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Learning Objectives

1. Understanding some aspects of the global cocoa market
2. Introducing the concept of quality along the cocoa value chain

3. Highlight the connection between cocoa post harvest processing
and flavour development (including defects)

4. Food Safety and approaches for cocoa quality management
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Introduction to quality

Factors affecting flavour development in cocoa (Part 1)



Cocoa vs Cacao

* There is sometimes confusion as to when the word ‘cacao’ should be
used and when the word ‘cocoa’ is more appropriate.

* No general rule is applied consistently.

* Some use the term ‘cacao’ when describing the scientific and
horticultural aspects of the plant, switching to ‘cocoa’ once the bean
has been fermented and dried.

* Both terms are correct at any time and are virtually interchangeable.
‘Cocoa’ is the term used throughout this presentation.
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Coooa

w Y8 Cocoa Quality defined with details
Details of quality in cocoa include:

1.  Flavour
Absence of defects
Presence of positive aromatic attributes

Cocoa, “quality” includes the all-

2. Purit
important aspects of flavour and purity, - Fozj e
and physical characteristics that have a o Chemicl
direct bearing on manufacturing 3. Physical Characteristics
performance and aspects such as ol of bl isteria
traceability, geographical indicators % Cocoa Butter Characteristics
and certification to indicate the 5. C°'ﬁ;§§f§&fﬂilm
sustainability of the production 6. Certifications
methods (CAOBISCO/ECA/FCC, 2015). " coogital nictor

- Social

Environmental
Organic etc.

These criteria affect the value and price paid for a parcel of
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Cocoa flavour development - Drivers

* Genetic composition of the bean (genetic flavour potential of different
varieties)

* Pre harvest conditions affecting pest and disease incidence

* Post harvest processing (fermentation and drying)

* During manufacturing (roasting, milling (liquor) formulation and
conching (chocolate))
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= 7 Factors affecting flavour development in cocoa

Genotype and Pre-Harvest Post Harvest
* Genotype of the tree 8 * Fermentation
(variety) >~
L * Drying
 Agronomy and pest and
disease management * Storage

* Pod and seed-based * Quality management

attributes
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* The greatest potential for impacting flavour
development is during fermentation and
drying — unlocking genetic flavour potential
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A Step by Step approach to cocoa processing

Pod Harvest Pod Cracking

Bean Cleaning




Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;r;z;zosr:g:;c;r;

 Mixtures of varieties

* Different fermentation time requirements

 Different flavour potentials
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;r;r;zzosr:gtgogr;

e Use suitable tools for harvesting and keep them sharp
and clean to avoid spread of disease

e Harvesting technique to preserve the tree

* Harvest fully mature, ripe and disease free pods.

e Harvest enough pods to yield sufficient quantities of
beans for fermentation

* Open pods as soon as possible after harvesting (1-3
days) to avoid losses from disease and changes to pulp
characteristics

* Wounded pods should not be stored for longer than
one day "

o Potential source of Ochratoxin “A” contamination Hm
N (0]
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;rgzzzosrttS:;()gZ

Where do you want the most cocoa pods?

Low down and in easy reach
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;rSZZiO;ttg:;ogz
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* Avoid flower
cushion damage

* Avoid damage to

) u the tree

.

5
1 Avoid podidamage

*.Use clean and sharp
tools

~ .-
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Bean Extraction Bean Cleaning Drying ;rgzzzosr:s:;ogr;

Pay attention to
harvesting s §
technique used
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Correct harvesting of low hanging pods to avoid damage
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eSeeds not fully developed
ePulp & Placenta tightly bound Ripe

*Firm texture

Unripe

eSeeds fully developed

eLoosely bound Pulp & Placenta
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eOverripe Pods
o Dry Pulp & Placenta
o Germinated Beans

o Loss of bright external
colour

© Cocoa Research Centre

.........



Bean Cleaning
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction
‘
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Before ripening

After ripening

Little pulp Dry pulp

Poor
fermentation

}

Purple
beans
v v
Low butter Little flavour
content Bitterness

Astringency

NS

\4

Germinated
beans

Contamination

I Mouldy beans I
v

Mouldy taste
Toxicity
Acid butter

Black
beans

v
Poor

qguality
butter

Cocoa defects due to harvesting

v

Rotten
beans
\ 4
Putrid
taste
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Pod Cracking

* Pod cracking should not damage or contaminate the beans

Cocoa Variety Pod Harvest

Bean . . . .

* Beans are removed from the placenta excluding any
germinated, black or diseased beans or pieces of shell and
placenta fragments

* Time between harvesting and opening the pods influences
fermentation and flavour development

o Keep pod storage as short as possible: 1 - 3 days

* Wet beans should be fermented within the same day that the
pods are broken to avoid problems during fermentation
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;rgzzzosrttg:;ogz
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction
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Transportation
& Bean Storage

Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning Fermentation Turning

o
& ’ Goces
LA |-
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With a machete

No bean
separation

Agglomerates

N

v
Damaged Broken Shells
beans beans

Splits

|/

Contamination

Mouldy beans

Poor
fermentation

Purple
beans

\ 4
Little flavour

Bitterness
Astringency

No bean sorting

Germinated
beans  /
Black
beans

—

N\

\ / \ 4
‘ . Poor quality
Mouldy taste Burn on roasting butter .
Toxicity . % 4 cosos
Cocoa defects due to pod openin ’ Research
Acid butter P P & UW



Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;rgzzzosrttg:;g;

* Varies depending on the country and genotype — In most fine or flavour
countries a fermentation box is recommended (600 — 1000 kg wet beans
mass)

* Slatted floor or holes made for drainage of liquids and aeration

* Fermentation mass usually covered with banana leaves (and jute bags)

* Typical fermentation time varies depending on time in crop season
o between 5 -7 days for “Forastero” and Trinitario types
o Between 2 — 4 days for Criollo types

* Turning of beans either absent or usually done twice
o Initial turn after 2 days. Other turnings after 4 or 5 days
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Cocoa Variety Pod Harvest Pod Cracking ExtBrlaai;on Bean Cleaning Bean Storage

Different capacities of box fermentation systems

50 — 200 Kg
600 — 1000 Kg |
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;@2:?;:3:;0;

Cleaning and Washing fermentation boxes before use

e Remove old beans

 Wash ands scrub before
start of crop

* Spray with household
vinegar

e (Clean and wash in
between fermentation

batches
& )
& a
: ‘ = ’ Rasearah
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Cocoa Variety

Pod Harvest

Pod Cracking Bean Extraction Bean Cleaning Fermentation

Avoid delayed box filling

© Cocoa Research Centre

This leads to uneven fermentation and mixed/poor quality
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning grgzzzosr:g:;‘g;

cocoa fermentation

yesots

CO, + HO 4 —__ yeasts

sugars ethanol + CO,

lactic acid acetic acid
bacteria bacteria

lactic acid acetic acid  richer flavor,
(non-volatile) (volatile) brownish
.

Fermentation is critical for the expression genetic
flavour potential and is unique to each variety and
fermentation batch...

sugar

v

anaerobic step

develops flavor precursors
ethan0|\ gigzgéent. (l’r?e amino acids. peptides.
aerobic step grayish S0

Preconditions for the formation of
aroma precursors from seed
‘ oulp storage proteins

testa
G cotyledon Acetic acid infiltrates into the
Cotyledons and lowers the pH
from pH 6 down to 4.5

% ’ Cocoa
ek, 'S Research
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Transportation
& Bean Storage

Drying

Bean Extraction Bean Cleaning Turning

Relative intensily

-

. -o'..
) ?ec:‘\r/T?Qr?tginO; “a‘ ~ - Excessive aeration/turning
beans “‘ .': fen'nccr:rlation
A * , : e
4 6 8 0 .
e T . Acetic acid .0".
urning for b ek s fnd
increased X O \femenaton " Acrophlic | |
uniformity of / \\ ..,-’ baceriz Normal aeration/turning
fermenting "o v Days
mass I TR M S
Limited aeration/turning

* For aeration

End of fermentation

.........

 Distribution of
microorganisms |
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|dentifying Optimal Fermentation End Point

SU.U /.5

7.0
. .
5o . Odour duqng
‘ fermentation
s 6.0 Fruity [Start to first turn
8 400 or after pre drying] v/
@ 5.5
S -
e [-8
;-L 5.0 Alcoholic [First turn or
2 350 after pre drying] v/
45
30.0 4.0 Acidic (like vinegar)
[Second turn] v/
35
25.0 3.0 Acidic (like spoilt milk
0 24 48 72 96 120 144 168 192 [after second turn] X
Fermentation Progression (Hours)
~=-TEMPERATURE  ~+-pH TESTA —e—pH COTYLEDON l TURN ( Ammonia [if
Time to 45 °C (hrs) 87.9 - iermentation is too long]
Time to pH Intersection (hrs) 96
Time to Maximum Temperature (hrs) 96 Rotting [if fermentation is
Maximum Temperature (°C) 48.1 too long]
. ] Cocoa
Day 5 (120 hrs): Beans transferred to drying house. I;% ’ gemema
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Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning

Turnin Drvin Transportation
- Ve & Bean Storage

DAY 0
DAY 3
DAY 5 -7

s

External and Internal Bean Changes During Fermentation ﬁ‘% & ==

.......
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Transportation

& Bean Storage

-

Bean Extraction Bean Cleaning Fermentation

]
vV

Bad fermentations

J b
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None

Slaty
beans

\ 4
No flavour
High bitterness
High Astringency

Too short Too long

\ 4
Purple
beans
v
Little flavour Putrid
Bitterness taste

Astringency

Cocoa defects due to fermentation

v

Rotten
beans

Foreign
tastes

Coooa
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Consistently
high quality is a
constant
regardless of
UEILG




Pod Cracking Bean Extraction Bean Cleaning

Drvin Transportation
ying & Bean Storage

Drying

e Method

* Temperature
&Turning

* Drying rate
e Environmental

Covered sun drying

humidity 2 [ iy
. Po!}/phenol Oxidase 3] N,
and non enzymatic ST s,
browning = =
* Optimal end point — *,, Tempering e Drin S
6.5- 7.5% L S Tompering "
. {,. "ﬂ 10 2'0 30 40 50 60 'r:fl 80
% ’ ‘:‘3§§§;eh Drying curves for natural and artificial drying of cocoa bear
© Cocoa Research Centre UVVI



Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning Fermentation Turning Drying ;rggzaogsg’gz
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Transportation
& Bean Storage

Drying

Cocoa Variety Pod Cracking

s s
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Checking optimal drying end
point 6.5—7.5% using a
moisture meter

© Cocoa Research Centre



Transportation
& Bean Storage

Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning Fermentation Turning Drying

Avoid direct contact with smoke
and smoke contamination
(Polycyclic Aromatic
Hydrocarbon (PAH)
contamination) by using heat
exchangers on all oil or gas fired
artificial dryers

Inappropriate solar drying technigues

© Cocoa Research Centre



Drying — some important considerations

Too
fast

v
High
volatile
acidity

© Cocoa Research Centre

Over
fire

Smoky
smell

\/
Foreign
tastes

Cocoa defects due to drying

Inadequate
Poorly done

Mouldy
beans

Mouldy taste
Toxicity
Acid butter
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Introduction to quality

Factors affecting flavour development in cocoa (Part 2)



Transportation
& Bean Storage

Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning

Transportation

* Only cocoa beans
should be transported
and never with animals
or high risk fire
materials, hazardous or
poisonous chemicals

* Transport vehicles and
containers for shipping
cocoa should be clean
and free from residue of
any previous cargo

© Cocoa Research Centre o v



Cocoa Variety Pod Harvest Pod Cracking Bean Extraction Bean Cleaning ;rgzzzosrtf::éz

Storage

* Shelter & ventilation

* Increasing moisture
content

e Odour
contamination

e Pest infestation

© Cocoa Research Centre



Cleaning and Storage considerations for cocoa beans

Moisture Insect Infestation Contamination
uptake
v
4 ‘ 4 Wood smoke
Insect damaged Diesel fu_mes
I Mouldy beans I beans Insecticides
Cooking smells
Mouldy bags
etc.
v Contamination
Mouldy taste Weight
&
© Cocoa Research Centre Cocoa defects due to storage UWI
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Cocoa Variety Pod Harvest

Pod Cracking

Bean Extraction

Bean Cleaning

Fermentation

When things go wrong

Turning

Transportation

& Bean Storage

Pre harvest

Fermentation

Drying

Storage




Food Safety

Concepts and Principles



Basic Food Safety Concept

* The basic food safety concept is that food will
not harm the consumer so long as intended use
guidelines are followed when it is prepared or
eaten.

* Food is potentially harmful whenever it has
been exposed to hazardous agents and
intended use guidelines have not been followed
(1SO 22000, 2005)

© Cocoa Research Centre



Responsibility of the Value Chain

* Responsibility for food safety is shared by everyone involved with food
from production to consumption, including growers, processors,
regulators, distributors, retailers and consumers.

© Cocoa Research Centre



Food Safety Hazard and Food Safety Risk

* A food safety hazard is an agent or condition that could
potentially cause an adverse human health effect. Agents are
either in or on food and can be biological, chemical, or
physical.

* Risk refers to exposure to a hazard.

* Food Safety Risk is the probability of an adverse health
effect. The degree of risk is a combination of the probability
and the severity of the effect

© Cocoa Research Centre
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Effective Food Safety and Quality Management Systems

* In order to meet food quality and safety requirements you
must:

o Control all hazards at all stages of product life cycle

& =i

o ldentify all hazards (physical, biological or chemical) that can
potentially contaminate at different stages of production

o Assess the level of each risk (probability) according to working
conditions, procedures and practices

2 B o
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Caution- Raw Cocoal!

* Raw cocoa beans are contaminated with various
micro-organisms and must be handled in a separate
location with strict sanitary procedures in place.

. g
® e
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Record Keeping and Traceability

» Keep up-to-date records of all farming activities such as: s> o
o Types and sources of planting materials '
o Types of pesticides used
o Fertilisers used etc.

* Traceability is an important issue in light of increased
consumer awareness of food safety issues and niche
marketing

o Cocoa beans should be traceable from the farm to the
consumer

o Establish a chain of custody for the cocoa beans you produce

© Cocoa Research Centre




© Cocoa Research Centre

Documentation Identifying hazards,
Record-keeping assessing the risks

Identifying
Verification

Validation HACCP CCPs

Ensuring
Food Safety
Establishin
Implementin
pmrmmwg critical lim
measures

Implementing

continuous
monitoring Good hygiene practices
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UWI . Harvest pods Pod opening Sort beans Fill fermentation
CCP 1: CCP 2: CCP 3: Beans boxes and ferment
4 Condition of = Beans = selected for —— CCP 4:
: pods harvested damaged fermentation Fermentation
o during (diseased, protocol
cracking damaged etc.) (sanitation,
duration, turning
regime etc.)
Empty
fermentation
boxes and dry Storage of cocoa
¢ beans « beans
©  ccps5: Improper Transport CCP 7: Storage
€ handling of beans CCP 6: Improper handling protocol (ventilation,
°© and improper - (contaminated containers, ' temperature,
2 drying protocol exposure to rain, exhaust etc.) humidity etc.)

(bean depth,
turning, smoke
exposure etc.)

© Cocoa Research Centre

Cocoa postharvest processing and critical control points (CCPs)
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P Food safety concerns

Criteria Specifications Effects on quality
Moisture 6 — 8 wt% Minimize mould growth
Foreign materials Absent or Reduce purity and yield of edible
<1% of whole beans material
Incompletely fermented (slaty beans) | <5% of whole beans Undesirable flavours; astringent taste to

the chocolate

Off-flavours (e.g. smoke) Absent Undesirable flavour
Mouldy beans <49% of whole beans Wholesomeness or off-flavours
Mineral hydrocarbons from drying Below permissible limits Wholesomeness

and storage
(e.g. benzo(a)pyrene)

Heavy metals Below permissible limits Wholesomeness
(e.g. lead, cadmium)

Ochratoxins Below permissible limits Wholesomeness

Mineral Oil (MOSH & MOAH) Below permissible limits Wholesomeness

© Cocoa Research Centre
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o 9 Food safety concerns —a note on Cadmium (Cd)

e

Cd is a non-essential heavy metal found in the soil as a result of a e Cdis an intrusive mineral that is retained in the human
combination of natural (volcanic derived rocks) and anthropogenic kidney and liver with a very long biological half-life.
processes (mining & industry).

. e . * Cd can cause bone demineralization by competing with
Not all Cd present in the soil is bioavailable to the cocoa plant. calcium in its absorption in the human body.

The Cd ion is taken up bv the cacao roots through specific and non- https://foodensity.com/maximum-levels-of-cadmium-in-chocolate/

specific processes used for ion absorption.

Recommended EU Cadmium Levels for Cocoa Bean Imports
There is variability in Cd content across different genotypes.

< 0.5 mg/kg ideal level
It is possible to identify low-accumulating cacao varieties. z 0.8 mg/kg acceptable limit
>0.8 -= 1mg/kg generally rejected,
It is possible also to apply soil treatments to make Cd less available unless it will be blended with other cocoa beans so

to plants. ta achieve 'combined’ acceptable cadmium limits

LEARN
MORE

Visit: https://sta.uwi.edu/cru/cadmium-mitigation
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https://sta.uwi.edu/cru/cadmium-mitigation

&,

9= Post Harvest Linked to Quality — Main take away points

Quality Problems

Quality Management

* Failure to follow the recommended
practices in any one of the
processing steps mentioned above
can result in sub-optimal or poor
quality = POOR FLAVOUR.

* Problems can be assessed and
avoided by careful attention using

o Sight
o Cut test
o Smell and Taste

 Moisture content, bean count and
cut test should be carried out on
representative samples.

* Flavour assessment.

* Local quality criteria and additional
testing must be set up inline with
national standards and market
requirements.
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Consistently
high quality is a
constant
regardless of
UEILG




