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Abstract 

The coffee roasting process is one of the most important parts of coffee aroma formation, and also has a varied influence on the 

biologically active compounds composition in coffee. It is essential to understand the point of the roasting process when the pleasant 

specialty coffee aroma compounds and health-beneficial bioactive compounds are at the best ratio. The aim of the review was to 

evaluate the technological parameters in the specialty coffees roasting process to obtain optimal aroma profile and composition of 

bioactive compounds. The loss of aroma compounds with fruity, floral and sweet acidic notes in roasting process happens slower than 

the loss of chlorogenic acid. Meanwhile compounds like melanoidins with anti-oxidative properties and chlorogenic acid lactones 

mostly form in medium roasting level, but due to their bitter sensory characteristics, they have low cupping score. Both, the aroma 

compounds and bioactive compounds start rapidly decreasing by the medium–dark roast. It is proven, that antioxidant activity stays at 

the highest point in the light–medium roast level when coffee melanoidins start to form and the chlorogenic acid is still at high 

concentration and good cup quality remains. By knowing the roasting process influence on chemical properties of coffees aroma and 

bioactive compound composition it is possible to maintain high coffee cupping score without losing the valuable bioactive compounds. 
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Introduction 

Moderate coffee consumption is more associated with 

positive health benefits. The bioactive compounds are 

responsible for the antioxidant, antibacterial and anti–

inflammatory activities. Their wide and powerful 

variety contributes to regular coffee consumption 

benefits. Moderate coffee consumption is associated 

with lower cardiovascular diseases risk, for example, 

Martínez-Lopez et al. (2018) research suggests that 

drinking 3 cups of coffee a day positively affects blood 

pressure, blood glucose and triglyceride levels, which 

overall contributes to lower metabolic syndrome risk. 

According to Gutiérrez-Grobe et al. (2012), higher 

coffee consumption is associated with lower non-

alcoholic fatty liver disease risk. To better understand 

the antioxidant properties of coffee it is important to 

evaluate the bioactive compounds individually. 

Chlorogenic acid has shown the highest antioxidant 

activity in coffee. Chlorogenic acid can decrease breast 

and pancreatic cancer risk, as also empowering overall 

cardiovascular health (Keefe et al., 2013). Aside from 

the strong bitter flavour, phenylindanes are known with 

their neuroprotective effect in Alzheimer’s disease 

pathologies (Mancini et al., 2018). Caffeine is one of the 

most powerful bioactive compounds in coffee. By 

drinking 3–5 cups of coffee a day it can prevent 

dementia risk in future (Carman et al., 2014). Also, 

caffeine has proven antidiabetic properties, caffeine has 

the ability to increase fat metabolism and control blood 

sugar level (Nuhu, 2014). Both, trigonelline and 

nicotinic acid show antioxidant properties to pancreatic 

cancer cells and trigonelline has ability to reduce blood 

glucose levels (Yoshinari, Igarashi, 2010). Melanoidins 

have powerful antibacterial activity against Gram–

positive (Staphylococcus aureus) and Gram–negative 

(Escherichia coli, Salmonella typhimurium) bacteria 

(Moreira et al., 2012). Also, melanoidins can act as 

dietary fibre (Carman et al., 2014), this could approve 

the positive influence of melanoidins on healthy gut 

microbiota (Lopes et al., 2016; Coelho, 2014). All 

bioactive compounds from sensory point of view have 

bitter flavour notes, which can influence the overall 

coffee taste. 

Specialty coffee is coffee which is standardized by the 

whole coffee process cycle from choosing coffee 

plantation criteria’s till coffee brew serving to client. 

Specialty coffee flavour is focused on more fruity, floral 

and acidic notes. The presence of at least five 

different flavour notes within balance in coffee is valued 

with higher sensory score (McCoy et al., 2017; 

Alex et al., 2016). The sensory analysis system for 

specialty coffee is cup tasting or cupping, which is done 

by Specialty Coffee Association (SCA) guidelines and 

cupping protocol (2015).  

The roasting process is responsible for cascade chemical 

reactions, in which from non-volatile compound 

degradation forms new compounds with potential 

flavour attributes (Toledo et al., 2016).  

Despite the fact that the roasting process is widely 

analysed it is challenging to compare the roasting levels 

between studies because the roasting parameters are 

significantly different (Table 1). Several studies only 

indicate roasting level without specific time and 

temperature parameters. In previous studies the roasting 

temperature for specialty coffee was mostly chosen in 

range between 160–200 °C and roasting time 

range between 4–12 minutes (Fassio et al., 2017; 

Tolessa et al., 2016; Piccino et al., 2014). From specialty 

coffee point of view, Moon, Shibamoto, (2009) research 

have the most similar roasting parameters with roasting 
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standards in Latvia specialty coffee roasteries, these 

parameters were chosen as roast level measures in this 

review.  

Main chemical reactions during roasting are Maillard 

reaction, Strecker degradation. Non–volatile compounds 

involved in Maillard reaction are amino acids and 

reducing sugars forming end products melanoidins 

during roasting (Vignoli et al., 2014). Chlorogenic acid 

degradation is also involved in melanoidin formation 

and passes the antioxidant activity (Bartel et al., 2015). 

Strecker degradation is responsible for free amino acid 

reactions in roasting process, creating beneficial 

flavour compounds. One of Strecker compounds are 

2,3-pentanedione with buttery flavour notes, 

methanethiol with fresh, airy flavour notes 

(Kim et al., 2018; Cheong et al., 2013).  

Table 1 

Coffee roasting parameters  

References 
Roasting level 

Light Medium Dark 

Moon, 

Shibamoto 

(2009) 

170–230 

°C 

230–240 

°C 

240–250 

°C 

Bhumiratana 

et al. (2011) 

180–205 °C 

6 min 30 s 

180–238 °C 

7 min 30 s 

180–238 °C 

8 min 30 s 

Somporn et 

al. (2011) 

230 °C 

12 min 

240 °C 

14 min 

250 °C 

17 min 

Vignoli et al. 

(2014) 

215 °C 

7 min 

 225 °C 

10 min 

 

In the process of roasting, various compounds, that 

differ in structure and chemical properties, are formed, 

because of that, roasting parameters are very crucial in 

creating specific coffee flavours and overall quality 

(Vignoli et al., 2014). By understanding the roasting 

process effects on bioactive compound composition and 

aroma profile development, it could be possible to 

suggest guideline criteria to achieve high quality coffee 

with high beneficial bioactive compound content. The 

aim of the review was to evaluate the technological 

parameters in the specialty coffees roasting process to 

obtain optimal aroma profile and composition of 

bioactive compounds. 

Materials and Methods 

The study was preceded by using the monographic 

method and summarizing actual researches of influence 

of roasting process on individual bioactive compounds 

and aroma profile. The review summarises and 

evaluates the bioactive compound and aroma compound 

changes during roasting process. 

Results and Discussion 

Bioactive compounds change during the roasting 

process 

Roasting process significantly decreases the 

concentration and therefore antioxidant ability of such 

biologically active compound as chlorogenic acid. 

Mojica et al. (2018) evaluated anticancer activities of 

coffee samples with different roast levels and in the 

result at light roast level (225 °C) coffee extracts had the 

highest total phenolic content and antioxidant capacity. 

Chlorogenic acid concentration decreased rapidly after 

roasting process, but gallic and caffeic acids had the 

highest concentration in light level roasted coffee 

(225 °C). The light roasted coffee extracts also showed 

the highest antiproliferative effect on colon cancer cells 

(Mojica et al., 2018). Other studies show that light 

roasted coffee can even increase antioxidant activity of 

melanoidins (Bekedam et al., 2008). But overall total 

polyphenol concentration is rapidly decreasing during 

roasting process. Several studies show that chlorogenic 

acid isomer 5-caffeoylquinic acid has the most 

significant concentration reduction: Duarte et al. (2005) 

study confirms that from green coffee to light roasted 

coffee 5-caffeoylquinic acid concentration decreases 

three times, but Vignoli et al. (2014) shows that  

5-caffeoylquinic acid concentration decreases twice 

during the time from green to light roasted and three 

times from light roasted to medium roasted coffee 

(Jeszka-Skowron et al., 2016). While the  

5-caffeoylquinic acid concentration is decreasing, the  

4-caffeoylquinic acid and 3-caffeoylquinic acid 

concentration is increased from light to medium roast 

and only then the concentration is decreasing. By the 

degradation of chlorogenic acid chlorogenic acid 

lactones are formed, most common are  

3-caffeoylquinic-1,5-lactone and 4-caffeoylquinic-1,5-

lactone forms. The highest chlorogenic acid and 

chlorogenic acid lactones concentration is found in light 

roast level (203 °C for 7 min) coffee (Farah et al., 2005). 

From sensory point of view chlorogenic acid and 

chlorogenic acid lactones have light coffee–like 

bitterness. If the roasting process goes further than 

medium roast level, phenylindanes are formed with 

harsh bitterness and are one of the main bitter 

compounds in dark roasted coffees (Frank et al., 2007).  

While polyphenol concentration decreases in roasting 

process, the concentration of other bioactive compounds 

as melanoidins is increasing till medium–dark level roast 

(Coelho et al., 2014). In melanoidin formation 

polysaccharides, proteins and also phenolic compound 

like chlorogenic acid are involved. It is the reason why 

chlorogenic acid concentration has an opposite 

correlation between roasting level and melanoidin 

content (Moreira et al., 2012). It also suggests that 

higher roasting temperature helps the melanoidin 

compound formation from chlorogenic acid. Coffees 

roasted at 220 °C temperature had higher antioxidant 

concentration than coffees roasted at 217 °C, but at the 

same time coffees roasted above 228 °C lose their 

antioxidant activity (Pilipczuk, Kusznierewicz, 2014). 

Similar conclusions were stated in Bekedam et al. 

(2008) research, suggesting, that light roast level helps 

form melanoidins from chlorogenic acid, which also 

gives the antioxidant activity and characteristics. The 

given statement is approved by Coelho et al. (2014) and 

Vignoli et al. (2014) research results, that at the 

beginning of coffee melanoidin formation at light roast 
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level, the chlorogenic acid content is still high and gives 

higher total antioxidant activity to coffee. It also slows 

down the more bitter phenolic compound formation 

(Farah et al., 2005). From cup quality point of view, 

melanoidins have important role in coffee crema 

formation and also bringing bittersweet flavour notes to 

coffee brew (Kim et al., 2018; Coelho et al., 2014). 

During the roasting process, trigonelline converts to 

nicotinic acid. In Taguchi et al. (1985) research 

trigonelline concentration decreased rapidly with the 

roasting time. Meanwhile, nicotinic acid in the roasting 

process started to form at 180 °C temperature and after 

20 min roasting at 220 °C reached the highest 

concentration. Taguchi et al. (1985) suggests that 

trigonelline concentration is the highest in light roasted 

coffees (roasting temperature below 180 °C and roasting 

time is no longer than 10 minutes). Trigonelline is 

important precursor of volatile compounds and from 

sensory point of view higher trigonelline 

concentration is associated with better sensory scores. 

Fassio et al. (2017) research shows that trigonelline 

content in coffee brew has positive correlation with 

sucrose content and cup quality, while chlorogenic acid 

has negative correlation.  

Kahweol and cafestol concentration decreases 

significantly after 8 minute roasting time at 230 °C, and 

dehydro derivatives are formed. Kahweol and cafestol 

stability in roasting process depends on roasting 

temperature – if the temperature is below 230 °C 

reduction of these compounds is slower (Carlos et al., 

2014).  

For maintaining beneficial bioactive compound content 

in roasted coffee, the medium roast level is the most 

appropriate. At this roast level from temperature point 

of view coffee roasted in the range between 200 to 

225 °C could have the highest composed content of 

trigonelline, chlorogenic acid, kahweol and cafestol 

content and also presence of melanoidin and chlorogenic 

acid lactones could be possible.  

Aroma and flavour compound changes during roasting 

process 

The roasting process significantly influences the 

chemical composition of coffee beans. Light or light–

medium roasted coffees are more intense with the fruity, 

acidic and citrusy notes. Although in light roast coffees, 

there is a higher chance to detected green coffee bean 

defects (physiological and microbiological defects). 

Meanwhile, dark roasted coffees have lost the pleasant 

aroma, flavour compounds and are focused on high 

concentrations of coffee-like, roasted and burned notes 

(Parenti et al., 2014; Steen et al., 2017). In Table 2 is 

shown odour and roast level description of roasted 

coffee brew compounds. The roast level parameters 

used in Table 1 are according to Moon, Shibamoto 

(2009) research.  

The presence of a higher content of phenolic 

compounds, for example, 2-methylphenol,  

4-vinylguaiacol, in roasted coffee is associated with 

immature bean defects (coffee cherries picked before 

ripeness or affected with rust disease), but by adjusting 

roasting process it is possible to reduce the 

concentrations of these compound (Craig, 2018; Steen, 

2017). With increasing roasting time 5-feruloylquinic 

acid hydrolyzes to form ferulic acid, and the ferulic acid 

decarboxylates to 4-vinylguaiacol (spicy, smoky 

flavour), but this formation process can happen if 

the roasting temperature is kept below 170 °C 

(Dorfner et al., 2003). To avoid the unpleasant flavour 

notes, at this point it is important to increase roast 

temperature above 170 °C (Wei et al., 2017). 

Table 2 

Aroma, flavour compound description 

Compound  Odour 

Roast level with 

the highest 

concentration 

positive effect on cup quality*  

(E)-β-damascenone cooked 

apple, 

sweet a 

light 

3-methylbutanal maltb medium 

2-phenylacetaldehyde floral, fruitc light 

hydroxymethylfurfural honeyd light  

2-methylpyrazine chocolate, 

nuttye 

light 

2-pentanone sweet, 

fruityf 

light  

2,3-butanedione butteryf medium 

methanethiol freshg medium 

negative effect on cup quality*  

dimethyl disulphide sulphuryg dark  

2- methyl-3-furanthiol sulphury, 

vegetable 

flavourb 

dark 

2-methylpyrazine overripe, 

harshg 

dark 

4-vinylguaiacol smokyh light (low 

temperature) 
aMayer et. al., 1999; bKim et al., 2018; dMoon, Shibamoto, 

2009; eWei et al., 2017; fToledo et al., 2016; gPoltronieri, 

Rossi, 2016; gYang et al., 2016; hDorfner et al., 2003 

*Cup quality term for sensory evaluation of coffee brew 

(flavour, aroma, texture) (Cheong et al., 2013; Donnet et al., 

2008; Suslick et al., 2010). 

 

Strecker aldehydes like 2-methylpropanal and  

3-methylbutanal are responsible for malt flavour notes 

in coffee (Kim et al., 2018). Also as positive indicators 

of coffee quality after roasting is 3-metilbutanal  

and 2,3-pentanedione (Toledo et al., 2016; Ribeiro et al., 

2010). Piccino et al. (2014) highlight  

2-phenylacetaldehyde and hexanal as compounds with a 

pleasant specialty coffee like flavours (sweet fruits, 

citrus or green vegetables). These compounds are in 

high concentration in green coffee beans and 

remain only after light roast level (roasting temperature 

210 °C for 4–5minutes) (Kim et al., 2018; 

Piccino et al., 2014). 

Ketones like 2,3-butanedione and 2,3-pentanedione are 

responsible for buttery flavour notes and their highest 

concentration is at medium roast level. Sweet and fruity 
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flavour notes in coffee are associated with the presence 

of compounds such as  2-pentanone (Toledo et al., 2016) 

and (E)-β-damascenone (pleasant cooked apple, fruity, 

tea flavour notes), but their concentration rapidly 

decreases after light roast level (Mayer et al., 1999). 

Ketones and aldehydes are good cup quality markers, 

because of the sensibility to changes, especially in 

roasting process (Poltronieri, Rossi, 2016). 

Furans are responsible for coffee–like, caramel flavour 

notes in light roasted coffees, but with increasing roast 

level the bitter, spicy furan flavour compounds are 

developed. Furfural is associated with coffee–like, fresh 

bread notes and has the highest concentration  

in light roasted coffee (Cheong et al., 2013; 

Somporn et al., 2011). Similar to trigonelline, furfural 

concentration is the highest at light roast level if roasting 

temperature balance at 200 °C. Hydroxymethylfurfural 

(honey flavour notes) concentration is the highest in 

light roasted coffee at roasting temperature 230 °C for 

12 minutes (Vignoli et al., 2014; Moon, 

Shibamoto, 2009). Murkovic, Bornik (2007) research 

shows, that by increasing roasting temperature to 240 °C 

hydroxymethylfurfural reaches the highest 

concentration in 3 minutes, and afterwards the 

concentration rapidly decreases. Furanones have similar 

characteristics. For example, furaneol is associated with 

sweet caramel, but only in light roasted coffees 

(Bressanello et al., 2017; Cheong et al., 2013). 

Pyrazine compounds can bring both negative and 

positive flavour aroma variations in coffee. Pyrazine 

like 2-methylpyrazine (chocolate, nutty flavour notes) 

and 2-ethyl-6-methylpyrazine (roasted hazelnut flavour 

notes) have positive flavour notes if the roast level is 

light (Wei et al., 2017), because in dark roasted coffees 

2-methylpyrazine and 2-ethyl-6-methylpyrazine 

associates with “black roast defect” (overripe, 

harsh, fermented) flavour (Yang et al., 2016). 

Velásquez et al. (2019) research confirms, that 

immature coffee beans after roasting at light roast level 

have a higher concentration of volatile phenols and 

pyrazines with an earthy odour, meanwhile having 

lower concentration of carbohydrate degradation 

products (caramel, sweet flavour notes) and worse 

sensory score. In this conclusion, specialty coffee 

eliminates the immature and overripe green coffee bean 

factor. 

Despite the fact that sulphuric compounds in coffee 

beans is present only in minor quantities, they 

significantly affect the quality of coffee (Kim et al., 

2018). The concentration of these compounds may vary 

depending on type of roasting. It has been observed that 

higher temperature promotes an increase in the content 

of sulphur compounds (Wei et al., 2017). At this point, 

for the quality, the balance of compounds is more 

important, than the highest concentration. For example,  

2-furfurylthiol is known with pleasant roasted coffee–

like aroma in low concentration (in light–medium roast 

coffees). At dark roast level, there are formed sulphuric 

compounds like 2-methyl-3-furanthiol (sulphury / 

vegetable flavour) and dimethyl disulphide (sulphury / 

cabbage flavour) from methanethiol oxidation (Kim et 

al., 2018; Mayer et al., 1999). Methanethiol increases 

with the roasting process till dark roast level, and then 

by oxidation process, it converts to dimethyl disulphide. 

The presence of this compound in coffee indicates the 

quality loss and could be considered as a quality marker 

(Poltronieri, Rossi, 2016).  

By increasing roasting process time and temperature, the 

pleasant aroma, flavour compounds of pyrazines, 

aldehydes and ketones are imparting to bitter and harsh 

notes. Meanwhile, this transformation sets these 

compound groups as cup quality measurements. 

Specialty coffee sensory characteristics are associated 

with floral, fruity compound notes, which are found in 

the highest concentration in light–medium roast level if 

the roasting fluctuates in the range of 200–240 °C 

temperature. 

Specialty coffees set higher goals towards sensory 

attributes, and specialty coffee standards help to exclude 

the damaged coffee defects before roasting and after the 

roasting process during storage. 

Conclusions 

Bioactive compounds like chlorogenic acid, trigonelline 

and caffeine have the highest value in light roasted 

coffee, while chlorogenic acid lactones and melanoidins 

are formed at light–medium roast level. The light–

medium roast level using range of 200–225 °C ensures 

better preservation of phenolic compounds and therefore 

higher antioxidant activity. Specialty coffee aroma 

profile includes sweet, fruity flavour notes, which are 

developed in light–medium, medium roast level when 

temperature between 200–240 °C is applied. In 

conclusion, the profile and concentration of biologically 

active compounds in coffee beans mainly depends on 

the degree of roasting which in turn affects aroma and 

taste. Observing all the rules of coffee roasting, it is 

possible to maintain the quality and nutritional value of 

coffee.  
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