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Abstract An optimised protocol for organoleptic

assessment of cocoa liquors was developed and used to

determine what were the flavour attributes and sensory

differences between samples of Ghana beans (normally

classified as ‘bulk’) and bean samples from local com-

mercial clones and estates in Trinidad (normally clas-

sified as ‘fine or flavour’ cocoa). The optimised

protocol was validated by independent sensory

assessment carried out at Masterfoods, UK. Trinitario

samples from four local commercial clones and five

commercial estates from Trinidad were investigated

for their liquor quality, over three crop years using the

optimised sensory panel and an appropriate sensory

design with replications. The optimised protocol was

not only able to consistently differentiate between the

‘bulk’ and ‘fine or flavour’ cocoa types but also able to

consistently quantify the level of each attribute in

genotypes, over replication and season. This method

was used to delineate quantitative differences in

flavour attributes among cocoa genotypes as well as to

determine the influence of environment on cocoa

flavour profiles. The optimised organoleptic protocol

involves a detailed description of primary and sec-

ondary processing of beans, preparation of liquor,

panellist selection, training, sensory design and data

analysis methods. The optimised organoleptic protocol

provides a robust methodology to improve cocoa

quality by selection of genotype and environment.

Keywords Fermentation � Local clones � Commercial

estates � Sensory evaluation � Panellists

Introduction

Cocoa (Theobroma cacao L.; family: Malvaceae) [1]

originated as an understorey tree species in the tropical

rainforests of the upper Amazonian region of South

America. Three different morpho-geographical groups

(Criollo, Trinitario and Forastero) have been recogni-

sed within the species, T. cacao, based on genetic ori-

gin, pod morphology and size, colour and flavour of

beans [2].

From an international marketing perspective,

cocoa beans are categorised as ‘bulk’ or ‘ordinary’

and ‘fine or flavour’ cocoa types. Bulk cocoa beans

originate from Amazonian Forastero varieties (the

industry standard is cocoa beans from Ghana), and

are usually used in making main stream milk choco-

lates and chocolate confectioneries with other fillings.

Fine or flavour cocoa beans, which fetch a premium

over terminal prices paid for bulk cocoa [3], normally

originate from Criollo and Trinitario cacao, each

having its own characteristic flavour. These are

mainly used to make premium plain dark chocolates

and couvertures.
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There is a need within the cocoa industry for pro-

tocols and standards that can be used to adequately

differentiate ‘bulk’ from ‘fine or flavour’ cocoa at the

point of marketing. This is particularly important in

countries where mixed production of both types oc-

curs. It is difficult to define flavour properties until the

product has been processed, since certain flavour

properties develop during processing; and can be as-

sessed only by sensory evaluation.

The lack of an optimised standard protocol for

general cocoa flavour assessment and profiling by

trained sensory panels has hindered effective collab-

oration between research institutions and meaningful

input from chocolate manufacturers. The protocols

currently used by chocolate manufacturers only

identify specific defects in cocoa beans and liquors,

mainly smoky and mouldy, but broad flavour profiling

is not usually done [4, 5]. Additionally, the protocols

and vocabulary used in sensory evaluation differ

greatly between chocolate manufacturers and research

institutions. This has been an impediment to effective

research aimed at improving cocoa quality and fla-

vour. A standardised protocol for fermenting, drying

and preparing cocoa liquors from small cocoa bean

samples as well as a general procedure for organo-

leptic evaluation was first developed by Clapperton

et al. [6]. This was done in collaboration with the

chocolate manufacturing industry, and was adopted

for local conditions by the Cocoa Research Unit,

Trinidad [7]. Key elements pertaining to sensory pa-

nel training and experimental design, as well as, data

analysis techniques to produce statistically rigorous

results had, however, still not been fully optimised at

the time of the passing of Clapperton. The application

and repeatability of the organoleptic method in dis-

tinguishing between ‘bulk’ and ‘fine or flavour’ cocoa

types had also not been tested.

Using the protocol of Clapperton et al. [6] for

small-scale sample processing and liquor preparation

as a starting point, this study aimed to develop an

optimised method of sensory evaluation. There were

three main objectives: (1) To optimise a method for

sensory evaluation, (2) use the method to distinguish

between liquors made from Ghana beans (considered

a ‘bulk’ type) and Trinitario beans from Trinidad

(considered ‘fine or flavour’ type) and (3) to detect

differences in flavour between crop years. The study

was conducted as part of the CFC/ICCO/INIAP

project to establish physical, chemical and organo-

leptic parameters to differentiate between bulk and

fine or flavour cocoa.

Materials and methods

Genotypes

Four locally developed commercial clones [Trinidad

selected hybrids (TSH)] identified with CCL accession

codes, were used in the study and are referred to as

‘local clones’. The identities of every tree used in the

study were verified using random amplification of

polymorphic DNA or simple sequence repeats. Cocoa

beans were collected from identified trees of each

clone, over 3 years, and processed using the standar-

dised protocol of Clapperton et al. [6], at one pro-

cessing location. A homogenous batch of fermented

and dried seeds from West African Amelonado beans

from Ghana was used over the three crop years as a

reference.

Commercial estates

Random samples of fermented, dried cocoa beans were

taken from five different commercial estates spread

over a wide geographic area in Trinidad, over three

crop years. Mixed Trinitario germplasm [TSH and

Imperial College Selections (ICS)] are typically grown

on these estates. Fermentation on the different com-

mercial estates followed the standard practice for

Trinidad of 168 h with turning after 48 and 120 h. The

drying method and duration varied between the dif-

ferent commercial estates from sun drying to artificial

drying using a diesel fired dryer. However for each

estate the same drying method was used over the three

crop years. Samples taken from the different com-

mercial estates were alphanumerically coded.

Primary processing

Three kilograms of beans were extracted from healthy,

fully mature pods of each selected local clone and

placed in labelled 24 cm · 80 cm nylon net bags of

10 mm mesh and 0.7 mm thread diameter for micro-

fermentations. The bags were buried 30 cm deep into

ca 2,000 kg of wet cocoa, contained in a sweat box. The

fermentation mass consisted of beans from commercial

Trinitario trees. The sweat box was constructed with

wood, with dimensions of 155 cm (W) · 150 cm (L) ·
102 cm (D), and a slatted floor to provide aeration and

drainage for optimal fermentation. The beans were

covered with banana leaves and jute sacks and left to

ferment for 168 h with turning after 48 and 120 h. The

buried sample was turned by holding the ends of the

Eur Food Res Technol

123



nylon net bags and shaking the bag to mix the beans

inside, the nylon net bags were then buried again

30 cm deep in the sweat box. After fermentation the

beans were removed from the nylon bags and spread

out in individually labelled wooden drying trays

(60 cm · 60 cm · 10 cm) for sun drying. During dry-

ing the beans were turned every 2 h and dried for a

maximum of 8 h per day if the weather permitted. If

the moisture content of the beans had not reached 6–

7% after 120 h of sun drying, drying was completed in

a mechanical convection oven set at 35 �C (Shell Lab

1350 FX, Sheldon Manufacturing Inc., USA). The

same drying method was used in each of the crop years.

After drying, the beans were stored in quarter sized

jute sacks, made from similar material to those used for

commercial bean shipments. These were treated with

vegetable oils. To avoid problems with moths, mould

and other infestations the jute sacks were placed in

plastic bags and sealed in plastic buckets with airtight

lids. These buckets were then stored in an air-condi-

tioned room at 19 �C.

Secondary processing

Secondary processing includes roasting, breaking and

winnowing, coarse grinding and milling of the bean

samples into cocoa liquors in preparation for orga-

noleptic evaluation. For each sample, 330 g of dry

beans from a coned and quartered sub-sample were

roasted in a mechanical convection oven at 140 �C for

30 min. The roasted beans were broken into ca 0.2–

0.5 cm sized pieces by passing them twice through a

cocoa breaker (John Gordon International, UK). Nibs

were separated from the shell using a cocoa winnower

(John Gordon International, UK). Coarse milling of

the nibs was achieved by placing 36 g at a time in a

Toastmaster Coffee Mill (Toastmaster Inc., USA) and

milling until the sample was coarsely ground. These

nibs were then stored in sealed food grade 2 L

capacity plastic containers. To prepare the cocoa

liquor, the ground nibs were gradually seeded into a

mortar and pestle mill (Model 0, Pascall Engineering

Co., UK) which was initially heated to approximately

40 �C with a heat gun (Black and Decker Inc., USA).

The mill was run for 90 min from the last addition of

nibs, which allowed a smooth liquor to be formed.

During milling the heat gun was turned on for 2 min

at 10-min intervals to maintain the mortar tempera-

ture at approximately 40 �C. After milling the cocoa

liquor was stored in 120 mL capacity sterile specimen

containers at –6 to –8 �C prior to organoleptic eval-

uations.

Organoleptic evaluation

Panel training and sample evaluations were conducted

in a quiet, air-conditioned room with the experimental

designs, test methods and statistical analyses outlined

below.

Panellist selection and training

Potential sensory panellists were initially screened to

assess their availability and general attitude towards

taste testing through a written questionnaire, evalua-

tion continued via a series of tests that increased in

complexity. These included firstly: identification of

basic tastes using aqueous solutions such as sweet

(sucrose at 5.0 g/500 mL), bitter (quinine chloride at

0.072 g/500 mL), salt (sodium chloride at 0.8 g/

500 mL), acid (citric acid at 0.25 g/500 mL), astringent

(maleic acid at 0.25 g/500 mL) as well as flavour attri-

butes associated with cocoa liquor (fruity and floral at a

concentration of 2 mL/500 mL of kola flavour and or-

ange blossom water, respectively). This was followed

by identification of bitter, acid and astringent tastes at

threshold level concentration using quinone chloride,

citric acid and maleic acid (at 0.009, 0.1 and 0.15 g/

500 mL, respectively) in solutions to gauge the sensi-

tivity of individuals to these attributes. Panellists who

were successful in the identification of basic tastes and

threshold level concentration tests were selected for

continued training with an introduction to flavour

attributes of cocoa liquors and vocabulary generation

exercises.

The selected panellists were trained to associate

specific flavour descriptions for cocoa liquors with

either previous taste experiences or with flavour ref-

erences that were provided so that all panellists agreed

on the same sensory language. Eight flavour attributes

were considered in the training exercise viz. cocoa,

acid, astringent, bitter, fruity, floral, nutty and raw/

beany/green flavours. In addition identifiable off-fla-

vours such as smoky, hammy, mouldy and unfermented

were included. Panellists were also encouraged to

identify any other ancillary flavours or defects that

were apparent in the cocoa liquors in a section for

‘other’ flavours. The intensity of each flavour was

scored initially through paired comparison tests com-

bined with ranking of samples according to different

intensities of a particular flavour attribute. This was

followed by blind profiling with hidden reference

liquors [8–10]. Reference liquors were used to check

panellist consistency between repetitions during train-

ing and evaluation sessions.
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Liquor evaluation

Cocoa liquor samples were removed from frozen

storage and melted in a water bath (Labline Instru-

ments Inc., USA) set at 45 �C. The liquors were mixed

thoroughly to correct any fat separation before evalu-

ation.

Liquors were assessed by a panel of at least six

trained individuals using a factorial statistical design

that incorporated hidden reference liquors. Liquors

were coded with three-digit numbers and randomised

over three repetitions to minimise carry-over effects.

No two panellists received liquors in the same order for

any given evaluation session and a maximum of six

liquors were tasted in any one session to prevent

panellist fatigue. The coded samples were presented in

20 mL glasses placed in a hollowed-out aluminium

block, which had been pre-heated to 55 �C to keep the

samples warm during tasting. Panellists were asked to

place about 1 mL of cocoa liquor on a teaspoon in their

mouth and keep it there for 20 s. During this time the

different attributes making up the flavour profile be-

comes apparent. Panellists were instructed to look for

different flavour attributes at three contiguous time

intervals viz. initial front flavour notes, middle flavour

notes and residual end flavour notes since some fla-

vours either appeared and disappeared very quickly or

were easily masked whilst other flavours could linger

for a longer time.

Sensory profiles were recorded for the nine cocoa

flavour attributes using 10-cm line scales with a possi-

ble range of scores from 0 to 10 where the higher

numbers denoted stronger flavour intensities. Panellists

had the option to expectorate or swallow the sample

but in all cases they were instructed to rinse their

mouths out with water and cleanse their palate with a

biscuit cracker between each sample.

The performance of the sensory panel was optimised

during liquor evaluations by including a hidden refer-

ence sample in the sensory design made with beans

from Ghana. The Ghana reference also served as a

‘bulk’ flavour reference sample.

Independent assessment

Representative cocoa bean samples from the second

and third crop years were assigned random three digit

codes and sent to Masterfoods, UK for independent

organoleptic assessments. Liquor preparation at

Masterfoods, UK involved roasting the beans at 145 �C

for 30 min on the centre shelf of a forced air oven. The

beans were broken and winnowed and the cocoa liquor

was made using a mortar and pestle mill with the

mortar pre-heated to 60 �C and a milling time of

75 min.

Quantitative descriptive analysis profiling tech-

niques were used for organoleptic assessment of the

liquors [11] with open line scales for scores ranging

from 0 to 15 for the following flavour attributes: cocoa,

acid (acetic), bitter, burnt, winey, brown fruit, floral,

nutty, acid (fruity/citrus), astringent and other flavours

that included coconut and farmyard. The ‘acid’ flavour

descriptors used in the Trinidad panel incorporated

both ‘acetic’ and ‘fruity/citrus’ descriptors used by the

Masterfoods, UK panel whilst ‘fruity’ incorporated

both ‘winey’ and ‘brown fruit’ notes identified by the

panel at Masterfoods, UK. The liquors were evaluated

in either duplicate or triplicate (where quantities al-

lowed) by a panel of eight or nine screened and trained

panellists.

Data analysis

Individual flavour attribute scores from the profiling

forms were entered into a data template in Microsoft

Excel. Mean flavour profiles and the standard errors

(SE) of the mean were calculated. Variance compo-

nents were investigated with Genstat 4.24 DE (VSN

International) using restricted maximum likelihood

(REML) variance estimation to determine the signifi-

cance of treatment effects and interactions. Principal

component analysis (PCA) was performed on the

pooled data using GenStat 7.0 (VSN International) and

the freeware programme PAST version 1.39 [12],

graphical representation was carried out in Microsoft

Excel and PAST.

If significant panellist · flavour attribute interac-

tions occurred, these were reduced or eliminated

where possible by removing scores for individual

panellists for specific traits that varied by more than

three points on the sensory scale between repetitions.

Results from the sensory panel were further optimised

by using REML variance estimation where the possible

random effects caused by different panellists present

on the sensory panel over the three crop years were not

weighted in the analysis.

Results

The effectiveness of the optimised protocol for sensory

evaluation was demonstrated by the ability of the panel

to differentiate between various cocoa liquor samples.

These included samples considered to be ‘bulk’ and

‘fine or flavour’, those from different genotypes and

samples from different crop years.
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Panel differentiation of ‘bulk’ versus ‘fine

or flavour’ cocoa

Restricted maximum likelihood variance analysis of

the organoleptic data from the Trinitario local clones

and the Ghana sample revealed that astringency and

‘other’ flavours were the only flavour attributes that did

not vary significantly (P > 0.05) among these samples.

The magnitude of the significance values for the

remaining flavour attributes are presented in Fig. 1.

It is evident from Fig. 1 that the panel was able to

consistently differentiate between the local clones from

the Ghana sample. The Ghana sample was character-

ised by having the highest cocoa and nutty flavours

(roasted nut) with moderate bitterness and astringency

and very little acidity, fruity, floral and raw/beany/

green flavours. Over the three crop years, acidity and

bitterness were the only two flavour attributes in the

Ghana sample that showed any significant (P £ 0.05)

panellist · flavour attribute interactions (data not

presented). Figure 1 also showed that in all instances

the local clones had consistently higher fruity and acid

scores. The very low SE values (maximum of 0.29)

highlight the consistency of the sensory panel over the

duration of this study.

The PCA indicated that two principal components

explained 67.9% of the variation in the data. The PCA

plot of average flavour profile data over three crop

years (Fig. 2) also indicates that cocoa flavour, bitter-

ness, nutty and raw/beany/green were consistently

associated with the Ghana sample, while fruity, acid

and astringent attributes were mainly associated with

CCL 202 and 217 and floral flavour with CCL 200 and

sometimes with CCL 201. It was possible to infer from

the factor scores that cocoa, nutty, raw/beany/green

and bitter flavour attributes were inversely related to

fruity, acid and floral flavours, respectively.

Effect of genotype and crop years on flavour

attributes

Table 1 summarises the significance of crop year, clone

and crop year · clone interactions on flavour attributes

of the local clones using REML variance estimation.

The effect of crop year was significant (P £ 0.001–0.05)

for all flavour attributes except raw/beany/green.

Cocoa and floral flavours varied significantly

(P £ 0.001) between the different local clones with

CCL 201 and CCL 200 having the most cocoa and

floral flavours, respectively (Fig. 1). Astringency,

fruitiness and raw/beany/green flavour attributes did

not vary significantly between the four local clones.

There were significant local clone · crop year

interactions for cocoa, nutty, raw/beany/green (P £
0.01–0.05) and acid (P £ 0.001) flavours. Although the

crop year effects were significant for fruity and floral

flavour attributes there were no crop year · clone

interaction for these two attributes.

Commercial estates and flavour attributes

The flavour profiles of samples from individual com-

mercial estates averaged over three crop years are

compared to the Ghana sample in Fig. 3a. The aver-

age flavour profiles for each crop year from all the

commercial estates pooled together are shown in

Fig. 3b.
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Fig. 1 Average flavour profiles for local clones for 2002–2004
crop years compared to the Ghana reference. Error bars
represent standard errors. *P £ 0.05; **P £ 0.01; ***P £ 0.001;
NS not significant (P > 0.05)

Fig. 2 Principal component analysis plot of average flavour
scores over three crop years (the different crop years are
presented in brackets after the clone name) for local clones and
the Ghana reference sample. 1 2002, 2 2003 and 3 2004
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Restricted maximum likelihood analysis showed

that all nine flavour attributes varied significantly

(P £ 0.001–0.05) among the individual commercial

estates (Fig. 3a) whilst all the flavour attributes

except cocoa differed significantly (P £ 0.001–0.05)

between the three crop years (Fig. 3b). There were

significant estate · crop year interactions (data not

presented) for cocoa, acid, fruity, floral, nutty

(P £ 0.05–0.001), fruity and ‘other’ flavour attributes

(P £ 0.001).

Commercial estate E3 consistently had the highest

floral score while E2 and E3 had the highest fruity

score over the three crop years. The acidity was con-

sistently the highest in cocoa liquors prepared from E2,

and consistently the lowest in E1 and E5. Commercial

estate E4 had a dominant smoky (‘other’) off-flavour

note. All the commercial estates had significantly

(P £ 0.001) larger values for acidity and fruitiness than

the Ghana sample.

Acidity, fruity and floral notes were heightened at

the expense of nutty, raw beany and other off-flavours

in the 2003 samples compared to 2002 and 2004.

Astringency and bitterness were highest in 2002 and

lowest in 2004.

Independent assessment of flavour

Results from the independent assessment of flavour

attributes done at Masterfoods, UK are presented in

Fig. 4 as a PCA plot of panel means. Two principal

components accounted for 84.8% of the total variation

between different flavour attributes of the samples.

There was a clear separation of the Ghana sample from

the local clones and most of the commercial estates.

The flavour attributes associated with the local clones

were mainly winey, floral, acid (fruity/citrus) and acid

(acetic) flavours with CCL 200 and CCL 202 being

associated with floral flavours. The Ghana sample was

associated with woody and burnt flavours and there

were low panel mean scores for winey and acid-fruity/

citrus flavours in the Ghana sample. There was also a

greater spread of different flavour attributes across the

commercial estates compared to the CCL results with

estate E3 being associated with winy and floral fla-

vours. Estate E4 associated with woody and burnt fla-

vours whilst E2 was associated with bitter, astringent,

farmyard and acetic acid flavour attributes. Estates E1

and E5 were both associated with coconut and nutty

flavours.

Table 1 Restricted maximum likelihood variance estimation of
flavour profiles for local clones over all three crop years com-
bined and local clone · crop year interactions

Flavour attribute Significance

Crop
year

Local
clone

Local clone ·
crop year

Cocoa * *** *
Acidity *** * ***
Astringency ** NS NS
Bitterness *** ** NS
Fruity ** NS NS
Floral ** *** NS
Nutty ** * *
Raw/beany/green NS NS **

NS not significant (P > 0.05)

*P £ 0.05; **P £ 0.01; ***P £ 0.001
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Fig. 3 a Average flavour profiles for coded commercial estate
samples (2002–2004) compared to the Ghana reference sample.
*P £ 0.05; **P £ 0.01; ***P £ 0.001; NS not significant
(P > 0.05). b Average flavour profiles for all the commercial
estate samples combined over each of three crop years.
*P £ 0.05; **P £ 0.01; ***P £ 0.001; NS not significant
(P > 0.05)
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Discussion

The main objective of this study was to develop and

use an optimised method of sensory evaluation to

consistently distinguish between ‘bulk’ and ‘fine or

flavour’ cocoa as well as to detect the combined effect

of environment on the flavour profiles of cocoa liquors.

It is useful to define ‘environmental effects’ in the

context of the study on cocoa quality as affected by

estates over season. It is taken to mean the relative

contribution of the combinations of all factors (exog-

enous and endogenous) that vary during a particular

crop year and can affect the development of final fla-

vour within different cocoa genotypes. These can range

from the weather (rainfall and sunshine patterns),

conditions during fermentation, micro-floral succession

during fermentation, to drying conditions, etc.

The optimisation of the sensory panel was achieved

through rigorous panellist screening, selection and

training exercises as well as via the employment of an

appropriate sensory tasting design and data analysis

techniques. This along with the standard method of

primary and secondary processing of cocoa beans em-

ployed ensured that the results were consistent over

replications (SE < 0.29) and seasons, and reflective of

international standards as gleaned from the comparison

with results from a sensory panel from Masterfoods,

UK. The frequent non-significant panellist · flavour

interaction component also indicated that the panel

was internally consistent.

The local cocoa clones used in this study were

commercial Trinitario hybrids marketed as ‘fine or

flavour’ cocoa at a premium price in the international

market. The flavour profiles for these local clones show

that they consistently had higher fruity and acid scores

than the Ghana sample which was mainly dominant in

cocoa and nutty scores. There were however significant

differences among the local clones in the extent to

which the floral flavour in particular was expressed.

The floral note was pronounced in CCL 200. The

profile trends in the local clones have been observed

consistently over the different crop years [13–15] and

highlight strong organoleptic differences that differ-

entiate the Ghana sample (‘bulk’) from the Trinitario

samples (‘fine or flavour’).

The contribution of genotype to flavour first high-

lighted by the work of Clapperton et al. [6, 16–18] was

demonstrated again in this study. The fruity, some-

times floral with moderately acid flavour attributes of

the local clones and commercial estates are in sharp

contrasted to the cocoa and nutty flavour attributes of

the Ghana sample. The strong contribution of geno-

type to flavour is demonstrated also in Figs. 2 and 4

where both taste panels at the Cocoa Research Unit,

Trinidad and at Masterfoods, UK were in agreement

that local clone CCL 200 displays very strong floral

characteristics over and above any crop year effects.

Indeed there were no significant local clone · crop

year effects for astringent, bitter, fruity and floral fla-

vour attributes in Table 1. The local clones were har-

vested from the same field each year and processed at

the same location to minimise the possible effects

processing and tree location on the final flavour of the

selected genotypes.

Fermentation in cocoa arises by the successive

action of various micro-flora viz. yeasts, lactic acid

bacteria and acetic acid forming bacteria. The yeasts

ferment the sugars of the pulp to produce ethanol and

carbon dioxide which makes the fermentation matrix

anaerobic and encourages the proliferation of lactic

acid bacteria. Ethanol and acetic acid infiltrate into the

cotyledon and together with the concurrent rise in the

temperature of the fermenting mass above 44 �C cause

death of the cells in the beans. Once the cells die they

lyse and the drainage of their aqueous contents facili-

tates a series of enzymatic and biochemical reactions

resulting in proteolysis and subsequent flavour pre-

cursor formation of the typical flavours associated with

well fermented cocoa [19]. These enzymatic and bio-

chemical reactions reduce astringency and bitterness

and promote flavour precursors that give rise to cocoa

flavour and other ancillary flavours typical of different

cacao genotypes. Cocoa flavour is a basal flavour that is

considered to be always present in well-fermented and

dried samples. Although, it is easily masked by other
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Fig. 4 Principal component analysis plot of average flavour
scores for local clones, commercial estates and the Ghana
reference sample assessed by Masterfoods, UK
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dominant ancillary flavour attributes such as fruity,

floral and acid flavours, it commonly remerges as a

residual flavour at the end of the tasting experience

during organoleptic evaluation. This could account for

the fact that cocoa flavour was the only flavour attri-

bute that did not vary significantly between the dif-

ferent crop years for the commercial estates and its

variation was only mildly significant (P £ 0.05) for the

local clones. CCL 200 had the lowest score for cocoa

flavour, probably due to masking by the dominant

floral character of this liquor.

The relative mixture of Trinitario germplasm fer-

mented on the different commercial estates ranged

from only mixed TSH varieties (estate E2), to pre-

dominantly ICS (E1 and E5) or mixtures of the two

types of cocoa germplasm (E3 and E4). The germplasm

composition from each estate remained the same every

crop year, the fermentation and turning regime re-

mained uniform and the drying methods were similar.

Even though fermentation practices were generally

uniform among the commercial estates, drying prac-

tices tended to vary more widely and ranged from

purely sun drying to a mixture of initial sun drying

followed by artificial drying to purely artificial drying.

As a result the temperature during drying and the

drying time would vary among commercial estates and

this may have directly affected the acid flavour attri-

butes of samples dried at the different estates. Drying

rate has been clearly linked to the acidic characteristics

of cocoa [20–23]. From the drying rates measured at

estate E1 and E2 (data not presented) it was observed

that the drying rate at estate E2 was on average twice

as fast as in estate E1. Estate E5 also has a sun-drying

regime similar to estate E1. The results suggest that the

drying regime possibly contributed to the noticeably

lower scores for acidity observed over the three crop

years in E1 and E5 as opposed to E2 (Fig. 3a). Quesnel

[24] found that acetic acid accumulates inside the bean

at the end of fermentation and the internal pH was

directly correlated to the acetic acid concentration in-

side the beans. The more rapid drying rate at estate E2

most likely resulted in the accumulation of acetic acid,

trapped inside the beans, via case hardening and

internal crusting [25]. Both taste panels were consis-

tently able to identify higher scores for acidity. The

estates E1 and E5 were also associated with nutty

scores as opposed to estate E2 which is associated with

bitter, astringent, farmyard and acetic acid flavour

attributes.

The smoky, woody and burnt off-flavour note de-

tected at estate E4 by both the Trinidad and Master-

foods, UK taste panels (Figs. 3a, 4) is a direct result of

a mal-adjusted diesel fired artificial dryer, operated

without a heat exchanger. Attempts were made to

rectify this problem in the 2003 crop year but it wors-

ened again in the 2004 crop year, increasing the aver-

age score for this off-flavour assigned by both sensory

panels. This demonstrates the ability of the standar-

dised organoleptic assessment protocol to identify and

quantify commercial flavour defects in samples.

Lockwood and Eskes [26], in their study of the

relationship between cocoa variety and quality found

strong environmental and/or seasonal effects on bean

weight, fat content and shell content but concluded

that flavour potential was largely a heritable function

of genotype. The concept of a crop year or environ-

mental effect on flavour has therefore never been

clearly identified and is poorly understood in cocoa. In

addition to the sensory data from this study, recent

research findings [14] have demonstrated strong envi-

ronmental and/or crop year effects in the presence and

concentration of pyrazine compounds that correlate

well to sensory attributes, especially ‘nutty’ and/or

‘cocoa’ flavours.

Having identified the impact of crop year or envi-

ronmental influences within a particular crop year on

flavour, it would be of interest to identify the factors

which can either positively or adversely affect flavour.

Such considerations were outside the purview of this

study but could include those factors that cause subtle

variations in the fermentation processes such as the mi-

cro-flora in the fermentation mass, changes in micro-flora

during fermentation, effects of ambient temperature,

water content and amount of mucilage surrounding the

beans and the fermentation requirements of different

genotypes as they affect the production of flavour

precursors. These variations raise a number of questions

concerning the relative importance and weighting of

genotype, growing environment (climatic, edaphic and

xenia effects) and how they interact during fermentation

and drying to affect the flavour and quality attributes of

cocoa. This study has demonstrated that it is possible to

investigate these effects with the optimised organoleptic

assessment protocol.

Conclusions

The results of this study highlight the successful

application of an optimised organoleptic assessment

protocol to identify the genotypic contribution to fla-

vour attributes in liquor samples made from Ghana

(normally classified as ‘bulk’ cocoa) and Trinitario

beans from Trinidad (normally classified as ‘fine or

flavour’ cocoa). The optimised protocol was not only

able to identify the major flavour attributes but was
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also able to consistently quantify the levels of the

attributes. The protocol has been used as an effective

research tool to identify commercial defects and crop

year or environmental effects on the flavour of cocoa

liquor. The optimised organoleptic assessment proto-

col will allow effective collaboration between different

sensory panels using similar versions of the protocol.

Furthermore it provides the means to generate im-

proved understanding of the relative importance of

cocoa varieties and the environment to flavour char-

acteristics.
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