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ABSTRACT 
Drinking coffee has become part of our everyday culture. Coffee cultivation is devoted to over 50 countries in the world, 

located between latitudes 25 degrees North and 30 degrees South. Almost all of the world's coffee production is provided 

by two varieties, called ‘Arabica’ and ‘Robusta’ whereas the share of Arabica is 70% of the world's coffee harvest. Green 

(raw) coffee can not be used to prepare coffee beverages, coffee beans must first be roasted. Roasting coffee and reaching a 

certain degree of coffee roasting determine its flavor and aroma characteristics. In the present study the fate of sucrose, 

chlorogenic acid, acetic acid, formic acid, lactic acid, caffeic acid, total phenolic compounds and 5-hydroxymethylfurfural 

was studied in coffee (Brazil Cerrado Dulce, 100% Arabica) roasted in two ways (Medium roast and Full city roast). It has 

been found that almost all sucrose has been degraded (96 – 98%) in both roasting ways. During Medium roast 65% of 

chlorogenic acid contained in green coffee was degraded while during Full city roast it was 85%. During both Medium and 

Full city roasting, the formation of acetic acid but especially formic and lactic acid was recorded. The highest concentration 

of organic acids was recorded at Full City roasting at medium roasting times (3.3 mg.g-1 d.w. acetic acid, 1.79 mg.g-1 d.w. 

formic  acid, 0.65 mg.g-1d.w. lactic acid). The amount of phenolic substances also increased during roasting up to  

16.7 mg.g-1 d.w. of gallic acid equivalent. Highest concentrations of 5-hydroxymethylfurfural were measured at medium 

roasting times at both Medium (0.357 mg.g-1 d.w.) and French city (0.597 mg.g-1 d.w.) roasting temperatures. At the end of 

roasting, the 5-hydroxymethylfurfural concentration in coffee were 0.237 mg.g-1 d.w. (Medium roast) and 0.095 mg.g-1 

d.w. (Full city roast). 
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INTRODUCTION 
 Coffee is made up of modified seed of the fruit of various 

tropical to subtropical trees or coffee shrubs. Coffee has  

a large number of varieties, only a few of them have 

economic significance. Almost all of the world's coffee 

production is provided by two varieties, called ‘Arabica’ 

and ‘Robusta’ (Butt and Tauseef Sultan, 2011). Arabica 

(Coffea arabica), is the most important botanical species, 

especially for the high quality of its fruits. It comes from 

about 70% of the world's green coffee production. Robusta 

(Coffea canephora), is the second most important variety 

of coffee, and its share of world production is steadily 

growing mainly due to its greater adaptability to habitats 

and disease resistance. Other reasons to increase demand 

of Robusta coffee in the market are the growing demand 

for instant coffee, which is preferentially made from 

Robusta coffee and last but not least, lower price of 

Robusta coffee compared to Arabica coffee (Kemsley et 

al., 1995). World coffee production in 2017 was about  

9.5 million tonnes, which makes coffee the second most 

important commodity of world trade (FAOSTAT, 2018). 

 After processing the coffee beans by wet or dry drying 

technologies (Arya and Jagan Mohan Rao, 2007; 

Guimar, Berbert and Silva, 1998), coffee beans are 

roasted. During coffee roasting, coffee beans get brown 

colour and their characteristic flavour and aroma 

(Yeretzian et al., 2002). In different countries, different 

roasting styles have been created according to population 

preferences. These roasting styles differ from each other at 

the roasting temperature used and the total coffee roasting 

time (Moon, Yoo and Shibamoto, 2009; Dórea and 

DaCosta, 2005). 

 Due to the popularity of coffee in the world many 

researchers were involved in coffee research in the last 

quarter of a century. Most studies on coffee are health-

related studies (Ciaramelli, Palmioli and Airoldi, 2019; 

Poole et al., 2017; Ludwig et al., 2014; Butt and Tauseef 

Sultan, 2011; Dórea et al., 2005). Other studies are 

focused on the role of roasting conditions of the coffee in 

the level of selected compounds. Information on what is 

happening in roasted coffee beans is quite sufficient in the 

available literature, but there are only few studies that deal 

with the complex monitoring of changes in the chemical 

composition of coffee beans during roasting (Wei et al., 

2012). 
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 In the present study the fate of sucrose, chlorogenic acid, 

acetic acid, formic acid, lactic acid, caffeic acid, total 

phenolic compounds and 5-hydroxymethylfurfural was 

studied in coffee roasted in two ways (Medium roast and 

Full city roast). 

 

Scientific hypothesis  
 Higher temperature and higher time of coffee beans 

roasting cause higher amounts of 5-hydroxymethylfurfural, 

organic acids and phenolic compounds while reducing the 

carbohydrate content in the coffee beans. 

 

MATERIAL AND METHODOLOGY 

Chemicals and reagents 
All water used in this study was ultrapure water (Elga 

pure lab classic, Veolia water systems, UK). All chemicals 

used in this study were analytical grade chemicals 

purchased from Sigma-Aldrich (Germany) company 

except of Karl-Fisher titration reagent and water standard 

which have been purchased from Labicom (Czech 

Republic). 

 

Sample preparation 
 The 100% Arabica coffee (Brazil Cerrado Dulce, 

4coffee, Czech Republic) was used in this study. Total 

amount of 25g of green coffee beans was roasted in a 

home coffee roaster (Gene café CBR101, 4coffee, Czech 

Republic). Coffee was roasted with two roasting degrees 

as Medium roast and Full city roast. Roasting on Medium 

roast degree was done at 210 °C and the total roasting time 

was 14 min. Roasting on Full city roast degree was done at 

225 °C and the total roasting time was 19 min. Extraction 

of organic acids, sucrose, 5-hydroxymethylfurfural and 

total phenolic compounds was performed in 25 mL 

Erlenmeyer flasks. One gram of sample weighted on 

analytical balancer and 10 mL of solvent (80 °C water 

mixed with ethanol in 60:40 volume ratio) were used for 

extraction. Extraction was carried out on a magnetic stirrer 

for 30 minutes. After the extraction, the samples were 

centrifuged at 5000 rpm in centrifuge and the supernatant 

was filtered using nylon syringe filters (0.45 m, Labicom, 

Czech Republic) and used for analysis. All samples were 

prepared in two replicates. 

 

Chemical analysis 
Acetic, formic and lactic acid were determined using ion 

chromatography (Metroohm 850 professional IC, 

Metroohm, Switzerland) with conductivity detector. An 

Agilent Infinity 1260 liquid chromatograph (Agilent 

Technologies, USA) equipped with ELSD detector was 

used for determination of sucrose. Both methods are 

described in detail at work published by Diviš et al. 

(2018). Total phenolic compounds were determined using 

Helios gamma spectrophotometer (Spectronic Unicam, 

Great Britain) through the Folin-Ciocalteus method 

(Singleton et al. 1999) and expressed as gallic acid 

equivalent. Concentration of 5-hydroxymethylfurfural was 

determined on Agilent Infinity 1260 liquid chromatograph 

with DAD detector using Kinetex EVO-C18 column and 

acetonitrile mixed with water in 15:85 volume ratio. 

Chlorogenic and caffeic acid were determined on Agilent 

Infinity 1260 liquid chromatograph with DAD detector 

using Kinetex EVO-C18 column and mixture of 2.5% 

formic acid and acetonitrile in 90:10 volume ratio as 

mobile phase. Water content in all samples was 

determined by Karl-Fisher titration (Verhoef and 

Barendrecht, 1977) using KF Titrino 701 titrator 

(Metroohm, Switzerland). The pH value was measured 

using pH meter with combined electrodes (WTW, 

Germany). All parameters for a single sample were 

measured in three replicates. All measured concentrations 

were recalculated to dry weight of coffee. 

 

Statistic analysis   
All experimental data were statistically processed using 

software XLstat (Addinsoft, USA). Obtained data were 

pre-treated by using Analysis of Variance (ANOVA) to 

find statistical significant differences between groups. 

Tukey’s comparative test on the significance level 0.05 has 

been performed for individual parameters observed during 

coffee roasting. The pre-treated data were used as input 

parameters in Principal Component Analysis (PCA) to find 

correlation between the chemical composition changes 

during the roasting process. 

 

RESULTS AND DISCUSSION 
 Coffee beans contain, in addition to water and minerals,  

a large number of organic substances. The main 

component of coffee beans are carbohydrates. The coffee 

beans contain various hemicelluloses, starch, 

oligosaccharides and mainly sucrose. The amount of 

monosaccharides is relatively small. Other substances 

contained in coffee are proteins, non-protein nitrogenous 

substances, phenolic substances, non-volatile organic 

acids, volatile substances and oils (Arya and Jagan 

Mohan Rao, 2007; Farah and Marino Donagelo, 2006; 

Redgwell and Fisher, 2006).  

 Concentration of sucrose in green coffee beans and in 

roasted coffee beans is presented in Table 1 and Table 2. 

The results show that sucrose degradation occurs during 

the roasting process. Sucrose degradation is explained by 

sucrose hydrolysis to glucose and fructose, which may be 

further fragmented to form aliphatic acids, or which may 

participate in Maillard reactions with proteins or amino 

acids (Ginz et al. 2000). The sucrose concentration 

decreased in the middle of the roasting process by 47% in 

the case of Medium roast and by 59% in the case of Full 

city roast. At the end of the roasting process, almost all 

sucrose has already been degraded (96 – 98%). 

 Another substance that has been observed to reduce the 

concentration during the roasting process was chlorogenic 

acid. Concentration of chlorogenic acid in green coffee 

beans and in roasted coffee beans is presented in Table 3 

and Table 4. Chlorogenic acid concentration decreased in 

the middle of the roasting process by 45% in the case of 

Medium roast and by 42% in the case of Full city roast. At 

the end of the roasting process, 67% of chlorogenic acid 

contained in green coffee was degraded during Medium 

roast and 85% during Full city roast. Chlorogenic acid is 

involved in colour, flavour and aroma formation of coffee 

Farah and Marino Donagelo, 2006; Farah et al., 2005). 

Major degradation products of chlorogenic acid are 

melanoids and low molecular weight compounds. 
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 Strong significant correlation was found between sucrose 

concentration and concentration of organic acid during 

coffee roasting (r >0.9).  

Concentration of organic acid in coffee during the roasting 

process is shown in Table 3 and Table 4. While the sucrose 

concentration in coffee decreases during roasting, the 

concentration of organic acids significantly increases. The 

most significant change was found in the lactic and formic 

acid content. The content of these acids in coffee beans 

rose almost 100 times after coffee roasting. Trend of 

changes in the concentration of organic acids was similar 

for Medium roasting and French roasting, however in the 

case of French roasting decrease in organic acid content 

was observed in the later stage of roasting. Ginz et al. 

(2000) lists the content of organic acids in Robusta coffee 

after roasting to be approximately 2 mg.g-1 in the case of 

formic acid and acetic acid and 0.2 mg.g-1 in the case of 

lactic acid. Formation of organic acids in coffee is 

described by Lobry-deBruyn-vanEckenstein 

rearrangement reaction in which fructose or glucose 

produced by sucrose hydrolysis is involved, and by 

formation of 1,2-endiole or 2,3-endiole as acid precursors 

(Ginz et al., 2000). Formation of organic acids in coffee 

during roasting process did not significantly affect the pH 

of the coffee (Table 1 and Table 2.). This finding can be 

caused due to highly complex buffering effects and the 

wide distributions of salts and acids present in coffee. 

Jeszka- Jeszka-Skowron et al. (2016) measured pH value 

 Table 1 Content of sucrose, 5-hydroxymethylfurfural, total phenolic compounds and pH value of coffee roasted to 

Medium roast degree. 

Time 

 

pH
 

(mg.g
-1 

±SD) 

sucrose
 

(mg.g
-1 

±SD) 

HMF
 

(mg.g
-1 

±SD) 

TPC
 

(mg.g
-1 

±SD) 

0 6.09 ±0.05a 70.1 ±4.9a <0.010 8.5 ±0.8e 

4 5.93 ±0.05ab 58.5 ±2.1b <0.010 8.9 ±0.8e 

5 5.89 ±0.05ab 57.0 ±6.4bc <0.010 9.6 ±0.9de 

6 5.78 ±0.05ab 50.1 ±3.5c 0.013 ±0.004d 10.8 ±0.6cd 

7 5.89 ±0.05ab 38.8 ±3.8d 0.044±0.016d 12.8 ±0.6ab 

8 5.68 ±0.05ab 23.8 ±2.5e 0.136 ±0.013c 12.0 ±0.7bc 

9 5.73 ±0.05ab 14.3 ±2.5f 0.281 ±0.031ab 12.7 ±0.3ab 

10 5.68 ±0.05ab 12.2 ±1.9f 0.232±0.014b 13.0 ±0.2ab 

11 5.72 ±0.05ab 6.3 ±1.8gh 0.139 ±0.021c 13.7 ±0.3a 

12 5.65 ±0.05ab 4.4 ±0.5gh 0.264 ±0.046b 14.4 ±0.4a 

13 5.68 ±0.05ab 4.1 ±0.7gh 0.346 ±0.016a 14.0 ±0.5a 

14 5.65 ±0.05ab 3.0 ±0.4h 0.224 ±0.018b 13.4 ±0.4ab 

Note: Values in the same column with different letters are significantly different at p <0.05. 

 

 Table 2 Content of sucrose, 5-hydroxymethylfurfural, total phenolic compounds and pH value of coffee roasted to Full 

city roast degree. 

Time 

 

pH
 

(mg.g
-1 

±SD) 

sucrose
 

(mg.g
-1 

±SD) 

HMF
 

(mg.g
-1 

±SD) 

TPC
 

(mg.g
-1 

±SD) 

0 6.09 ±0.05a 70.1 ±4.9a <0.010 8.5 ±0.8e 

4 5.95 ±0.05a 62.8 ±3.9ab <0.010 8.9 ±0.3e 

5 5.95 ±0.05a 59.3 ±3.4b <0.010 11.5 ±0.7d 

6 5.76 ±0.05ab 59.5 ±5.1ab 0.017 ±0.003h 13.7 ±0.9c 

7 5.73 ±0.05ab 41.6 ±4.2c 0.091 ±0.006gh 13.9 ±0.5c 

8 5.69 ±0.05ab 30.6 ±2.8d 0.326 ±0.018bcd 13.1 ±0.7c 

9 5.78 ±0.05ab 16.3 ±2.5e 0.341 ±0.025bc 13.2 ±0.9c 

10 5.77 ±0.05ab 12.1 ±2.2f 0.259 ±0.021de 13.8 ±0.8c 

11 5.75 ±0.05ab 5.7 ±1.3g 0.207 ±0.013ef 14.9 ±0.9bc 

12 5.69 ±0.05ab 3.4 ±0.4gh 0.549 ±0.029a 15.8 ±1.2ab 

13 5.62 ±0.05ab 2.5 ±0.3h 0.510 ±0.017a 14.0 ±0.3bc 

14 5.59 ±0.05ab 2.3 ±0.2h 0.408 ±0.022b 14.1 ±0.5bc 

15 5.55 ±0.05b 2.0 ±0.2hi 0.406 ±0.019b 14.8 ±0.3bc 

16 5.62 ±0.05ab 1.9 ±0.3hi 0.303 ±0.023cd 14.6 ±0.7bc 

17 5.72 ±0.05ab 1.7 ±0.3hi 0.236 ±0.015de 16.7 ±0.8a 

18 5.66 ±0.05ab 1.5 ±0.2i 0.121 ±0.014fg 15.6 ±0.6ab 

19 5.70 ±0.05ab <1.0 0.108 ±0.017g 14.4±0.9bc 

Note: Values in the same column with different letters are significantly different at p <0.05. 
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of water treated Brazil Arabica green coffee to be 4.92.  

Ginz et al. 2000 monitored pH changes in Robusta coffee 

during the roasting process and recorded pH change from 

6.1 to 5.7 similar to this study (Table 1 and Table 2). 

 Another strong correlation was found between 

chlorogenic acid concentration and caffeic acid 

concentration in the case of Medium roast (r = 0.8025). 

However, in the case of Full city roast, this correlation was 

not significant and week (r = 0.2403). Chlorogenic acid is 

an ester of quinic acid and phenolic acid, mostly caffeic, 

ferulic or 3-hydroxycinnamic acid (Farah and Marino 

Donagelo, 2006). During shorter roasting at lower 

temperatures chlorogenic acid can be hydrolysed and 

concentration of caffeic acid in coffee beans may 

temporarily increase. On the other side, with longer 

roasting times and higher temperatures, caffeic acid 

released from chlorogenic acid can be further degraded. 

From the results summarized in Table 4 it can be seen a 

significant increase of caffeic acid concentration in roasted 

coffee beans and subsequent reduction of caffeic acid 

concentration over longer periods of roasting. The 

formation of phenolic substances during roasting of coffee 

is also evident from the total concentration of phenolic 

compounds presented in Table 1 and Table 2. Measured 

concentrations of chlorogenic acid, caffeic acid or total 

phenolic compounds in this study are comparable with 

data published in literature. Chlorogenic acid 

concentration in green coffee beans is reported within the 

 Table 3 Content of organic acids in coffee roasted to Medium roast degree. 

Time 

Organic acids 

Acetic 

(mg.g
-1 

±SD) 

Formic 

(mg.g
-1 

±SD) 

Lactic 

(mg.g
-1 

±SD) 

Chlorogenic 

(mg.g
-1 

±SD) 

Caffeic 

(mg.g
-1 

±SD) 

0 0.345 ±0.036gh <0.005 <0.005 22.7 ±1.8a 0.741 ±0.082c 

4 0.262 ±0.055h 0.032 ±0.005f 0.019 ±0.009e 17.8 ±0.5b 0.873 ±0.033c 

5 0.345 ±0.013gh 0.055 ±0.016f 0.037 ±0.006e 15.7 ±0.9bc 0.971 ±0.021bc 

6 0.378 ±0.033g 0.069 ±0.004f 0.036 ±0.004e 14.5 ±0.6cd 0.932 ±0.029bc 

7 0.726 ±0.067f 0.133 ±0.027ef 0.039 ±0.007e 13.6 ±0.4de 1.03 ±0.08abc 

8 1.07 ±0.08e 0.291 ±0.028de 0.114 ±0.011d 13.7 ±0.3de 1.05 ±0.11abc 

9 1.16 ±0.06e 0.383 ±0.014d 0.099 ±0.021d 12.2 ±0.2def 1.17 ±0.12ab 

10 1.21 ±0.03de 0.432 ±0.029cd 0.144 ±0.013d 11.7 ±0.3ef 1.03 ±0.07abc 

11 1.39 ±0.04cd 0.571 ±0.025bc 0.198 ±0.009c 10.4 ±1.1fg 1.02 ±0.14abc 

12 1.58 ±0.07c 0.633 ±0.063b 0.239 ±0.017c 8.9 ±0.9gh 1.18 ±0.05ab 

13 1.81 ±0.04b 0.717 ±0.113ab 0.317 ±0.018b 7.9 ±0.8gh 1.17 ±0.08a 

14 2.17 ±0.07a 0.875 ±0.057a 0.392 ±0.022a 7.2 ±0.4h 1.05 ±0.13abc 

Note: Values in the same column with different letters are significantly different at p <0.05. 

 

 

 Table 4 Content of organic acids in coffee roasted to Full city roast degree. 

Time 

Organic acids 

Acetic 

(mg.g
-1

±SD) 

Formic 

(mg.g
-1

±SD) 

Lactic 

(mg.g
-1

±SD) 

Chlorogenic 

(mg.g
-1

±SD) 

Caffeic 

(mg.g
-1

±SD) 

0 0.345 ±0.036j <0.005 <0.005 22.7 ±1.8a 0.741 ±0.082abc 

4 0.214 ±0.015k 0.011 ±0.005i 0.013 ±0.004i 17.1 ±0.3b 0.852 ±0.130 abc 

5 0.484 ±0.016i 0.061 ±0.008h 0.046 ±0.006h 16.2 ±0.7bc 0.97 ±0.112 abc 

6 0.492 ±0.012i 0.104 ±0.011gh 0.053 ±0.006h 15.3 ±0.6bcd 0.932 ±0.091 abc 

7 0.856 ±0.025h 0.293 ±0.041fg 0.051 ±0.004h 14.1 ±0.5cde 0.974 ±0.133 abc 

8 1.26 ±0.08g 0.421 ±0.013ef 0.180 ±0.025g 12.9 ±0.8def 1.25 ±0.18ab 

9 1.46 ±0.09fg 0.519 ±0.038e 0.208 ±0.028g 12.5 ±0.9def 1.42 ±0.19a 

10 1.41 ±0.03fg 0.559 ±0.029de 0.217 ±0.025fg 12.2 ±0.6efg 1.03 ±0.09 abc 

11 1.72 ±0.08ef 0.732 ±0.047cd 0.315 ±0.023ef 11.1 ±0.5fgh 0.95 ±0.07 abc 

12 1.85 ±0.09de 0.786 ±0.040bc 0.343 ±0.013de 9.9 ±0.6ghi 1.45 ±0.15a 

13 2.17 ±0.17cd 0.906 ±0.045abc 0.394 ±0.029cde 9.5 ±0.4ghi 1.22 ±0.13ab 

14 3.22 ±0.11a 1.13 ±0.21a 0.628 ±0.043a 9.0 ±0.7hij 1.05 ±0.09 abc 

15 2.61±0.12b 1.07 ±0.09a 0.442 ±0.041bcd 8.6 ±0.5ij 0.951 ±0.141 abc 

16 2.51 ±0.14b 0.917 ±0.048abc 0.497 ±0.021bc 7.5 ±0.4jk 0.873 ±0.062bc 

17 2.43 ±0.05bc 0.921 ±0.050abc 0.410 ±0.016bcde 6.8 ±0.8jk 0.852 ±0.015bc 

18 2.61 ±0.06b 0.984 ±0.033ab 0.454 ±0.061bc 5.8 ±0.5k 0.755 ±0.073bc 

19 2.51 ±0.05b 1.02 ±0.05a 0.513 ±0.032b 3.2 ±0.9l 0.613 ±0.082c 

Note: Values in the same column with different letters are significantly different at p <0.05. 
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range of 34 – 57 mg.g-1 while in roasted coffee beans in 

the range of 2 – 19 mg.g-1 (Ludwig et al., 2014; Narita 

and Inouye, 2015; Farah and Marino Donagelo, 2006; 

Moon, Yoo and Shibamoto, 2009).  

Total phenolic compounds content in coffee is reported to 

be 14 – 30 mg.g-1 (gallic acid equivalent) while caffeic 

acid content in coffee is reported to be 1.4 – 3 mg.g-1 

(Bauer et al., 2018; Hall, Yuen and Grant, 2018). 

 Almost all foods that are heat-treated are monitored for 

content of 5-hydroxymethylfurfural. This compound is 

generated in food by the Maillard reaction (Antal et al., 

1990). Increased interest in 5-hydroxymethylfurfural stems 

from a partially verified suspicion that this compound is  

a health hazard compound that may be mutagenic, 

carcinogenic and cytotoxic (Abraham et al., 2011). The 

content of 5-hydroxymethylfurfural in roasted coffee is 

reported to be 0.3 – 1.9 mg.g-1 (Murkovic and Pichler, 

2006). In this study, maximum concentration of  

5-hydroxymethylfurfural was measured to be 0.549 mg.g-1 

in coffee during Full city roast. During Medium roast 

 
 Figure 1 PCA score of the monitored analytes in coffee beans roasted on Medium roast degree. Note: S = short time of 

roasting (0 – 6 min), M = medium time of roasting (7 – 10 min), L=long time of roasting (8 – 14min). CGA = 

chlorogenic acid, SUC = sucrose, LAC = lactic acid, FOR = formic acid, AAC = acetic acid, HMF = 

hydroxymethylfurfural,  

TPC = total phenolic compounds, CFA = caffeic acid. 

 

 
 Figure 2 PCA score of the monitored analytes in coffee beans roasted on Full city roast degree. Note: S = short time of 

roasting (0 – 7 min), M = medium time of roasting (8 – 14 min), L = long time of roasting (15 – 19 min).  

CGA = chlorogenic acid, SUC = sucrose, LAC = lactic acid, FOR = formic acid, AAC = acetic acid,  

HMF = hydroxymethylfurfural, TPC = total phenolic compounds, CFA = caffeic acid. 
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maximum content of 5-hydroxymethylfurfural was found 

to be 0.346 mg.g-1. Relatively interesting is the course of  

5-hydroxymethylfurfural concentration during roasting. 

During both Medium and Full city roast two sharp maxima 

in 5-hydroxymethylfurfural concentration were recorded, 

which could correspond to the first and second crack in 

coffee beans. After reaching the second maximum, 

concentration of 5-hydroxymethylfurfural in coffee 

decreases, because of its degradation to organic acids 

(Murkovic and Bornik, 2007). 

 To investigate the overall composition changes during 

the roasting process, PCA was performed on the data for 

all coffee bean extracts at different time of roast. The 

roasting process was divided into three categories 

according to the total roasting time (short, medium and 

long time). The results are shown in Figure 1 and Figure 2. 

The PCA plots confirmed that sucrose and chlorogenic 

acid degraded during the roasting process and also that 

with longer roasting times the content of organic acids in 

coffee increases. Both Figures 1 and Figures 2 also show 

that content of 5-hydroxymethylfurfural is the highest in 

medium roasting times. 

  

CONCLUSION 
 This study proved that coffee roasting is a complex 

chemical process. The basic processes detectable during 

coffee roasting are the decomposition of sucrose and 

chlorogenic acid. Almost all sucrose is degraded during 

roasting independently of the roasting method. 

Degradation of chlorogenic acid is higher with longer 

roasting at higher temperatures. During the Full city roast 

(225 °C, 19 min) up to 85% of chlorogenic acid was 

degraded. Degradation products of sucrose and 

chlorogenic acid are low molecular organic acids and 

phenolic acids. Formic or lactic acid concentrations in 

coffee beans increased up to 100-fold during roasting. The 

increase in the concentration of phenolic compounds was 

not so steep, but it was observable. From the measured 

results, it cannot be clearly stated that with higher 

temperature and with higher roasting time concentration of 

5-hydroxymethylfurfural is increasing. Highest 

concentrations of 5-hydroxymethylfurfural were measured 

at medium roasting times at both Medium and French city 

roasting temperatures. Conversely, at shorter roasting time 

and lower temperature higher concentrations of  

5-hydroxymethylfurfural were found at the end of roasting.  
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