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The Cocoa Tree Chocolate Manufacturing

Pictures: C. Rohsius and D. Kadow
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The Cocoa Tree Distribution
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Figure: according to Parra 2000, Bartley 2005 and Rohsius 2007; pictures C. Rohsius




The Cocoa Tree
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The Cocoa Tree Distribution
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The Cocoa Tree

Fig. Motamayor et al., 2008
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The Cocoa Tree

Genetic Clusters and Distribution
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Cocoa
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Cocoa

Picture: http://www.infozentrum-schoko.de/auf-der-kakaoplantage.htmi

Aroma / Taste Attributes

Sensory characteristics of fresh
cocoa seeds

A) No cocoa aroma
B) Astringent and bitter taste

C) No storage stability



Cocoa Post Harvest Treatment
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Pictures: http://www.infozentrum-schoko.de/auf-der-kakaoplantage.html; C. Rohsius and D. Kadow



Fermentation Biochemical Processes

30 - 45°C 50 °C
A |
( | ( |
1.1. Anaerobic Phase 1.2. Microaerobic Phase 2. Aerobic Phase
Yeast dominated Lactic acid bacteria Acetic acid bacteria
dominated dominated
Ethanol and Pectinase Lactic acid Acetic acid
Cocoa Aroma

Precursor formation

Figure: D. Kadow



Fermentation
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Biochemical Processes

Micropyle of a fermenting seed
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Fermentation Changes in Aroma / Taste Attributes
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*After drying and roasting



Heterogeneity

Fermentationmanagement
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Fermentationmanagement Quality Influencing Parameters




Goals of Fermentation To check:

1) Pulp removal 1. Temperature during the entire process every 6 - 12 h
2) Aroma precursor formation (Bottom, Center, Top)
3) Reduction of astringency 2. Odor of Ethanol (from 0 - 60 h of fermentation)
3. Odor of Acetic Acid (from 24 h to End of process)
4. Pulp amount / consistency / colour (from 24 - 60 h)
Mix / Transfer when: 5. ,,AguaSangre” (presence, color, amount)/ embryo axis
«  Toptemp. 42 -48°C violet? (from first mixing to End of process)
* Bottomtemp. 35-40°C
Box A +  Acetic Acid is present
To obtain: * Pulpis liquid / reduced / Mix / Transfer when:
turning brown * After48h
* Inoculation by fruit «  Orwhen temp. is
flies (cover Box B decreasing (top
fermentation mass To obtain: temp. < 45°C)
after6- 12 h) +  Temp. is too high >55°C
*  Pulp removal * Acetic Acid formation
e Ethanol formation * Heat Box C

¢ Seed death and aroma

precursor formation To obt. obtain:

Temperature ~ 30 - 45 °C

Time frame~ 24 -60 h + Acetic Acid formation

* Heat

* Seed death and aroma
precursor formation

¢ Reduction of
astringency

Temperature ~ 45 -52 °C
Time frame ~ 48 h

Temperature ~45-52 °C
Time frame ~ 24 - (48 h) *

Drying '
Process
*Further Fermentation? Check:

»Agua Sangre” turning brown?
Getting less?

To avoid:

1. Mould formation (often in the corners and
on bottom)

2. Off-flavor formation (often in the corners
and on bottom)

Transfer to drying process? Check:
* ,AguaSangre”turning brown?
Getting less?

Fermentation Management Scheme Ecuador, University of Hamburg, Version 2013, D. Kadow



Fermentation Changes in Aroma / Taste Attributes

4 Astrlngency/

Aroma Intensity

Acidity &
FruitB) .
Cocoa Aroma* .

*After drying and roasting; **Pictures: Fermentation Time
,,Cocoa Cut Test Chart* (UHH and UWI)



Physicochemical networks during standard Cocoa Fermentation (2013)2
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8 *  Yeast consumes Pulp Sugars up to 55 °C (Impact of Compounds)
producing Ethanol *  pHValue in Seeds about 3,5 - 4,5
Day1l-2 Day3-5 Day 6 -7

2D. Kadow, C. Rohsius and R. Lieberei Course of Fermentation 1After Drying and Roasting



Quality Evaluation ,,Cut Test* and Biochemical Parameters

I Trinidad I Sample_5 I Free Amino Acid I
AMINO ACIDS
» fat free dry matter”
nitrogen 4.06%
= raw protein®' 448 %

“wiw In fat froe dry matier ~ dry, detattnd. deshelod lermented nbe.
_ [ootybedons ony)

 rw protein is calcuisied ax (rivogan colent - (Gaflsice rilrogsn «
MRotvaming niregen) x 6.25

g
£
A
H

8853 82 pa 2238y

=

Contents of aming ackss (umoly fat free dry matier]
*Trp. Met. "Lys: detected in selecied samples o
G, “Hia and **Aeg, Ak ghewn A% s whens sgarate dencticn (ks

Sample aalysed in 2010

. TR SO
. — Sample analysed in 2010

Trinidad I Sample_5 I Further Compounds I Trinidad I Sample_5 I Aroma Description I
FURTHER COMPOUNDS AROMA DESCRIPTION
Trinidad and Tobago No. 05 - Low Roast

compound fat free dry matter” PesT—

ackls acedic acid 02 %
lactic acid 12 %

methy i th i 212 %
caffaine 0.61 %

phenolic substances total phenolics (Folin) 795 % nay
epicatechin 11.01 %
catechin 012 %.
cyanidin-3-arabincside 048 %
cyanidin-3-galactoside 0.16 %

fermentation index 0.68

reducing sugars SuCrose 060 %
fructose 023 %
glucose <01 % Rich chocolste aroma. First laste is chocolate with some dark

fruit notes—rasin and some prune. Thers i also just an edge of
a sighily under ripe banana, Good dark wood pregance with
no not cafoulated; na not aralysed fich browned noles. Very cléan and claar oveall lavor.
T (or a5 slated) in fal See dry matar - dry, daladed, deshaled famanad rits (cotfedons coly) (Low Roast: 121°C, 26 min*

“We thank Edward Sequine (Mars Inc.) for his skiled contributicn with respect 1o this aroma description
Sample analysed in 2010

From: Cocoa Atlas 2010 Edition



The Cocoa Tree Bulk and cocoa

Bulk cocoa
95 % of world wide production 5 % of world wide production
Strong chocolate aroma Weak chocolate aroma
No special aroma notes Special aroma notes (fruity and
floral)
Endogenous formation by Migration from pulp to
storage compound cotyledon tissue

degradation
(e.g. proteins and
carbohydrates)




The Cocoa Tree

Bulk cocoa

CCN 51

Raw cocoa

No special aroma notes

Pulp

Astringent, acid, no special
aroma notes

Pictures D. Kadow

Raw cocoa

Fruity and floral aroma
notes

Pulp

Fruity and floral aroma
notes

Bulk and cocoa

Raw cocoa

Floral aroma notes

Pulp

Sweet, floral, fruity aroma
notes



Questions

1. Do CCN 51, and differ regarding the pulp volatile components?

2. Do potential differences match the organoleptic descriptions given by Eskes et al.?



Results

2-nonanone
1.4+ 0.5%

2-heptanone
2.6 0.7 % K

2-heptanol
2.8+ 0.5 %

Kadow et al., 2013

B-linalool
1.1+0.5%

pulp volatile composition

2-pentanol acetate
12+ 2 %

2-heptanol acetate
69+ 19 %




Results

Kadow et al., 2013

dif. to ref.
amount
43 %

%)
o

=
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B-linalool
2.3+0.6 %

pulp volatile composition

2-pentanol acetate
22+ 2 %

2-heptanol acetate
6.6+1.8%

B-myrcene
57+1.0%

B-trans-ocimene
8.8+1.0%

B-cis-ocimene
5.2+ 0.6 %




Results CCN 51 pulp volatile composition

2-heptanol acetate
2-pentanol acetate 8.3+53%
10+ 4 %

dif. to ref.
amount
76 %

Kadow et al., 2013



Results

A

2-heptanol acetate
2-heptanol
2-heptanon
2-nonanone

1. Do CCN 51,

Kadow et al., 2013

and

components

CCNbs1

B-myrcene
B-trans-ocimene
B-cis-ocimene
B-linalool

differ regarding the pulp volatile components?



Results components

A

CCNbs1

2-heptanol acetate B-myrcene
2-heptanol B-trans-ocimene
2-heptanon B-cis-ocimene
2-nonanone B-linalool

2. Do potential differences match the organoleptic descriptions given by Eskes et al.?

Kadow et al., 2013



Results

B 2-heptanol acetate
2-heptanol
2-heptanon
2-nonanone

B-myrcene
B-trans-ocimene
B-cis-ocimene
B-linalool

Kadow et al., 2013; 'according to Luebke, 2011

odor type!

brown
citrus
cheesy
fruity

odor type!

spicy
herbal
floral

floral

components

odor description?

fruity
lemon grass, floral
fruity, coconut
fresh, sweet

odor description?

balsamic, citrus
licorice, sweet
flower, sweet
citrus, sweet



Summary and discussion

1. CCN51, and differ regarding the pulp volatile components.
B-myrcene, B-trans-ocimene, B-cis-ocimene and B-linalool are characteristic for
Regarding 2-heptanol, 2-heptanol acetate, 2-heptanone and 2-nonanone are
typic.

2. The organoleptic properties of the individual substances match the descriptions given for
the pulp by Eskes et al., 2007.

We conclude that the above mentioned molecules are the main components of and
fine aroma.

Accordingly, fine aroma components apparently derive from different metabolic pathways
depending on the genotype.
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The Cocoa Tree Quality

Quality
Economical components Ecological components Social components
« Stability of production * Species diversity » Farmer income

« Stability of food safety « Sustainability « Job safety



The Cocoa Tree Quality

Witches” broom disease
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The Cocoa Tree Quality

Disease control

Chemical control Phytosanitation Biological control Genetic resistance
I.e. application of i.e. removal of I.e. application of I.e. breeding of
pesticides infested material antagonistic fungus resistant clones
Cocoa Present
genotype rating

TSH 979 R Present status of witches’ broom disease of cocoa in Trinidad

TSH 1104 MR

SCA 3 R (Keywords: Crinipellis perniciosa, witches’ broom disease, cocoa, Trinidad)

SCAS R

SCA 6 HR H.A. LAKER, T. N. SREENIVASAN and D. RAJ KUMART

gg: ; :‘R Cocoa Research Unit, tDepartment of Crop Science, University of the West Indies, St. Augustine, Trinidad

SCA 9 HR

SCA 10 HS

SCA 11 HR

SCA 12 HR



The Cocoa Tree

Economical components

« Stability of production
» Stability of food safety

Quality

Ecological components

* Species diversity

« Sustainability

Disease resistance

Clone attributes

Quality

Social components

e Farmer income

« Job safety



The Cocoa Tree Clone Attributes

Butter fat content
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*Picture: Phillips and Wilkinson 2007. Phytopathology, 97 (12)
**Pjctures: B. Rudolph, Universitdt Hamburg, Germany.



Prospects 2020 Breeding of Elite Clones

Disease resistance Mapping QTLs for Resistance to Frosty
Pod and Black Pod Diseases and Horticultural [~

Traits in Theobroma cacao L.

J. Steven Brown,* Wilbert Phillips-Mora, Emilio J. Power, Cheryl Krol,
Cuauhtemoc Cervantes-Martinez, Juan Carlos Motamayor, and Raymond J. Schnell

Mapping QTLs for Witches® Broom (Crinipellis perniciosa) Resistance
in cacao (Theobroma cacao L.)

Fébio Gelape Faleiro'2, Vagner Tibaldi Queiroz®, Uilson Vanderlei Lopcs]=*, Cldudia Teixeira
Guimardes?, José Luis Pires', Milton Macoto Yamada', Iona Santos Aratjo*, Messias Gonzaga
Pereira*, Raymond Schnell®, Gongalo Apolindrio de Souza Filho*, Cldudia Fortes Ferreira',
Everaldo Gongalves Barros® & Maurilio Alves Moreira®

Mapping of Quantitative Trait Loci for Butter Content
and Hardness in Cocoa Beans (Theobroma cacao L.)

Iona 8. Araitjo - Goncalo A. de Souza Filho -
Messias G. Pereira - Fibio G. Faleiro -

Vagner T. de Queiroz - Claudia T. Guimaries -
Maurilio A. Moreira - Everaldo G. de Barros -
Regina C. R. Machado - José L. Pires .
Raymond Schenell - Uilson V. Lopes

A genomewide admixture mapping study for yield factors
and morphological traits in a cultivated cocoa
(Theobroma cacao L.) population

Maria Marcano - Sonia Morales -

Maria Theresa Hoyer « Brigitte Courtois -

Ange Marie Risterucci - Olivier Fouet - Tatiana Pugh -
Emile Cros - Ventura Gonzalez - Manuel Dagert -

*Picture: Phillips and Wilkinson 20 Claire Lanaud
**Pjctures: B. Rudolph, Universitat




Prospects 2020
Founding parents
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Breeding of Elite Clones
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Joshi and Nayak 2010. Biotechnol. Mol. Biol. Rev., 5 (3)




Prospects 2020 Multiplication of elite clones

Classical approaches:

e Graftings
e Buddings

e Rooted cuttings

*Pictures: A. Sanchez, 2012. CATIE, Turrialba, Costa Rica.



Prospects 2020 Multiplication of elite clones




Prospects 2020 Multiplication of elite clones

*Pictures: F. Wuelfing, University of Hamburg, Germany. **Picture: T. Mueller, University of Hamburg, Germany.



Prospects 2020

elite clones

obtained through
molecular breeding
approaches

agroforestry

establishment of
buffer areas and
corredors

reqgionality

adaptation to local
conditions

Integrated Plantation Management

clone propagation

by classical and
biotechnological
methods

rootstocks

development and use
of defined rootstocks

phytosanitation

removal of infested
material

biocontrol

use of endophytic
bacteria and fungi



Prospects 2020

fermentation

optimized
fermentation
protocols and

techniques

Integrated Plantation Management




Prospects 2020 Fermentation

30°C 50 °C
A |
( | ( |
1.1. Anaerobic phase 1.2. Microaerobic phase 2. Aerobic phase
Yeast dominated Lactic acid bacteria Acetic acid bacteria
dominated dominated
Ethanol and Pectinase =----... Lacticacid /e Acetic acid
A e B)

Use of starter cultures Fermentation-like incubation




Prospects 2020 Conclusions

A) Molecular breeding approaches facilitate the combination of multiple quality-
related attributes in elite clones (e.g. disease resistance, yield, fine aroma).

B) In vitro mass propagation of elite clones has the potential to ensure the
supply of sufficient planting material.

C) Integrated approaches may unite different techniques (e.g. molecular

breeding, in vitro mass propagation, biological disease control, fermenter
technology).

1) Enhanced raw cocoa quality

2) Enhanced raw cocoa diversity






