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7. AROMA SUBSTANCES 
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INTRODUCTION 
 

‘Flavour’ = the interaction of taste, odour and textural feeling provides an 
overall sensation when food is consumed. 
 
Results from compounds:  
- responsible for taste, 
- responsible for odours (‘aroma substances’) 
- compounds providing both sensations. 
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Compounds responsible for taste:  
 

Generally nonvolatile at room temperature → interact only with taste 
receptors located in the taste buds of the tongue.  
 

The four important basic taste perceptions: sour, sweet, bitter, salty. They 
are covered in separate sections. 
 

Glutamate stimulates the fifth basic taste. 

Aroma substances:  
Volatile compounds which are perceived by the odour receptor sites of the 
smell organ (the olfactory tissue of the nasal cavity). 
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- Orthonasal detection: aroma substances reach the receptors when drawn 
in through the nose. 
- Retronasal detection: via the throat after aroma substances being released 
by chewing. 
 

A compound might contribute to the typical odour or taste of one food, 
while in another food it might cause a faulty odour or taste, or both (off-
flavour). 
 
Impact compounds of natural aromas 
The amount is extremely low (ca. 10–15 mg/kg).  
The number of components is large. 
- Foods made by thermal processes (e. g., coffee) or a fermentation process 
(e. g., bread, beer, cocoa, or tea) > 800 volatile compounds.  
- Fruits and vegetables. 
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All the known volatile compounds published in a tabular compilation 7100 
compounds in more than 450 foods. (!) 
 

- Only a limited number are important for aroma: 
Compounds - present in food in concentrations higher than the odour 
and/or taste thresholds.  
 

- Compounds with concentrations lower than the odour and/or taste 
thresholds – also contribute to aroma when mixtures of them exceed these 
thresholds. 
 

- Key odorants: compounds that provide the characteristic aroma of the 
food. 
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Compound Aroma Occurrence 
(R)-Limonene Citrus-like Orange juice 
R)-1-p-Menthene- 8-thiol Grapefruitlike Grapefruit juice 
Benzaldehyde Bitter almond-

like 
Almonds 

Neral/geranial Lemon-like Lemons 
1-(p-Hydroxy- phenyl)-3-butanone 
(raspberry ketone) 

Raspberry-like Raspberries 

(R)-(−)-1-Octen-3-ol Mushroom like Champignons, Camembert 
cheese 

(E,Z)-2,6- Nonadienal Cucumberlike Cucumbers 
Geosmin Earthy Beetroot 
trans-5-Methyl-2-hepten-4-one 
(filbertone) 

Nut-like Hazelnuts 

2-Furfurylthiol Roasted Coffee 
4-Hydroxy-2,5- dimethyl-3(2H)- 
furanone  

Caramel- like Biscuits, dark beer, coffee 

2-Acetyl-1-pyrroline Roasted White-bread crust 

Examples of key odorants 
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Threshold value 
 

Odour threshold (recognition threshold): the lowest concentration of a 
compound that is just enough for the recognition of its odour. 
 

Detection threshold: the concentration at which the compound is 
detectable but the aroma quality still cannot be unambiguously 
established.  
- Orthonasal value: determined by smelling. 
- Retronasal value: determined by tasting the sample. 
 

Great differences exist: 
- Between the ortho- and retronasal thresholds of one compound. 
- Among threshold values of individual aroma compounds. 
 

The threshold concentrations for compounds are dependent on their 
vapour pressure ← temperature and medium.  
Interactions with other odour-producing substances →  strong increase in 
      the odour thresholds. 
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Influence of 4-hydroxy-2,5-dimethyl-3(2H)-furanone (HD3F) on the 
odour threshold of aroma substances in water 

Compound Threshold value (μg/l) Ratio 
 

Ia IIb II to I 

4-Vinylguaiacol 100  90 ≈1 
 

2,3-Butanedione   15 105   7 

2,3-Pentanedione   30 150   5 
 

2-Furfurylthiol    0.012    0.25 20 
 

β-Damascenone 2×10−3    0.18 90 
 

a I, odour threshold of the compound in water. 
b II odour threshold of the compound in an aqueous HD3F solution having a 
concentration (6.75 mg/1, aroma value A = 115) as high as in a coffee drink. 
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Off-flavours, food taints 
 

Can arise through 
- Foreign aroma substances, that are normally not present in a food,  
- Loss of key odorants,  
- Changes in the concentration ratio of individual aroma substances. 
 
Examples of microbial metabolites which may be involved in pigsty-like 
and earthy-muddy off-flavours: 

Skatole 
(faecal-like) 

(Odour threshold: 10 μ g/kg) 
2-methylisoborneol (earthy-muddy) 

(Odour threshold: 0.03 μ g/kg) 
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The possible causes of aroma defects in food 
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- Geosmin (earthy). Odour threshold: (−): 0.01 μg/kg; (+): 0.08 μg/kg) 
 
- 2,4,6-Trichloroanisole (mouldy-like).   
Extremely low odour threshold 3.10−5 μg/kg! 
 
Unwanted aroma substances are concealed by typical ones to a certain 
extent.  
The threshold above which an off-flavour becomes noticeable can increase 
considerably in food compared to water as carrier:  
e. g. 2,4,6-trichloroanisole up to 0.2 μg/kg in dried fruits. 
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INDIVIDUAL AROMA COMPOUNDS 
 

Only 5% of the more than 7000 volatile compounds identified in 
foods contribute to aromas.  
The main reason for the low number of odorants in the volatile fraction: the 
marked specificity of the sense of smell. 
 
Important odorants: 
- grouped according to their formation (nonenzymatic or enzymatic 
reactions or both)  
- listed according to classes of compounds. 
 
Hypothetical reaction pathways: the reaction steps and the intermediates of 
the pathway are postulated by using the general knowledge of organic 
chemistry or biochemistry.  
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Nonenzymatic reactions 
 

‘Which odorants are formed in which amounts when food is heated?’ 
Depends on the usual parameters of a chemical reaction: 
     - chemical structure and concentration of the precursors 
     - temperature 
     - time  
     - environment (e. g., pH value, entry of oxygen, water content).  
 

‘The amounts formed are really sufficient for the volatiles to assert 
themselves in the aroma?’ 
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Depends on their odour thresholds and on interactions with other odorants. 
Aroma changes at room temperature caused by nonenzymatic reactions are 
observed only after prolonged storage of food.  
 

Lipid peroxidation 
Maillard reaction 
Strecker degradation 

Greatly accelerated during 
heat treatment of food. 

At the higher temperatures (roasting, frying…) the diversity of aroma 
is enriched.  
The food surface dries out → pyrolysis of carbohydrates, proteins, 
lipids and other constituents e. g., phenolic acids, takes place.  
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The large number of volatile compounds formed by the degradation of only 
one or two constituents is characteristic of nonenzymatic reactions.  
E. g. heating cysteine and xylose in tributyrin at 200 ºC:  
41 sulfur-containing compounds (including 20 thiazoles, 11 thiophenes, 2 
dithiolanes, 1 dimethyltrithiolane) are obtained.  
 
Even under these drastic conditions, most of the volatile compounds are 
only formed in concentrations which are far less than the often relatively 
high odour thresholds.  
→ Only a small fraction of the many volatile compounds formed in heated 
foods is aroma active. 
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- Enhances the sweet taste of food.  
- Able to mask the bitter flavour of hops and cola. 

Carbonyl compounds 
The most important reactions:  
     - Lipid peroxidation 
     - Caramelization 
     - Amino acid decomposition (by the Strecker degradation mechanism). 
 

Pyranones 
Maltol (3-hydroxy-2-methyl-4H-pyran-4-one): obtained from carbohydrates and 
has a caramel-like odour.  

Food product mg/kg Food product mg/kg 
Coffee, roasted 20–45 Chocolate 3.3 

Butter, heated 5–15 Beer 0–3.4 

Biscuit 19.7 
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Amino acid 
precursor 

Strecker-aldehyde Odour 
threshold 

value  
(μg/l; water) Name Structure Aroma 

description 
Gly Formaldehyde CH2O Mouse-urine, 

ester-like 
50×103 

 
Ala Ethanal Sharp, 

penetrating, 
fruity 

10 
 

Val Methylpropanal Malty  1 

Leu 3-Methylbutanal Malty  0.2 

Ile 2-Methylbutanal Malty  4 

Phe 2-Phenylethanal Flowery, 
honey-like 
 

 4 
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Ethyl maltol [3-hydroxy-2-ethyl-4H-pyran-4-one] 
- Enhances the same aroma but is 4- to 6-times more powerful than maltol. 
- It has not been detected as a natural constituent in food.  
It is used for food aromatization. 
 

Furanones 
 

Among the great number of products obtained from carbohydrate 
degradation, 3(2H)- and 2(5H)-furanones belong to the most striking 
aroma compounds. 

norfuraneol (4-Hydroxy-5-methyl-) 
Roasted, chicory-like, caramel 
In meat broth. 

sotolon (3-Hydroxyl-4,5-dimethyl) 
Caramel 
In coffee, sherry, seasonings. 
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Furanones are secondary products of the Maillard reaction. 
Furaneol detected in fruit, which is partly present as the β-glycoside: 

Thiols, thioethers, di- and trisulfides 
 

Precursors: cysteine, cystine, monosaccharides, thiamine. 
Involved in the generation of 
- delightful 
- irritating, unpleasant 
 

Thiols are important constituents of food aroma: 
- Intensive odour. 
- Occurrence as intermediary products which can react with other volatiles 
by addition to carbonyl groups or to double bonds. 

odour notes 
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Methionine → methional → 
(β-elimination) → methanethiol 
→ dimethyldisulfide  

Dimethyldisulfide can dispropor-
tionate to dimethylsulfide and 
dimethyltrisulfide: 

Very low odour threshold!  

These sulfur compounds have been identified in practically all protein-
containing foods when they are heated or stored for a prolonged period of 
time (except for 2-mercaptoethanal): 
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Strecker degradation of cysteine 
→ hydrogen sulfide 
→ 2-mercapto-acetaldehyde 
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Important contributors to the aroma of meat. 

2,3-pentanedione 

Maillard reaction 

α-diketones reductive  
sulfhydrylation mercaptoalkanes 

2-mercapto-3-pentanone (2M3P) 

3-mercapto-2-pentanone (3M2P) 
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2-Furfurylthiol (FFT): key odorant of roasted coffee, role in the aroma of 
meat aroma, rye bread crust, toasted white bread. 
 

The precursor: furfural which adds hydrogen sulfide to give a 
thiohemiacetal. Water elimination and reductive sulfhydrylation then yield 
2-furfurylthiol: 

FFT 
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2-methyl-3-furanthiol (MFT): similarly low odour threshold, but differs 
in the odour quality. Smells like boiled meat (one of its key odorants). 
 

The SH-group of MFT is considerably more instable than that of FFT 
because in an H-abstraction, a thiyl radical can be generated: 
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The thiyl radicals dimerize to bis(2-methyl-3-furyl) disulfide, which is 
cleaved again at a higher temperature, e. g., during cooking: 

The disulfide of MFT: meat-like odour (very low odour threshold). 
 

3-Methyl-2-butene-1-thiol: roast odorants of coffee,  
        cause on off-flavour in beer. 
Only very small amounts are formed which are still aroma active on 
account of the very low odour threshold. 
 

- In beer: 3-methyl-2-butene radical is formed from terpenes by photolysis. 
- In coffee: under the drastic conditions of the roasting process.  
This radical then meets a SH•-radical formed from cysteine under 
these conditions.  
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Thiazoles 
 

Coffee, boiled meat, boiled potatoes, heated milk and beer.  
2-acetyl-2-thiazoline contributes most intensively to the aroma of quick 
fried beef. 
The precursors: 
- cysteamine (formed by the decarboxylation of cysteine) 
- 2-oxopropanal  

2-(1-hydroxyethyl)-4,5-dihydrothiazole 2-acetylthiazolidine 

ox. 
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Benzothiazole:  
occur in heated milk responsible 
for a “stale” off-flavour. 

2-Isobutylthiazole: 
constituent of tomato aroma. 
(Addition of 20–50 μg/kg.) 

Pyrroles, pyridines 
 

N-heterocyclic compounds with the following structural feature appears to 
be required for a roasted odour: 

E. g. 2-acetylthiazole, 2-acetylthiazoline, acetylpyrazine. 
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The length of the alkanoyl group influences the aroma activity. 
2-propionyl-1-pyrroline → 2-butanoyl-1-pyrroline 
- The roasted note suddenly disappears. 
- The odour threshold increases by several powers of ten. 

2-Acetyl-l-pyrroline (Apy): typical aroma of the crust of white bread 
and it produces the pleasant popcorn aroma of certain types of rice 
consumed mainly in Asia.  
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2-Pentylpyridine:  
 

- Smell of roasting lamb fat (greasy, suety odour) 
- Produces an aroma defect in soybean products 
The precursors: ammonia (from the pyrolysis of asparagine and 
glutamine) and 2,4-decadienal. 
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Pyrazines 
 

A large number of volatile pyrazines are formed on heating food (coffee, 
bread crust, fried meat, cocoa liquor).  
Alkyl pyrazines: 70 compounds alone in the group of consisting 
only of the elements C, H and N.  
 

- Pyrazines II, III, V and VI have the lowest odour thresholds (0.07 pmol/l 
air).  
- II and V are produced in food in higher concentrations than III and VI. 
 
 
 

 
The aroma activities of II and V exceed those of the other alkyl pyrazines. 
 

2-Oxopropanal and alanine are the precursors of pyrazines II, IV and V. 
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Structure Substituent 
 

Aroma quality  
 

Odour threshold 
value (μg/l; water) 

Trimethyl- 
 

Earthy 90 

2-Ethyl-3,5-dimethyl- Earthy, roasted  0.04 
 

2-Ethenyl-3,5-dimethyl- Earthy, roasted  0.1 
 

2-Ethyl-3,6-dimethyl- Earthy, roasted  9 
 

2,3-Diethyl-5-methyl- Earthy, roasted  0.09 
 

2-Ethenyl-3-ethyl-5-
methyl- 

Earthy, roasted  0.1 
 

Pyrazines in food 
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3,6-dimethyldihydropyrazine: the precursor of pyrazine IV. 
Formed by the condensation both of two molecules of aminoacetone as 
well as two molecules of 2-aminopropanal. 

The nucleophilic attack by dihydropyrazine 
on the carbonyl group of acetaldehyde and 
water elimination yield pyrazine IV. 
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Amines 
 

Not only aldehydes, but also amines are formed in the Strecker reaction. 
 

The odour thresholds of these amines are pH dependent.  
 

The enzymatic decarboxylation of amino acids produces the same 
amines as the Strecker reaction. 
 

- Both reactions take place e. g. in the production of cocoa, but the Strecker 
reaction predominates.  
 

- An especially odour intensive amine, trimethylamine, is formed in the 
degradation of choline. 
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Phenols 
 

Phenolic acids and lignin are degraded thermally or decomposed by 
microorganisms into phenols, which are then detected in food. 
 

Smoke generated by burning wood (lignin pyrolysis) is used for cold or 
hot smoking of meat and fish products.  
Phenol enrichment process: phenol vapours penetrate the meat or 
fish muscle tissue.  
 

Some alcoholic beverages (Scotch whiskey) and butter have 
low amounts of some phenols (the presence is needed to round off their 
typical aromas). 
 

Ferulic acid: an important precursor. 
 

In pyrolysis: 
  4-vinylguaiacol: the main product. 
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Enzymatic reactions 
 

1. Occur as part of the normal metabolism of animals, plants and 
microorganisms. 
 

2. The enzymatic reactions are triggered by tissue disruption, 
(during disintegration or slicing of fruits and vegetables).  
 

Enzymes can also be involved indirectly in aroma formation 
→ providing the preliminary stage of the process.  
E. g. by releasing amino acids from available proteins, sugars from 
polysaccharides, or ortho-quinones from phenolic compounds.  
These are then converted into aroma compounds by further nonenzymatic 
reactions. 
In this way, the enzymes enhance the aroma of bread, meat, beer, tea and 
cacao. 
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Carbonyl compounds, alcohols 
 

Fatty acids and amino acids → precursors of a great number of volatile 
aldehydes.  
Carbohydrate degradation → ethanal. 
Ethanal: 
- Aroma activity at higher concentrations. 
- Great importance for the fresh note, e. g., in orange and grapefruit juice.  
In fruits and vegetables: 

Important for aroma: hexanal, (E)-2-hexenal, (Z)-3-hexenal and/or (E)-2-nonenal, (Z)-3-nonenal, 
(E,Z)-2,6-nonadienal and (Z,Z)-3,6-nonadienal. 

linoleic acid 
linolenic acid 

oxidative degradation 

lipoxygenase or/and  
hydroperoxide lyase 

oxo acids, aldehydes and 
allyl alcohols 
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Aldehydes appear after the disintegration of the tissue in the presence of 
oxygen. 
A part of the aldehydes is enzymatically reduced to the corresponding 
alcohols. 
 
1.) Linoleic acid: predominates in the lipids of champignon mushrooms. 

The allyl alcohol is oxidized to a small extent by atmospheric oxygen to the 
corresponding ketone (Hundred times lower odour threshold!). 
 

This ketone together with the alcohol accounts for the mushroom odour of 
fresh champignons and of Camembert. 

Linoleic acid R(–)-1-octen-3-ol  
10-oxo-(E)-8-decenoic acid oxidative cleaving 

lipoxygenases  
hydroperoxide lyases 
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2.) Aldehydes formed by the Strecker degradation can also be obtained : 
- metabolic by-products of the enzymatic transamination, 
- oxidative deamination of amino acids. 
In general, amino acids are converted enzymatically to α-keto acids and then 
to aldehydes by decarboxylation in a side reaction: 

Threonine can eliminate 
a water molecule and, by subsequent 
decarboxylation, yield propanal: 
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3.) Methylpropanal and 2- and 3-methylbutanal: by-products during the 
biosynthesis of valine, leucine and isoleucine.  
 

α-Ketobutyric acid, derived from threonine, can be converted into 
isoleucine. Butanal and 2-methylbutanal are formed 
by side-reaction pathways. 

2-Acetolactic acid: the intermediary product in the biosynthetic pathways of 
valine and leucine.  
2-acetolactic acid can be decarboxylated in a side reaction into acetoin, the 
precursor of diacetyl. 

Val, Leu 
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At α-keto-3-methylbutyric acid, the 
metabolic pathway branches to form 
methylpropanal. 

The metabolic pathway branches 
again at α-keto-4-methyl valeric acid 
to form 3-methylbutanal. 
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The enzyme that decarboxylates 
the α-ketocarboxylic acids to 
aldehydes has been detected in 
oranges. 

Substrate Vrel (%) 
Pyruvate 100 

2-Oxobutyric acid 34 
 

2-Oxovaleric acid 18 
 

2-Oxo-3-methylbutyric acid 18 
 

2-Oxo-3-methylvaleric acid 18 
 

2-Oxo-4-methylvaleric acid 15 
 

Substrate specificity of a 2-oxocarboxylic 
acid decarboxylase from orange juice 
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Alcohol dehydrogenases can reduce the aldehydes derived from fatty acid 
and amino acid metabolism into the corresponding alcohols: 

R—CH2—OH + NAD+ =  R—CHO + NADH+H+ 

- Alcohol formation in plants and microorganisms is strongly favoured. 
- The enzyme specificity is highly variable.  
In most cases aldehydes >C5 are only slowly reduced.  
 
 
 
 

With aldehydes rapidly formed by (for example, oxidative cleavage 
of unsaturated fatty acids) a mixture of alcohols and aldehydes results, in 
which the aldehydes predominate. 
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Hydrocarbons, esters 
 

Fruits and vegetables (e. g., pineapple, apple, pear, 
peach, passion fruit, kiwi, celery, parsley) contain 
unsaturated C11 hydrocarbons. 
 

(E,Z)-1,3,5-undecatriene  
(E,Z,Z)-1,3,5,8-undecatetraene:  
balsamic, spicy, pinelike odour, which with very low 
threshold concentrations. 
 

The hydrocarbons are formed from unsaturated fatty 
acids by  
- β-oxidation,  
- lipoxygenase catalysis,  
- oxidation of the radical to the carbonium ion  
- decarboxylation. (E,Z)-1,3,5-undecatriene 
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Esters are significant aroma constituents of many fruits. They are 
synthetized only by intact cells: 

R—CO—SCoA + R—OH → R—CO—O—R + CoASH 
Acyl-CoA originates from: 
- β-oxidation of fatty acids 
- occasionally from amino acid metabolism. 
 

Odour threshold: 
- Methyl branched esters (from the metabolism of leucine and isoleucine) 
– very low values. 
 The odor thresholds of the acetates are higher than those of the 
corresponding ethylesters. 
 

When fruits are homogenized (juice processing):  
→ esters are rapidly hydrolyzed (hydrolases) 
→ fruit aroma flattens. 
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Lactones 
 

Some of them – typical aroma substances of butter, coconut oil, and fruits. 
 

Their aroma is partly very pleasant 
→ these substances are also of interest for commercial aromatization of 
food.  
 

Odour threshold: decreases with increasing molecular weight in the 
homologous series of γ- and δ-lactones.  

oleic acid 
linoleic acid 

hydroxy 
acids 

regio- and  
stereospecific  
oxidation 

lactones 

shortening 
β-oxidation 

cyclization 
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Linoleic acid is metabolized by cows → (Z)-6-dodecen-γ-lactone (secondary 
product).  
Sweetish odour – enhances the  
aroma of butter.  
It is undesirable in meat. 

3-Methyl-4-octanolide – the ‘whisky’ or ‘oak lactone’. 
Formed when alcoholic beverages are stored in oak 
barrels.  

3-Methyl-4-(3,4-dihydroxy-5-methoxybenzo)octanoic acid is extracted 
from the wood. After elimination of the benzoic acid residue, this 
compound cyclizes to give the lactone. 

(R)-δ-decalactone (5-decanolide) (key odorant of butter): 
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Terpenes 
 

- Mono- and sesquiterpenes. 
- In fruits, vegetables, herbs and spices and wine. 
- Wide aroma spectrum, mostly perceived as very pleasant.  
- The odour thresholds vary greatly. 
- In flavouring plants:  
Terpenes of relatively high odour thresholds. 
Occur large amounts. 
 
 
E. g., S(+)-α-phellandrene             in dill) 
 

They can act as 
character impact 
compounds. 
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Monoterpenes with hydroxy groups (linalool, geraniol and nerol):  
present in fruit juice at least in part as glycosides. 
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Terpene glycosides hydrolyze (e. g., in the production of jams)  
- enzymatically (β-glucosidase) 
- due to the low pH of juices –  strongly accelerated by a heat treatment.  
 

Terpenes with two or three hydroxyl groups – in grape juice: 

In grape juice and peach sap:  

hotrienol neroloxide 3,7-dimethylocta- 
1,3-dien-3,7-diol 

trans-furanlinalool oxides   
3,7-dimethylocta- 
1-en-3,6,7-triol 
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- Most terpenes: one or more chiral centres. 
- The optically inactive form and the l- and d-form occur in different 
plants. 
- The enantiomers and diastereoisomers differ regularly in their odour 
characteristics.  

Menthol: 
- In the l-form (occurs in peppermint oil): 
a clean sweet, cooling and refreshing peppermint aroma.  
- In the d-form: 
remarkable, disagreeable notes such as phenolic, medicated, 
camphor and musty. 
 Carvone: 
- In the R(−)-form:  peppermint odour.  
- In the S(+)-form: it has an aroma similar to caraway. 
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Volatile sulfur compounds 
 

The aroma of many vegetables (Brassicacea, Liliaceae) is due to volatile 
sulfur compounds obtained by a variety of enzymatic reactions.  
Their aroma is formed by decomposition of glucosinolates or S-alkyl-
cysteine-sulfoxides. 

2-Isobutylthiazole: contributes to tomato aroma. 
Product of the secondary metabolism of leucine and 
cysteine. 

Asparagus acid (1,2-dithiolane-4-carboxylic acid)  
Precursor: isobutyric acid.  
Cooking:  asparagus acid is oxidatively decarboxylated to a 1,2-
dithiocyclopentene, which contributes to the aroma of asparagus: 
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Volatile sulfur compounds formed in wine and beer production: 
- Originate from methionine 
- By-products of the microorganism’s metabolism. 

methional 

methionol 

acetic acid- 
3-(methylthio)-propyl ester 

Tertiary thiols are some of the most intensive aroma substances.  
- Fruity odour at the very low concentrations in which they occur in foods.  
- With increasing concentration, they smell of cat urine and are called catty 
odorants. Tertiary thiols have been detected in some fruits, olive oil, wine 
and roasted coffee. 
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Tertiary thiols: formed by the addition of hydrogen sulfide to 
metabolites of isoprene metabolism.  

In beer: 3-mercapto-3-methylbutylformate –  off-flavour (5 ng/l).  
 
 
 
1-p-Menthene-8-thiol  (grapefruit aroma) 
 
Chiral compound: 
- The (R)-enantiomer: an extremely low odour threshold 
0.00002 (μg/kg, water). 
-  The (S)-enantiomer: a weak and unspecific odour. 
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Pyrazines 
 

2-isobutyl-3-methoxypyrazine  
Paprika pepper (Capsicum annum) and chillies (Capsicum frutescens). 
 

Its biosynthesis from leucine: 

2-sec-butyl-3-methoxy-pyrazine: one of the typical aroma substances of 
carrots. 
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Pyrazines also produced by microorganisms. 
E. g. 2-isopropyl-3-methoxypyrazine (metabolic byproduct of 
Pseudomonas perolans and Pseudomonas taetrolens). 
 

Musty/earthy off-flavour in eggs, dairy products and fish. 

Skatole, p-cresol 
 

The amino acids  
are degraded by microorganisms: 
- Tryptophan → skatole  
- Tyrosine → p-cresol 
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- The odour thresholds of skatole: 
- In sunflower oil (15.6 μg/kg) 
- On starch (0.23 μg/kg).  

 
- Role in the aroma of Emmental cheese. 
- Causes an aroma defect in white pepper. 
 
 It can probably also be formed nonenzymatically from tryptophan: 
- by the Strecker degradation,  
- oxidation to indolylacetic acid  
- decarboxylation.  
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p-Cresol 
 

- Accompanying substance of skatole in samples of white pepper having 
an aroma defect.  
 

- Formed in citrus oil and juice by the degradation of citral 

The oxidative cleavage of skatole   
→ o-aminoacetophenone  
- Has an animal odour.  
 
- Key aroma substance of tortillas and taco shells 
made of corn treated with lime (Masa corn). 
  
- In milk dry products: it causes an aroma defect. 
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INTERACTIONS WITH OTHER FOOD 
CONSTITUENTS 
 

Aroma interactions with lipids, proteins and carbohydrates affect: 
→ The retention of volatiles within the food. 
→ The levels in the gaseous phase.  
→ The intensity and quality of food aroma. 
 

Interactions cannot be clearly followed in a real food system. 
For studying interactions: model systems. 
Reliably imitating the real systems. 
 

E. g. emulsions: 
- With fat contents of 1%, 5% and 20%,  
- Aromatized with an aroma cocktail for mayonnaise.  
(Diacetyl, (Z)-3-hexenol, (E,Z)-2,6-nonadienol, allyl isothiocyanate and allyl thiocyanate). 
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Lipids 
 

In an o/w emulsion the distribution coefficient, K, for aroma compounds is 
related to aroma activity: 

W

O

C
CK =

Co = concentration of the aroma compound in the oil phase 
Cw = the concentration of the aroma compound in the aqueous phase. 

In a homologous series, e. g., n-alkane alcohols: 
-  the value of K increases with increasing chain length.  
 

The solubility in the fat or oil phase rises proportionally as the 
hydrophobicity imposed by chain length increases. 
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Proteins, polysaccharides 
 
Studying the sorption characteristics of various proteins for several 
volatile compounds: 
 

- Ethanol is bound to the greatest extent, probably with the aid of 
hydrogen bonds.  
 

- The binding of the nonpolar aroma compounds probably occurs on the 
hydrophobic protein surface regions.  
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Synthetic natural aroma compounds 
 

A great number of food aroma compounds have been identified. 
Only a limited number of them being synthesized on a commercial scale 
(economic factors). 
 

Synthesis starts with a natural compound available in large amounts at the 
right cost, or with a basic chemical.  
 

Vanillin: a most important aroma compound worldwide. 
Obtained by alkaline hydrolysis of lignin (sulfite waste of the wood 
pulp industry), which yields coniferyl alcohol. It is converted to vanillin by 
oxidative cleavage: 
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Menthol – synthesized from m-cresol (petrochemically obtained). 
Thymol is obtained by alkylation and is then further hydrogenated into 
racemic menthol: 

The racemic form is separated and 1(–)-menthol is recovered. (The d-
optical isomer substantially decreases the quality of the aroma.) 
 

The purity requirement imposed on synthetic aroma substances is very high.  
The purification steps are needed:  
- To meet the stringent legal requirements (i. e. beyond any doubt safe and 
harmless to health).  
- To remove undesirable contaminating aroma compounds.  
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E. g. menthol has a phenolic off-flavour note  
even in the presence of only 0.01% thymol as an impurity(!)  
(The odour threshold value of thymol is lower than that of 1(−)-menthol by 
a factor of 450.) 
 
Synthetic aroma compounds 
 

Do not occur in food materials. 
Except for ethyl vanillin, they are of little importance in 
the aromatization of foods. 
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Essences 
 

The flavourist composes essences from raw materials. 
- Striving for an optimal aroma,  
- The composition of the essence has to meet food processing demands, e. 
g., compensation for possible losses during heating.  
 

“Aroma formulation”  
- Empirical, developed as a result of long experience dealing with many 
problems, disappointments and failures. 
- Rigorously guarded after the “know-how” is acquired. 
 

Aromas from precursors 
 

This is a trend in food aromatization. 
Heated foods - the impact aroma compounds are generated by the Maillard 
reaction. 
It can be improved by increasing the levels of precursors. 
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Some of the precursors are added directly. 
Some precursors are generated within the food by the preliminary release of 
the reaction components required for the Maillard reaction 
E.g. adding protein and polysaccharide hydrolases to food. 
 
Stability of aromas 
 

Storage of food - aroma substances can undergo changes. 
Aldehydes and thiols are especially sensitive.  
→ they are easily oxidized to acids and disulfides. 
 

Unsaturated aldehydes:  
- (E)-2-hexenal and citral – important aromatization agents (leaf green and 
citrus notes)  
- (Z)-3-Hexenal (aroma of freshly pressed juices, e. g., orange and 
grapefruit). Considerably more instable than (E)-2-hexenal  
→ hardly finds application in aromatization. 
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In an apolar solvent, e. g., a triacylglycerol, (E)-2-hexenal decreases much 
more rapidly than in a polar medium.  
It oxidizes mainly to (E)-2-hexenoic acid 
with butyric acid, valeric acid and 2-penten-1-ol being formed as well.  

At the acidic pH values found in fruit, 
autoxidation decreases,  
(E)-2-hexenal preferentially adds water  
→ 3-hydroxy-hexanal. 
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Citral  
- Instable in an acidic medium (e. g. lemon juice).  
- Neral cyclizes to give the labile p-menth-l-en-3,8-diol which easily 
eliminates water, forming various p-menthadien-8-ols.  
- Formation of p-cymene, p-cymen- 8-ol, and α,p-dimethylstyrene.  
 

p-Methylacetophenone is formed from α,p-dimethylstyrene.  
P-cresol and p-methylacetophenone contributes appreciably to the off-
flavour formed on storage of lemon juice.  
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Encapsulation of aromas 
 

Protection of aromas against the chemical changes. 
 

Materials suitable for inclusion:  
Polysaccharides, e. g., gum arabic, maltodextrins, modified 
starches, and cyclodextrins.  
 

1. Spray drying  
The aroma substances are emulsified in a solution or suspension of the 
polysaccharide, which contains solutizer in addition to the emulsifying 
agent. 
 

2. Extrusion  
A melt is produced that consist of the wall material, aroma substances, and 
emulsifiers. The extrusion is conducted in a cooled bath, e. g., isopropanol. 
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3. Inclusion complexes  
- β-Cyclodextrins and aroma substances are dissolved in a water/ethanol 
mixture by heating.  
- The complexes precipitate out of the cooled solution.  
- The precipitate is removed by filtration and dried.  
 
Criteria for the evaluation of encapsulated aromas: 
 

Stability of the aroma.  
 

Concentration of aroma substance.  
 

Average diameter of the capsules. 
 

Amount of aroma substance adhering to the surface of the capsule. 
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