commonly used in coffee roasting (T6: 210 ◦C/11.01 min) (Table 1) [16]. The choice of roasting defects was based 
reflecting a consensual configuration of pre-existing and applied roasting in the market, the most common being T6: 210 ◦C/11.01 min 
(standard). 

Table 1 
Roasting profile with respective time/temperature binomial.  

Roasting profile Roasting Temperature (◦C) Start time: 1◦ CRACK (min) Total roasting time (min) 

T1 135 2.16 20.20 
T2 210 0.13 9.02 
T3 220 4.55 13.47 
T4 230 6.20 17.43 
T5 275 1.56 7.46 
T6 210 2.38 11.01  
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2.4. Determination of color 

The roasted coffee color was determined using a Colorquest XE Colorimeter (Hunter Lab, Reston, VA), with direct reading of the 
indexes values L* (brightness), a* (intensity of red vs green), and b* (intensity of yellow vs blue). The hue (h*) and chroma (c*) indexes 
were calculated from the values of a* and b*, according to equations (1) and (2, respectively [17]. 

h ∗ = arctan
(

b∗
a∗

)

(1)  

c ∗ =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
a∗2 + b∗2

√
(2)  

2.5. Total phenolic content 

The quantification of total phenolic compounds was performed according to the method described by Ref. [18]. The results were 
expressed in gallic acid equivalent/g of coffee. 

2.6. Determination of antioxidant activity 

The scavenging activity on DPPH radicals was determined according to the method described by Ref. [19] and the Ferric Reducing 
Antioxidant Power (FRAP) according to the method of [20]. 

2.7. Analysis of caffeine, caffeoylquinic acid (5-CQA), trigonelline, caffeic acid and HMF contents in roasted and ground coffee 

Caffeic acid, caffeoylquinic acid, caffeine, trigonelline, and hydroxymethylfurfural were determined in roasted coffee samples 
according to the methodology adapted by Ref. [21]. Analyzes were performed by high performance liquid chromatography (HPLC) on 
a Thermo Scientific Accela LC system (diode array detector (DAD), autoinjector, and Accela pump) (Thermo Fisher Scientific, Austin, 
TX). The column used for the separation was the reverse phase Lichrospher 100 RP-18 (250 × 4.6 mm, with a particle size of 5 μm and 
10 nm pore) (Merck, Germany). The mobile phase consisted of water (A) and methanol (B), with elution in isocratic mode of 0–6 min 
(90% A and 10% B), gradient mode of 6–7 min (90 - 80% A and 10–20% B), isocratic mode of 7–23 min (80% A and 20%), gradient 
23–24 min (80 - 0% A and 20–100% B), 24–25 min (0–90% A and 100–10% B) and ending with isocratic mode of 25–26 min (90% A 
and 10% B). The flow was 1 mL/min, and the injection volume was 1 μL (partial loop), with a temperature of 25 ◦C for the injector and 
40 ◦C for the column. Peaks were detected at wavelengths of 272 nm. Caffeine, caffeoylquinic acid (5-CQA), trigonelline, caffeic acid, 
and HMF were identified by standards injection and calibration curve. 

2.8. Statistical analysis 

All analyses were performed in 3 repetitions. The data was expressed as mean ± standard deviation. One-way analysis of variance 
(ANOVA) in a factorial design was used. A 2-factor factorial design was used (2x6), with the first factor being the coffee species 
(Robusta and Arabica) and the second factor the roasting profiles (Table 1), totaling 12 treatments. Differences in means were 

Table 2 
Average attributes color of canephora (Robusta) and arabica coffee variety Catúai samples.  

Samples Roasting Profiles 

135 ◦C/20.20 
min 

210 ◦C/9.02 min 220 ◦C/13.47 
min 

230 ◦C/17.43 
min 

275 ◦C/7.46 min 210 ◦C/11.01 
min 

L* (brightness)       
C. canephora 37.26 ± 0.78Aab 36.76 ±

0.38Aab 
38.32 ± 1.64Aa 37.96 ± 2.27Aab 34.15 ± 2.92Ab 37.36 ± 2.14Aab 

C. arabica 24.25 ± 1.24Bb 24.97 ± 0.37Bb 26.12 ± 0.60Bb 35.28 ± 0.80Ba 31.60 ± 1.75Aa 25.52 ± 1.38Bb 
a*(intensity of red vs green)       
C. canephora 26.10 ± 0.42Aa 25.66 ± 0.46Aa 26.12 ± 0.83Aa 25.29 ± 0.92Aa 22.50 ± 0.18Ab 25.56 ± 0.82Aa 
C. arabica 4.96 ± 0.63Bd 7.99 ± 0.87Bc 11.93 ± 1.71Bb 24.55 ± 0.50Aa 11.38 ± 0.40Bb 12.38 ± 1.60Bb 
b* (intensity of yellow vs blue)       
C. canephora 23.08 ± 1.05Ab 22.38 ± 0.65Ab 26.56 ± 0.68Aa 26.53 ± 0.65Aa 15.36 ± 0.44Ac 21.56 ± 1.22Ab 
C. arabica 0.81 ± 0.27Be 2.18 ± 0.41Bde 4.18 ± 1.02Bcd 19.57 ± 1.36Ba 10.14 ± 0.84Bb 4.49 ± 0.92Bc 
h* (hue)       
C. canephora 41.48 ± 0.87Ab 41.09 ± 0.32Ab 45.47 ± 1.17Aa 46.38 ± 1.37Aa 41.65 ± 0.63Ac 40.12 ± 1.52Ab 
C. arabica 9.11 ± 1.93Bb 15.14 ± 1.21Bc 19.16 ± 1.71Bb 38.52 ± 1.41Ba 34.31 ± 1.34Ba 19.81 ± 1.43Bb 
c* (chroma)       
C. canephora 34.85 ± 1.81Aabc 34.04 ±

1.00Abc 
37.25 ± 0.77Aa 36.66 ± 0.77Aab 27.25 ± 0.72Ad 33.45 ± 0.37Ac 

C. arabica 5.02 ± 0.66Bd 8.29 ± 0.94Bc 12.65 ± 1.96Bb 31.41 ± 1.24Ba 15.24 ± 0.86Bb 13.17 ± 1.81Bb 

Means followed by the same lowercase letters in the row and uppercase letters in the column do not differ by Tukey’s test (p > 0,05). 
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compared using Tukey’s post hoc test. All analyses adopted a significance level of 5% and were performed using the R software (R Core 
Team, Vienna, Austria). Principal component analysis (PCA) based on the correlation matrix was conducted to differentiate the color 
indexes using the R program (R Core Team, Vienna, Austria). 

3. Results and discussion 

3.1. Analysis of color 

The coffee bean color is related to the beverage quality and is an important factor in the product value. Changing the degree of 
temperature applied in the roasting process allows obtaining information on changes in coffee bean color, which is intrinsically related 
to the Maillard reaction. The color changes result from the formation of some Maillard reaction products that can impart functionality 
and appearance to roasted coffee beans [22,23]. The quantitative color evaluation of the roasted and ground coffee beans was reasoned 
on the indexes value L*, a *, b *, C*, and hue (Table 2). 

Regarding the L* indexes values, significant differences (p < 0.05) were observed between the two species and corresponding 
roasting conditions, except for roasting performed at 275 ◦C/7.46 min, which presented values equal for Robusta and Arabica coffees. 
Robusta coffee samples were significantly lighter. The Arabica coffee samples had a darker color, and the samples roasted at lower 
temperatures had lower values of the L* index. Robusta coffee samples had higher a* values than Arabica coffee, except for roasting at 
230 ◦C/17.43 min, in which the values did not differ from each other. As for the b* index, the Robusta coffee samples showed 
significantly higher values (p < 0.05) for all the roasts applied. The values of the indexes h* and C* of Arabica coffee in the different 
roasting conditions used were significantly lower than those of Robusta, characterizing the samples of Robusta coffee with higher 
values of chroma and hue, respectively. 

According to Ref. [24] depending on the roasting intensity used, roasted and ground coffee may have a brownish, yellow, lighter, or 
stronger color. At average temperature (210 ◦C) can present a reddish brown color and high temperature (>220 ◦C) darker color 

Fig. 1. Scatter plot of Principal Component Analysis (PCA) scores of L * a * b * color indexes for Robusta and Arabica coffee samples after different 
roasting treatments (PC1 vs. PC2). 
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Fig. 2. Total phenolic content (TPC) (A); DPPH radical scavenging activity (B); Ferric Reducing Antioxidant Power (FRAP) (C) of two coffee species after different roasting treatments. Lowercase letters 
represent Tukey’s test at 5% probability between species and uppercase letters between treatments for the same species. 
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brown. In the present study, Robusta coffee showed greater luminosity and higher chroma and hue values than Arabica coffee [25]. 
reported lower luminosity values for Arabica coffee mixed with Robusta when compared to pure Robusta. 

The data obtained in the color evaluation of the roasted coffees were also analyzed by PCA (Fig. 1), commonly used to interpret the 
correlation between the color indexes of roasted Robusta and Arabica coffee beans. Data matrices for PCA study were set up 
configuring that every line was equivalent to a sample (coffee species) and each column to a color principle. The first two principal 
components (PCs) explained 52.4% and 46% of the data variance, respectively, with both components accumulating 98.37% of the 
variation. From the sample’s spatial dispersion, it is possible to identify four distinct groups, separated by quadrant: 230 ◦C/17.43 min 
(PC1 positive, PC2 positive); 220 ◦C/13.47 min (PC1 negative, PC2 positive); 135 ◦C/20.20 min, 210 ◦C/9.02 min and 210 ◦C/11.01 
min (PC1 negative, PC2 negative); 275 ◦C/7.46 min (PC1 positive, PC2 negative). The first component allowed the division between 
darker and lighter samples, being mainly affected by luminosity values. 

The color of coffee beans varies between light brown and dark brown due to the pyrolysis of organic compounds and the formation 
of melanoidins [26]. The decreases in L* values and increases in a* and b* values after greater exposure of the coffee beans to the 
roasting process (increased time and temperature) may be due to the development of dark pigments through non-enzymatic browning 
and degradation of phospholipids, as well as thermal total phenolics oxidation [27,28]. 

3.2. Phenolic content and antioxidant activity 

Different roasting conditions result in different final product quality, that, different colors, flavors, aroma, and acidity [29]. 
Futhermore, the chemical coffee bean properties depend on other factors such as species and geographic location [29–33]. Different 
roasting profiles in two coffee species were evaluated in this study. The results of the impact of these conditions on the TPC and 
antioxidant activities by the DPPH and FRAP methods are introduced in Fig. 2. 

The TPC ranged from 12.31 to 52.47 mg GAE/g for Robusta and 11.52–21.47 mg GAE/g for Arabica. The highest values of TPC 
were detected in roasted coffee at temperatures of 135 ◦C/20.20 min, 210 ◦C/9.02 min, 210 ◦C/11.01 min and 220 ◦C/13.47 min for 
both species. The TPC contents of Robusta coffee were significantly higher than those of Arabica coffee (p < 0.05), except for roasts at 
230 ◦C/17.43 min and 275 ◦C/7.46 min. The results also indicated a significant decrease in TPC when roasting profiles at higher 
temperatures of 230 ◦C/17.43 min and 275 ◦C/7.46 min were used. Long roasting times at low temperatures result in little exposure to 
heat and oxygen and less total phenolic content decrease [34]. 

The results of the DPPH method (Fig. 2) revealed that the Robusta coffee exhibited greater antioxidant activity when low or 
standard temperatures in the roasting process were used. Comparing the antioxidant properties determined in the DPPH assay within 
each coffee species, it was observed that the highest Robusta coffee samples antioxidant activity was provided by treatments at 135 ◦C/ 
20.20 min, 210 ◦C/9.02 min, and 210 ◦C/11.01 min, followed by 220 ◦C/13.47 min. The methods at 230 ◦C/17.43 min and 275 ◦C/ 
7.46 min were the ones that provided samples with lower antioxidant activity, which complies with the TPC. Arabica coffee did not 
show significant differences (p > 0.05) in antioxidant activity by the DPPH method among the pre-established roasts. A higher 
antioxidant activity was also observed in robusta coffee samples compared to Arabica coffee in different roasting profiles, except for 
treatments at 230 ◦C/17.43 min and 275 ◦C/7.46 min that showed the same antioxidant activity for both species. Similar results were 
found by Ref. [35] (roasting at 203–205 ◦C/11–13 min), indicating that the coffee antioxidant properties are affected by the species 
and roasting, with Robusta coffee being the one with higher antioxidant activity. 

The ferric reducing antioxidant power (FRAP) of each roasted coffee sample was also evaluated and the results are pictured in 
Fig. 2. The ferric reducing power oscillated from 547.28 to 666.83 μmol FSE/g and 838,02–3150.62 μmol FSE/g for Arabica and 
Robusta samples, respectively. Robusta coffee showed greater antioxidant activity in coffees roasted at 135 ◦C/20.20 min, 210 ◦C/ 
9.02 min, 220 ◦C/13.47 min and 220 ◦C/11.01 min. For Arabica coffee no significant differences (p > 0.05) were observed in the 
samples antioxidant activity. Therefore, after roasting, Robusta samples showed significantly higher antioxidant activity values 
(FRAP) compared to Arabica samples, except for samples roasted at 230 ◦C/17.43 min and at 275 ◦C/7.46 min. The higher antioxidant 
activity in Robusta coffee can be attributed to its caffeine content, which is an alkaloid and has antioxidant properties, whose content 
can be changed along the roasting standard [36]. 

The causes of changes in antioxidant activity in coffee beans subjected to different roasting temperatures are associated with 
chlorogenic acid degradation and the development of products from the advanced glycation [15]. Following the Maillard reaction 
during the coffee bean roasting process, non-covalent interactions between the phenolic compounds and the reaction products 
(melanoidins) occur and cause the complexes production that have varying degrees of antioxidant activity [37]. 

The roasting process impact on the antioxidant properties was verified in several studies, which revealed an increase in the 
antioxidant activity when using roasts at low temperatures and a subtraction in the antioxidant activity when using roasts at high 
temperatures [15,38]. The present study, Robusta coffee showed significantly higher antioxidant activity values (DPPH and FRAP) in 
treatments using roasts at lower temperatures (<210 ◦C) and significantly lower activities when roasting at high temperatures. 

It is noteworthy that several methodologies are used in the characterization of antioxidant activity in foods, with no single, 
standardized and universal method in the process of performing the analysis. To determine the antioxidant activity, the ideal is to use 
at least two evaluation methods, with the DPPH, FRAP and total phenolic methods widely applied in the determination, as seen in the 
related work [39,40]. 

3.3. Caffeine, caffeoylquinic acid (5-CQA), trigonelline, caffeic acid, and HMF in roast and ground coffee 

Aiming to evaluate whether the applied roasting process affected the caffeine, 5-CQA, trigonelline, caffeic acid, and HMF 
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concentration, the analysis was carried out in HPLC. 
Caffeine contents in roasted and ground coffee samples varied in a wide range from 9.27 mg/g to 33.29 mg/g in Robusta coffee and 

from 5.55 mg/g to 10.15 mg/g in coffee Arabica, with the highest content found in roasting at 135 ◦C/20.20 min for Robusta and at 
220 ◦C/13.47 min for Arabica. (Table 3). The presence of caffeine in the roasts may be due to the compound thermostability and the 
loss of mass of thermolabile compounds due to the roasting temperature applied [41]. The presence of caffeine in the samples may be 
due to the compound thermostability and the loss of mass of thermolabile compounds due to the roasting temperature applied [41]. 
Notably, this compound’s thermal resistance was predominantly higher in almost all treatments in relation to caffeic acids and 5-CQA, 
as well as trigonelline and HMF, under the pre-established roasting conditions (Table 3). As reported, the coffee samples caffeine 
content in both species was in agreement with the ranges reported in the literature [21,42], with higher values in Robusta coffee. 

The highest levels of 5-CQA were observed in Robusta coffee at roasting profiles of 135 ◦C/20.20 min, 210 ◦C/11.01 min, and 
210 ◦C/9.02 min, with average values of 17, 27, 15.03, and 17.67 mg/g, respectively. The results also indicated that there was a 
significant decrease (p < 0.05) of 5-CQA at higher temperatures of 220 ◦C/13.47 min, 230 ◦C/17.43 min, and 275 ◦C/7.46 min 
(Table 3). Concentrations of 5-CQA decrease drastically when more severe roast conditions (between 180 and 200 ◦C) are used in the 
process of obtaining the roasted coffee powder, with Robusta coffee being the species with a slightly higher amount of chlorogenic 
acids (CQAs) [43]. 

In the present study, Robusta coffee had a higher trigonelline content in almost all roasting profiles, with the highest levels found in 
coffees roasted at mild temperatures, especially in roasting profiles 135 ◦C/20.20 min and 210 ◦C/9.02 min, with values of 9.11 and 
9.72 mg/g, respectively. Arabica coffee had lower trigonelline content (Table 3). The local climate, species, temperature, and roasting 
time can perform an important role in trigonelline content [44], which possibly explains the higher trigonelline content in Robusta 
coffee. Caffeic acid is a hydroxycinnamic compound that partially originates from the hydrolysis of caffeoylquinic and dicaffeoylquinic 
acids of roasting technique [36] and is found in low levels. Minimum contents of this compound were found in the analyzed Robusta 
coffee samples. In Arabica coffee samples, the compound was not found (Table 3). It was verified the absence of HMF in the Arabica 
coffee used in this study in all roasting profiles and a minimum amount of this compound in Robusta coffee, showing the ability of this 
compound to decompose quickly. These results indicated that the coffee species and temperatures employed did not interfere with the 
concentration of HMF, thus resulting in a non-significant interaction. The HMF degradation could have occurred from the reaction 
between the furan compound and the amino acid decomposition products or compact with sugar alcohols and nitrogen-free polymer to 
trigger flavor compounds and melanoidins [45]. 

For the analysis of composition and caffeine, trigonelline, 5-CQA, caffeic acid, and HMF levels, in order to investigate the corre-
lation between the studied parameters, the statistical method known as Principal Component Analysis (PCA) was employed. This 
procedure allowed for a graphical evaluation of the variable values’ dispersions with respect to component 1 and component 2 through 
a visual representation on the PCA score plot (Fig. 3). 

Fig. 3 illustrates the PCA score plot, where the samples are represented in a two-dimensional space formed by two axes or coor-
dinate components. In this context, samples that cluster closely to these components possibly share similar chemical concentrations. It 
was observed that the first principal component (PC1) was able to explain 94.9% of the variation present in the data, while the second 
principal component (PC2) explained only 4.1% of the variation. This finding reinforces the representativeness of the analysis 
performed. 

Consequently, it was observed that the analyzed chemical compounds presented higher concentrations in Robusta coffee. Addi-
tionally, it is noteworthy that temperature played a relevant role in altering the concentrations of the chemical compounds, with 
roasting at 275 ◦C/7.46 min being the most drastic condition for the reduction of these compounds. 

Table 3 
Caffeine, caffeoylquinic acid (5-CQA), trigonelline, caffeic acid and hydroxymethylfurfural (HMF) (mg/g) content in canephora (Robusta) and arabica 
coffee variety Catúai affected by different degrees of roasting.  

Samples  

135 ◦C/20.20 min 210 ◦C/9.02 min 220 ◦C/13.47 min 230 ◦C/17.43 min 275 ◦C/7.46 min 210 ◦C/11.01 min  

Caffeine        
C. canephora 33.29 ± 0.50Aa 31.16 ± 2.29Aa 19.27 ± 2.24Ab 12.40 ± 1.63Abc 9.27 ± 0.10Ac 30.19 ± 2.28Aa  

C. arabica 5.55 ± 2.09Ba 6.71 ± 1.95Ba 10.15 ± 2.18Ba 6.19 ± 1.18Ba 9.33 ± 0.12Aa 7.19 ± 0.37Ba  

5-CQA        
C. canephora 17.27 ± 0.19Aa 17.67 ± 1.5Aa 10.26 ± 2.15Ab 3.50 ± 0.08Ac 0.93 ± 0.05Ac 15.03 ± 1.15Aab  

C. arabica 6.03 ± 2.05Bab 7.08 ± 1.92Bab 8.85 ± 1.13Aa 2.13 ± 0.98Ab 3.07 ± 1.58Aab 6.11 ± 1.06Bab  

Trigonelline        
C. canephora 9.11 ± 0.12Aa 9.72 ± 0.75Aa 6.47 ± 0.41Ab 4.36 ± 0.07Ab 1.27 ± 0.03Ac 5.34 ± 0.06Ab  

C. arabica 5.02 ± 1.39Bab 3.95 ± 0.00Bab 5.73 ± 0.00Aa 2.59 ± 0.82Bbc 0.94 ± 0.02Ac 5.58 ± 0.39Aa  

Caffeic acid        
C. canephora 0.08 ± 0.02Ab 0.55 ± 0.11Aa 0.00 ± 0.00Ab 0.00 ± 0.00Ab 0.00 ± 0.00Ab 0.42 ± 0.02Aa  

C. arabica 0.00 ± 0.00Aa 0.00 ± 0.00Ba 0.00 ± 0.00Aa 0.00 ± 0.00Aa 0.00 ± 0.00Aa 0.00 ± 0.00Ba  

HMF        
C. canephora 0.27 ± 0.22 0.06 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.02 ± 0.01  
C. arabica 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00          

Means followed by the same lowercase letters in the row and uppercase letters in the column do not differ by Tukey’s test (p > 0,05). 
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These results underscore the importance of PCA as a valuable tool in investigating the chemical composition and variations of 
components in different coffee samples, providing a more comprehensive and precise understanding of the factors influencing the 
quality and chemical profile of this globally cherished beverage. 

4. Conclusion 

The present study investigated the physicochemical changes during the roasting process of Robusta and Arabica coffees. In general, 
TPC gradually reduced with the addition of temperature and roasting time for both species. Robusta coffee showed higher antioxidant 
capacity than arabica coffee samples, except for profiles 230 ◦C/17.43 and 275 ◦C/7.46 min, in which both samples showed equivalent 
antioxidant capacity in all methods applied. Robusta coffee samples were characterized as lighter and with higher chroma and hue 
values. The thermal resistance of caffeine was higher than that of chlorogenic (5-CQA) and caffeic acids. Robusta coffee samples in all 
roasting profiles showed higher values of trigonelline content. In Arabica coffee, the absence of HMF was verified in all roasting 
profiles. The results showed that different roasting profiles directly influence the physicochemical characteristics and antioxidant 
properties of coffee. 
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