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Part 2 – Traits of Odors
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Summary
Odorants have a major importance for the evaluation of food. Thousands 
of odorants occur in foodstuffs, but only a small minority of them plays 
a role for the conscious perception of food aromas. Some odorants can 
be quite similar on the basis of their chemical properties but strikingly 
different in their sensory properties, yet others surprise with sensory 
similarity despite fundamental structural differences. Food aromas are 
inimitably composed of three up to 40 individual odorants, so that the 
composition of the final odors is subject to a complex combinatorial 
code. This makes it challenging to copy food odors in easy ways. This 
degree of complexity is further increased by inter-individual differences 
in the perception, which likely also adds to the generation of individual 
food preferences. 
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Small cause, great odor difference:
The isomer (–)-carvone smells strongly of mint, whereas (+)-carvone is an important key food odorant of caraway.

In the first part of the special “odor and nutrition” the anatomical and physiologi-
cal basis of smell, as well as the fundamental vocabulary of aroma and olfactory 
receptor research have been outlined. This second part targets the question, which 
odorants exactly make up the characteristic smell of food.
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The situation complicates in the 
case of volatiles and odorants that 
have no intrinsic smell or that smell 
only very weak. Due to pharmaco-
logical effects (  Ernährungs um-
schau 5/2015: Odor and nutrition. 
Part 1: Fundamentals of smelling) 
they may, however, contribute 
to the food aroma by means of a 
modulatory impact (i.e. pharmaco-
logy).

Similar chemical  
structures, different  
sensory impact
The olfactory disparity of chemi-
cally similar volatiles is reflected on 
a qualitative as well as on a quanti-
tative level.

Differences in odor thresholds

The already mentioned pyrazines 
reflect an important group of het- 
erocyclic odorants which impact the 
aroma of many versatile foods, e.g. 
roasted or fermented ones. Among 
these foods are cocoa, coffee or 
bakery products, but also roasted 
meat. Mainly differentially alkyla-
ted pyrazines occur, all smelling  
vaguely earthy, moldy, roasty, 
or caramel like, but may vary 
harshly in their odor thresholds. 
Important and very potent odor- 
ants are e.g. 2-ethyl-3,5-dimethyl 
pyrazine (1 in • Figure 1) and 
2,3-diethyl-5-methylpyrazine (2 
in • Figure 1) with odor thresholds 
of less than 10 ng/L in water. The 
2,3,5,6-tetramethylpyrazine (3 in 
• Figure 1) occurs quite often and 
in comparably high concentra-
tions, however, due to its high odor  
threshold of above 1 mg/L in water 
it is almost odorless and of no rele-
vance to food aromas at all [2].
Similar observations were made 
with the so called wine-lactone 
(3a,4,5,7a-tatrahydro-3-6-dimethyl-
benzofuran-2[3]-one) (4 in • Figure 1)  
which plays an important role not 
only in wine. The wine lactone may 

Introduction

Foods are complex composed matrices 
of macronutrients, versatile micro-
nutrients such as vitamins or antiox- 
idants, and moreover contain water, 
many minerals, and/or gases. All 
these molecules can either be odorants 
themselves or can be transformed into 
odorants in direct or indirect ways. 
Many interactions between food com-
ponents, e.g. catalysis by metal ions 
or on surfaces, radical and redox re-
actions may influence the release, for-
mation and transition of odorants. 
Also external influences like photoly-
sis, oxidation due to atmospheric oxy-
gen, or condensation reactions during 
drying may occur. In food, as a biolo-
gical system, also enzymatic reactions 
occur, especially after the disruption 
of cellular integrity by chopping, 
grinding or mixing. Further complex 
reactions may happen when the food 
is finally processed, most importantly 
when food formulations (i.e. recipes) 
are being processed: heating, cooling, 
freezing, drying, mechanical stress, 
hydrolyses in different pH-milieus, ex-
trusion, sheering forces, frying, treat- 
ment with smoke, extended storage, 
fermentations, and many more pro-
cesses.
It is expected, that in food about 8,000 
volatile components may occur, of 
which – however – only a small frac-
tion is of importance for the respective 
perceived food aroma [1].

Odorants playing a role in a respec-
tive food aroma are referred to as 
key food odorants (KFO).

Many of these compounds arise from 
the same chemical reaction pathways, 
and thus have similar structures or 
belong to the same chemical classes. 
Hence, similar structures not necessa-
rily have similar sensory qualities nor 
sensory thresholds: pyrazines for ex-
ample emerge from the non-enzymatic 
browning reaction (Maillard-reaction) 
and play a major role for the aroma 

profile of several foodstuffs. Up to 70 
alkyl pyrazines (compare e.g. 1 to 3 in 
• Figure 1) have been described in food 
[2]. Of these, however, only few con-
tribute to the perceivable food aroma, 
only these few have odor thresh- 
olds low enough to be below their 
concentration in a respective food.

This quotient of the odorant concen-
tration in food and its odor threshold 
is an important measure to allow for 

an estimation of the odorant’s import-
ance in the food. This quotient is refer-
red to as the Odorant Activity Value 
(OAV) [3].
One principal requirement for an 
odorant to actively contribute to the 
total aroma of a given food is that 
its OAV is > 1. This indicates that 
its concentration exceeds the odor 
threshold. The OAV is a major, but 
not exclusive, initial parameter to 
estimate whether an odorant can be 
considered a KFO.

For a final elucidation of food odo-
rants, usually reconstitution and 
omission experiments are per-
formed. As part of these, the food 
odorants are being recombined ac-
cording to analytical results in a 
comparable matrix and evalua-
ted by a sensory panel (compare 
p. 26 chapter “odorants and their 
mixtures”). If the properly prepa-
red odorant recombinant super- 
imposes optimally with the native 
food aroma, it is being started to omit 
individual odorants. If the aroma of 
the recombinant changes signifi-
cantly, the omitted odorant is obvi-
ously important for the food aroma 
and must be considered a KFO.

Since in real food several odorants 
always appear in parallel, virtually no 
food exists, whose full aroma profile 
is defined by only one single odorant.

 c (Odorant)
OAV =

Odor Threshold
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occur in eight different enantiomeric1  
forms, whose odor thresholds spread 
over eight magnitudes. In the case of 
the eight possible wine lactones, only 
the (3-S,3aS,7aR)-enantiomer with 
an odor threshold of around 100 
pg/L air plays a role, e. g. in wine, 
whereas the (3R-3aR,7aS)- and the 
(3R-3aS,7aS)-enantiomers are alto-
gether odorless [4].

Differences in odor qualities

Striking differences of chemically 
quite similar odorants arise also on 
a qualitative level. The 2,5-dimethyl-
4-hydroxy-3(2H)-furanone (5 in  
• Figure 1), also known under its 

trade name Furaneol®, e. g. smells 
sweet, like caramel, and appetizingly 
like strawberry, in which it also adds 
to the total aroma profile as a KFO [5, 
6]. However, the structurally similar 
sotolon (3-hydroxy-4,5-dimethyl-
furane-2[5H]-one) (6 in • Figure 1) 
smells intensely herbal and resembles 
lovage, whose aroma it shapes indeed 
[7].
A very important group of odorants are 
represented by terpenes which orig- 
inate from the mevalonate pathway. 
Despite the fact that their structural 
versatility is quite restricted (aroma 
relevant terpenes consist of 10, 15 or 
20 C-atoms and rarely harbor any 
hetero atoms), the terpenes express an 

impressive width of odor impressions 
and shape the aroma of many plants, 
herbs, and spices. A very interesting 
and popular terpene is carvone, which 
harbors one optical center and thus 
occurs in two enantiomeric forms 
[(+/–)-carvone]. While the (–)-car-
vone (7 in • Figure 1) strongly smells 
of mint and outlines the basic smell of 
mint, the (+)-carvone (8 in • Figure 
1) smells intensely of caraway and  
shapes its respective aroma profile. 
Despite both molecules exhibit strik-
ingly different odor qualities, their odor  
thresholds are quite comparable [8].

Different chemical  
structures, similar  
sensory impact
Interestingly, there are also odor-
ants which differ structurally, 
but nevertheless exhibit compa-
rable sensory characteristics. The 
already mentioned 2,5-dimethyl-
4-hydroxy-3(2H)-furanone (5 in  
• Figure 1), 3-hydroxy-2-methyl-
pyran-4-one (9 in • Figure 1) as 
well as 2-hydroxy-3-methylcy-
clopent-2-ene-1-one (10 in • Fi-
gure 1) e. g., smell pleasantly 
roasty and caramel-like. They all 
originate from the non-enzymatic 
browning reaction (Maillard-re-
action) and thus frequently occur 
all at once. Possibly, it therefore is 
not evolutionarily advantageous 
to have the ability to distinguish 
the three odorants of the same 
origin with specific odorant recep-
tor repertoires.
However, there are certain groups 
of chemical classes that can be as-
signed to some typical qualitative 
odor impressions if the functional 
group mainly rules the molecule’s 
characteristics: Most esters smell 
fresh and fruity and are, indeed, 
major components of the aroma 

1  Enantiomeres are molecule variants (mir-
ror-image isomers) of equal chemical for-
mula yet different spatial structure.

Fig. 1:  Chemical structures of exemplary odorants  
(explanations and names of substances can be found throughout the text) 
1 = 2-ethyl-3,5-dimethylpyrazine; 2 = 2,3-diethyl-5-methylpyrazine; 3 = 2,3,5,6- 
tetramethylpyrazine; 4 = 3a,4,5,7a-tetrahydro-3,6-dimethyl benzofuran-2[3]-one; 5 
= 2,5-dimethyl-4-hydroxy-3(2H)-furanone; 6 = 3-hydroxy-4,5-dimethyl furan-2(5H)-
one; 7 = (–)-carvone; 8 = (+)-carvone; 9 = 3-hydroxy-2-methylpyran-4-one; 10 = 
2-hydroxy-3-methyl cyclopent-2-en-1-one;11 = 1-p-menthene-8-thiol;  
12 = 2,4,6-trichloroanisol; 13 = 4-(4-hydroxyphenyl)-butan-2-one; 14 = vanillin;  
15 = ethylvanillin; 16 = skatole; 17 = androstenone; 18 = cis-3-hexen-1-ol;  
19 = 3-methyl butyric acid; 20 = ß-ionone
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profile of fresh fruits and juices; 
pyrazines (see above) smell 
completely different. Thiols, or 
sulfur containing volatiles in 
general, smell in higher concen-
trations, very often unpleasant, 
despite the fact that many sulfur 
containing odorants are very im-
portant components of natural 
and synthetic aroma profiles and 
formulations.

Predictability of aroma 
quality and quantity

Concluding the aforementioned, it 
is not possible to predict the sensory 
characteristics of volatiles only by 
means of their chemical structure. 
Concerning this, the coding of the 
sensory impression, resulting from 
the combinatorial code of receptor 
activation, is way too complex and 
still understood insufficiently.

Promising starting molecules for 
the initiation of structure func-
tion prediction models of odorants 
are linear molecules with only one 
functional group. For those it is 
possible, by means of chemical 
synthesis, to generate so called ho-
mologous series of a substance in 
which either the molecule length 
varies, or the position of the func- 
tional group within the molecule 
moves. Subsequently, the sen-
sory characteristics of the synthe- 
sized molecules are determined 
and compared to one another. This 
was performed, e. g., with alkyla-
ted thiols [9]. It was shown that 
from all researched classes, the 
molecules with six to seven carbon 
atoms were those with the lowest 
odor thresholds, with the vari-
ations rarely affecting the odor 
quality. Similar work was perfor-
med on unsaturated ketones. The 
odor threshold minima observed 
in this study were in the range 
of six to eight/nine carbon atoms 
chain length. Notably in the case 
of linear unsaturated ketones, also 
the odor quality depends on the 
chain length as well as on the po-
sition of the enol and keto groups 
within the respective molecules. 
The qualities range from pungent 
(C5) to metallic and vegetable-like 
(C6 to C7), to mushroom-like (C8) 
and even to citrus-like and soapy 
(> C8) [10].
By applying such research, the 
physical-chemical data of the mo-
lecules (i.e. homologues series) can 
be correlated with their sensory 
characteristics and be transfor-
med into so called QSAR models 
(Quantitative Structure Activity 
Relationships). On the basis of 
such models, PolstEr and schiE-
bErlE were able to predict the odor  
thresholds of alkyl thiols by 
means of the spatial structure in 
the limited horizon of the homo-
logous series [11].

Fig. 2:  Visualization of the physiological basics of sensory thresholds 
The depicted activation patterns only serve as a tool for visualization and are not the 
result of experimental research. 
A: Detection threshold: Only the most sensitive odorant receptor is activated. 
B and C: Recognition thresholds: Specific activation patterns reflect the typical  
recognition profile of odorants or complex aromas. 
D: Saturation threshold: All specific odorant receptors are saturated with odorant 
molecules, an increase of odorant concentration does not trigger a more intense 
odor sensation. 
E: Activation pattern of odorant mixtures: The more odorants make up a mixture, 
the more complex the resulting activation pattern will be, and the lesser the impact 
of individual odorants on the total aroma.
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Perception of odorants
Partly very low  
effective concentrations

Food odorants can be very potent. 
A very impressive example is the 
sulfur containing 1-p-menthen-
8-thiol (11 in • Figure 10) which 
is a key food odorant in grapefruit 
and has an odor threshold as low 
as 0.02 ng/L water. 1-p-methen-
8-thiol is the most potent odorant 
known. By way of illustration: the 

weight of as few as 6 sweetener 
pills of this substance would suf-
fice to aromatize Lake Constance 
to be grapefruit-like perceivable for 
human.
The sulfur containing odorants be-
long per se to the most sensitively 
perceived volatiles. Why so is con- 
troversially discussed up to now. 
The sulfur atom is readily polari-
zable and thus easy to coordinate 
inside possible binding pockets of 
odorant receptors. There is some re- 
search targeting the role of metal 
ions (especially zinc) for the percep-
tion of thiol molecules [12, 13]. 
Moreover, it is remarkable that un-
pleasant odorants often have nota-
ble low odor thresholds. A good ex-
ample is 2,4,6-trichloroanisol (12 in 
• Figure 1) which, e. g., causes the 
corky note of wine. 2,4,6-trichlo-
roanisol is generated by microorga-
nisms from chlorinated compounds2  
used during cork production and 
wine fermentation. It has an odor 
threshold of 0.01 µg/L in water and 
can be detected by humans even in 
traces [14].

Neuronal odor processing

Any single odorant alone produces 
a specific, concentration dependent 
two dimensional pattern of activa-
ted neurons. Any mixture of dif-
ferent odorants produces another 
very specific concentration depen-
dent, distinctive odorant finger-
print of activated neurons. This 
activation pattern is encoded from 
quality and quantity of activation 
as a sum of all individual activation 

patterns of the respective odor-
ants in the mixture and the resul-
ting pharmacological modulations. 
Recently, bushdid et al. extrapola-
ted the total number of qualitative- 
ly distinguishable aroma impressi-
ons to about 1 trillion [15].

Odorants and  
their mixtures

Since in the real world we are al-
ways exposed to mixtures of differ- 
ent chemical compounds (i.e odor- 
ant mixtures) and never to purified 
specific molecules, the knowledge 
of the sensory properties of indi-
vidual volatiles is only of limited 
value. Naturally occurring food 
aromas consist only in very simple 
cases of only a few odorants. Tak-
ing butter as a simple example, its 
aroma-profile is constituted of only 
three substances: butyric acid (swe-
aty), 2,3-butandione (buttery), and 
δ-decalactone (coconut-like) [16, 
17]. In more complex cases the full 
aroma-profile may be constituted 
of far more than 20 volatiles, e.g. 

the aroma profile of coffee (27 key 
food odorants), or cognac (36 key 
food odorants) [1].
However, there are many food-
stuffs whose aroma profiles are 
qualitatively dominated (but not 
fully represented) by single odor- 
ants. Such important substances 
are referred to as character impact 
compound for a respective food. 
Examples are mint ([–]-carvone), 
caraway ([+]-carvone), rasp- 
berry (4-[4-hydroxyphenyl]-bu-
tan-2-one, also known as rasp-
berry ketone; 13 in • Figure 1), or 
vanilla (4-hydroxy-3-methoxy-
benzaldehyde, also called vanillin; 
14 in • Figure 1).
The character impact compound is 
sufficient to assign an aroma to the 
respective food, yet the character 
impact compound alone does not 
represent the full aroma profile. For 
this, the remaining components of 
the full aroma profile are proba-
bly missing to complete the com-
plex recognition pattern of odorant 
receptor (OR) activation (compare 
part one of this article series).
In the production of convenient 
or low-price products, e.g. cer-
tain sweets, the representation of 
the authentic full aroma profile is  
waived for the sake of economic 
favor, but with curtailment of sen-
sory appearance.

Combinatorics:  
the key for understanding 
sensory phenomena
There are strong hints that each of 
the more than 400 odorant recep-
tor types can be activated by a more 
or less wide spectrum of odorants, 
and that in turn, some odorants can 
activate several receptor types [20]. 
Sometimes the odorant receptor 

2  The corky note of wine not only arises from 
the actual cork but also from chlorinated  
bleaching and disinfecting agents. Therefore 
it can also occur in wines with a screw plug.

„By way of illustration: the weight of as few as 6 
sweetener pills of this substance would suffice to 
aromatize Lake Constance to be grapefruit-like 

perceivable for human.“



Ernaehrungs Umschau international | 1/2016    27

types are denoted generalists (wide 
odorant spectrum) [21] or specialists 
(tough odorant spectrum) [22]. This 
gives rise to the existence of an ol-
factory code, specific for any olfac-
tory impression.

Olfactory white

Similar to vision, also in olfaction 
there is a condition where all im-
pressions overlap. What is known 
as “white” in vision, and results 
in the simultaneous activation of 
all color sensors (cones), has been 
described as “olfactory white” in 
olfaction. In this condition many 
receptor types are activated simul-
taneously in an overlapping fas-
hion, thus, no specific olfactory 
code (activation pattern) can be 
inferred anymore (compare E in 
• Figure 2). According to WEiss 
et al. mixtures of more than 30 
different odorants are required to 
generate this impression [23].

Molecular definition of  
sensory thresholds

Important parameters for sen-
sory science can also be drawn 
from the combinatorics on 
the odorant receptor level: 
detection threshold, rec- 

ognition threshold and satura-
tion threshold.
In the area of the detection thresh- 
old, the odorant concentration is 
just high enough to activate the 
most sensitive odorant receptor in 
a way that the presence of a “smell” 
is barely perceivable (compare A in  
• Figure 2). At the detection  
threshold, it can only be decided 
whether there is something that 
smells or that does not smell, but 
the impression cannot be assigned 
qualitatively. Most likely, this  
threshold is defined by the odo-
rant receptor with the highest 
sensitivity (the lowest EC50,  
part one of this article) for the re-
spective odorant.
With increasing odorant concen-
tration, more and more odorant 
receptors are most likely activated 
and thus, the specific activation 
pattern (which reflects the speci-
fic olfactory code) is established 
and the concentration reaches a 
level where its quality can be re-
cognized. The concentration, from 
which the stimulus can be assi-
gned to a specific sensory quality, 
is referred to as the recognition 
threshold (compare B in • Figure 
2).
It is possible that a single odorant 
can be assigned different odor 

qualities in a concentration de-
pendent manner. 3-methylindol 
(skatole, 16 in • Figure 1), e. g., 
one of the most potent odorants 
in feces, has a flowery smell in 
small concentrations and is an 
important ingredient of cosmetic 
aroma formulations and per-
fumes to which it contributes 
with a full and harmonic aroma 
body. Consistent with this model, 
skatole only activates all odo-
rant receptors that make up the 
feces-like, urinous smell only at  
higher concentrations (compare C 
in • Figure 2). 
For the molecular definition of the 
saturation threshold (compare 
D in • Figure 2) at a certain odo-
rant concentration, all odorant 
specific odorant receptors would 
be saturated, and a further in-
crease of odorant concentration 
would not anymore allow for a 
qualitative differentiation.

Reasons for off-flavors

Odorants can contribute to the 
characteristic food odor, but 
can also cause off-flavor [8]. 
2,3-butandione e. g. is an im-
portant contributor to the aroma 
of butter (see above) and is also 

The natural aroma of original Bourbon-vanilla is a quite com-
plex composition of odorants and is only in part represented 
by the character impact compound vanillin. Vanillin does not 
generate the full and identical neuronal activation pattern as 
Bourbon-vanilla with its secondary components and ‘minor’ 
odorants. Vanillin can be produced with biotechnological 
methods from eugenol or lignin (the molecular scaffold of 
wood) in a convenient way [18]. In many cases the very simi-
lar synthetic odorant ethyl vanillin (15 in • Figure 1) is used, 
which has a three- to four-fold lower odor threshold and can 
thus be applied in lower concentrations [19]. The aroma of 
native vanilla can hardly be copied or imitated in an econo-
mic manner, so that for high-quality products only real bourbon-vanilla may be used.
The controversially discussed issue whether biotechnologically produced vanillin may be considered a natural  
odorant shall not be part of this article.
The knowledge on the molecular interrelationships in odor perception bears also a very high economic potential.
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present in beer. However, if the 
concentration of 2,3-butandione 
exceeds the level of 0.13 mg/L 
beer, it is recognized as unplea-
sant. If the concentration is 
further increased to > 0.35 mg/L, 
it may cause an off-flavor in beer 
[8].
Further reasons for the appearance 
of off-flavors can be the absence of 
food specific key food odorants or 
the occurrence of dissimilar odors 
of foreign sources. The generation 
of malodors causing off-flavors 
is often the result of chemical or 
microbiological reactions (e.g. oxi-
dation, non-enzymatic browning, 
and interaction of food constitu-
ents, light- or enzyme induced re-
actions) or contaminations [24]. 
Especially chlorophenols and chlo-
roanisoles, such as the above men-
tioned 2,4,6-trichloroanisole, are 
well known chemicals that may 
migrate via air, water, or packaging 
materials into foodstuffs and can be 
perceived even in traces due to their 
very low odor thresholds. A fruity 
off-flavor for instance was observed 
in carbonized mineral waters which 
could be drawn back to the migra-
tion of acetaldehyde from polyethy-
lene terephthalate (PET)-containing 
bottles [25, 26].
The identification of off-flavor cau-
sing odorants is essential for the 
development of targeted avoidance 
strategies. In odor research, specific 
sensory and analytical strategies 
are applied. In gas chromatogra-
phy olfactometry coupling, volatile 
substances from food are separated 
by chromatographic methods and 
are detected by sensory trained per-
sonnel by nose. With this elaborate 
technique the odor qualities as well 
as the relative intensities of individ- 
ual odorants can be determined. 
By means of the high performance 
of the human nose, this analytical 
technique is especially suited for 
the detection of very potent ma-
lodors occurring at concentrations 
below the resolution and detec-
tion power of modern analytical 

devices. Applying this method al- 
lowed identifying a medici-
nal off-flavor in mineral waters  
caused by 2-iodphenol and 2-iod-
4-methyl phenol [27].

How many key food  
odorants are there in  
foodstuffs?

In a large scaled meta-analysis per-
formed by dunkEl et al. all available 
publications on key food odorants 
were assembled and evaluated [1]. 
This study provides a compre-
hensive overview over the current  
state-of-the-art related to key food 
odorant research. In more than 220 
researched foodstuffs covering all 
product groups, a total of 226 in-
dividual odorants could be identified 
to be key food odorants. Despite 
the occurrence of more than 8,000 
total volatiles in foods only a small 
minority of less than 2 % of all vo-
latiles encodes for the full aroma of 
virtually all available foodstuffs. Of 
these 226 key food odorants 16 in-
dividual compounds occur in more 
than 25 % of all foodstuffs. Due to 
their widespread prevalence, these 
important key food odorants are 
characterized as generalists. They 
mainly originate from common 
precursor substances such as car-
bohydrates, amino acids or fatty 
acids. Besides these generalists there 
are many specific odorants that only 
occur in some small food groups, 
particular foods or ingredients such 
as herbs and spices. They are deno-
ted as specialists and originate from 
precursors that only occur in speci-
alized metabolic pathways of some 
certain raw commodities. In total 
there were 151 key food odorants 
identified that occurred in less than 
5 % of all analyzed foods.
By their mode of formation odor-
ants can be differentiated into pri-
mary and secondary odorants. 
Odorants already present in the raw 
commodity are referred to as pri-
mary odorants. Secondary odorants 

however only form during proces-
sing steps such as heating, oxida-
tion, enzymatic treatment, and so 
on, from (mostly non-volatile) pre-
cursor substances. The typical smell 
of a cucumber for example is only 
generated and released after the fruit 
is cut. The well-known smell of gar-
lic is formatted upon cleavage of al-
liin into pyruvate, ammonia, and 
the character impact compound of 
garlic allicin [28]. The Maillaird-re-
action is an important reaction in 
formation of volatiles (see above) by 
thermic exposure of foodstuffs [8].

The relevance of the  
sense of smell for  
individual food choice
The individual perception of smell 
influences our food choice and 
thus impacts our nutrition. This 
is quite obvious in the case of 
complete or unspecific anosmias, 
where the smell of odorants can-
not be perceived at all or only to 
a limited extend (  part 1 in Er-
nährungs umschau 5/2015). Both 
are rather pathologic scenarios, 
which the concerned persons are 
well aware of, and that require an 
active handling. Yet which impact 
physiologically “normal” indi-
vidual differences – mediated by 
single nucleotide polymorphisms 
(SNPs) in the genes for odorant 
receptors – have on the individual 
daily diet is largely unknown. 
In the past, some in-vitro-expe-
riments could identify several 
SNPs to be associated with spe-
cific anosmias. A prominent ex-
ample is androstenone (17 in • Fi-
gure 1), a pungent, ruinous, and  
sweaty smelling odorant origina-
ting from the steroid metabolism 
of male pigs. In non-caponized 
boars androstenone (together with 
skatole and further odorants) en-
riches in the fatty tissue of the ani-
mals and may disqualify the meat 
from consumption due to mal- 
odor. But not every human individ- 
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ual is capable of smelling andros-
tenone; about every other harbors 
a mutation in the corresponding 
gene OR7D4, and renders the ex-
pression product unable to be ac-
tivated with androstenone [29]. 
In turn, only customers abler to 
smell the ruinous-sweaty note of 
androstenone are likely to deny 
the consumption of meat polluted 
by androstenone.
There are further examples, e.g. 
cis-3-hexen-1-ol (18 in • Fi-
gure 1). It plays a major role in 
many fruits and vegetables and 
is perceived – among others – 
from OR2J3 [30]. Another ex-
ample is 3-methyl-butyric acid 
(19 in • Figure 1), the character 
impact compound of valerian 
root [31]. Here, a mutation in 
the gene for OR11H7P is respon-
sible for the representation of a 
specific anosmia. For the odorant 
ß-ionone (20 in • Figure 1), im-
portant for the aroma profile of 
many fruits and fruit juices, a 
genotype of OR5A1 was also de-
scribed that accounts for 96 % of 
the phenotypic sensitivity [32]. 
Individual (and heritable) man- 
ifestations of such kind may im-
pact the elucidation and choice of 
certain food and food groups.

If an SNP leads to a change in olfac-
tory perception, it may have an im-
pact on the dietary preferences and 
habits of the mutation’s carrier. In-
sofar the olfactory individuality may 
be interpreted as genetically mani-
fested dietary preferences.

Evolution and smell

A very exciting question deals 
with the evolutionary events lea-
ding to the common characte-
ristics of our sense of smell and 
to the respective dietary prefe-
rences. Roasted food and roasted 
meat in particular may serve as 
an applicable example to dis- 

cuss these interrelationships. From 
the paleo-anthropologic view, the 
controlled and active handling of 
fire may be seen as a key event in 
human evolution. Control of fire 
not only meant to be protected 
from predator animals, but also 
opened up the possibility to en-
hance the nutritive value of food, 
to reduce its microbiological back-
ground, and in turn to increase its 
storage stability [33, 34]. Along 
with the roasting of meat, the 
development of a very specific 
aroma profile occurs (e.g. pyr- 
roles, pyrazines, and many more), 
which is perceived as pleasant 
from a vast majority of custom- 
ers. The detection of high-qua-
lity and safe (in terms of micro-
biology) food could have been an 
advantage over individuals not 
bearing this sensory capability in 
early stages of mankind.
One important question, however, 
remains: What developed first? 
The preference for roasted meat, 
the control of fire, or the capabi-
lity to smell odorants specific to 
roasted meat? These relations bet-
ween the late development of the 
human sense of smell and the es-
tablishment of the typical human 
diet might represent a kind of co- 
evolution within the human spe-
cies. E.g. a population of humans 
mastered at controlling fire, and 
within this population a few indi-
viduals were capable to detect (or 
prefer) roasted meat. A positive 
selection toward the preference of 
nutrition relevant odorants could 
also help to explain why only 2 %  
of all volatile substances found 
in food are sufficient to make up 
the aroma profiles of virtually all 
foods.
These and many more controver-
sially discussed issues in odor re-
search may one day be answered 
as a result of collaboration of dis-
ciplines such as food chemistry, 
physiology, genetics, and anthro-
pology.
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