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Abstract Phenolic compounds contribute to the quality
of raw cocoa, the basis of all chocolate products. Detailed
research is needed about the variability of these substances
in unprocessed cocoa seed and during seed processing. For
the present study, seed samples of Upper Amazon Foras-
tero, Lower Amazon Forastero, Nacional, Criollo and
Trinitario from different origins were compared in order to
estimate the influence of genetic and site-specific features
on the phenolics. Besides ripe, fresh cocoa seed, different
fermentation stages of Criollo samples were analysed.
Total polyphenols were examined using Folin—Ciocalteu
reagent. RP-HPLC-PDA was adapted to analyse the
monomeric cocoa polyphenols. Criollo seed contains no
anthocyanins, but greater amounts of caffeic acid aspartate
than samples of other cocoa types. No genetically deter-
mined differences in the amounts of total polyphenols and
(—)-epicatechin were found. In contrast, soil fertilisation
may lead to cocoa seed with significantly smaller amounts
of total polyphenols, flavan-3-ols and anthocyanins, but
larger quantities of caffeic acid aspartate than those from
unfertilised locations. The diminution of catechins found
during fermentation and drying is stronger in the Criollo
seed samples than described for other genotype groups.
This may be responsible for the mild flavour of Criollo
chocolates. Caffeic acid aspartate turned out to be highly
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resistant to degradation, with an average of 33% of the
original content remaining in fully fermented cocoa seed.
The results could be used in trials to produce raw cocoa
with specific contents of phenolics.
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Introduction

Cocoa and chocolate are extraordinarily popular consumer
goods. They are based on raw cocoa, the fermented and
subsequently dried seed of the cocoa tree Theobroma cacao
L. Originating in the Amazon basin of South America,
cocoa today is cultivated throughout the entire tropical
zones of the earth.

Only products from roasted raw cocoa possess the
unique cocoa flavour that comprises the general impression
of cocoa smell and taste [1]. The individual flavour
potential of a raw cocoa determines its classification as fine
or flavour cocoa with a particularly aromatic and charac-
teristic flavour or as bulk cocoa without such a specific
flavour note. Cocoa of the rare Criollo type is considered to
exhibit one of the best flavour qualities [2].

Bitterness and astringency are important components of
cocoa flavour. Though bitterness can be attributed in part to
purines, both characteristics are mainly caused by phenolic
constituents, which amount up to 18% of fat-free dry weight
in unprocessed seed [3]. According to some authors, the
reaction products of phenolic substances are among the
most important components of cocoa flavour [4]. Clapper-
ton et al. [5] correlate the flavour quality of individual cocoa
samples with their content of (—)-epicatechin. Complex
condensation products of phenolic cocoa compounds
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generated during fermentation and drying are responsible
for the brown colour of raw cocoa and chocolate.

It is a well-documented fact that phenolic cocoa ingre-
dients possess a strong anti-oxidative potential, which is
largely based on the o-diphenol structure of many of these
compounds. Cocoa polyphenols have been reported to have
a protective effect against arteriovascular diseases, cancer
and inflammatory processes in the human body [6-17].
Based on the health protective effect of cocoa seed
polyphenols, various chocolate products with increased
amounts of phenolic compounds were launched (e.g.
CocoaVia “products from Mars Inc. and Polyphenol 3000”
from Meiji Seika Kaisha).

Information is scarce about the parameters that deter-
mine the content of phenolic compounds in unfermented
cocoa seed. In view of the present trends to produce
authentic fine or flavour chocolates, it is of great interest to
assess the individual content of polyphenols of the diverse
cocoa types, varieties and origins. In addition, the docu-
mentation of the decrement of phenolic compounds during
cocoa seed processing still needs further research. Earlier
studies have been focusing on the decomposition of
procyanidins which is only one among various groups of
cocoa polyphenols. A comprehensive analysis of the
genetic influence on the chemical reactions during seed
processing is not available yet. Such investigations are
needed to learn more about the generation of fine or flavour
cocoas, like Criollo, which differs substantially from most
of the other raw cocoas due to its less pronounced bitter-
ness and astringency [18].

In the present study, total polyphenols and the main
phenolic monomers in ripe and unfermented seed of
Forastero, Trinitario and Criollo cocoa of six different
origins were examined. The objective was to analyse the
genetic and the site-specific influences on the content and
composition of phenolic seed ingredients. In addition to
ripe cocoa seed, samples of Criollo seed from different
fermentation stages were analysed.

Materials and methods
Cocoa samples

Samples of ripe and unfermented cocoa seed were pur-
chased from six different origins, as specified in Table 1.

Most of the site-specific data were obtained directly
from the suppliers of the cocoa samples and listed in
Table 2.

The ripe, unfermented cocoa seed samples belong to
various clones, respectively, varieties (in the case of the
Criollo and the Amelonado samples). The samples were
grouped according to their respective, traditional cocoa
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types Trinitario, Criollo and Forastero, the latter being sub-
grouped in Upper Amazon Forastero, Lower Amazon
Forastero and Nacional. Such a classification is justifiable
as all seed samples belong either to traditionally cultivated
varieties or (in the case of the Upper Amazon Forasteros)
to closely related populations. Thus, the genetic variation
within the same cocoa type, respectively, sub-group can be
assumed to be comparatively low.

Most of the unfermented cocoa seed samples were
obtained as ripe fruits (Table 1). The seeds were taken
from their pods 4-7 days after harvesting, their seed shells
removed and the embryos shock frozen in liquid nitrogen
and subsequently freeze-dried. Seed samples from Ecuador
were sent as freeze-dried nib powder. Samples from Ven-
ezuela were obtained as sun-dried seed. According to
preliminary studies, sun-dried cocoa seed samples do not
differ significantly from freeze-dried samples as far as their
contents of polyphenols are concerned (unpublished data).

The influence of fermentation on the phenolic compo-
sition of all Criollo varieties listed in Table 1 was also
studied. The samples were obtained from three fermenta-
tion batches of Criollo Mérida and one fermentation batch
of Guasare and Porcelana, respectively (five Criollo fer-
mentation batches in total). From each fermentation batch
sun-dried seed was sampled after 24, 48 and 72 h of fer-
mentation, the last stage being equal to fully fermented
Criollo seed.

Chemicals

Unless otherwise specified, all chemicals were of analytical
grade and were purchased from Merck (Darmstadt, Ger-
many). Water was purified in a Milli-Q water purification
system (Millipore, Bedford, MA, USA).

Extraction

Between 1 and 2.5 g of freeze-died or sun-dried cotyledons
were milled to a powder with a particle size of ca. I um® in
a Retsch MM 200 (Germany) laboratory mill with 10 mL
of n-hexane for fat removal. The pulverised sample then
was rinsed 2 times with 50 mL of 40-60 °C petroleum in a
Buchner funnel to reduce the residual fat content to <5%.
Subsequently, the defatted powder was dried in a vacuum
oven at room temperature and 100 mbar.

Analysis of total polyphenols

For analysis of total phenolic compounds, 0.5 g of the fat
free sample was weighed in a 100 mL centrifuge vessel and
put on ice. Subsequently, each sample was extracted 3 times
with a mixture of acetone and water (once 80 + 20, twice
60 4+ 40 v/v) under constant agitating conditions. After
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Table 1 The investigated ripe, unfermented cocoa seeds

Clone/variety Type n Samples Ecuador® Ghana® Malaysia® England* Trinidad® Venezuela®
Amelonado LAF 5 2 3

BR 25 T 3 3

CATONGO LAF 5 2 3

Criollo Mérida C 3 3
EET 59 N 3 1 2

EET 95 N 8 1 2 5

EET 390 N 3 3

Guasare C 1 1
ICS 95 T 5 1 2 2

KKM 22 T 3

NA 33 UAF 8 2 2 1

PBC 123 T 3

Porcelana C 1 1
SCA 6 UAF 10 2 5 3

T 63/967 UAF 2 2

T 79/501 UAF 2 2

T 85/799 UAF 2 2

UIT 1 T 3 3

? Former plantation of Nestlé, Quevedo, Los Rios

Genebank of the CRIG (Cocoa research Institute Ghana) near New Tafo

¢ Genebank of the MCB (Malaysian Cocoa Board), Quoin Hill near Tawau

4 Genebank of the School of Plant Science, University of Reading near London

¢ Genebank of the CRU (Cocoa Research Unit), University of the West Indies

! Genbanks and plantations in Zea/Mérida, San Juan de Lagunillas/Mérida and Chama/Zilia

C Criollo, LAF Lower Amazon Forastero; N Nacional; T Trinitario, UAF Upper Amazon Forastero

each extraction, the sample was centrifuged at room tem-
perature and 5000 rpm for 10 min (Laborfuge GL, Heraeus
Christ, Osterode, Germany). Prior to the third centrifuga-
tion, the sample was treated in an ultrasonic bath (Sonorex
Super RK 510 H, Bandelin, Berlin, Germany) for 2 min.

The three supernatants were combined in a flask con-
taining 2.5 mL of glacial acetic acid. Acetone was removed
by rotary evaporation under partial vacuum at 40 °C and
80 mbar (LABO Rota SE 320, Resona Technics, Gossau,
Switzerland). The aqueous residue was transferred to a
volumetric flask containing 2 mL of glacial acetic acid and
diluted to 100 mL with Milli-Q Plus water.

The total content of polyphenols was determined with
the Folin—Ciocalteu procedure [19]. Crude extract of phe-
nolic compounds was diluted 1/10 (v/v) with 2.5% aqueous
acetic acid. This solution (1 mL) was transferred to a
10 mL volumetric flask and 0.5 mL Folin—Ciocalteu
reagent and 2 mL of a 20% aqueous solution of Na,COj3
was added. The mixture was then diluted to 10 mL with
Milli-Q Plus water. The samples were then incubated for
10 min in a water bath at 70 °C. After cooling to room
temperature, the absorbance of the samples was measured
at A =730 nm against the blank value by means of a

Photometer (Ultrospec 3000, Pharmacia Biotech, Freiburg,
Germany). The content of total polyphenols was deter-
mined at equivalents of (—)-epicatechin.

RP-HPLC analysis of monomeric cocoa polyphenols

For RP-HPLC analysis, 50 mg of the defatted cocoa
powder was weighed in a centrifuge tube (16 x 100 mm?),
3 mL of methanol added and the mixture stirred for 20-
30 s with an ULTRA-TURRAX® T25 (Ika Labortechnik,
Staufen, Germany) agitator. The agitator was then rinsed
with 2 mL of methanol and the solutions combined. The
centrifuge tube was cooled for 15 min at 0 °C, and then
centrifuged for 10 min at 5000 rpm. The methanolic
supernatant containing phenolic compounds was decanted
into a 50 mL pear-shaped flask. The extraction was repe-
ated 3 additional times, with a cooling phase of only 2 min.
The methanol was removed from the combined extracts by
rotary evaporation under partial vacuum at 40 °C and
100 mbar. Subsequently, the residue was dissolved in
1.5 mL methanol (Lichrosolv®). The sample was trans-
ferred into an HPLC vial through a 0.45-pm syringe
filter (PTFE Multoclear®, CS-Chromatographie Service,
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Table 3 List of the phenolic . ] -
standard compounds for RP- Phenolic compound Group of phenols Provider
HPLC Aesculetin Hydroxycoumarins Aldrich
Catechin Flavan-3-ols Fluka
Chlorogenic acid Hydroxycinnamic acid esters Aldrich

Clovamid

Cyanidin 3-0-a-L-arabinoside
Cyanidin 3-o0-f3-p-galactoside
p-Hydroxycinnamic acid
Caffeic acid

(—)-Epicatechin
(—)-Epigallocatechin

Ferulic acid
p-Hydroxybenzoeic acid
o-Hydroxy-phenyl acetic acid
p-Hydroxy-phenyl acetic acid

Phenylacetic acid

3-(4-Hydroxyphenyl) propionic acid

Phloroglucinol
Protocatechuic acid
Quercetin

Quercetin 3-o-galactoside
Quercetin 3-0-glucoside
Syringic acid

Vanillic acid

Hydroxycinnamic acid amides Bayer HealthCare AG

Anthocyanins Polyphenols AS
Anthocyanins Polyphenols AS
Hydroxycinnamic acids Merck
Hydroxycinnamic acids Merck
Flavan-3-ols Sigma
Flavan-3-ols Sigma
Hydroxycinnamic acids Merck
Hydroxybenzoic acids Merck
Phenylacetic acids Merck
Phenylacetic acids Merck
Phenylacetic acids Merck

Similar to hydroxycinnamic acids Merck

Simple phenols Aldrich
Hydroxybenzoic acids Aldrich
Flavonols Sigma

Flavonol glycosides Fluka

Flavonol glycosides Fluka
Hydroxybenzoic acids Merck
Hydroxybenzoic acids Aldrich

Langerwehe, Germany). The vial was sealed hermetically
and the sample stored at —20 °C until further analysis.

The RP-HPLC-PDA method was optimised to separate
the reported phenolic cocoa compounds reviewed by
Ziegleder and Biehl [20], and, slightly modified, by Jardine
[21]. Standards were purchased from different providers as
stated in Table 3.

Chromatographic analyses were carried out on a HPLC
system equipped with an AS-4000 (Merck, Darmstadt,
Germany) automatic injector, two Knauer (Berlin, Ger-
many) HPLC pumps 64, a Knauer HPLC programme 50
solvent controller, a Waters (Eschborn, Germany) 996
Photodiode Array Detector (PDA) and analysed by means
of Millennium TM 3.2 software (Millipore Corporation,
Milford, MA, USA). Separation of polyphenols was per-
formed on a Waters Novapac C18 (3.9 x 300 mmz; end-
capped) column at 26 °C. The binary mobile phase
(Table 4) consisted of 2% acetic acid in water (A) and a
mixture of acetonitrile, water and concentrated acetic acid
(400:90:10 v/v/v) (B).

Twenty microlitres of sample was injected onto the
column. Phenolic compounds were detected in a spectrum
from A = 230-540 nm. Quantification of the anthocyanins
took place at 530 nm, the flavonols were detected at
371.6 nm and all further phenolic compounds were

Table 4 RP-HPLC gradient used for the separation of cocoa seed
polyphenols

Time (min) Flow rate (mL min™") A (%) B (%)

0 1.2 90 10
1.2 90 10

38 1.1 77 23

50 1 60 40

70 1 10 90

73 1 10 90

78 1.2 90 10

93 1.2 90 10

quantified at 280 nm. Each substance other than caffeic
acid aspartate (see below) was identified and quantified by
comparing its retention time, spectrum and peak area with
an authentic standard (see Table 3).

Identification and quantification
of (+)-N-(E)-caffeoyl-L-aspartate

The identity of (+)-N-(E)-caffeoyl-L-aspartate (caffeic acid
aspartate) was established by Dr. T. Stark (Institute for
Food Chemistry, University of Miinster, Germany) by
comparing the fractionated peak with its reference standard

@ Springer
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Fig. 1 Representative chromatogram of a sample of unfermented
cocoa at A = 280 nm. AU absorption units

at the University of Miinster’s Institute for Food Chemis-
try. As this standard substance was not available in
Hamburg, caffeic acid aspartate was quantified via the
chlorogenic acid standard (see Table 3). As the absorption
characteristics of chlorogenic acid are almost identical to
those of caffeic acid aspartate, identical molar amounts of
each substance produces the same peak areas (Prof. Dr. T.
Hofmann, Institute for Food Chemistry, University of
Miinster, Germany, personal communication).

Statistical analysis

Statistical analysis was performed with STATISTICA
(version 6, StatSoft, Inc., Tulsa, OK, USA). Data were
subjected to correlation analysis and to analysis of variance
(one-way ANOVA) with subsequent Scheffé post hoc test
at a level of significance of p < 0.05.

Results

Each sample of fresh and unfermented cocoa seed poly-
phenols exhibits 12—-15 significant peaks at A = 280 nm

(Fig. 1). Two of these peaks correspond to the two purine
alkaloids caffeine and theobromine, which are commonly
found in cocoa seeds. These two substances did not affect
analysis of phenolics, as they did not overlap any of the
standard phenolic substances.

The phenolic compounds (—)-epicatechin, caffeic acid
aspartate and catechin were quantified at A = 280 nm.
Traces of (—)-epigallocatechin also were found.

Additional peaks at 4 = 280 nm do not correspond to
the phenolic standard substances listed in Table 3. As their
spectra possess a maximum at 278.7 nm and are similar to
that of (—)-epicatechin and (4)-catechin, these unidenti-
fied phenolic fractions presumably belong to a group of
oligomeric and polymeric procyanidins that have been
detected in cocoa seed by Adamson et al. [22] among
others.

Four peaks are present at 4 = 530 nm in all fresh and
unfermented cocoa seed samples that contained any
anthocyanins (Fig. 2). The two larger peaks were identified
as cyanidin 3-o-f-p-galactoside and cyanidin 3-o0-o-L-ara-
binoside. Two further fractions with similar spectra were
eluted at earlier retention times (Fig. 2, arrows). These two
substances probably are cyanidin rutinoside and a pento-
side that have been previously described as cocoa seed
compounds [23].

The flavonol content in the phenolic extracts was deter-
mined at A = 371.6 nm. Whereas quercetin was not found
in any of the samples, each of them contained traces of
quercetin-3-galactoside and quercetin-3-glucoside (Fig. 3).
A third fraction that did not resemble any reference standard
was detected at a retention time of ca. 39 min (Fig. 3). This
substance appears to be another quercetin glycoside, like
quercetin 3-o-arabinoside, which was previously described
as a cocoa seed ingredient [24-30].

The samples of fresh and unfermented cocoa seed
showed large differences in their content of total poly-
phenols, as well as in the content of individual phenolic
compounds. The content of total polyphenols varied

Fig. 2 Representative 0,050

chromatogram of a sample of

unfermented cocoa at 0,040 1

A = 530 nm. Cya-gal cyanidin

3-0-f-p-galactoside, Cya-ara

. o 0,090 -

cyanidin 3-o-o-L-arabinoside.

Arrows unidentified peaks with

similar spectra, AU absorption o 0020

units <
0.010
0,000 1
0,010

Cya,ara
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Fig. 4 ANOVA of the type-specific content of total phenols (a), (—)-
epicatechin (b), cyanidin 3-0-f-p-galactoside (¢), cyanidin 3-0-o-L-
arabinoside (d) and caffeic acid aspartate (e). a Actual effect:
F = 0.60, p = 0.67; b actual effect: F = 0.68, p = 0.61; ¢ actual

between 6.93 and 17.96% of fat-free dry mass (ff Md). As
for the cyanidin 3-0-a-L-arabinoside, a variation between 0
and 7,737 mg kg~ ff Md was found, whereas the content
of cyanidin 3-o0-f-p-galactoside ranged from O to
4,234 mg kg~' ff Md. Different seed samples contained
between 0 and 6546 mg kg~ ff Md caffeic acid aspartate.

The content of (4)-catechin varied broadly between 0
and 2,254 mg kg~ ' ff Md in the analysed cocoa samples.
No significant dependencies between the content of (+)-
catechin and any genetic or site-specific variables (as listed
in Table 2) were found.

LAF  Nacional UAF Trinitario Criollo
cocoa type

effect: F = 13.89, p < 0.005; d actual effect: F = 20.82, p < 0.005;
e actual effect: F = 10.77, p <0.005 type VI decomposition
(effective hypothesis); vertical bars designate 95% confidence
intervals

No significant differences in the content of total poly-
phenols and the dominating phenolic substance (—)-epi-
catechin were found between the samples of Criollo, UAF,
LAF, Nacional and Trinitario cocoa (Fig. 4a, b).

Criollo seeds contain few or no anthocyanins. However,
these substances occur in significantly larger amounts in
most of the Forastero and Trinitario samples (Fig. 4c, d).
Seeds resulting from self-pollination of the Lower Amazon
Forastero clone CATONGO (Table 1) are also character-
ised by the absence of anthocyanins. Among the other
cocoa samples, no differences in anthocyanin content were
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found which were specific to cocoa type, respectively, sub-
group (Fig. 4c, d).

Criollo seeds contain significantly higher amounts of
caffeic acid aspartate than the samples of the other cocoa
types and sub-groups (F = 10.77; p < 0.005; Fig. 4e).
Thus, in addition to their lack of anthocyanins, Criollo
cocoa seeds also differ from other cocoa types and sub-
groups because they have elevated amounts of caffeic acid
aspartate.

Most of the site-specific variables (see Table 2) could
not be linked statistically to the polyphenol contents of the

respective cocoa seed samples. However, a significant
correlation was found between site fertilisation (yes/no)
and the total polyphenol content as well as that of specific
phenolic compounds. Significantly larger amounts of total
polyphenols, flavan-3-ols and anthocyanins were found in
cocoa seed from sites without fertilisation. In the same
seeds the quantity of caffeic acid aspartate is significantly
lower than in seeds from fertilised locations (Fig. 5a—e).
The amount of phenolic compounds in Criollo seed at
different stages of processing has not previously been
investigated. During fermentation the contents of all
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Fig. 5 ANOVA of the contents of total polyphenols (a), (—)epicat-
echin (b), cyanidin 3-o0-f-p-galactoside (c¢), cyanidin 3-0-o-L-arabi-
noside (d) and caffeic acid aspartate (e) depending on site
fertilisation; type VI decomposition (effective hypothesis); c—e basing
on all ripe samples other than Criollos. a Actual effect: F = 27.67,
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p < 0.005; b actual effect: F = 15.49, p < 0.005; ¢ actual effect:
F = 31.14, p < 0.005; d actual effect: F = 12.40, p < 0.005; e actual
effect: F = 8.66, p <0.005 type VI decomposition (effective
hypothesis); vertical bars designate 95% confidence intervals
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phenolic Criollo seed compounds decreases (Fig. 6). Large
differences were found between the individual samples.
These differences did not depend on the respective Criollo
variety.

During Criollo seed fermentation and subsequent dry-
ing, the dominating phenolic monomer (—)-epicatechin
decreases to an average of 2,615 mg kg~' ff Md which
corresponds to about 8% of the content of unprocessed
seed. The decrease of (4)-catechin is even greater, to a
residue of 7.2 mg kg~' ff Md or about 1% of the original
amounts. Caffeic acid aspartate is more resistant to dec-
rement than the two catechins during Criollo seed pro-
cessing. In fully fermented Criollo seed, 1,220 mg kg™ " ff
TM or about 33% of the original amount of this substance
still remains.

Due to their different decrement rates, the relative pro-
portion of the main phenolic Criollo seed compounds
changes substantially during processing. In some of the
fully fermented samples, the amount of (—)-epicatechin,
which is by far the dominant phenolic substance in
unprocessed Criollo seed, is even lower than that of caffeic
acid aspartate.

Discussion

Many of the polyphenols listed in Table 3 were not
detected in the extracts of fresh cocoa seed by means of the
methods applied in the present study, although newly
adapted analytical means for these substances were
applied. Most of the missing compounds were detected by
means of traditional methods such as paper chromatogra-
phy. Few of these substances were recovered from cocoa
extracts in recent studies. This leads to the assumption that
the majority of these previously described phenolic content
may have been artefacts generated during post-harvest
processes or during analysis of the cocoa seed material. As

for the chlorogenic acids, these compounds may have been
confused with caffeic acid aspartate and other hydroxy-
cinnamic acid amides in previous publications due to their
similar spectra and the lack of precise analytical methods.
Some compounds may also be present below the detection
limit of the method applied. Some short annotations for
particular phenolic compounds are given in Table 5.

The finding that there are no differences in the amount
of total polyphenols and (—)-epicatechin of the several
cocoa types and sub-groups corresponds to Griffiths [36],
who describes identical polyphenol and catechin content in
Forastero and Criollo type cocoa. These results are also
supported by Graziani de Farifias et al. [37] who did not
find any significant differences in individual content of
tannins between Forasteros, Criollos and Trinitarios.

However, the results of the present study are in contrast
to those of Lange and Fincke [38], Efraim [39], cited by
Efraim et al. [40] and Martini et al. [41] who state that
Criollo seed contains only 30-60% of the amount of
polyphenols in Forastero seed. Indeed, such differences can
be found between individual Criollo and Forastero seed
samples and processed Criollo seeds generally possess
a mild flavour with less bitterness and astringency than
Forastero seeds [18]. Therefore, differences in the amount
of phenolics between individual seed samples can easily be
mis-interpreted as type-specific distinctions. However,
according to the results of the present study, reduced
content of polyphenols in Criollo cocoa is caused by faster
decrement of these substances during seed processing in
comparison to the other cocoa types and sub-groups (see
below).

Few or no anthocyanins were present in Criollo and
CATONGO seed as reported by other authors [42].

As for the larger amounts of caffeic acid aspartate in
Criollo cocoa seed, Correia et al. [43] found significant
differences between the amounts of hydroxycinnamic acid
amides specific to individual varieties of Coffea L. seed.
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Table 5 Monomeric phenolic
compounds and their presence
in fresh cocoa seed

Phenolic compounds

Assured Possible explanation for description
presence in in previous studies
cocoa seeds

Esculetin

No Possible degradation product of
hydroxycinnamic acids [31]

(4)-Catechin Yes

Chlorogenic acid, neochlorogenic acid No Possible misidentified hydroxycinnamic acid
amides [32, 34]

Cyanidin 3-0-a-L-arabinoside Yes

Cyanidin 3-o0-f3-p-galactoside Yes

p-Coumaric acid, caffeic acid No Possible degradation product of flavonoids or
hydroxycinnamic acid amides [33]

(—)-Epicatechin Yes

(—)-Epigallocatechin

Ferulic acid, p-hydroxybenzoic acid,
hydroxyphenylacetic acids, phenylacetic

Yes (traces)

No Possible degradation product of flavonoids or
hydroxycinnamic acid amides [34]

acid, 3-(4-hydroxyphenyl)-propionic acid,

syringic acid, vanillic acid
(+)-Gallocatechin
Hydroxycinnamic acid amides

Phloroglucinol, protocatechuic acid

Quercetin

Quercetin 3-0-galactoside
Quercetin 3-0-glucoside

No Possibly present in traces below detection limit

Yes Besides caffeic acid amide further amides are
described in Stark und Hofmann [34]
amongst others

No Possible degradation product of catechin [35]

No Possible deglycosylation product of quercetin
glycosides [30]

Yes (traces)

Yes (traces)

These similar results support the assumption that the con-
tent of caffeic acid aspartate in cocoa seed is, among other
things, determined genetically.

The results of the current study indicate that the nutrient
supply of the mother plant affects the amounts of phenolic
contents in cocoa seed. Increased phenolic compounds at
sub-optimal nutrient supply have been observed in other
plant species. Various ecophysiological models, such as
the “Carbon/Nutrient Balance Hypothesis” [44] or the
“Growth-Differentiation Balance Hypothesis” [45] pro-
vide possible explanations for this phenomenon.

Nitrogen deficit may be responsible for the lower
content of caffeic acid aspartate in seed samples of
cocoa trees from sites that were not treated with fertil-
izer. The elevated concentration of amides in plants is a
typical result of fertilisation with nitrogen. These com-
pounds were described by Pahlsson [46] from leaves of
Fagus sylvatica L., as well as by Li [47] from vegetative
parts of other plants. Tsai et al. [48] detected larger
amounts of nitrogenous compounds in maize kernels
after manuring.

Further experiments (e.g. formal fertilizer trials) could
determine if and to what extent the content of phenolic
compounds in cocoa seeds is influenced by fertilisation.

@ Springer

Such procedures may be suitable for directed modification
of these compounds and, thus, of the cocoa seed quality.

The discovery that the amounts of (+)-catechin is not
correlated with any genetic or site-specific features may be
caused in part because during sample processing (—)-epi-
catechin epimerizes to (—)-catechin [49-52]. (—)-Catechin
cannot be separated from (4)-catechin by the method
applied here.

During Criollo seed fermentation and drying, a rapid
decline of catechins was observed. According to previous
studies, a similar loss of (—)-epicatechin from seeds of
other cocoa types was found, if at all, only after a signifi-
cantly longer fermentation time [3, 53, 54]. This suggests
that the mild flavour of Criollo raw cocoa may be caused
by the rapid decrease of phenolics during fermentation.
Further research is needed to analyse the reasons for the
rapid decomposition of phenolic compounds during Criollo
seed processing. Characteristics of Criollo seed shell or
cotyledon tissue may permit a faster invasion of pulp
degradation products into the seed and to a stronger leak-
age of phenolic compounds during fermentation. Higher
residual PPO and peroxidase activities also may facilitate a
higher oxidation rate of phenolic Criollo seed compounds
during drying.
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The findings that caffeic acid aspartate is more resistant
than catechins to decrement correspond to the results of
other authors. Wollgast [30] detects less decrement of
hydroxycinnamic acid amides during the processing of raw
cocoa to chocolate. A high resistance of hydroxycinnamic
acid amides against chemical and physical impacts was
also observed by Correia et al. [43] who documented rather
small losses of these substances during the roasting of
coffee beans.

Conclusion

The present study indicates that there are type-specific
differences in phenolic compounds within unfermented
cocoa seed. Additionally, the site-specific nutrient supply
seems to influence the amounts and the composition of
cocoa seed polyphenols. The individual decrement rate of
these substances during seed fermentation and drying
depends on cocoa type. The seed of the fine or flavour cocoa
Criollo differs considerably from that of other cocoa types
and sub-groups. The reason for greater amounts of caffeic
acid aspartate and the faster decrement of catechins during
Criollo seed fermentation should be investigated in further
studies. Both aspects may contribute to the characteristic
flavour potential of raw cocoa made from Criollo seed.
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