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Roasting Curve 

 



 

 

Measurement During Roast 

 

 



 

Green Bean Composition and Anatomy 

 

 

 

 



 

 

Parchment dried higher acidy, complex cup; small sugars washed out 

Pulp dried lower acidity, sweeter and bigger body 

Fruit dried deep fruit flavor, sweetest, big body, earthy. 

Seed dried earthy, spicy, funky, fruity 

 
 

 

 

 



Constituent Arabica Robusta 

Caffeine & other purines 1.2 2.2 

Trigonelline 1 0.7 

Total amino acids 10.3 10.3 

Carbohydrates (poly & 

monosacchcharides) 

58.9 60.8 

Aliphatic acids 1.7 1.6 

Chlorogenic acids 6.5 10 

Lipids 16 10 

Glycosides 0.2 - 

Minerals 4.2 4.4 

Illy A. & Viani R, 1995, Espresso Coffee, The Chemistry of Quality, 

Academic Press Inc., San Diego, CA 

 

Green Coffee is primarily composed of Carbohydrates, Nitrogen 

containing compounds (mainly proteins, trigonelline, and caffeine), 

lipids, organic acids and water.From this pool of green coffee 

constituents, however, the principle flavor precursors are   sugars, 

proteins, free amino acids, trigonelline,  &  chlorogenic acids (CGA). 

 

Sucrose: 7% is a table sugar not a reducing sugar and takes no part 

in the Millard reaction but does get involved in caramelization. 

Sucrose is the most common non-reducing sugar. It cannot donate 

electrons to other molecules and therefore cannot act as a reducing 

agent.  The sucrose is first dehydrated, then hydrolyzed to melt as 

the temperature rises to  the pyrolysis point. Then the reducing 

sugars are dehydrated,  polymerized, and partly degraded to volatile 

organics, water, and CO2 gas.  

 



Reducing Sugars:  

Sugar with an ALDEHYDE GROUP or free Ketone group. Acting as 

reducing agents that can donate electrons to another molecule. 

Reducing sugars: fructose, glucose, lactose and maltose  All 

monosaccharides, oligosaccharides and polysaccharides are 

reducing sugars.  They react together and form new    molecules 

with brown color (Melanoidins).  Without sugar there is no 

browning. (Quakers stand out, no browning). 

 

 

Aroma Compounds 

 
 

The main sources for acids in coffee are: 

 
Acids are formed mostly from carbohydrates – they undergo 

the decomposition to carbocyclic acids and CO2 gas. The 

coffee solubles, before a palatable roast is achieved, show a 

pH change from 6.0 – 6.5;  



once a palatable roast is achieved, the acidity is higher – a pH 

of as low as 4.9 but usually about 5.1.  

Main nonvolatile are CGA, citric, malic, and quinic acid.  

Volatile acids are mainly represented by formic and acetic 

acids which come from the fermentation process in 

postharvest treatment, but also generated through Millard 

reaction. 

 The predominant acids are Chlorogenic acid, acetic and citric 

acid. The Chlorogenic acid occurs in green coffee at about 

7.0% but about 1/3 to 1/2 is destroyed during roasting at the 

beginning of the roast, and being temperatures of about 380° 

F at 194° C,  

Amino acids and proteins are the building blocks of life. 

Amino acids are building blocks of proteins. There are 20 

standard amino acids out of which all proteins are made. 

Amino acids have both a amine NH2+R and carboxyl C=O 

functional group.  

Free Amino Acids are key reaction partners in the Millard 

Reaction and Strecker Degradation to yield many potent 

odorants. 

Free amino acids are almost completely decomposed upon 

roasting. Pyridines are responsible for sweet – caramel – 

earthy like aromas in coffee, breaks down to Nicotinic acid, 

B3. Pyridine easily noticed through nasally (nose), and 

Nicotine acid (B3). In one cup content 1/10th of daily demand. 

Nitrogenous component is Trigonelline, (Alkaloid) which 

upon roasting is partially degraded and converted into 

nicotinic acid and volatile compounds such as pyridines and 

pyrroles. 

Almost complete decompose. Nicotinic acid – a member of 

the carboxylic acid group at and is hundred percent soluble 



and will end up in the cup. It has a favorable acidity and clean 

finish. 

Organic acids, mainly Chlorogenic acids, but also citric, malic, 

caffeic, tartaric and pyruvic acid all nonvolatile.  

Thermal decomposition depends on number of factors during 

roasting: roaster type, airflow, time – temperature. (50 % - 

80% decrease). Controlling bean chemistry to control quality 

in cup is as much science as art. CGA are a group of phenolic 

compounds derived from esterification of acids creating 

(decomposed) caffeic and quinic acids.  CGA’s break down 

produces Caffeic and Quinic acids. These phenolic compounds 

contribute to coffee’s astringent and lingering aftertaste 

Precursor of bitter taste.  

 

Citric Acid Decreases During Roasting 

Central American coffees typically have high citric acid One study 

found this acid had the most impact on taste 

 
       Figure 4 from Lentner and Deatherage (1959) 

 



Roasted Coffee Chemistry 

Malic and Citric Acids 
Both formed during cellular 

respiration 

Both are higher in 10pprox. 

than canephora 

Citric is prevalent in green 

coffee 

Both degrade during 

roasting 

 

Lactic Acid 
Can be produced during wet 

processing (not always) 

C6H12O6 → 2 CH3CHOHCOOH 

Increases during roasting 

continues to increase with heat 

Sucrose is a precursor in 

roasting   

Common in dairy products 

 

Quinic Acid 
Present in green coffee  

A natural defense compound 

(tannin) 

Increased a small amount 

during roasting, but not 

compared with other acids 

Formed by the breakdown of 

chlorogenic acids 

Continues to form after coffee 

is brewed 

Contributes to bitter flavor 
 

Acetic Acid 
Produced during wet 

processing C6H12O6 → 3 

CH3COOH 

Increases during roasting, then 

Breaks down after 464F 
Created during roasting from 

the breakdown of 

carbohydrates  

Sucrose has been found to be a 

direct precursor 

Acetic acid is the main 

component of vinegar 

 

 



 
 

Malic Acid Decreases During Roasting

 



 
Kenyan coffees typically have the highest malic acid 

Quinic acid  is water-soluble and adds to the Complexity of 

the cup cleanness of finish. 

Citric and Malic acids are decomposed and form other 

Organic acids.  

Citric and Malic acids are more pleasant 

Phosphoric acid (Sweet) is not an organic acid 

 

 

 



 

 
Maillard reaction: involves amino acids. It is a reaction between 

amino acids and a reducing sugar and it is also a non-enzymatic 

browning leading to the formation of lower molecular weight 



compounds, such as carbon dioxide and flavor components 

providing roasted, caramel, earthy, toasted aroma to the roasted 

beans. 

The change in the bean color is due to the generation of higher 

molecular weight – colored Melanoidins. 

Millard Reaction is a complex cascade reaction. It is an amino-

catalyzes sugar degradation leading to aroma, taste, and color 

(melanoidins). Sucrose, the most abundant free sugar in green 

coffee beans , needs first to be decomposed into:  glucose and 

fructose by heat treatment to undergo Millard –type reactions. 

Millard Reaction creates 14pprox... 800 Aroma compounds. It is a 

complex chemical reaction caused by only 2 Precursors or 

components: Amino acids, Peptide or Protein Reducing sugars, 

Oligo- or Polysaccharides. Maillard reaction is a conversion of 

reducing sugars with amino acids and Protein and delivers brown 

products (Melanoidins). 

 

Strecker degradation – requires compounds created by the 

Millard reactions.  

It involves amino acids again, but instead reacting with sugar it is 

reacting with a molecule with two carbonyl groups. 

The compounds begin to trade parts of themselves “Ketones” 

which create buttery, Caramel flavor, key aromas raspberries and 

grapefruit. 

Strecker degradation important for flavor formation contributing 

to the coffee aroma spectrum  with volatile aldehydes having 

malty, potato and honey-like notes. It is an oxidative 

decarboxylation of amino acid resulting in the Strecker aldehyde. 

The Strecker degradation also yields pyrazines with earthy , roasty 

notes of the coffee aroma. 

 

 



Roasted Coffee Chemistry Aromatic Compounds 

 



HMW: Polysaccharides through breakdown and structural 

change. Some will remain in Cell stricture 

LMW: Free Sugars, Trigonelline, and CGA. Sucrose (glucose and 

fructose) by far most abundant (8%) 

Monosaccharides and disaccharides sucrose are fragile and heat 

sensitive and degraded during the early stages of the roast. 

 

Acids 



   

 

Contribute 

hydrogen ions, 

lowering pH 

Coffee pH  5 

Neutral pH = 7 

Pure water is 

neutral 

 



 

pH is a measure of hydrogen ion concentration; a measure of 

acidity or alkalinity of a solution. Aqueous solutions at 25 C  with a 

pH less than seven are acidic, while those greater than seven are 

basic or alkaline A pH level of 7 is defined as “neutral”  

because the  concentration of H3O+ equals the concentration of 

OH- in pure water. 

pH = -log [H+], a Hydrogen concentration of 4 is 1000 times more 

acidic than a  hydrogen concentration of 7. pH(4) contains 0.0001 

mol of hydrogen ions in a solution of 1 liter. 

 The ability of individual acids to ionize, push hydrogen ions into 

solution and therefore add “sparkle” to the brew differs and is 

measured by mathematical term called (pKa). 

 pKa (acid dissociation constant) will tell what the pH needs to be 

in order for a chemical species to donate or accept a proton. 

The smaller the (pKa) the more rapidly the acid “gives up” 

hydrogen ions. 

 Sequence:  [pKa] 

 Phosphoric acid:    1.83   with its low pKa and high ionization 

potential. It assists other acids when added to a  dilute solution of 

citric acid, enhances the fruity characteristics of the mixture. 

 Quinic acid  3.53  (Cranberry) the bitter brew acid and together 

with caffeic acid, a break down of  chlorogenic acid, increases on 

roasting due to thermal  decomposition. Its high capacity to ionize 

(low pKa) is n the reason why darker roasts in particular increase 

in bitter notes.   

Lactic Acid 3.85 imports similar fruity flavor, contributes less to 

acidity than citric acid overall, operates independently of roasting 

process 

Citric Acid  4.50  (Citrus) Contributes Fruity Flavor, similar to Malic 

but contributes much more to  sensory tests because of its lower 

“pKa” Acetic Acid 4.70 (Vinegar)is volatile and quickly diminished 



with higher temperatures.  This together with its  low ability to 

ionize (high pKa makes its contribution positive 

 or negative small. (bitter brew acid due to flavor they impart.  

Malic Acid 5.26  (Apple) Contributes Fruity Flavor of Coffee, 

reaches its maximum in lighter roasts  and falls off in darker roasts 

due to thermal break down and volatilization 

 

Dry destination – related to the burning of plant fiber doing 

roasting creating  spicy, smoky & woody aromas. 

Glass transition temperature: 

 To more deeply understand the volume expansion it requires to 

understand the glass transition temperature. It describes the 

consistency of the coffee bean and the concomitant condition 

under which it can expand with greater ease or difficulty.  

It looks at the coffee bean temperature and water content and 

its relationship. 

Depending on the coffee temperature and moisture content of 

the coffee beans they are either in a glass-like (hard) condition 

or one that is rubber-like (leathery).  

The transition from glass-like to rubber-like state is defined as “ 

glass transition temperature”.  

For a bean water content of 12% for example, the transition from 

glass-like to rubber-like is reached at a 19pprox... 100 degrees C. 

For a water content of 4% the transition temperature lies at the 

19pprox... 140 C and at 150 C the beans will be rubber-like, since 

the glass transition temperature has been exceeded, (line 

crossed), and the beans entering the state of rubber-like condition 

Glass Transition Temperature – ‘Glass-like’ to ‘Leather-

like’ 



 
Cellulose: is the principle fiber of cell wall in coffee. Its crystalline 

structure is ordered, it’s amorphous structure is disordered. The 

sugar portion of soluble carbohydrates breaks down on roasting 

to give 1 – 2% carbon dioxide gas, several 100 ppm aromatic 

aldehydes and Ketones and ester and 0.4% by weight acetic acid 

with 0.02 % proprionic, butyric and valeric acids All are very 

aromatic and flavorful. 

Proteins: ~10 to 13%, During roast proteins combine with 

Carbohydrates in Millard Reaction to form aromatic compound 

such as furans, Aldehydes and Ketones imparting a more buttery – 

butterscotch note. 

Chlorogenic acids – large family of esterified compounds. During 

roasting CGA’s slowly decompose to form coffeic and quinic acids 

with 50% of the original CGA being destroyed in a medium roast. 

Malic Acid: fruity notes from Kiwi to Grapefruit, (apple acid), 

Malic acid and citric acid govern the metabolism cycle of the 

plant. Both have pronounced sourness. Malic acid is more 



balanced. ~1% in green bean. Malic acid and citric acid 

decompose during roast. 

Citric acidcitrus)decreases during roast, highest in Cent Am. 

Coffees,Citric & Malic acids degrade during roast 

Acetic acidvinegar)increases during roast& breaks down at 464° 

F, Sucrose is a direct Precursor of Acidic Acid 

Acetic Acid: Acetic Acid levels can increase up to 20 times and 

makeup a significant portion of coffee acidity. Acetic acid doesn’t 

have the strength of Malic or citric acid.It’s contribution of proton 

(hydrogen) in the cup may not be significant. Volatilization or the 

compounds ability to evaporate is important. 

 

Chlorogenic acids – are responsible for the lot of the bitterness in 

coffee stemming from the organic acid content. Thus the trick is 

to sufficiently decompose the Chlorogenic acids while retaining as 

much Citric and Malic acids as one prefers for light, acidic 

enzymatic coffees. 

Chlorogenic acids are Ester of Caffeic and Quiniq acids. Quinic 

acid is more stable than caffeic part of CGA’s. From both different 

compounds and products are being created which contribute to 

coffee Aroma. 

Acetic acid is formed through Sucrose caramelization, peaks and 

then begins to decline.  

Timing the length of development time of a particular coffee is 

important to understand the balance of Organic Acids develop 

too rapidly will leave accessible Chlorogenic acids amounts 

remaining bitter and metallic acidic compounds, roasted for too 

long and acidity will be muted. 

 

 

 



Impact On The Bean 

 
Carbon dioxide gas – is formed during roasting and pyrolysis. At 

least one percent of the green coffee is given off as CO2 gas 

during roasting, darker give about 2%. Normally CO2 is a product 

of decomposition of carboxylic acids and is related to such 

sources during the roasting process. As the acids formed within 

the bean are driven out, they  also undergo decomposition. Please 

note quench water drives out CO2 gas.  

 

 

 

 

 

 

 

 

 



Roasting Effects 
 

Roasted Coffee Chemistry 

 

Changes in coffee content through roasting 



 
 

 

 

 

 

Cellulose, Hemicellulose – and Lignin’s, the woody and fibrous 

binding matter of the bean cell structure are not very much 

affected by roasting and are mostly water insoluble. The internal 

gas pressure  created within the bean cells at the time of pyrolysis 

with the liberated water softens the cellular structure sufficiently 

to cause it to swell and release the CO gas. Most interesting in the 

formation of aroma, taste and color is the precursor of the soluble 

fraction.  

 

 

 

Constituent % of Green % of Roasted 

Cellulose 36 37 

Lignin (pectin) 5.6 5.8 

Sugars 7.3 0.3 

Fats (lipids) 11.4 11.9 

Ash 3.8 4 

Chlorogenic Acid 7.6 3.5 

Proteins 11.6 3.1 

Caffeine 1.2 1.3 

   
Illy A. & Viani R, 1995, Espresso Coffee, The Chemistry of Quality,  
Academic Press Inc., San Diego, CA. 

Clarke R & Macrae R, 1985, Coffee, Volume 1: Chemistry, Elsevier 
Science Publishing Co., New York, NY. 



 
Flavor emphasis by roast degree: 

1. Acidity (fast roast) 

2. Aroma and original flavor (slower roast) 

3. Body (slower than two) 

4. Dark roast flavor (long and slow) 

 

Browning reaction describes the various specific reaction 

occurring between amino acids and reducing sugars. 

Caramelization – Is reaction which creates browning or 

Melanoidins from Sucrose and Carbohydrates 

A number of acids are generated by the Millard reaction or/and 

caramelization. The most prominent Formic and Acetic acids.  

The predominant acids are Chlorogenic, Acetic and Citric. 

Pyrolysis: 

Chemical breakdown of larger molecules into smaller molecules in 

presence of heat. Conversion of compounds into smaller 

fragments in the absence of air. 

 

 

 



 

Influence Of Roasting Time 

 

 



 
Complexity Of Chemistry Aroma Compounds Coffee  

800-1000 different aroma compounds had been  identified in 

roasted coffee & these compounds are all products of: 

• Maillard Reactions  •Strecker Degradations 

• Amino acid breakdown •Degradation of 

trigonelline 

• CGA degradation  •Degradation of phenols 

• Degradation of sugars 

• Oxidation of lipids, and Interaction of all of the 

above 

 

Color 



 
 

The Air-to-Bean Ratio 

 

The major compositional changes and chemical processes are 

summarized below that affect the development of flavor 

compounds in coffee upon roasting: 

 

Loss of water ---  drying of the bean, low moisture reaction 

system 

Release of carbon dioxide ---  expansion of the bean 
Migration of lipids to the bean surface ---  retaining aroma 
components generated  
Loss of sugars (including sucrose) ---  flavor and color formation 
(Millard   chemistry and caramelization) 
Decrease of free amino acids ---   flavor and color formation 
(Millard and Strecker chemistry) 
Partial decomposition of polysaccharides (arabinogalactan) --- 
release of arabinose which in turn reacts leading to flavor 
formation (Millard reaction) 
Partial decomposition of proteins ---  release of amino acids 
which in turn reacts leading to flavor formation (Maillard reaction) 
Loss of CGA ---  formation of bitter taste in color 



Decrease of trigonelline ---  formation of N -  containing products 
(aroma, taste, color) 
Formation of melanoidins ---  color formation  (polymerization of 
polysaccharides, proteins and polyphenols) 
Partial lipid degradation --- aroma active aldehydes 
Interaction between intermediate decomposition products 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Karl Schmidt: karls@diedrichroasters.com     

Jim Brady:  Roaster42@gmail.com 
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