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About Barry Callebaut Group

Zurich-based Barry Callebaut Group is the world’s leading manufacturer of 
high-quality chocolate and cocoa products: from sourcing and processing cocoa 
beans to producing the finest chocolates, including chocolate fillings, decora-
tions, and compounds. The Barry Callebaut Group runs close to 60 production 
facilities worldwide and employs a diverse and dedicated global workforce of 
about 11,000 people.

The Barry Callebaut Group serves the entire food industry, from industrial 
food manufacturers to artisanal and professional users of chocolate, such as 
chocolatiers, pastry chefs, bakers, hotels, restaurants, or caterers. The three 
global brands catering to the specific needs of these gourmet customers are 
Callebaut®, Cacao Barry®, and Carma®.

The Barry Callebaut Group is committed to make sustainable chocolate  
the norm by 2025, to help ensure future supplies of cocoa and improve farmer 
livelihoods. It supports the Cocoa Horizons Foundation in its goal to shape a 
sustainable cocoa and chocolate future.
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OBJECTIVE AND AIMS

The major objective of the book ‘Hidden Persuaders in Cocoa & Chocolate’ 
is to popularize the knowledge about tastes and flavors describing cocoa and 
chocolate.

The aim is to enable different departments within industry to speak a 
common sensory language when describing cocoa and chocolate in a profes-
sional way – either for new product development or quality improvement. By 
using this book people can develop a higher awareness of tastes and flavors, 
and build up their overall sensory skills.

Another aim is to broaden the flavor language of cocoa and chocolate, by 
storytelling about ingredients in which tastes and flavors are found, and also 
bringing the tasting experience related to ‘pairing flavors’ based on on-line 
applications called ‘Chocolizer™’ and ‘Itinero™’.

We are convinced that well-trained sensory panels are able to detect most of 
the cocoa and chocolate flavors. By using the extended knowledge docu-
mented in this book, the sensory leaders may broaden and deepen the skills 
of trained panels. Striving to add value to the cocoa and chocolate business, 
we believe that well trained panels are an excellent tool for guiding internal 
product development and improving communication with external business 
partners.

METHOD

The final selection and description of 105 sensory attributes presented in 
this book is based on a review of existing cocoa and chocolate flavor wheels 
and numerous scientific papers describing sensory evaluation of cocoa and 
chocolate.

The selected sensory attributes are grouped into eight flavor levels, which 
also correspond to the Cocoa and Chocolate Flavor Wheel:

1.	 Taste (sweet, sour, bitter, salty, umami),
2.	 Cocoa (unroasted cocoa, alkali, phenolic bitter, volatile acidity),
3.	 Brown (four sub-categories: roasted, golden, grains and cereals, nutty),
4.	 Dairy (milky, creamy, buttery, yoghurty),
5.	 Fruit (four sub-categories: dried, yellow and tropical, red, citrus),
6.	 Botanical (three sub-categories: floral, spices, down-to-earth),
7.	 Trigeminal (cool, warm, astringent, pungent),
8.	 Atypical (two sub-categories: product and process changes, food contact 

materials).

This book describes eight flavor levels of sensory perception and none of these 
levels is considered as more or less important, because all of them contribute to a 
unique perception of sensory profiles in cocoa and chocolate products. This flavor 
approach does not include the following aspects of chocolate evaluation: appear-
ance, sound, touch, and texture.
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For each of the eight flavor levels, some or all of following ten descriptive 
parts are developed:

Description

Flavor Levels

Taste Cocoa Brown Dairy Fruit Botani-
cal

Tri-
geminal Atypical

1. Sensory definition
2. Key taste compound1

3. Taste description
4. Key aroma compound(s)2

5. Flavor description
6. Notes description
7. Trigeminal effect
8. Smell description
9. Chocolate tasting3

10. Emotions4

1The most important compound contributing to a specific taste.
2The most important volatile compound(s) contributing to a specific aroma.
3Stories about chocolate and/or specific flavor ingredient and suggestions for pairing with chocolate.
http://www.callebaut.com/benl/chocolizer; http://www.cacao-barry.com/itinero
4Positive/negative emotions perceived during tasting a specific flavor.

Every author of the book contributed to a unique part of the presented infor-
mation. Barry Callebaut’s experts are primary responsible for cocoa and choco-
late specific information regarding sensory, marketing, and chemical composi-
tion of each flavor. Please note that we have selected only a few compounds per 
each taste and flavor, as well as off-flavor, acknowledging the whole complex 
mixture of chemical compounds behind each of them. Per selected chemical 
compound, structural formula, and molecular formula are reported in the book.

While positive emotions, linked to tastes, flavors, and notes, come from 
extensive research of Givaudan’s experts, negative emotions are linked to 
off-flavors researched by Barry Callebaut’s scientists, during multiple shelf-
life studies and testing for new product development.

DEFINITIONS: TASTE – ODOR/SMELL – AROMA – FLAVOR –  
NOTES/NUANCES/HINTS

Taste, being perceived on the tongue, can be expressed as ‘sweet’, ‘bitter’, 
‘sour’, ‘salty’ or ‘umami’.

Odor (or smell) is perceived explicitly through the nose, while aroma is a 
sensory perception via the nose and mouth together, so called ‘retronasal’ per-
ception. As a consequence, both taste and aroma are a part of ‘flavor’.

A full flavor perception consists of taste, smell, and aroma, as well as special 
perception – often referred to as ‘chemical feeling factors’—that happens 
through triggering of a trigeminal nerve. This nerve reacts to pain and change in 
temperature, being responsible for sensations such as ‘cool’, ‘warm’, ‘astringent’ 
or ‘pungent’. These trigeminal factors contribute to ‘mouthfeel perception’ that 
also includes all kinds of structure and texture related impressions, which are 
not described in this material.
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By notes, nuances or hints we understand a threshold-level perception of a 
certain sensory attribute. For instance, most volatile compounds, called ‘potent 
aroma compounds’ are present in chocolate in very low levels, and are detect-
able by highly trained panelists or the most sensitive individuals, only. These 
impressions are analogous to perfumers’ ‘top notes’.

HOW TO USE THE BOOK?

With this book we aim to enrich and further develop the sensory language of 
cocoa and chocolate. The content can be used during various cocoa and choco-
late sensory trainings.

The internal trainings may be organized by sensory specialists in Quality As-
surance, who continuously strive to improve the performance of sensory panels. 
The external trainings can be prepared for customers or consumers, by product 
developers in R&D, chefs in Chocolate Academy centers, and other employees, 
who want to study and practice flavor evaluation in a professional way.

While purposely tasting chocolate via the so called ‘Chocolate Tasting Ritual’, 
all five human senses are involved. Firstly, sight is crucial. Chocolates may sur-
prise by their unique color, perfect gloss or appealing shape. Touch is the second 
sense that matters: attributes like hardness and finger sensitivity contribute to the 
sensory experience. Closely associated to hardness is the third sense: sound. Snap 
is the unique feature to describe chocolate’s sound upon breaking. Smell, or the 
direct perception of volatile components by the nose, is a powerful way to dif-
ferentiate. Both smell intensity and smell complexity (amount of aromas that can 
be perceived together) play a role. And last but not least, the sense of taste is 
experienced when taste and aroma molecules are being released during oral pro-
cessing of chocolate. While this book covers the most relevant attributes linked 
to two out of five senses of this Chocolate Tasting Ritual (smell and taste), it is 
acknowledged that all senses together shape the sensory perception of a particular 
cocoa or chocolate product. To implement such Chocolate Tasting Ritual one can 
consider some Barry Callebaut (BC) chocolates mentioned throughout this book.

The primary source of information used in this book consists of R&D and 
QA experience and knowledge. The secondary sources include existing litera-
ture about sensory evaluation of cocoa and chocolate. At the end of each chap-
ter’s introduction, the articles and other references are indicated.

We thank all Barry Callebaut and Givaudan colleagues who shared their 
critical comments and helped in developing this material:

Alex Landuyt (R&D, BC Belgium), Anais Maffard (Sourcing, BC Switzerland), 
Bob Van Overklift (student, BC Belgium), Clara Cabus (La Morella Nuts, Spain), 
Claudia Radi (R&D, BC Germany), Evelyne Maes (R&D, BC Belgium), Hanspeter 
Haefliger (Sourcing, BC Switzerland), Ive De Ruysscher (R&D, BC Belgium), Jan 
Schoen (Givaudan, Switzerland), Jemilatu Boye-Okit (QA, BC Belgium), Karen 
Maes (Marketing, BC Belgium), Marijke De Brouwer (R&D, BC Belgium), Na-
dine De Latthauwer (QA, BC Belgium), Philippe Troplin (R&D, BC France), Qi-
annan Cao (QA, BC China), Rosa Gimeno (La Morella Nuts, Spain), Serge Van 
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Berg (R&D, BC Belgium), Stephanie Garciaherreros (MK, BC Belgium), Thierry 
Bronchart (Gourmet, BC Belgium), Timothy Holman (Legal, BC Switzerland).

The following external reviewers are cordially thanked for opinions, sugges-
tions and corrections:

Prof. Dr. Carolina Chaya – University of Barcelona, Spain
Prof. Dr. Dorota Majchrzak – University of Vienna, Austria
Prof. Dr. Hal MacFie – University of Reading, UK
Prof. Dr. Pascal Schlich – research director at INRA, University of Bour-

gogne, France, France
Prof. Dr. Jacques Viaene – University of Gent, Belgium
Dr. Jordi Ballester-Perez – University Institute of Vine and Wine, University 

of Bourgogne, France
Dr. Boris Gadzov – Sensory director, FlavorActiV Ltd, UK
Dr. Howard Moskowitz – President of Moskowitz Jacobs Inc., NY, USA
Jagoda Mazur – Senior sensory scientist, McCain foods Ltd., Toronto, Canada
Hilde Vanaerde – Sensory expert, VG Sensory, Belgium
Lieve Claes – Sensory expert, Haystack, Belgium
We wish All Readers of this book a pleasant time and efficient use of this 

material.

Author
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Coauthors
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HISTORICAL PERSPECTIVE OF ‘FIVE BASIC’ TASTES

The subject of taste has intrigued scientists, philosophers, and epicureans for 
centuries. Historically, taste was defined as a philosophical question.

Ancient Greek philosophers like Plato perceived six tastes – bitter, sweet, 
salty, sour, astringent, and pungent. Aristotle made the matter much more 
complex by mapping taste between two poles. He placed sweet and bitter on 
opposite ends of the spectrum with salty, astringent, pungent, harsh, and acidic 
somewhere in between. Finally, Theophrastus, who studied under both philoso-
phers added oily to the mix making in total eight basic tastes.

During the 18th century, the Enlightenment was in full force in Europe, 
and scientists tried to challenge many existing, common beliefs. Taste remained 
incredibly difficult to define. Linnaeus named 11 basic tastes (bitter, fatty, sour, 
astringent, sweet, salty, sharp, viscous, insipid, aqueous, and nauseous) while 
Polycarpe Poncelet equated different tastes to the art of harmonizing music 
notes of bitter, acid, sweet, peppery, astringent, sweet and sour, and weak or 
tasteless.

The 19th century reinforced only four tastes. Simplicity was preferred, and 
Fick narrowed the tastes down to sweet, salty, bitter, and sour. In addition, taste 
buds were discovered when tongue cells were examined under a microscope. 
Taste buds looked like keyholes that bits of food might fit into. We may con-
clude that we had known about the four basic tastes (sweet, sour, salty, and 
bitter) for centuries.

Umami – as the candidate for the official fifth taste – only came onto the 
scene in the twentieth century. Taste scientists were debating over validity of 
umami for decades because every new taste must fulfil strict criteria, including 
a unique quality and exclusive means of transduction, known as the receptor 
mechanism.

TASTE RECEPTOR MECHANISM

The sense of taste is mediated by taste receptor cells, which are bundled in clus-
ters called ‘taste buds’. These taste receptor cells identify oral concentrations of 
a large number of small molecules and report a sensation of taste to centres in 
the brain. Up to date the scientists identified more than 40 human TAS2R genes 
that function as bitter taste receptors.

TAS1R2+TAS1R3 genes play an active role in sweetness perception by 
binding to a wide variety of sugars and sugar substitutes. The mechanisms for 
saltiness (via epithelial sodium channel/ENaC receptor) or sourness perception 
(hyperpolarization-activated cyclic nucleotide-gated/HCN channels: ACCN1 
and TASK-1) are still not fully understood.

The discovery of specific TAS1R1 and TAS1R3 protein receptors solved a 
long lasting scientific dilemma of the umami taste. This protein located in taste 
buds binds to the prototypical umami tastant and initiates the nerve signal to the 
brain that we interpret as umami.
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During recent years, other candidates of primary taste – such as fat and 
kokumi are being discussed. The evidence for fat, as a primary taste, is reason-
ably strong. A possible CD36 taste receptor for fat has been already identified. 
Sensory scientists and nutritionists showed almost 20 years ago that we respond 
to fat in the mouth, with a rise of fats (triglycerides) in the blood. In case of 
kokumi, defined as a quality of continuity, mouth fullness and thickness, the 
evidence is weak and requires further research.

ABBREVIATIONS

TAS1R (#) = type 1, taste receptor, sweet
TAS2R = type 2, taste receptor, bitter
ENaC (epithelial sodium channel) receptor = taste receptor, salty
CD36 (cluster of differentiation 36) receptor = taste receptor, fatty
Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels:
ACCN1 (amiloride-sensitive cation channel 1) = acid-sensing ion channel = taste 

receptor, sour
TASK-1 = acid-sensitive K+ (potassium) channel = taste receptor, sour
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Sweet
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Sour
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Bitter

BITTER
Definition

The taste stimulated by 
substances such as, but 

not limited to, quinine or 
caffeine Key taste 

compound
Caffeine

Bitter taste
Bitter is a basic taste, and people 

show a wide range of sensitivity to 
bitterness. 

Bitter taste evolved as a defense 
mechanism to detect potentially 

harmful toxins in plants. 
It gives a specific impression when 

combined with other tastes and 
flavors. 

Chocolate tasting
Dark chocolate tastes 
bitter because of the 

cocoa ingredients 
(powder, liquor). 

The bitter perception at 
the tongue is caused by 
polyphenols and other 

naturally occurring  
compounds in cocoa.

Emotions
Confident

Aggressive

Innate reaction to bitterness: 
disliking, anger and aggression.

Caffeine (C8H10N4O2)
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Salty

SALTY
Definition

The taste stimulated by 
substances such as, but 

not limited to, salt
Key taste 

compound
Sodium 
chloride

Salty taste
Salty is a basic taste. 

Examples of salty 
substances include 

sodium chloride (table 
salt) or other mineral 

salts, which widely 
differ.

Chocolate tasting
'Salt & Sweet' is one of the most 

common taste combinations in the 
food world. Salt can make the 

chocolate sweeter or it can improve 
the overall taste. A chocolate bar with 

a salty filling and the sweetness 
outside gives a pleasant sensation. 

Salty perception in chocolate can 
come from ingredients (salt, 

potassium carbonate, whey powder, 
black cocoa powder) and is usually not 

a dominant sensory sensation. 

Emotions
Amused

Anxious
Bored
Hostile
Lonely

Sodium chloride (NaCl)

Na Cl
+ –

Innate reaction to saltiness:
amusement and interest.
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Umami

UMAMI
Definition

The fifth taste described 
as rounded, rich and 

savory

Key taste 
compound

Monosodium 
glutamate 

(MSG)

Umami taste
'The Fifth Taste' known as 

Umami, from the Japanese 
word "deliciousness", 

describes the savory, meaty 
taste elicited by 

L-glutamate, first isolated 
from seaweed in 1908. 

Chocolate tasting
Most taste receptors on the 

tongue and other parts of the 
mouth can detect umami taste. 

Umami is not part of the 
standard flavor profile of cocoa 

or chocolate and only found 
when a specific ingredient is 

added. Adding umami to 
chocolate can bring a surprising 

flavor booster effect.

Emotions
Confident 
Friendly
Happy

Irritating

Monosodium glutamate (C5H8NO4Na)Innate reaction to umami:
liking, interest and relax.



Taste  Chapter | 1    9

FURTHER READING

Afoakwa, E.O., 2010. Chocolate Science and Technology. Wiley-Blackwell, Oxford, (receptors). 
Aprotosoaie, A.C., Luca, S.V., Miron, A., 2016. Flavor chemistry of cocoa and cocoa products—an 

overview. Compr. Rev. Food Sci. Food Saf. 15, 73–91, (chemical compounds). 
Berry, D. (2014). Removing sugar while keeping the sweetness. Food Business News: Nov. 12 

(sweet).
Burdock, G.A., 2010. Fenaroli's Handbook of Flavor Ingredients, sixth ed. CRC Press. Taylor & 

Francis Group, Boca Raton, NY, pp. 1-2162 (receptors). 
Dalton, P., Maute, C., Oshida, A., Hikichi, S., Izumi, Y., 2008. The use of semantic differential scal-

ing to define the multidimensional representation of odors. J. Sens. Stud. 23, 485–497, (smell 
of emotions). 

Drake, M.A., Civille, G.V., 2002. Flavor lexicons. Compr. Rev. Food Sci. Food Saf. 2, 33–40, (re-
ceptors). 

Gilbert, A.N., Fridlund, A.J., Lucchina, L.A., 2016. The color of emotion: A metric for implicit 
color associations. Food Qual. Prefer. 52, 203–210, (color of emotions). 

Green, B.G., Alvarez-reeves, M., George, P., Akirav, C., 2005. Chemesthesis and taste: Evidence of 
independent processing of sensation intensity. Physiol. Behav. 86, 526–537, (receptors). 

Hayes, J.E., Feeney, E.L., Allen, A.L., 2013. Do polymorphisms in chemosensory genes matter for 
human ingestive behavior? Food Qual. Prefer. 30, 202–216, (sweet). 

Höhl, K., Schönberger, G.U., Busch-Stockfisch, M., 2014. Stimulus and recognition thresholds for 
the basic tastes in deionized water. Sci. Res. 3, 130–136, (sweet). 

Jacob, N., Golmard, J.-L., Berlin, I., 2014. Differential perception of caffeine bitter taste depending 
on smoking status. Chemosens. Percept. 7 (2), 47–55, (sweet, sour, salty, bitter). 

Jager, S., Schlich, P., Tijssen, I., Yao, J., Visalli, M., de Graaf, C., Stieger, M., 2014. Temporal domi-
nance of emotions: measuring dynamics of food-related emotions during consumption. Food 
Qual. Prefer. 37, 87–99, (emotions of specific flavors/notes). 

Kaneko, S., Kumazawa, K., Masuda, H., Henze, A., Hofmann, T., 2006. Molecular and sensory 
studies on the umami taste of Japanese green tea. J. Agric. Food Chem. 54 (7), 2688–2694, 
(umami). 

Sandell, M.A., Breslin, P.A.S., 2006. Variability in a taste-receptor gene determines whether we 
taste toxins in food. Curr. Biol. 16, R792–R794, (taste receptors, bitter). 

Spinelli, S., Masi, C., Dinnella, C., Zoboli, G.P., Monteleone, E., 2014. How does it make you feel? 
A new approach to measuring emotions in food product experience. Food Qual. Prefer. 37, 
109–122, (classification of positive vs. negative emotions). 

Wang, Q.J., Wang, S., Spenc, S., 2016. Turn up the taste’: assessing the role of taste intensity 
and emotion in mediating crossmodal correspondences between basic tastes and pitch. Chem. 
Senses Vol. 41, 345–356, (tastes vs. emotions). 

http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0010
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0015
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0015
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0020
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0020
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0025
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0025
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0025
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0030
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0030
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref8010
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref8010
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0035
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0035
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0040
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0040
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0045
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0045
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0050
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0050
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0055
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0055
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0055
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0060
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0060
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0060
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0065
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0065
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0070
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0070
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0070
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0075
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0075
http://refhub.elsevier.com/B978-0-12-815447-2.00002-4/ref0075


Page left intentionally blank



11
Hidden Persuaders in Cocoa and Chocolate. http://dx.doi.org/10.1016/B978-0-12-815447-2.00003-6
Copyright © 2018 Elsevier Inc. All rights reserved.

Chapter 2

Cocoa

Chapter Outline
Unroasted cocoa	 13
Phenolic bitter	 14
Alkali	 15

Volatile acidity	 16
Further Reading	 16



12    ﻿Hidden Persuaders in Cocoa and Chocolate

Perception of ‘unroasted cocoa’ flavor is influenced by multiple factors: 
origin of cocoa beans, botanical variety of the beans, farmers agricultural prac-
tices, etc. All of these influencers are at tropical level and need different experts 
at every level of product growing and processing.

In the frame of sustainability, fair trade, bio-production schemes, and other 
important approaches, there is a growing awareness about the necessity of qual-
ity control and quality assurance at the cocoa production level.

Once beans are harvested, the initial processing at the farmer level starts, 
including fermentation and drying. Hereby, the farmers’ knowledge and skills 
are key to create the expected quality of cocoa. Without a proper fermenta-
tion, the precursors of the cocoa flavor have no chance to be developed. Fer-
mentation is therefore considered as a crucial step in reaching the right cocoa 
profile. Also the subsequent drying process needs to happen in a right way, 
otherwise some off-flavors may be formed (please refer to the last chapter 
‘Atypical flavors’).

After the beans are dried, they are ready for transportation to the collection 
points, and then they are shortly stored and further transported overseas. It is 
interesting to notice that the initial processing is happening in the equatorial 
region while the main processing is in the northern part of Earth.

In case of cocoa and chocolate products, additional tastes are important to 
mention. They include: a special kind of bitterness called ‘phenolic’ – typical 
for high content of phenolic cocoa products; perception of ‘alkali’ – associ-
ated with alkalized cocoa products; and impression of ‘volatile acidity’ – ap-
preciated in cocoa products only to some extent. Acidity may be a part of a 
complex sensory profile of cocoa liquor, but it would be not appreciated or 
wanted from the quality point of view if it overpowers other pleasant flavors 
and notes.

Sensory evaluation of cocoa products requires defining and uniformly un-
derstanding each of the selected sensory attributes. When a cocoa product is 
evaluated in either liquid or powder form; the smell is a first key aspect of sen-
sory quantitative assessment by a group of trained panelists. The taste is usually 
following the smell and the question is if there is a balance between bitterness 
and sourness, or one of them is overpowering. Finally, all cocoa specific flavors, 
notes and off-flavors are evaluated.
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UNROASTED COCOA
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PHENOLIC BITTER
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ALKALI
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VOLATILE ACIDITY
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Once beans arrive to Europe, North America, or Asia they are usually stored 
in the warehouses. Appropriate storage conditions are again influencing the 
quality of the beans. Further, the beans are processed with the following steps: 
selection, blending, roasting, winnowing (removal of shells), grinding the co-
coa nibs, obtaining cocoa mass, further pressing of cocoa mass to obtain cocoa 
powder and cocoa butter.

After the cocoa products (butter, powder, and mass, also called liquor) are 
prepared, other ingredients are added. Addition of these ingredients depends on 
the type of chocolate to be produced. A dark chocolate will include sugar and 
emulsifier, such as lecithin. A milk chocolate will have additionally a milk pow-
der. A white chocolate will have a milk powder and sugar but no cocoa powder 
or cocoa liquor; as it contains only cocoa butter.

Looking from the sensory evaluation point of view, it is well known that 
there are at least two key steps influencing formation of flavors in this whole 
process of chocolate making.

The first step is roasting of cocoa beans. During roasting, a chemical process 
called ‘Maillard reaction’ starts. It is a very complex process during which sug-
ars and amino acids react at higher temperature resulting in a typical ‘roasted 
cocoa’ flavor. This flavor is mainly defined by the presence of pyrazines, pyri-
dines and pyrroles. Since the same reaction happens when hazelnuts, almonds, 
coffee, bread, mokka are subjected to a high temperature, the roasted products 
have common compounds, which we call ‘Roasted’.

The second step is conching, that is, mixing of all ingredients in big knead-
ing and shearing machines where all ingredients are step-wise added and the 
whole process is carefully monitored regarding time and temperature. During 
this process, the level of volatile acids decreases and a more balanced final 
aroma develops. If the conching process is too long or too high temperatures are 
applied, most of the positive, volatile compounds may be lost. In this sense, the 
producers take care when manufacturing special cocoa origin chocolate, where, 
for example, fruity and floral notes are especially precious and desired.

Naturally, certain aromas in chocolate are linked to certain ingredients. Each 
ingredient gives specific aromatics often referred to as notes, nuances and per-
ceptions. These perceptions are never dominant in the chocolate and will be 
detected by highly trained sensory panelists.

‘Golden’ aromas may be perceived as: honey, caramel, toffee, maple. 
‘Grains and Cereals’ aromas include: cereal, biscuity, sweet popcorn, malty. 
Finally, ‘Nutty’ notes can be found from the following ingredients: hazelnut, 
almond, walnut, pistachio, pecan, macadamia, cashew, coconut. In this chapter, 
special flavors and notes are described and their taste in chocolate is explained.

The above flavors certainly belong to the most appreciated ones by the con-
sumers. From numerous research projects focusing on association of sensory 
perceptions and emotions, we can see that consumers link these flavors with 
love, happiness, excitement, relaxation, interest, inspiration, cheerfulness, sat-
isfaction, or even perception of some kind of ‘beautifulness’.
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Sensory evaluation of chocolate requires defining and uniformly under-
standing each of the selected sensory attributes. Evaluation of the smell can 
be a first part of sensory profiling, however the major focus is on taste, flavors, 
notes, and mouthfeel. Hereby, sweetness, sometimes saltiness and umami, can 
be added to the assessment list. A complete profiling test includes 20 up to 40 
carefully selected sensory descriptors depending on the product type; most of 
them explained in the following chapters.

ROASTED

Roasted cocoa

2,3,5-trimethylpyrazine
(C7H10N2)

3-methylbutanal 
(C5H10O)

ROASTED COCOA

Definition
The aromas associated 

with roasted cocoa bean
Key aroma 

compounds
2,3,5-

trimethylpyrazine,
3-methylbutanal

Roasted cocoa flavor
Roasting of cocoa beans 

initiates Maillard reaction, 
during which sugars and 

proteins bind. 
As a consequence, the beans  

get a very complex flavor 
that includes roasted nuts 

and coffee notes, as well as 
brown, popcorn-like and 
slightly fruity nuances.

Roasted cocoa smell
The smell of roasted 

cocoa beans reminds of 
chocolate, popcorn and 

some fruity nuances. 

Chocolate tasting
Chocolate made from 
highly roasted beans 
will be more intense 
in color and will have 
a superior, rich and 

complex cocoa flavor.

Emotions
energetic

loving
inspiring
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Roasted coffee

furfuryl mercaptan (C5H6OS) 3-mercapto-3-methylbutyl formate (C6H12O2S)

ROASTED COFFEE

Definition
The aromas associated 

with roasted coffee

Key aroma 
compounds

furfuryl 
mercaptan, 

3-mercapto-3-
methylbutyl 

formate 

Roasted coffee flavor
Freshly roasted coffee has 

highly seductive and persuasive 
hallmark flavor. When the 

beans are darker roasted, the 
"roast flavor" is so dominant 

that it is difficult to distinguish 
the origin of the beans. 

Highly complex coffee flavor 
includes slightly acidic taste, 

dark bread notes and creamy, 
tiramisu nuances.

Roasted coffee smell
Imagine the 

magnificent smell of 
freshly prepared coffee 

in the morning. 

Chocolate tasting
The elegant taste of 

roasted coffee, brings 
roundness to chocolate and 

creates an extra touch of 
tenderness and vivacity. 

Sao Thomé origin 
chocolate 

has a coffee-like note 
delivered by cocoa liquor.

Emotions
relaxed 
satisfied 

enthusiastic 
excited
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Toasted bread

2-acetyl-1-pyrroline (C6H9NO)

TOASTED BREAD

Definition
The aromas associated 

with toasted bread
Key aroma 

compounds
2-acetyl-1-
pyrroline 

Toasted bread flavor
Toasted bread flavor 

resembles a mild, slightly 
sweet tasting product. 

It contains a complex mix 
of grainy, almondy, cherry-
like, onion, garlic, coffee, 

nuts and woody notes.Toasted bread smell
Just imagine the smell of 

toasted bread in the 
early morning...or a 

small toast you prepare 
for lunch... 

Chocolate tasting
The combination of 

sour notes in  
Indonesian cocoa 

beans and the toasted 
flavors of bread gives 

inspiration and a 
sense of holiday.

Emotions
energetic

aggressive
arrogant
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Roasted hazelnuts

filbertone (C8H14O)

ROASTED HAZELNUTS

Definition
The aromas associated 
with roasted hazelnut

Key aroma 
compound
filbertone 

Roasted hazelnuts 
flavor

Hazelnut flavor is very 
distinctive, slightly 

roasted, woody and has  
oily notes. A subtle scent 
of sweet praline, honey 

and roasted nuts is 
appealing and delicate. 

Roasted hazelnuts smell 
Roasted hazelnuts smell can 
be very strong, specific and 

prominently present in 
chocolate. It has caramel and 

sweet popcorn nuances.

Chocolate tasting
The smell of roasted nuts 

brings a certain sweetness to 
chocolate's seductive  flavor. 
Eating chocolate made from 

beans containing flavor of 
roasted nuts is a truly great 

experience. 
Ghana, Ivory Coast, Mexico, 

Colombia, Papua New Guinea 
origin chocolates have 

different nutty notes coming 
from cocoa liquor.

Emotions
satisfied
happy 

cheerful 
beautiful
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Roasted almonds

benzaldehyde (C7H6O) 

ROASTED ALMONDS

Definition
The aromas associated 
with roasted almonds

Key aroma 
compound

benzaldehyde

Roasted almonds 
flavor

The almondy flavor 
resembles marzipan and 

refers to bitter, nutty 
notes of stone fruits. It 

has also a quite 
powdery mouthfeel. Roasted almonds smell

This is one of the most 
amazing flavors to smell. 
Almonds have a pleasant 

smell that is more distinctive 
than smell of other nuts; 

certainly more than 
macadamia or pecan nuts.

Chocolate tasting
The taste of roasted 

almonds in sweet 
chocolate could be a very 

indulging experience. 
The elegant smell and 

taste of this flavor is found 
in the delicious products 

resembling nougat. 

Emotions
satisfied 
relaxed
happy 

beautiful
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Mokka

furfuryl methyl disulfide (C6H8OS2)

MOKKA

Definition
The aromas associated 

with whipped cream and 
coffee extract

Key aroma 
compound

furfuryl methyl 
disulfide

Mokka flavor
Mokka flavor is one of 

the most admirable 
scents in chocolate. 

It is the flavor found in 
products described as 

rich, dairy, creamy, with 
caramellic, coffee and 
other roasted notes.Mokka smell

The wonderful mokka 
smell consists of a 

mixture of creamy, dairy, 
coffee notes, grilled nuts 
and other typical roasted 

aromas. 

Chocolate tasting
Anyone who tasted the 

mokka coffee will identify 
this flavor in chocolate. 

The residents of Yemen, on 
the Red Sea, know exactly 

how much this smell 
contributes to the unique 
character of most of their 

coffee products. 

Emotions
sensual

fun
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GOLDEN

Honey

2-phenylethyl acetate (C10H12O2)

HONEY

Definition
The aromas associated 

with honey Key aroma 
compound

2-phenylethyl 
acetate

Honey flavor
The flavor of honey is 

described as heavily sweet, 
brown, woody, slightly 

aromatic and floral, with a 
waxy background. 

It has also notes of almond, 
beeswax, gingerbread, 

nougat and certain types of 
tobacco.

Honey smell
Honey smell is not as  
dominant as cedar or 

fresh butter. The sweet 
smell of honey is 

stronger when heated.   

Chocolate tasting
Honey flavor is not present 
in all chocolates, but it can 
be found in Mexican milk 

chocolate.
Honey in dark, fruity 

Madagascar origin or 
intensely caramellic, milk 
845 chocolate could be a 
truly nice combination.   

Emotions
happy 
love

beautiful 
cheerful
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Toffee

ethyl maltol (C7H8O3) furaneol (C6H8O3)

TOFFEE

Definition
The aromas associated with 
toffee made by caramelizing 

sugar or molasses with 
butter

Key aroma 
compounds
ethyl maltol,

furaneol

Toffee flavor
The flavor of toffee 

has an intense sweet 
taste, buttery flavor, 
with initial bitter-tart 

note.
Toffee smell

Toffee is recognizable by its 
typical caramellic odor 

mixed with burnt sugar and 
creamy butter that gives a 

great inspiration.   

Chocolate tasting
Toffee is the flavor of a 
candy which is based on 

sugar and butter. This 
wonderful flavor of the 
caramelized sugar is not 
surprising in chocolate. It 
is often associated with 

sweet-bitter, spicy 
speculaas cookies.        

Emotions
sensual

fun

passive
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Caramel

furaneol (C6H8O3) cyclotene (C6H8O2)

CARAMEL

Definition
The aromas associated 

with sugar that has been 
cooked or heated or burnt

Key aroma 
compounds

furaneol, 
cyclotene

Caramellic flavor
A wonderful flavor of caramel 
brings notes of sweet, grilled 

pineapple and strawberries. This 
is not surprising since all three 

products contain furaneol.  
An Asian person smelling caramel 
would probably identify hints of 
pineapple, whereas Westerners 

would more likely say it was 
strawberry or something like 

candy or vanilla. Caramellic smell
This is the smell of the 

kitchen where sugars are 
caramelized. It gives an 

inspiration to the world of 
Old England on Bonfire 

Night. 

Chocolate tasting
Imagine winter evening when 

you walk through the streets in 
the dark and taste a sweet burnt 

sugar mixed within the bitter 
chocolate. 

Caramel pairs well with dark, 
fruity Sao Thomé origin or 
caramellic, sweet 667 milk 

chocolate. The caramel flavor 
makes chocolate less bitter and 
more intense in overall taste. 

Emotions
happy 

cheerful 
relaxed

love
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Maple syrup

cyclotene (C6H8O2)

MAPLE

Definition
The aromas associated with a 
syrup usually made from the 

sap of sugar maple trees Key aroma 
compound

cyclotene

Maple flavor
Maple flavor includes a 
caramellic and vanillic 
blend of notes as well 
as a woody, liquorice 

touch, and sometimes 
fenugreek or maggi 

nuances. 
Maple smell

The maple smell  has a blend 
of sweet aromatic notes 

including caramel, vanilla and 
liquorice.

Chocolate tasting
Maple syrup flavor is complex 

and often subtle. It is more 
obvious in the aftertaste. 

Maple syrup is only used in 
exclusive chocolates to give a 

soft and less bitter taste. 
Maple syrup matches well 

with white, intensely milky, 
rich, creamy Velvet

chocolate.

Emotions
satisfied 
cheerful
happy
relaxed
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GRAINS AND CEREALS

Malty

3-methylbutanal (C5H10O)

MALTY
Definition

The aromas associated 
with germinated and dried 

cereal grains (malt) Key aroma 
compound

3-methylbutanal

Malty flavor
The malty flavor has 

sweet, brown, 
caramellic, fruity, 

butterscotch notes, 
and nuances of bread 

crust.

Malty smell
The smell of malt is sweet 
and slightly fermented. It 
is different from a pure 

'cereal' odor of the barley 
from which it originates.

Chocolate tasting
The elegant, pleasant, 

malty flavor combined in 
good proportion with 

excellent chocolate, could 
be very rewarding. 

You can find malty flavor in 
popular 'Maltesers' sweets, 
first sold in 1937 and aimed 

at slimming women.

Emotions
amused

bored
frustrated
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Sweet popcorn

2-acetyl-2-thiazoline (C5H7NOS)

SWEET POPCORN

Definition
The aromas associated 
with freshly prepared 

sweet popcorn 

Key aroma 
compound
2-acetyl-2-
thiazoline 

Sweet popcorn flavor
Sweet popcorn has  a 

gentle, 'toasted' character 
that can create different 
types of flavors such as 
green onion and herbal 

notes. These properties can 
positively enhance 

bitterness of the chocolate. Sweet popcorn smell
The popcorn smell can be 

enjoyable, but difficult to taste in 
chocolate. It is rather a neutral 
impression when compared to 
other flavors, and it resembles 

starch, protein and fiber.   

Chocolate tasting
The characteristic sweet 
popcorn flavor brings a 
surprise to some of the 

most remarkable 
chocolates  in the world. 
A bag of popcorn brings 
out the idea of American 

food culture.   

Emotions
amused

bored
frustrated
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Cereal

2-acetylthiazole (C5H5NOS)

CEREAL

Definition
The aromas 

associated with 
cereals

Key aroma 
compound

2-acetylthiazole

Cereal flavor
Cereal flavor is found in 
a mix of grains, nuts and 

chips. It has roasted, 
nutty, grain-like notes, 

that can be found in 
salty pretzels, popcorn 
and breakfast muesli. 

Cereal smell
The smell of cereal can 

contain grain-like flavours, 
caramelized sugar notes, 
roasted nuts, dried fruits 

and popcorn-like nuances.

Chocolate tasting
This sweet and slightly 
greasy flavor gives an 

inspiration for a healthy 
morning. The mix of 

cereals and chocolate is 
one of the best tasting 

combinations.

Emotions
amused

bored
frustrated
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Biscuity

2-acetylpyridine (C7H7NO)

BISCUITY

Definition
The aromas 

associated with 
biscuits Key aroma 

compound
2-acetylpyridine

Biscuity flavor
The flavor of biscuits 
has typical cornmeal 

notes with nutty, 
bready nuances. 

It has sweet, 
caramellic and slighly 

buttery notes.
Biscuity smell

The smell of biscuits is difficult 
to recognize because it is 
almost the same as other 

bakery products. Enjoy the 
smell of your favourite biscuit 

when you are eating it and 
drinking coffee or tea.

Chocolate tasting
Biscuity flavor in 

chocolate is just an idea 
of a product where you 
have a touch of butter, 

sugar and vanilla 
combined with some 
wonderful chocolate.

Emotions
amused

bored
frustrated
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NUTTY

Hazelnut

filbertone (C8H14O)Hazelnuts surrounded by the outer, fibrous husk and a smooth shell 

HAZELNUT
Definition

The aromas associated 
with freshly harvested 

hazelnuts Key aroma 
compound
filbertone

Hazelnutty flavor
Hazelnut flavor is 
somewhat sweet, 

buttery and amber 
warm but also it can 

have some green, 
ethereally light, mealy 

notes.

Hazelnutty  smell
The smell of unroasted 

hazelnuts resembles mild 
nutty notes and 

sometimes contains 
grainy or potato-like 

odors.

Chocolate tasting
Hazelnuts, also known as 'filbert 
nuts' are used in confectionery 

to make 'praliné' - a 
combination of nuts, sugar and 

sometimes cream. 
Roasted hazelnuts match 

perfectly with cocoa intense, 
creamy-milky C824US chocolate 

and they can be found in 
hallmark products such as 

Nutella by Ferrero or Frangelico 
liqueur by Canale in Italy. 

Emotions
satisfied
happy

cheerful
beautiful
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Almond

benzaldehyde (C7H6O)Almonds inside its grey-green hull and hard, woody shell 

ALMOND

Definition
The aromas 

associated with 
almond

Key aroma 
compound

benzaldehyde

Almondy flavor
Almond without skin has 

a hint of sweetness, 
marzipan-like, anisic or 
nutty notes as well as 

slightly powdery and dry  
mouthfeel.

Almond with skin is also 
slightly bitter and 

astringent.Almondy smell 
The specific smell of 
almond resembles 

marzipan and it has a 
note of creamy vanilla.    

Chocolate tasting
Almond tree is native to the 
Middle East, India and North 

Africa. It is technically the seed, 
not a true botanical nut.

With mild notes of marzipan 
and nuts, the roasted almond  

pairs well with milky 826 
chocolate and is perfectly suited 

for inclusion in chocolate 
products, since it brings a 

healthy sense of well-being. 

Emotions
satisfied 
relaxed 
happy

beautiful
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Pistachio

α-pinene (C10H16) 
(15.53–48.57%),

α-terpinolene (C10H16)
(1.66–23.06%)

limonene (C10H16) 
(3.15–30.04%)

β-myrcene (C10H16)
(3.50–8.95%)

Pistachio fruits ripening

PISTACHIO

Definition
The aromas associated 

with pistachio nuts

Key aroma 
compound

α-pinene, 
α-terpinolene,

limonene, 
β-myrcene

Pistachio flavor
Pistachio flavor is often 

linked to salty taste 
because of salt added. 

The pistachio flavor 
however is very special; 

it is slighly sweet and 
earthy, with green and 

humid notes.
Pistachio smell 

The smell of pistachio 
may resemble a cake 
taken from the oven. 
It can also have some 

floral or vegetal 
nuances.

Chocolate tasting
The pistachio is  a member of the 

cashew family, a small tree 
growing in Central Asia and the 

Middle East, California and Spain. 
Consuming pistachios reduces the 
risk of heart disease, as approved 

by American FDA in 2003.
A precious green color is 

preserved due to a low roasting 
temperature and people love to 
see and taste pistachios in white 

chocolate. 

Emotions
satisfied 
relaxed 
happy
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Macadamia

limonene (C10H16) Macadamia nuts

MACADAMIA

Definition
The aromas associated 
with macademia nuts

Key aroma 
compound

limonene

Macadamia flavor
Macadamia nuts are 

much harder and 
sweeter than any other 

nuts. Intensely nutty, 
biscuity notes, coconut-

like, earthy, green 
nuances. Finally, dry, 

powdery and fatty 
aftertaste.  

Macadamia smell 
Quite neutral, 

resembling smell of 
cashew nuts, but still 
little more intense.

Chocolate tasting
Macadamia tree is indigenous to 

Australia and its name comes from 
Scottish-Australian chemist John 
Macadam. The nuts are broadly 

know as 'Hawaii nut'.
Macadamia nuts are used in many 
cosmetics because they act as anti-

oxidant, delaying aging of skin. 
Roasted macadamia nuts combine 
well with icecreams, milk chocolate 
823 or fruity, but highly caramellic 

single Java origin.

Emotions
satisfied 
relaxed
happy
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Walnut

hexanal (C6H12O) 1-hexanol (C6H14O) 1-penten-3-ol (C5H10O)

Walnut inside its green huskand hard shell

WALNUT

Definition
The aromas associated 

with almond

Key aroma 
compound

hexanal, pentanal,
1-hexanol, 1-
penten-3-ol

Walnutty flavor
After removal of outer flesh 

(green husk), cracking the soft 
shell and removing the bitter 
pith (skin), you may taste the 
deliciousness of the slightly 

astringent kernel.
Walnuts have also the delicate 
sweetness of golden aromatics 
reflected in a complex mixture 

of notes of caramel, maple, 
honey and cotton candy 

nuances. 

Walnutty smell 
The smell of walnuts 
has a characterisitc 

grassy, greenish tag and 
woody, vegetative note. 

Chocolate tasting
Technically, a walnut is a 

seed, therefore not a true 
botanical nut. Due to a high 
content of unsaturated fatty 

acids, walnut is one of the 
healthiest nuts.

It is a classical pairing 
between roasted walnut and 

intense, cocoa rich, finest 
Belgian creamy-milky 

chocolate C824US. 

Emotions
satisfied 
relaxed 
happy
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Pecan

2-acetyl-1-pyrroline (C6H9NO) 2-propionyl-1-pyrroline (C7H11NO)

Ripe pecan nuts

PECAN

Definition
The aromas associated 

with pecan nuts

Key aroma 
compound
2-acetyl-1-
pyrroline,

2-propionyl-1-
pyrroline

Pecan flavor
Pecan has a well 
balanced flavor 

composed of sweet 
taste and buttery notes.  

It is also dry, soft and 
crumby in the 

mouthfeel, slightly 
astringent in the end.Pecan smell 

Slightly spicy, 
paprika/pepper-like 

smell, sweet like maple, 
earthy and very 

complex, intense.

Chocolate tasting
A large pecan tree is native to 

Mexico, but also growing in 
Texas. A major ingredient in 

praline candy, the pecan is not 
a nut but technically a fruit with 

a single stone or pit. 
Matching roasted pecan with 

dark, fruity Ecuador origin
chocolate - having notes of 

rum, whisky and tobacco - is a 
true delicacy.

Emotions
satisfied 
relaxed 
happy
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Cashew

dihydro-2-methyl-3(2H)-
furanone (C5H8O2) 

furfural (C5H4O2)
Ripe cashew fruit

CASHEW

Definition
The aromas associated 

with cashew seed
Key aroma 
compound
dihydro-2-

methyl-3(2H)-
furanone,

furfural

Cashew flavor
Delicately soft and 

sweet, slightly honey-
like nutty flavor. With 
malty and mealy and 
fatty aftertaste. Can 
have a smoky note.

Cashew smell 
The smell of cashew is 
slightly malty, greeny, 
earthy but generally 

quite neutral.

Chocolate tasting
The cashew tree is native to 

Brazil and produces the 
cashew seed and the cashew 
apple. The seed is unusually 

located - outside of the core or 
heart of the fruit.

Cashew nuts pair well with 
dark, single origin chocolate 

Brazil having very intense 
bitter and sour taste, as well as 
fruity notes of unripe banana 

and smoky hints.

Emotions
satisfied 
relaxed 
happy
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In the production of white and milk chocolate, the cocoa products (liquor, 
powder and butter) are mixed with sugar and milk powder.

Evaporating milk creates milk powder that is quite rich in milk fat, proteins 
and carbohydrates. The amount of fat in milk powders influences initial creami-
ness. However, not only fat is important for sensory perception: proteins and 
carbohydrates also play a role.

Milk contains several milk proteins which are biologically active, including 
lactoferrin, lactoperoxidase and cyastin. Apart from fat and protein, milk is rich 
in carbohydrates, such as lactose, glucose, galactose and other oligosaccharides. 
The lactose gives milk its ‘sweet’ taste, which is further influenced by the type 
of milk powder preparation.

In chocolate, three kinds of milk powder are used: whole milk, skimmed 
milk or whey powder. Whole milk powder is made from whole milk and gives 
more ‘creamy’ flavor while skimmed powder contains less milk fat contribut-
ing to ‘milky’ notes. Whey milk powder is a cheaper alternative for skimmed 
powder and it has a characteristic ‘salty’ taste that can be quite nice in special 
chocolate recipes.

Two major techniques are used to produce milk powder from milk: spray 
drying and roller drying. In the spray drying method, a dry milk powder is made 
from liquid milk by rapidly drying milk – sprayed as droplets – with a hot gas, 
which preserves thermally sensitive milk components and accentuates ‘milky’ 
flavors. In the roller dried technique, milk is continuously brought to the heated 
surface of the rollers where it is dried, leading to a more complex ‘caramel’ fla-
vor. The roller method, using whole milk, is practiced in small dairy companies 
and is disappearing.

Milk fat and cocoa butter match extremely well in contributing to softening 
the bitter compounds of the cocoa part and creating a unique sensory experi-
ence. By playing with fat, protein and sugar composition we can create various 
sensory profiles of milk chocolate. It shall be remembered that only nice dairy 
derived flavors are appreciated in chocolate and they include: milky, creamy, 
yoghurty and buttery. Finally, ‘cheesy’ means off-flavor and is discussed in the 
last chapter.



Dairy  Chapter | 4    47

MILKY

MILKY
Definition

The aromas associated 
with skimmed milk or 
milk derived products

Key aroma 
compounds
2-nonanone, 
2-heptanone

Milky flavor
Milky flavor resembles 

a good quality milk 
that is slightly sweet in 
taste and has very little 

odor. Sometimes it 
resembles 'condensed 

milk'.Milky smell
Imagine the smell of 

condensed milk during 
the manufacturing 

process inside of the 
dairy factory.

Chocolate tasting
The taste of milky in 

chocolate is definitely as 
intense and precise as cocoa 

flavor in the cocoa bean. 
It is a challenge to create a 

well balanced milk 
chocolate having a delicate, 

milky flavor. 

Emotions
Relaxed

Sad
Depressed

2-nonanone (C9H18O) 2-heptanone (C7H14O)
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CREAMY

CREAMY
Definition

A sweet, dairy note 
associated with cream or 
other highly fatty dairy 

products
Key aroma 
compound

Acetoin

Creamy flavor
Creaminess is understood 
as mouthfeel (texture) and 
milky flavor, accompanied 

with strong buttery 
nuances, giving a complex, 

smooth and rich feeling. 
It is often associated with a 

general lactonic note 
found in dairy products, 

peach and apricot.   

Creamy smell
The smell of creaminess 

displays rich, dairy 
aromatic compounds 

and brings 'body' to the 
chocolate.

Chocolate tasting
The creamy flavor in 

chocolate is a synonym 
for 'rich taste', thick 

mouthfeel or complex 
texture, mildness and 

some sensual intensity.

Emotions
Happy 

Satisfied 
Relaxed

Love

acetoin (C4H8O2)
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BUTTERY

diacetyl (C4H6O2)
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YOGHURTY

YOGHURTY
Definition

A sour, dairy note 
associated with dairy 

products Key aroma 
compound

Acetoin
Diacetyl

Yoghurty flavor
Yoghurty flavor has a 

strong sour taste, 
milky flavor and well 

expected fatty, 
creamy mouthfeel.

Yoghurty smell
Yoghurt has quite 

mildly, sourish smell 
with dominating milky 

notes.

Chocolate tasting
A special chocolate made 
with yoghurt milk powder 
will surprise any chocolate 

connaisseur. 
Try to mix a thick, natural, 

delicious yoghurt with either 
fruity, dark Sao Thomé 

origin or caramellic, white 
WNV chocolate.

Emotions
Satisfied
Happy 

Relaxed
Beautiful

acetoin (C4H6O2) diacetyl (C4H6O2) 
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For many people, fruity notes represent all kinds of warm ‘Spring and 
Summer’ sensory impressions. Fruity notes are linked to perception of top or 
medium volatile chemical compounds. Stability of these compounds is linked to 
each step of the cocoa processing and finally chocolate production. As fruitiness 
can be easily destroyed, full attention is given in the business to share knowl-
edge and skills on how to preserve it.

Natural fruity notes come from good quality cocoa beans. A precious fruiti-
ness is linked to the origin of the beans. Our extended knowledge about the 
sensory profiles of cocoa beans growing all over the world shows, for instance, 
that beans growing in Madagascar or Sao Thomé have red and yellow fruity 
notes, while Ecuador has a fruity note combined with nuances of rum, whisky 
and tobacco.

A specific fruity ‘bouquet’ in chocolate is perceived more easily in dark than 
milk or white chocolate. As the fruitiness is so delicate, it can be easily over-
whelmed by other ingredients, such as powerful dairy, cereal or nutty aromatics, 
often present in milk chocolate.

A more complex combination of fruity notes can be detected only by highly 
trained sensory experts who shall be specially prepared for detection, classifica-
tion and quantification of these notes and nuances. More specifically, the ex-
perts focus on the following four categories of fruity impressions: dried fruits, 
yellow fruits, red fruits and citrusy notes.

First, impression of so called ‘dried fruits’ refers to something what is very 
sweet and resembles concentrated sugar. In this book we focus on apricot, rai-
sins, prunes, figs, dates.

‘Dried fruits’ are easily accessible, sweet and nutritious. They are an excel-
lent alternative for sweets and everybody knows their particular ‘taste’. Their 
sensory profiles are very rich and complex because they also contain lots of 
minerals. Due to the drying process, dried raisins contain lots of potassium 
whereas figs bring calcium. Prunes are an excellent source of antioxidants. In 
case of dates, they are not only naturally sweet but they have a stringy inner 
texture that gives a kind of caramellic aftertaste to the dishes they are added to. 
Dates do not make ‘jumps’ in the sugar level in the blood and it is the reason 
why dates are recommended for diabetic people.

Second, ‘yellow fruits’ are those that are universally perceived as sweet, but 
not necessarily sour. Hereby, we have examples of banana, mango, pineapple, 
apple, peach, pear. These fruits can be also special from a nutritional point of 
view, like pineapple that contains lots of bromelain, a mixture of enzymes that 
digest protein. Pineapple has been therefore used for centuries in Central and 
South America to treat ingestion and reduce inflammation.

Third, ‘red fruits’ bring impression of intense sweetness combined with sour-
ness. The examples taking into account in this chapter include: grapes, cherries, 
raspberry, strawberry. These fruits are easier to detect and perceive, because 
there is a good mix of two basic tastes behind the fruity notes. It is also somewhat 
easy for people to associate that type of fruitiness with all kind of red berries.
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Fourthly, ‘citrusy’ notes are linked to the majority of known citruses, includ-
ing: lemon, lime, mandarin, orange, bergamot, tamarind. Citrusy impression is 
special and cannot be confused with other fruitiness. The challenge is however 
to distinguish an underlying typicality of citrusy notes: for instance lime or 
lemon will have more sour, sharp fruitiness while mandarin or orange bring a 
more sweet, delicate fruitiness. Luckily, bergamot, used as major ingredient in 
perfumes has a distinct sensory profile, and the same goes for tamarind. The 
fourth type of chocolate – ruby – invented by Barry Callebaut gives an impres-
sion of both red fruits and citrusy notes.

DRIED

Prunes
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Raisins

β
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Dates
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Figs



Fruit  Chapter | 5    57

Apricot
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YELLOW AND TROPICAL

Peach

δ γ
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Apple
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Pear
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Pineapple
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Mango

γ
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Banana
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Coconut
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RED

Grapes
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Cherries
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Raspberry
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Strawberry
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CITRUS

Lime
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Lemon
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Orange

ORANGE

Definition

The aromas associated 
with orange

Key aroma 
compounds

limonene, 
octanal

Orange flavor

The sweet-bitter and 
somewhat green flavor of 

oranges is linked to the fact 
that the orange is a hybrid, 

between pomelo (Citrus 
maxima) and mandarin 

(Citrus reticulata). 

It has genes that are ~25% 
pomelo and ~75% 

mandarin.

Orange smell 
Due to a major component 

limonene, orange has  a 
pleasant, lemon-like odor 

that is free from 
camphoraceous and 

turpentine-like notes.

Chocolate tasting

Sweet oranges  were 
mentioned in Chinese 
literature in 314 BC. 

Orange flavor matches 
fruity, dark chocolates 
of Haiti, Sao Thomé, 

Ecuador and Brazilian
origins. 

Emotions

happy
cheerful

enthusiastic
beautiful
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Mandarin



Fruit  Chapter | 5    73

Tamarind
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Bergamot
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Botanical notes in cocoa and chocolate refer to those impressions that 
remind us about closeness and richness of nature. They also represent a kind of 
changing ‘Autumn and Winter’ atmosphere. They certainly add to the complex-
ity of the overall flavor of cocoa liquors of certain origins and are subtly present 
in chocolate made from these liquors. These impressions may also be called 
‘herbaceous’ or ‘vegetal’ and may be linked to notes detected in unripe, raw or 
spicy products.

In this chapter, we describe the three groups of botanical notes: floral, spicy 
and so called ‘down-to-earth’. They are even more rare and precious than fruity 
ones. They give a special meaning in high quality, ‘gourmet’ products. They 
are clearly linked to the cocoa origin and botanical variety of the cocoa trees. 
As they are found in some exclusive raw material, they can be truly linked 
to a specific cocoa plantation and sometimes even to a specific fermentation 
process.

Firstly, ‘floral’ notes may be quite volatile and linked to jasmine, lavender, 
rose and violet; the flowers used as fragrance ingredients in the perfumery sec-
tor. It is well known in the fragrance industry that some of them may be on a 
more singular and active side, like lavender or on a more complex and warm 
sedative side as jasmine or rose.

Secondly, ‘spicy’ notes are mostly warm and stimulating. Hereby, we focus 
on vanilla extract, vanillin, clove, cinnamon, nutmeg, ginger, pepper, liquorice, 
rosemary, coriander. Some of them are often associated with ‘brown spices’ 
mostly used during Christmas period or in specific, known brown cookies called 
speculaas, or brownies.

Thirdly, ‘down-to-earth’ notes include those perceptions that are frequently 
seen as representing forest or quite ‘raw’ natural impressions, such as olive, 
tobacco, whisky, rummy, mushroom, woody, smoked wood. Many of these 
notes would be certainly associated with a cozy winter evening when you tuck 
yourself in a warm blanket, put the fire glowing, take a sip of wine or whisky, 
and enjoy a nice chocolate dessert combined with surprising, delicious spices.

The majority of botanical notes presented in this chapter are critically im-
portant in the perfumery sector that classifies them basically into four corners 
of the famous fragrance wheel of Edwards from 1993. In this wheel we can 
distinguish two parts of rather ‘warm’ notes: floral and oriental, and two parts of 
rather ‘cold’ notes, including fresh and woody ones. The fresh notes are further 
on distinguished into green and citrusy, while woody notes are split into dry 
wood, mossy wood and woody oriental notes.

One might think that the aspect of ‘cooling’ and ‘warming’ of botanical 
notes is less important in the cocoa and chocolate sector. On the contrary, as a 
part of the creative process, developers are continuously pairing chocolate with 
unlimited ingredients that may also bring these additional sensory sensations. 
To please the ever more demanding customer, a sense of play, originality and 
rarity is a must over the classical, cost effective, easy and accessible chocolate 
approach.
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Finally, regarding the link between emotions and botanical notes, we have 
noticed that there could be a strong polarization between what people judge as 
bringing positive or negative sensory impression. Like with fragrances, some 
people will love a touch of a certain botanical note in cocoa or chocolate, while 
others will actually not like it. Further research in that field is necessary because 
the overall sensory and emotional response may also be highly influenced by 
all kinds of extrinsic factors, including: the packaging, presence or lack of the 
information associated with the product, the occasion or time of consumption, 
etc. We shall also not forget the deep-seated childhood memories that some of 
us nature and consider as the benchmark of these unusual notes.

FLORAL

Jasmine

methyl jasmonate (C13H20O3)

JASMINE

Defini�on

The aromas associated 
with jasmine Key aroma 

compound

methyl 
jasmonate

Jasmine 

aroma�c note

Jasmine has highly 
fragrant, fruity 

undertones that 
correspond with 

warm, oily, leafy and 
green nuances. 

Jasmine smell

Sweet, narco�c smell of 
jasmin is described as  

'The King of Essen�al Oils' . 

Chocolate tas�ng

Combining chocolate 
with jasmine note is 

like bringing together 
the richness of cocoa 

flavor and the warmth 
of jasmine's smell.  

Emo�ons

surprised
anxious 

tensioned
scared

sad
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Violet

2-phenylethanol (C8H10O) β – ionone (C13H20O) 

VIOLET

Defini�on

The aromas 
associated with 

violet
Key aroma 

compounds

2-phenylethanol, 
β - ionone

Violet 

aroma�c note

Violet has  floral, 
rose-like, 

raspberry-like and 
honey nuances.

Violet smell

Imagine the smell of violets 
growing in your 

grandmother's garden or the 
smell of a special 'blue-eyes' 
wedding bouquet. It has an 
unusual, tender fragrance! 

Chocolate tas�ng

Violet is known to have a 
'flirty' scent as its 

fragrance comes  and 
goes. 

Violet smell can give to 
chocolate a sweet power 

that has a so�ening, 
feminine effect.

Emo�ons

mysterious
ero c

flirty
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Rose

(+)-cis-rose oxide (C10H18O) β – ionone (C13H20O) 

ROSE

Defini�on

The aromas 
associated with rose Key aroma 

compounds

cis-rose oxide, 
β - ionone

Rose 

aroma�c note

Rose note is described 
as sweet, floral, citrusy, 

with waxy nuances. 
More than 400 vola�les 
have been iden�fied in 

the aroma of roses.Rose smell

Rose is called 
'The Queen of Essen�al Oils'. 
A beau�ful smell of rose has 

always been linked to 
passionate love.

Chocolate tas�ng

The smell of roses 
combined with delicious 

chocolate is a gi� for 
Queens. 

Each year - the Valen�ne 
Day is a feast of chocolate 

gi�s, o�en beau�fully 
decorated with hearts and 

roses.  

Emo�ons

passionate
roman�c
charming
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Lavender

linalool (C10H18O) linalyl acetate (C12H20O2)

LAVENDER

Defini�on

The aromas 
associated with 

lavender Key aroma 
compounds

linalool, 
linalyl acetate

Lavender 

aroma�c note

Lavender oil has 
sweet, green apple, 

citrus-like overtones. 
It can also have terpy, 

camphorous notes. 
Lavender smell

The smell of lavender 
has fresh, cleansing, 

terpy and hay-like notes.

Chocolate tas�ng

Lavender is grown in 
Europe, Africa and Asia.  

A special chocolate 
dessert flavored with 

lavender's sweet, floral 
note, has a cooling and 

refreshing effect.

Emo�ons

mysterious
relaxed

soothing 
happy
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SPICES

Rosemary

borneol (C10H18O) verbenone (C10H14O)

ROSEMARY

Defini�on

The aromas associated 
with rosemary Key aroma 

compounds

borneol, 
verbenone

Rosemary flavor

Rosemary has woody, 
piney, terpy and 

camphoraceous notes 
combined with an 

intense, oily, green-
like, refreshing 

sensa�on.The smell of 
rosemary

The smell of rosemary 
has camphorous, 
minty-like notes.

Chocolate tas�ng

It is quite challenging to 
match a strong rosemary 

aroma�c note with 
chocolate. 

The piney notes will  go 
well with very dark, sour 

chocolate, such as For�na 
- a blend of fine cocoa 

origins. 

Emo�ons

friendly
good

tensioned
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Coriander

d-linalool (C10H18O)

CORIANDER

Defini�on

The aroma associated 
with coriander Key aroma 

compound

d-linalool

Coriander flavor

Coriander has sweet, citrusy, 
slightly terpy notes. It also 
has floral tones found in 

muscat grapes and 
rosewood.

People enjoying coriander 
say that it has a refreshing, 
lime-like character, while 
those who do not like it 

describe it as 'soapy'.

Coriander smell

Coriander has orange 
notes, and spicy, woody, 

resinous, clay-like 
background nuances.

Chocolate tas�ng

Coriander note in white, 
vanilla rich W2 chocolate 

creates an exci�ng 
combina�on.

Ecuador origin chocolate 
has a coriander-like note 

coming from cocoa 
liquor.

Emo�ons

friendly
loving

ten�oned
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Black pepper
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Nutmeg

myris�cin (C11H12O3)Nutmeg fruit

NUTMEG

Defini�on

The aromas associated 
with nutmeg Key aroma 

compound

myris
cin 

Nutmeg flavor

The grinded nutmeg is 
dis
nc
vely aroma
c, 

intense, sharp and 
dominant. 

It is also woody, piney 
and terpy, with slightly 

tropical  mango and 
grapefruit-like notes.Nutmeg smell

The smell of nutmeg is warm, 
woody and masculine. It can 

also be described as balsamic, 
oriental and typical for the 

autumn-winter season.

Chocolate tas�ng

Na
ve to Indonesia, the 
nutmeg trees  grow in 

Malaysia and the Carribean. 
Nutmeg pairs well with both 

dark, blend of origins For�na,
pure Madagascar origin, or 

fruity, milky chocolate Arriba.
Papua New Guinea origin 

chocolate has a nutmeg-like 
note coming from cocoa 

liquor.

Emo�ons

friendly
confident

passive
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Ginger

zingiberene (C15H24)Ginger treat

GINGER

Defini�on

The aromas 
associated with 

ginger Key aroma 
compound

zingiberene

Ginger flavor

Ginger is pungent, 
soapy, earthy and it 
has citrusy nuances. 

It contains strong 
spicy notes and brings 

a warming effect.
Ginger smell

The smell of ginger is 
sharp and citrus-like, with 

pungy, earthy notes.

Chocolate tas�ng

Ginger originates in tropical 
jungles of Southern Asia.  

Considered as aphrodisiac, it 
is o�en used in perfumes for 

men and forms an exci�ng 
combina�on when paired 

with milk Papua New 
Guinea or dark Mexico 

origin chocolate.

Emo�ons

sa�sfied
enthusias�c

surprised
domina�ng
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Vanilla extract

vanillyl alcohol (C8H10O3) acetovanillone (C9H10O3)

VANILLA

Defini�on

The aromas common to 
vanilla extract Key aroma 

compounds

vanillyl alcohol,
acetovanillone

Vanilla flavor

Depending on origin, 
vanilla flavor is an 
aroma�c blend of 

sweet, spicy, fruity, 
rummy or balsamic 

notes, and has 
some�mes woody, 
phenolic or smoky 

nuances. 
Vanilla smell

Vanilla pods come from the 
fruit of the climbing orchid. 
They have a warm, sensual, 

slightly bu�ery and 
surprisingly powerful smell. 

Chocolate tas�ng

An exo�c vanilla flavor in 
chocolate dominates the 
warm feelings in a cold 

winter.
Vanilla flavor matches all 

types of sweet chocolates, 
including dark 811, milk 

823 and white WNV.

Emo�ons

happy
relaxed

love
beau�ful
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Vanillin

4-methylguaiacol (C8H10O2) vanillin (C8H8O3)

VANILLIN
Definition

The aromas common to 
synthetic vanillin

Key aroma 
compounds

4-methylguaiacol,
vanillin

Vanillin flavor
Vanillin flavor is more 

round and uniform than 
natural vanilla extract 

flavor. 
It is sweeter and 

sometimes phenolic due 
to the vanillin molecule 

and number of other 
chemical  compounds. Vanillin smell

The vanillin smell is 
sweeter and sharper 

than vanilla smell and 
reminds of homemade 

cake.

Chocolate tasting
The effect of vanillin in 
chocolate is similar to 
vanilla extract flavor. 

All types of chocolates 
need a touch of good 

vanilla or vanillin. 

Emotions
happy

relaxed
love

beautiful



90    ﻿Hidden Persuaders in Cocoa and Chocolate

Cinnamon

cinnamaldehyde (C9H8O)Cinnamon delight 

CINNAMON

Defini�on

The aromas associated 
with cinnamon

Key aroma 
compound

cinnamaldehyde

Cinnamon flavor

Sweet-like, woody, 
spicy aroma	c of 
cinnamon bark is 

obtained from the 
Cinnamomum trees 

that grow in Sri Lanka, 
Indonesia and China.Cinnamon smell

The smell of cinnamon 
has woody, spicy 

aroma	cs resembling 
sweet-like notes.

Chocolate tas�ng

The spice is produced from 
the bark of the cinnamon tree. 
Cinnamon provides a brown, 

sweet, spicy touch in 
chocolate. 

Cinnamon pairs well with 
creamy, milk chocolate 823.

Ecuador, Madagascar, 
Mexico, Peru and Trinidad 
origins chocolates have a 

cinnamon-like note coming 
from cocoa liquor.

Emo�ons

relaxed
sa	sfied
happy

cheerful
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Clove

eugenol (C10H12O2)

CLOVE

Defini
on

The aromas 
associated with 

clove Key aroma 
compound

eugenol

Clove flavor

Clove has delicious 
complex anise-like, 
vanilla, medicinal, 

liquorice-like notes 
and slightly smoky 

nuances.  

Clove smell

Clove has an intriguing and 
rather uncommon smell. 

Its complexity contributes 
to a higher apprecia�on of 

snacks and desserts. 

Chocolate tas
ng

Clove comes 
from Madagascar, 

Indonesia and Sri Lanka and is 
used as spice. The name clove 
comes from the French "clou" 

meaning nail. 
Pairing between extra bi­er, 
dark Power 80 or fruity, milk 

Java origin chocolate and 
clove gives a truly interes�ng 

flavor. 

Emo
ons

relaxed
surprised

nasty
tense
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Liquorice

anethole (C10H12O)

LIQUORICE

Defini�on

The aromas 
associated with 
sweet candies

Key aroma 
compound

anethole

Liquorice flavor

Liquorice has sweet, fruity 
notes associated with the 

root of 'Glycyrrhiza glabra'.
The aroma of liquorice 

comes from a complex, 
variable combina�on of 

compounds, of which 
anethole is up to 3% of 

total vola�les.Liquorice smell

In almost every part of the 
world you can find this easily 

recognizable smell that is 
sweet, lingering, spicy and 

anise-like.

Chocolate tas�ng

The sweetness of liquorice is 
very different from pure sugar, 

being less instant, tart, and 
las�ng longer. This ensures that 

the chocolate will receive a 
different type of sweetness 

which will give the impression 
of the famous candy called 

'drop'. 
Grenada origin chocolate has a 
liquorice-like note coming from 

cocoa liquor.

Emo�ons

amused

bored
worried
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DOWN-TO-EARTH

Olive
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Mushroom

cis-3-octen-1-ol (C8H16O)

MUSHROOM

Defini�on

The aromas 
associated with fresh 

mushrooms

Key aroma 
compound

cis-3-octen-1-ol

Mushroom

aroma�c note

Mushrooms have 
mealy, bleach-like 
notes and many 

interes�ng 'forest-
like' nuances.

Mushroom smell

Depending on the mushroom 
variety, their smell may 

include: corn-like, farinaceous  
notes, swamp, coal-like or 

green almond nuances.

Chocolate tas�ng

Pairing mushrooms with 
chocolate is challenging 

and innova�ve. 
Fruity, milk Java

chocolate has very 
delicate notes of 

mushrooms.

Emo�ons

friendly
happy

amused

passive
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Tobacco

β-damascenone (C13H18O) 4-oxo-β-ionone (C13H18O2)

TOBACCO

Defini�on

The aromas 
associated with dried 

tobacco leaves Key aroma 
compounds

β-damascenone, 
4-oxo-β-ionone  

Tobacco 

aroma�c note

Tobacco leaves have 
a woody smell with a 

balsamic effect 
including slightly 

sweet, floral, honey 
and cocoa-like 

nuances. 
Tobacco smell

The tobacco smell has a 
rich, warm, smell with a 
combina�on of leathery, 

dry vegetal and toasty 
nuances. 

Chocolate tas�ng

Tobacco was the cash crop 
in North America. 

Pairing dark, Ecuador 
chocolate with whisky notes 
give a delicious combina�on.
Cuba and Sao Thomé origin 
chocolates have a tobacco-

like note coming from cocoa 
liquor. 

Emo�ons

happy

bad
arrogant
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Rummy

RUMMY

Defini�on

The aromas associated 
with rum

Key aroma 
compounds

3-methyl-1-butanol, 
β-damascenone,    
2-phenylethanol

Rummy flavor

Rum is generally quite 
sweet and contains all 

kind of shadows of 
caramel, spicy, clove, 

apple sauce, pepper and 
maple-like notes. It also 
has phenolic, balsamic 
and some�mes smoky 

flavor.
Rummy smell

The smell of rum has 
toasted, malty and also  

floral, rosy nuances.

Chocolate tas�ng

The origin of rum, a dis�lled 
alcoholic beverage made from 

sugarcane, is linked to 
Caribbean planta�ons in the 

17th century. 
Due to the aging process in 
oak barrels, it has a special 

woodiness that matches 
extremely well with fruity dark 

Hai� or Ecuador origin 
chocolate.

Emo�ons

friendly
amused
happy

powerful
strong

3-methyl-1-butanol 
(isoamyl alcohol) 

(C5H12O)

β-damascenone (C13H18O) 2-phenylethanol
(phenethyl alcohol) 

(C8H10O)
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Whisky

whisky lactone (C9H16O2)

WHISKY

Defini�on

The aromas associated 
with whisky Key aroma 

compound

whisky lactone

Whisky flavor

Whisky has green, 
malty, spicy, floral, 

woody, citrus, 
phenolic and peaty 

notes. 

Whisky smell

A warm smell of whisky is 
intriguing and complex. 
Some people compare it 

to oriental scent, others to 
autumn-winter season.

Chocolate tas�ng

Green, malty, spicy aromas of 
whisky and roasted flavors of 

chocolate infuse in great 
harmony. 

Dark, Ecuador origin 
chocolate pairs well with less 
salty whisky, while dark Inaya 
chocolate goes perfectly with 
16 years old, salty Lagavulin.

Emo�ons

confident
friendly
happy

aggresive
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Woody oak
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Smoked wood

guaiacol (C7H8O2)

SMOKED WOOD

Defini�on

The aromas associated 
with oak wood Key aroma 

compound

guaiacol

Smoked wood

aroma�c note

The smoked wood 
note has  brown, 

bready, nu	y, 
leathery and smoky 

nuances. 
Smoked wood smell

The smoked wood has a 
sharp, dry, phenolic, 

astringent smell that brings 
memories of barbecue.

Chocolate tas�ng

Smoked wood flavor 
can be found in the 

Papua Guinea origin 
chocolate. 

A dark chocolate with 
cocoa nibs may contain 

a touch of smoked 
wood. 

Emo�ons

intrigued

anxious
passive
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Science shows that a common metaphor of something tasting or feeling as 
‘cool’ or ‘warm’ is not in the cultural background of the taster or a specific part 
of the brain sensing. Actually, it is encoded within the sensor molecules in the 
nerve endings of the skin and one of the most important nerves located in the 
head called the trigeminal nerve.

The trigeminal nerve is the fifth cranial nerve or simply CN V and is 
responsible for the sensation in the face and motor functions such as biting 
and chewing. It is called trigeminal because it splits to three major branches: 
the ophthalmic nerve (V1), the maxillary nerve (V2) and the mandibular nerve 
(V3). The ophthalmic and maxillary nerves are purely sensory, and the man-
dibular nerve has sensory (or “cutaneous”) and motor functions.

Trigeminal nerve

Ophthalmic division

Maxillary division

Mandibular division

Traigeminal ganglion

The trigeminal nerve cells are called ‘sensory receptors’. These receptors 
include thermoreceptors, mechanoreceptors, chemoreceptors (send chemical 
signals) and nociceptors (pain related) that send signals along a chain of nerve 
cells to the spinal cord and then to the brain for further processing.

It was established that a family of the temperature-sensitive Transient 
Receptor Potential (TRP) receptors or sensors respond to heating, cooling, pun-
gent and other sensations found in plants. These sensors are triggered by various 
chemical compounds activating certain TRP’s, causing an influx of ions into 
the heat-sensitive interior of nerve cells. This normally starts a cascade of reac-
tions leading to a sensation of pain that may be actually quite pleasant for some 
people because of the cultural factor, that is, the exposure to certain spices and 
ingredients in a certain social environment.

The trigeminal sensations in this publication relate to the four selected 
effects of cooling, warming, astringency or pungency. Metallic sensation is also 
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classified as trigeminal but since it is considered ‘atypical’ in cocoa and choco-
late product, therefore it is discussed in the following chapter.

Thermo sensors, active during cooling perception, are named TRPM8. 
Cooling effect is often associated with products flavored with menthol 
found in mint or eucalyptol from eucalyptus. Research shows that different 
forms of menthol isomers bring different intensity and duration of cooling 
effect. Compared to d-menthol, I-menthol isomer samples exhibit a greater 
maximum intensity and longer total duration of cooling. Hereby, the burn-
ing sensation increases with concentration. Compounds that bring a cooling 
effect are often used in skin creams, mouthwash, refreshing drops or throat 
soothing lozenges.

Thermo sensors responsible for warmth perception are called TRPV1. The 
warming effect comes from substances, such as capsaicin found in paprika, or 
camphor present in nutmeg or cinnamon. It is interesting to know that birds 
cannot detect capsaicin because they swallow the whole seeds that are mixed 
by people with chili peppers, in order to deter other animals from stealing them. 
It is also known that some animals have high heat-sensitivity or even infrared 
radiation sensitivity, like vampire bats, while other mammals do not have this 
ability anymore. It is explained that humans have gradually lost this trigeminal 
over-sensitivity due to the evolution process.

Astringency is linked to the presence of tannic acid and other substances. It 
was extensively studied and linked to a complex perception including: mouth 
drying, mouth roughing, pucker feeling, as well as some bitterness and sour-
ness. It was also found that tasting of the astringent compounds results in the 
formation of soluble protein–phenol complexes.

Pungency is linked to the presence of a chemical called allyl isothiocya-
nate (AITC) found in wasabi, horseradish or yellow mustard. This compound 
activates a different sensor of the TRP family called TRPA1.13. Other com-
pounds in that group include allicin or DADS (Diallyl disulfide), that are found 
in garlic and onion. Pungency, rare in pure cocoa or chocolate products, may 
be however experienced from the ingredients paired with chocolate. Pungent 
qualities of red pepper, black pepper, cinnamon, cumin, cloves and ginger 
were investigated and it was established that they may be described in differ-
ent words such as burning, tingling and numbing; and can have some skin and 
eye irritation. Researchers also found that pungent impressions have different 
time-lasting effect.

The intensity and the duration of these sensations have paramount impor-
tance in overall flavor perception. These aspects, like all flavors, can be perfectly 
measured by the sensory panel, using the Temporal Dominance of Sensations 
(TDS) method.
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COOL

COOL

LIKE IN 'MINT'

The overall percep�on of 
cooling associated with 

mint
Key 

compound

menthol

Cooling effect

Cooling refers to a chemical 
tac�le sensa�on a	er 

tas�ng a triggering 
compound (like menthol) 

and inhailing air through the 
mouth. 

This creates a refreshing, 
intense, cooling sensa�on in 

the mouth. 

Chocolate tas�ng

Cooling effect combines 
amazingly well with 
chocolate because it 
gives impression of 

freshness and ac�ve life.

Emo�ons

relaxed
cheerful

enthusias�c
excited
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WARM

capsaicin (C18H27NO3)

WARM
LIKE IN 'CHILI PEPPER'
The overall percep�on of 
warming associated with 

chilli pepper
Key 

compound
capsaicin

Warming effect 
Chili peppers give a 
warm, some�mes 

even hot and irrita�ng 
effect in the mouth. 

Chocolate tas�ng
Chili peppers were part of 

human diet in the Americas 
since at least 7500 BC.

The chili warming effect  
brings a touch of liveliness 
in chocolate that becomes 
sweet, pungent, spicy and 

exci�ng. 

Emo�ons
excited, loving, 
happy, relaxed, 

confident, friendly

worried, guilty, 
hos�le
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ASTRINGENT

tannic acid (C76H52O46)

ASTRINGENT
LIKE IN 'UNFERMENTED 

COCOA'
The overall percep�on of 

astringency associated with 
unfermented cocoa Key 

compound
tannic acid

Astringency effect
Astringency is a sensa�on in 

the mouth: contrac�on of the 
tongue and mouth cavity, as 
well as mouth drying effect 

during chewing of 
unfermented cocoa beans , 

ea�ng grape skin or 
unripe/green bananas, as well 

as drinking red wine.

Chocolate tas�ng
Raw, pure, unfermented cacao 
beans have a strong astringent 
effect that is posi�ve - to some 

degree  - in the final cocoa 
product. 

Unfermented beans are lacking 
typical, wonderful cocoa flavor.

Emo�ons
energe�c

aggressive
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PUNGENT

allyl isothiocyanate (C4H5NS) 

PUNGENT
LIKE IN 'HORSERADISH'
The overall percep�on of 
pungency associated with 
products as horseradish or 

garlic Key 
compound

allyl 
isothiocyanate

Pungency effect
Garlic has sharp, piercing, 

irrita�ng, penetra�ng effect. 
Some people perceive it as a 

s�nging sensa�on, others like it.
The pungency of other products 

like red or black pepper, 
cinnamon, cumin, cloves, ginger, 
garlic was also studied. The most 
frequent words used to describe 

the pungency are burning, �ngling 
and numbing.

Chocolate tas�ng
Pairing of sweet chocolate 
and a pungent ingredient 

is a very unique, 
challenging  combina�on. 
It triggers your senses and 
adds some excitement or 

pain related sensa�on.

Emo�ons
warm

aggressive
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Atypical flavors in cocoa and chocolate are certainly not wanted from the 
quality point of view. Behind their presence are chemical compounds that stim-
ulate intuitively feelings of dislike, disgust, disapproval, disinterest, sadness, 
tiredness; and sometimes create even more strong emotions, such as aggressive-
ness, fear or being scared.

Food chemists can perfectly analyze the presence of atypical flavors or off-
flavors in cocoa and chocolate. Also a trained panel will have no problem to de-
tect the off-flavor associated with fat oxidation that can be linked for instance to 
a high concentration of hexanal, or to indicate rancidity being activated by buta-
noic acid. Other examples include too high concentration of guaiacol, linked to 
smokiness, or ethyl acetate that may indicate a yeasty off-flavor. It is remarkable 
that all of these off-flavors in cocoa and chocolate products bring us an immedi-
ate impression of possible contamination.

Managing the quality of precious cocoa beans, and all products made from 
them, is truly a challenging task. All steps of producing, handling, processing 
and storage need to be considered with the same attention and carefulness. 
Quality control starts as a professional quality check at the farmer level, contin-
ues at every level of the supply chain, and finishes at the well-designed quality 
monitoring system located at the point of sale.

In general, most of flavor contamination in cocoa and chocolate can be clas-
sified into two categories: the first is related to natural product changes and 
process related changes, and the second is linked to the migration or permeation 
of volatile compounds from the packaging or the environment into the food 
product.

In the first category, product/process related changes, we find the follow-
ing off-flavors: burlap/jute bag, earthy/dusty, shells-like/cocoa bran, barnyard, 
straw/green, heated fat, burnt, smoky, hammy/bacon, fermented/alcohol, oxi-
dized, rancid, musty/mouldy, cheesy, yeasty, medicinal, soapy, fishy.

Product and process changes in cocoa or chocolate may occur at all levels 
of cocoa beans handling, bean processing, storage environment, transportation, 
chocolate processing, further storage, displaying at points of sale and even dur-
ing the storage at the consumer’s kitchen. These changes will be initiated by a 
wrong handling at each specific step. For instance, at the farmer level, a wrong 
fermentation process may initiate a so called hammy off-flavor, which cannot 
be removed from beans and will persist until the end of the cocoa liquor pro-
cess. Other examples are, for example, a bad drying of cocoa beans leading to 
a smoky note, or having cocoa beans for a too long time into jute bags during 
transport, leading to a burlap off-flavor.

In the second category, there are off-flavors linked to contamination due to 
the food contact materials (FCM). These include the following off-flavors: plas-
tic, rubber, paint, cardboard, metallic. This short list can be extended depending 
on the used packaging material. Please, note that paint and cardboard off-flavors 
are mainly caused by fat oxidation volatiles.
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All cocoa and chocolate final products require packaging. As products need 
to be sometimes repacked, the type of packaging and the re-packaging process 
are extremely important factors in maintaining high quality until the end con-
sumer.

Transportation and storage is considered as another key factor in keeping a 
good quality product. Shipping beans from the equatorial region to the northern 
hemisphere takes several weeks. Preserving them in the harbors on both sides 
requires specialized tools and controlled storage conditions. Not only beans, 
but all other ingredients for chocolate manufacture shall be stored and regularly 
checked for quality. The cocoa and chocolate industry developed the program of 
combined analytical and sensorial quality checks applied to all ingredients. It is 
highly advisable to implement the sensory quality assurance program (SQAP) 
by a qualified panel at all production sites. Here follows a high-level description 
of the procedure: minimum three people give a score for each ingredient (with 
conformity tables for each available) and the calculated average of the ‘quality 
score’ is an indication whether the product may be allowed into the production 
or shall be rejected.

Additionally, it is interesting to notice that food chemists specializing in off-
flavors and taints detection distinguish two kinds of routes of contamination. 
‘Systematic’ off-flavors are linked to product’s aging and oxidation, and ‘acci-
dental’ off-flavors may come from the packaging, environment during transport-
ing, improper processing – like drying or over-fermentation, or even batch-to-
batch variability of raw materials.

Finally, we shall remember that there is nothing such as a perfect storage 
condition or perfect packaging. Time and humidity naturally fluctuate and these 
fluctuations may influence the content of the packaged goods. When conditions 
become extreme, like in tropic, wet, or very cold countries, a faster deterioration 
may occur. Such changes are reflected in accelerated oxidation of most sensitive 
products like cocoa butter, white or milk chocolate. One should sensitize those 
responsible for the selling points about the fact that exposure to light and tem-
perature increases the chance of oxidation, in all cocoa and chocolate products. 
Further challenges relate to migration of negative chemical compounds from the 
primary or secondary packaging, and even from the surrounding environment; 
examples include woody pallets or cleaning materials stored in the same place.
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PRODUCT AND/OR PROCESS CHANGES

Burlap/jute bag

BURLAP/JUTE BAG
Defini�on

The aromas associated 
with jute bags in which 
cocoa beans are stored Key aroma 

compound
not known

Burlap/jute bag smell

Jute, a shiny, so� fiber 
that can be spun into 
strong threads, is not 
edible. The smell of a 

jute bag is quite neutral.

Chocolate tas�ng
The off-flavor of jute bags 

gives an impression of 
transporta�on of cocoa 

beans. 
This is a highly nega�ve 

quality characteris�c in the 
cocoa product. Jute is one of 
the cheapest natural fibers 
and is second to co�on in 

the amount produced. 

Emo�ons
ordinary
neutral
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Earthy/dusty

2-methylisoborneol 
(C11H20O)

3-isobutyl-2-
methoxypyrazine

(C9H14N2O)

geosmin (C12H22O)

EARTHY/DUSTY
Defini�on

The aromas associated with 
mud, dirt or soil

Key aroma 
compounds

2-methylisoborneol, 
geosmin, 

3-isobutyl-2-
methoxypyrazine

Earthy/dusty smell
The smell of earthiness 

resembles wet soil. It is a 
combina�on of the smell of 

freshly turned soil, 
described as humus-dirty-
like, and musty, mouldy 

notes. Imagine the moment 
when you plant flowers.

Chocolate tas�ng
The unpleasant earthy off-

flavor is an indica�on of the 
presence of dust and 

impuri�es in the cocoa 
finished product. 

Cameroon and Sao Thomé 
origin chocolates have an 

earthy-like note coming from 
cocoa liquor.

Emo�ons
bad

stressed
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Shells-like

hexanal (C6H12O)

SHELLS LIKE
Defini�on

The aromas associated 
with cocoa shells

Key aroma 
compound

hexanal

Cocoa shells smell
The smell of cocoa 

shells is rather weak. 
When freshly grinded, 

cocoa shells smell slighly 
woody, vegetal and 

grassy.

Chocolate tas�ng
The shells-like off-flavor 
indicates the excessive  
presence of raw shells, 
in the cocoa finished 

product.

Emo�ons
bad

boring
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Barnyard

4-ethylphenol (C8H10O)

BARNYARD
Defini�on

The aromas associated 
with barns or 

barnyards
Key aroma 
compound

4-ethylphenol

Barnyard smell
By 'barnyard' smell, we 

understand organic 
notes reminiscent of 

country fields and the 
smell of farm animals. 

This smell includes 
slightly green, vegetal, 

manure-like notes.

Chocolate tas�ng
The off-flavor not 

wanted in chocolate. 
The source of defect 
might be in the dairy 

ingredients of the 
chocolate.

Emo�ons
bad

tensioned
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Straw/green

(Z)-3-hexenol (C6H12O) (E,Z)-2,6-nonadienol (C9H16O)

STRAW/GREEN
Defini�on

The aromas associated 
with straw or hay -

dried grass

Key aroma 
compounds
(Z)-3-hexenol,

(E,Z)-2,6-nonadienol

Straw/green smell
The straw or green 

smell resembles 
stalks of hay le� on 

the field.

Chocolate tas�ng
Straw-like and 

green-like off-flavors 
are generally 

unwanted in cocoa 
finished products.

Emo�ons
bad

passive
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Heated fat

(E,E)-2,4-decadienal (C10H16O)

HEATED FAT
Defini�on

The aromas associated with 
fat that has been heated

Key aroma 
compound

(E,E)-2,4-
decadienal 

Heated fat smell
As oils are heated, 

they smell like toxic 
oxida�ve products. 

They have typical oily, 
fa�y, aldehydic notes.

Chocolate tas�ng
The heated fat off-

flavor may happen in 
both cocoa beans or in 
chocolate, due to the 

overhea�ng. It is 
nega�ve and has to be 

avoided.

Emo�ons
depressed

fearful
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Burnt

furfuryl mercaptan (C5H6OS)

BURNT
Defini�on

The aromas associated 
with burnt products

Key aroma 
compound

furfuryl 
mercaptan

Burnt smell
The burnt smell of 
overheated wood 
gives a lingering, 

piercing, disagreable, 
harsh, acrid 
impression.

Chocolate tas�ng
An easily recognizable, 
burnt off-flavor has to 
be avoided in cocoa 

and chocolate.

Emo�ons
bad

arrogant
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Smoky

4-methylguaiacol (C8H10O2)  guaiacol (C7H8O2)

SMOKY
Defini�on

The aromas associated 
with smoked wood

Key aroma 
compounds

4-methylguaiacol,
guaiacol

Smoky smell
It is a smell of smoke 

from bonfire. If you find 
this smell too strong, 
you may be unusually 
sensi�ve to guaiacol.

Chocolate tas�ng
Generally, smoky off-flavor is 

unwanted in chocolate. 
However, there are consumers 

who like to pair smoky 
chocolate with whisky or 

tobacco. This combina�on 
gives a warm feeling. 

Cameroon, Java and Papua 
New Guinea origin chocolates 

have a smoky note coming 
from cocoa liquor.

Emo�ons
bad

arrogant
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Hammy/bacon

2,6-dimethoxyphenol (C8H10O3)

HAMMY
Defini�on

The aromas associated 
with bacon or ham

Key aroma 
compound

2,6-
dimethoxyphenol

Hammy smell
Imagine the smell of a 
piece of ham. It may 
include nuances of 

either fresh, cured or 
smoked meat. 

Chocolate tas�ng
Hammy off-flavors in cocoa 
are some�mes associated 
with smokiness. Sensory 

experts know this is 
incorrect. 

Hamminess is not due to 
overdrying of cocoa beans, 
but it is related to a wrong 

fermenta�on process. 

Emo�ons
suspicious

bad
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Fermented/alcohol

3-methyl-1-butanol (C5H12O)

FERMENTED/ALCOHOL
Defini�on

The aromas associated with 
ro�en fruit, or products at the 
end of alcoholic fermenta
on Key aroma 

compound
3-methyl-1-

butanol

Fermented/alcohol smell
The smell profile of the 

molecules made by 
fermenta
on include a strong 
smell of 3-methyl-1-butanol. 

It can also include some 
posi
ve notes depending on 

the product being fermented.

Chocolate tas�ng
The flavor of 

fermenta
on can be 
found in badly 

fermented cocoa beans. 
It can then spread, to 

some extend, into cocoa 
finished products. 

Emo�ons
bad

worry
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Oxidized

hexanal (C6H12O)

OXIDIZED
Defini�on

The aromas associated 
with oxidized fat

Key aroma 
compounds

hexanal

Oxidized fat smell
Oxidized fat is 

disagreable, slightly 
sharp in smell.

Chocolate tas�ng
A typical oxida�on off-
flavor is unacceptable 

in all raw materials 
used for manufacturing 

cocoa and chocolate 
products.

Emo�ons
bad

very anxious
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Rancid

butanoic acid (C4H8O2) 3-methylbutanoic acid
(C5H10O2)

RANCID
Defini�on

The aromas associated 
with rancid fat

Key aroma 
compounds
butanoic acid,

3-methylbutanoic 
acid

Rancid fat smell
Rancidity is the enzyme-
ini�ated degrada�on of 
triglycerides leading to 
the forma�on of free 
fa�y acids that have a 

disagreable, very sharp, 
cheesy odor. 

Chocolate tas�ng
A typical rancidity off-

flavor is unacceptable in 
all raw materials used 

for manufacturing cocoa 
and chocolate products.

Emo�ons
bad

very anxious
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Musty/mouldy

2-methylisoborneol (C11H20O)
2,4,6-trichloroanisole (C7H5Cl3O) 2-isopropyl-3-methoxypyrazine

(C8H12N2O)

MUSTY/MOULDY
Defini�on

The aromas reminiscent of 
items stored under highly 

humid condi�ons Key aroma 
compounds

2-methylisoborneol, 
2,4,6-

trichloroanisole, 
2-isopropyl-3-

methoxypyrazine 

Musty/mouldy smell
The musty odor persists 

and is similar to old 
buildings, long-closed 

rooms, or stale food. It 
can also have a slightly 
camphorous nuance.

Chocolate tas�ng
A greenish-mouldy, 

musty off-flavor in old 
chocolate or infected 

cocoa product shall be 
assessed as nega�ve.

Emo�ons
bad

anxious
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Cheesy

3-methylbutanoic acid (C5H10O2) butanoic acid (C4H8O2)

CHEESY
Defini�on

The aroma�c associated 
with indis�nguishable 

cheese

Key aroma 
compounds

3-methylbutanoic 
acid,

butanoic acid

Cheesy smell
Imagine, the smell of 
a broken piece of old 

cheese that has 
penetra�ng and 
sweaty notes.

Chocolate tas�ng
Cheesy off-flavor is 
unwanted unless it 

comes from inten�onal 
pairing of chocolate 

with an excellent dairy 
product. 

Emo�ons
bad

anxious
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Yeasty

ethyl acetate (C4H8O2)

YEASTY
Defini�on

The aromas associated 
with yeast and yeast-
containing products

Key aroma 
compound

ethyl acetate

Yeasty smell
The smell of yeast 
reminds a bit of a 

chemical, pungent, 
penetra�ng smell 

that is comparable 
with bad beer. 

Chocolate tas�ng
Yeasty off-flavor in 

cocoa gives an idea of 
the fermenta�on 

process. It shall be 
avoided.

Emo�ons
bad

worried
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Medicinal

eugenol (C10H12O2)

syringol (C8H10O3) 2,6-dichlorophenol (C6H4Cl2O)

MEDICINAL
Defini�on

The odors associated with 
medicines, such as cough 

drops

Key odor 
compounds

eugenol, 
syringol, 

2,6-dichlorophenol

Medicinal smell
Medicinal smell may 

have a strong aroma�c, 
spicy odor of clove and 
pungent, chemical-like 
notes. It is o�en linked 

to what is called the 
"hospital feeling".

Chocolate tas�ng
A  vital, pronounced 

medicinal off-flavor in 
cocoa or chocolate is 
unwanted and it is an 
indicator of external 

contamina�on.

Emo�ons
bad

worried
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Band-aid

4-ethylphenol (C8H10O)

BAND-AID
Defini�on

The odors associated with 
the adhesive on elas�c 

(fabric) band aids

Key odor 
compound

4-ethylphenol

Band-aid smell
The smell of band-aid 
resembles a phenol-

like odor with 
unpleasant synthe�c, 

plas�c-like or medicinal 
notes.

Chocolate tas�ng
Band-aid off-flavor gives a 

worried feeling, 
resembling a hospital 

environment. It is caused 
by moulds, desinfectants, 

during transport.
Not wanted in cocoa and 

chocolate.

Emo�ons
worried
bored
angry
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Soapy

octanoic acid (C8H16O2) dodecanoic acid (C12H24O2)

SOAPY
Defini�on

The odor associated with 
unscented bar soap

Key odor 
compounds
octanoic acid,

dodecanoic acid

Soapy smell
The smell of 

unflavoured soap 
resembles products 

described as fa�y, with 
oxidized nuances of 

citrus oils.

Chocolate tas�ng
The soapy off-flavor in 

cocoa is associated 
with fat degrada�on 

due to bad 
fermenta�on. It is 

highly unwanted in 
chocolate.

Emo�ons
suspicious

bad
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Fishy

trimethylamine (C3H9N)

FISHY
Defini�on

The odor associated with 
ro�en fish

Key odor 
compounds

trimethylamine

Fishy smell
Fishy smell is definitely 

strongly unpleasant, 
reminds a fe�d, 

pungent, ro�en, or 
ammoniac odor.

Chocolate tas�ng
The fishy off-flavor in 

cocoa is associated with 
clear spoilage.

The reasons may lay in 
bad quality whey 

powder or rapeseed oil, 
if used for produc�on.

Emo�ons
suspicious

bad
agressive
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FOOD CONTACT MATERIALS (FCM)

Plastic

ethylbenzene (C8H10)

8-nonenal (C9H16O)

PLASTIC
Defini�on

The odors associated with 
material consis�ng of any of a 

wide range of synthe�c or semi-
synthe�c organics

Key odor 
compounds

ethylbenzene,
8-nonenal

Plas�c smell
Plas�c smell or odor 
has waxy, oxidized 

off-notes associated 
with synthe�c 

containers.

Chocolate tas�ng
A chocolate with a 

plas�c-like off-flavor 
resembles tas�ng 

petroleum or other 
chemical component.
It is a highly nega�ve 

off-flavor.

Emo�ons
bad

inac�ve
ordinary



134    ﻿Hidden Persuaders in Cocoa and Chocolate

Rubber

benzothiazole (C7H5NS)

RUBBER
Defini�on

The sulphur-like odors 
associated with rubber �res

Key odor 
compound

benzothiazole

Rubber smell
Rubber smell comes 
from the milky liquid 

called 'latex'. This 
polymer delivers 

pungent, resinous, 
sulphury, tarry scents. 

Chocolate tas�ng
Detec�on of rubbery off-
flavor in cocoa liquor is 

essen�al in order to 
prevent usage of 

contaminated material in 
further manufacturing. 

Emo�ons
bad

inac�ve
ordinary
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Paint

3-octen-2-one (C8H14O)

PAINT
Defini�on

The odors associated with 
petroleum and chemicals in 

general

Key odor 
compound

3-octen-2-one

Paint smell
The smell of paint 
reminds synthe�c 
odors and etheral 

notes.

Chocolate tas�ng
'3-octen-2-one' is a 

responsible molecule for 
'painty' off-note in 
chocolate but this 

molecule is not coming 
from packaging or paint. 

This molecule is 
origina�ng from fat 

oxida�on. 

Emo�ons
bad

stressed
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Cardboard

(E)-2-nonenal (C9H16O) hexanal (C6H12O)

CARDBOARD
Defini�on

The odors associated with wet 
cardboard aged, packaging or 

process related

Key odor 
compounds

(E)-2-nonenal, 
hexanal

Cardboard smell

The smell of cardboard 
has woody, slightly 
musty and mouldy 

notes. It is also similar to 
ro�ng product, diaper-

like, or wet leather.

Chocolate tas�ng
Compounds related to 
'cardboard' off-note in 
chocolate do not come 

from packaging only but 
may originate from fat 

oxida�on. 

Emo�ons
stressed

bad
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Metallic

1,5-octadien-3-one (C8H12O)

METALLIC
Defini�on

Sensa�on of metallic 
popping on the tongue

Key odor 
compound

1,5-octadien-3-
one

Metallic smell
Metallic is an odor 

response reminding of 
metals. It is a typical 
effect of processed 

foods that are canned. 

Chocolate tas�ng
'Metalic' off-flavor 

resembles cold metal 
on your tongue. It 

comes from fat 
oxida�on, not the 

packaging. 

Emo�ons
worried

bad
inac�ve
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Final Words

In 1957 the book ‘The Hidden Persuaders’ of Vence Packard was published. 
That work is still considered as one of the most influential books about adver-
tising. More than 60 years later, we bring ‘Hidden Persuaders in Cocoa and 
Chocolate’. We hope to convince the reader that some things around us are not 
always perceived consciously but often subconsciously. Most of our perceptions 
are linked to feelings, emotions, judgements and expectations.

Packard’s ‘hidden persuaders’ are the messages, cleverly incorporated in ad-
vertising tools. Our hidden persuaders are precisely defined sensory attributes of 
cocoa and chocolate. They are defining the ‘conscious wishes’ or ‘unconscious 
desires’ of clients and customers in the chocolate business.

We recognize the need to switch from a ‘maker-minded’ to a ‘market-minded’  
global industry that is built on strong sustainability and traceability systems,  
in which all stakeholders play respected roles. From cocoa farmers, through  
cocoa and chocolate production experts to end product developers, all of us need  
to understand each other’s sensory language.

This book creates an opportunity for aligned communication and further 
attempts to unlock hidden messages in cocoa and chocolate. And it is not only 
about our professional audience, who already understands these hundred senso-
ry descriptors. It is also about non-professional enthusiasts of cocoa and choco-
late who hopefully are becoming more knowledgeable in order to taste more 
consciously and communicate their dreams and desires in a more effective way.

In the long run, this book can contribute to the fact that cocoa and chocolate 
products will resonate in the right market segments because the product devel-
opers, creative chefs and marketeers will better understand the customers and 
consumers’ motivations.

This book’s ambition is also to help switching from an often ‘subconscious/
emotional’ to a more ‘conscious/analytical’ approach to the complex – but truly 
magical – world of Cocoa and Chocolate.

Finally, please remember that you may describe products with other words…

MOST OF ALL – PLEASE – ENJOY – COCOA AND CHOCOLATE!
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Selected Reviews

Dr. Howard Moskowitz, President of Moskowitz Jacobs Inc., NY. USA

“Taste, smell, flavor – you can’t be successful in the world of food unless you 
master them. Mastering them means understanding the science. And those who 
teach know that you get the most understanding when learning is a pleasure. Read 
this book, ENJOY learning about the science of taste, smell, flavor, as it is applied 
by the masters of chocolate, Barry Callebaut. When I founded the journal Chemi-
cal Senses in 1972 we had no joyful, elegant books like these. Today, more than 
4 decades later, we see elegance mixed with science, in what I might (forgive me 
please) call ‘a Delicious Mixture.’ Bravo to the team at Barry Callebaut.”

Dr. Boris Gadzov, FlavorActiV Ltd., the UK

“This book provides an excellent overview about Cocoa and Chocolate Sensory. 
It is very easy to follow the content and quickly find all the details related to the 
specific descriptor. The dashboard is synced with key info and icons for each sen-
sory descriptor; this provides a very innovative all around presentation. The illus-
trations will aid any reader in any geography to quickly understand the meaning 
and importance of the sensory descriptors. I would like to thank the authors and 
recommend this book to any Cocoa, Chocolate producers and Sensory enthusiasts’ 
readers, Students and Scientists.”

Prof. Dr. Dorota Majchrzak, Department of Nutritional Sciences, University 
of Vienna, Austria

“Dear authors, I’m very pleased to congratulate you to this book that presents 
satisfactory and sufficient information about the sensory description of chocolate 
on different levels, e.g. include taste and aroma attributes as well as the trigeminal 
aspects or different emotions of consumers. The sensory descriptors comprise all 
possible flavor notes of cocoa beans, fruity, spicy and floral, which are positively 
associated with chocolate and takes also into account negative attributes, which 
have its origin in food contact materials. The colors of many very nice pictures, 
which are the additional explanation to the text, include e.g. the key aroma com-
pounds, supported the text and are the strength of the book. Very important seems 
to be the general information about the basic tastes, with the specification of the 
corresponding receptors. Definition of flavor as a combined perception of taste 
and retronasal perception completed the content of the introduction. The book 
is suitable for application in both the industry as well as in research projects. 
Additionally, it can be very helpful for the consumers who are interested in the full 
range of the chocolate descriptors.”
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Index

A
Accidental off-flavors, 113
AITC. See Allyl isothiocyanate (AITC) 
Alkali, 15
Allyl isothiocyanate (AITC), 105
Almonds, 36

roasted, 25
Apple, 59
Apricot, 57
Aromas, 20
Astringency, 105, 108
Atypical flavors 

contamination, 112
fat oxidation, 112
food contact materials, 133
product and process changes, 114

B
Banana, 31
Band-aid, 130
Barnyard, 117
Bergamot, 41
Biscuity, 34
Bitter, 6
Black pepper, 85
Burlap/jute bag, 114
Burnt, 120
Buttery, 49

C
Caramel, 29
Cardboard, 136
Cashew, 41
Cereal, 33
Cheesy, 127
Cherries, 34
Chocolate making process 

aromas, 20
cocoa beans roasting, 20
conching process, 20
cooling and warming, 78
down-to-earth notes, 78
floral notes, 78

fruity impressions. See Fruits 
sensory evaluation, 21
spicy notes, 78
trigeminal effects. See Trigeminal effects 
white and milk chocolate, 46

Cinnamon, 90
Citrus fruits, 53
Clove, 91
Cocoa 

alkali, 15
aromas, 20
atypical flavors. See Atypical flavors 
beans roasting, 20
conching process, 20
food contact materials, 133
phenolic bitter, 14
product and process changes, 112, 114
quality control, 112
roasted, 21
sensory evaluation, 12
transportation and storage, 113
unroasted, 12, 13
volatile acidity, 16

Coconut, 31
Conching process, 20
Cooling effect, 105, 106
Coriander, 84
Creamy, 48

D
DADS. See Diallyl disulfide (DADS) 
Dates, 55
Diallyl disulfide (DADS), 105
Dried fruits, 52, 53
Drying process, cocoa beans, 12

E
Earthy/dusty, 115

F
Fat, 3
Fat oxidation, 112
FCM. See Food contact materials 
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Fermentation, cocoa beans, 12
Fermented/alcohol, 123
Figs, 56
Fishy, 132
Floral notes, 79
Food contact materials (FCM), 133
Fruits 

citrusy, 53, 69
dried, 52, 53
red fruits, 52, 65
yellow fruits, 52, 58

G
Ginger, 87
Golden aromas, 20
Grains and cereals aromas, 20, 31
Grapes, 33

H
Hammy/bacon, 122
Hazelnut, 35
Hazelnuts, roasted, 24
Heated fat, 119
Honey, 27

J
Jasmine, 79

K
Kokumi, 3

L
Lactose, 46
Lavender, 82
Lemon, 38
Lime, 37
Liquorice, 92

M
Macadamia, 38
Maillard reaction, 20
Malty, 31
Mandarin, 40
Mandibular nerve, 104
Mango, 62
Maple syrup, 30
Maxillary nerve, 104
Metallic, 137
Milk fat, 46

Milk powder making techniques, 46
Milky, 47
Mokka, 26
Mushroom, 94
Musty/mouldy, 126

N
Nutmeg, 86
Nutty, 20, 35

O
Olive, 93
Ophthalmic nerve, 104
Orange, 39

P
Paint, 135
Peach, 58
Pear, 60
Pecan, 40
Phenolic bitter, 14
Pineapple, 52, 61
Pistachio, 37
Plastic, 133
Prunes, 53
Pungency, 105, 109

R
Raisins, 54
Rancid, 125
Raspberry, 35
Red fruits, 52, 65
Roasted cocoa, 21
Roasted coffee, 22
Roller dried technique, 46
Rose, 81
Rosemary, 83
Rubber, 134
Rummy, 96

S
Saltiness perception, 2
Salty, 7
Sensory quality assurance program 

(SQAP), 113
Skimmed milk powder, 46
Smoked wood, 99
Smoky, 121
Soapy, 131
Sour, 5
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Sourness perception, 2
Spices, 83
Spray drying method, 46
SQAP. See Sensory quality assurance 

program (SQAP) 
Strawberry, 35
Straw/green, 118
Sweet, 4
Sweetness perception, 2
Sweet popcorn, 32
Systematic off-flavors, 113

T
Tamarind, 41
Taste 

historical perspective, 2
receptor mechanism, 2

Taste buds, 2
Thermo sensors, 105
Toasted bread, 23
Tobacco, 95
Toffee, 28
Transient receptor potential (TRP) 

receptors, 104
Trigeminal effects 

astringency, 105, 108
cooling effect, 105, 106
pungency, 105, 109
transient receptor potential receptors, 104
trigeminal nerve, 104
warming effect, 105, 107

TRP receptors. See Transient receptor potential 
(TRP) receptors 

U
Umami, 2, 8

V
Vanilla extract, 88
Vanillin, 89
Vegetal notes 

down-to-earth notes, 78, 93
floral notes, 78, 79
spicy notes, 78, 83

Violet, 80
Volatile acidity, 16

W
Walnut, 39
Warming effect, 105, 107
Whey milk powder, 46
Whisky, 97
White and milk chocolate, 46
Whole milk powder, 46
Woody oak, 98

Y
Yeasty, 128
Yellow fruits, 52, 58
Yoghurty, 50
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