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Summary

Cocoa hulls are the main by-product of cocoa with a high content of
soluble fibres and polyphenols. Cocoa and cocoa-derived products
are largely studied because of the antioxidant and antiradical in
vitro properties of the polyphenolic constituents. These bioactive
compounds have beneficial implications to human health (prevention
of cardiovascular diseases and cancer) because of their free radical
scavenging capacities. Thus, it is an imperative interest to bring this
low-priced by-product into a more profitable utilization as possible
source of dietary fibre for functional foods. The focus of this work
was to characterize the content of bioactive compounds (polyphenols,
hydrocolloids) of cocoa hulls from different geographic origins,
i.e. Madagascar, Ghana, Trinidad, Venezuela and Ecuador. The
antioxidant activity, measured by electron spin resonance (ESR),
showed a high correlation between polyphenol content and antioxidant
activity. The analyses showed significant differences between the
geographic origins. The hulls of Madagascarian cocoa beans had
higher contents of polyphenolic compounds and water soluble pectin
compared to all other analysed origins. Moreover, they showed the
highest antioxidant activity. In contrast the cocoa hulls from Ecuador
contained the lowest values of polyphenols as well as of antioxidant
activity. The lowest content of water soluble pectin was determined in
cocoa hulls from Trinidad. Beside genotype variations, ripeness and
fermentation of the cocoa beans, climate and soil conditions as well
as stress are significant factors influencing the content of the bioactive
compounds. The geographic origin of the cocoa beans (climate, soil
quality) substantially influences their quality. Finally, cocoa hulls
polyphenol-rich extracts are very interesting raw products with
peculiar colorant and functional properties. The interest in functional
foods and the focus on potential health benefits of these compounds,
invites the speculation that cocoa bean shell could provide a ready
source of inexpensive polyphenol and pectin rich additives to human
foods, for example chocolate.

Introduction

Cocoa is an important export product of many developing countries
for production of cocoa powder and chocolate. The amount of cocoa
hulls in the cocoa bean processing industry is very high. Tons of cocoa
hulls are disposed as waste every year. They are part of the cocoa
bean, separated from the cotyledons after the roasting process. They
are commonly used as secondary source of theobromine and caffeine,
as fertilizer and as packaging material (ARLORIO et al., 2005). There
is a compelling reason to come up with a more useful and profitable
outlet for this by-product. Cocoa hulls have a high content in soluble
fibre and polyphenolic compounds. The interest in functional foods
and the focus on potential health benefits of both compounds, invites
the speculation that cocoa bean shell could provide a ready source of
inexpensive polyphenol rich dietary fibre (REDGWELL et al., 2003),
for example as a supplement to human foods.

Polyphenolic compounds belong to the secondary plant metabolites
which have antioxidant activity. They are involved in scavenging

free radicals and thus protect the organism from oxidative damages.
They have redox properties which allow them to act as reducing
agents, hydrogen donators and singlet oxygen quenchers (RICE-
EvANS et al.,, 1997). Polyphenols of cocoa have been reported in
many studies as bioactive compounds with antioxidant, anti-radical
and anticarcinogenic properties (REN et al., 2003; WOLLGAST and
ANKLAM, 2000; SANBONGI et al., 1998). They have been shown
to protect against diseases like coronary heart disease, cancer,
neurodegenerative disorders, mostly through their antioxidant and
free radical scavenging capacities (WAN et al., 2001; BRAvVO, 1998).
Cocoa polyphenols have been suggested to positively influence
cardiovascular health through inhibition of lipid peroxidation,
platelet activation or cyclooxygenase and lipoxygenase activities,
and enhancing levels of the endothelial-derived relaxing factor, nitric
oxide (SCHEWE et al., 2002; KARIM et al., 2000; REIN et al., 2000).
Polyphenolic compounds of cocoa are mainly flavan-3-ols (mono-
meric epicatechin and catechin, as well as their oligomers from dimers
to decamers, the procyanidins), with small amounts of anthocyanins
(mainly cyanidin glycosides) and flavonols (quercetin glycosides)
(ADAMSON et al., 1999; HAMMERSTONE et al., 1999). (-)Epicatechin
is quantitatively the main compound of cocoa polyphenols (ap-
proximately 35 % of polyphenol content of unfermented Forastero
cocoa beans). Total soluble polyphenol content of good fermented
dried cocoa beans ranges from 2 to 6 %, strictly depending on the
variety as well as on the geographic origin. Forastero typical content
is about 6 %; soluble polyphenols content of Criollo cocoa is about
2/3 of Forastero (ARLORIO et al., 2005).

Despite the changes in polyphenol content during processing a
considerable antioxidant activity is preserved in cocoa and chocolate,
since epicatechin and catechin are heat-resistant. Especially the
low-molecular weight derivatives which consist of only two or
three catechin- respectively epicatechin-units have a very good bio-
availability in human organism (B1TSCH, 2001). They are decomposed
as catechin and epicatechin in the upper small intestine which can
be absorbed through the intestinal wall for transport via the blood
(SPENCER et al.,, 2001). Evidence exists that catechin is absorbed by
the human gut (DAS, 1971), and other investigations involving oral
administration of 3-O-methyl-catechin in three volunteers showed
that the supplement occurred in plasma (HACKETT et al., 1985).
Furthermore, SERAFINI et al. (2003) reported ‘an increase of (-)
epicatechin after consumption of dark chocolate in blood plasma of
12 tested volunteers.

Besides flavonoids, the main cocoa hulls component is total dietary
fibre, principally composed by insoluble fibre and also containing
pectin characterized by high methylation degree. The methoxylation
degree was found to be 60.53 % (ARLORIO et al., 2001). Pectin is
an important polysaccharide with many applications in the tood and
pharmaceutical industries.

According to the work of LECUMBERRI et al. (2007) total dietary
fibre content of cocoa hulls was extremely high, over 60 % of the
dry matter. As for the constituent fractions, soluble dietary fibre
accounted for less than 17 % of the total dietary fibre content, made
of mainly pectic substances (11.78 % of the total dietary fibre).
Quantitatively, insoluble dietary fibre was the main component of the
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hulls, accounting for over 80 % of the total dietary fibre and 50 % of
the total dry weight.

Dietary fibre is known to be beneficial for the human health and
body function, thus a consumption of dietary fibre is associated with
a reduced incidence of disorders and diseases common in developed
countries such as chronic bowel disorders, obesity, diabetes, cardio-
vascular disease and cancer (JOHNSON, 2004; KRIS-ETHERTON et al.,
2002; BESSESEN, 2001; SUNGS00 CHO and DREHER, 2001).
Considering the health benefits associated to the consumption
of dietary fibre and polyphenols in the diet, the presence of both
bioactive components in cocoa hulls differing in their origin could
highlight the interest of such a product as a potential ingredient
for the functional food industry. Therefore, the aim of the study
was to determine the contents of polyphenols and water soluble
pectins as well as antioxidant activity from cocoa hulls of different
proveniences.

Materials and Methods
Samples and chemical analyses

Cocoa hulls were provided by Kakao Verarbeitung Berlin (Berlin,
Germany). Different cocoa hull proveniences were obtained from
pre-roasted cocoa beans from Madagascar, Ghana, Trinidad,
Venezuela and Ecuador. The different cocoa types were Trinitario
(Madagascar, Trinidad, Venezuela), Forastero (Ghana) and Nacional
LArriba® (Ecuador). Cocoa hulls were grinded and sieved before the
analysis; the powders obtained were directly used for the chemical
characterisation (contents of total polyphenols and water soluble
pectin, antioxidant activity).

Total polyphenol content and antioxidant activity

For the determination of the antioxidant activity and total phenolic
content 0.5 g freeze-dried fruit samples were extracted in 10 mL of
the cooled solvent 0.1 % HCl/methanol (15/85, v/v).

The quantitative determination of polyphenols was based on the
Folin-Ciocalteun’s reagent according to the method by JENNINGS
(1981). The samples were spectrophotometrically measured at
765 nm. Polyphenols were expressed as gallic acid equivalents
(GAE) using a calibration curve.

The antioxidant activity of the extract was measured by electron spin
resonance (ESR) spectroscopy (ROSCH et al., 2003). The efficiency
of an antioxidant compound is expressed as its ability to reduce a
synthetic free radical species, Fremy’s salt. The antioxidant capacity
indicates the quantity of Fremy’s salt (mot), which is reduced by
1 mol of antioxidant compound.

Content of water-soluble pectin

Cell wall extraction was conducted as described by BLUMENKRANTZ
and ASBOE-HANSEN (1973) and modified by HUYSKENS (1991).
Freeze-dried samples were washed with an acetone/ethanol mix-
ture (70/30, v/v) and dried for 24 h at 70 °C. For the extraction
of water soluble pectins cell wall material was mixed with destilled
water and dissolved by stirring for 1 h. Thereafter samples were
brought to a pH value of 4.5 and the enzyme pectinase (20 ug)
(Pectinex ultra SP L, Novo Nordisk Ferment, Switzerland) was added.
Subsequently samples were stirred for 1 h, centrifuged for 10 min at
4°C and 11000 rpm as well as filtered afterwards. The colorimetric
determination of the water soluble pectin fraction was conducted
according to the method of McComB and McCREADY (1952).
Thereafter, the amount of galacturonic acid of water soluble pectin
was measured spectrophotometrically at 520 nm. D-Galacturonic
acid was used as a standard.

Statistics

Each origin was analysed in quadruplicate, except the samples from
Ghana (in triplicate). Statistical analysis (ANOVA) was performed
by Statgraphics software (2006, Rockville, Maryland, USA). The
multiple-range test after Bonferroni was used to assess difference
between means respectively the test of Nemenyi and Dunn in the
case of variance heterogeneous. For correlation analysis the simple
regression analysis was used. A significant difference was considered
at the level of p < 0.05. All data were expressed as mean =+ standard
deviation.

Results and Discussion

The average total content of polyphenolic compounds of cocoa hulls
ranged from 2.56 to 4.06 mg GAE g' DM (Fig. 1). The highest
polyphenol content revealed the cocoa hulls from Madagascar with
4.06 mg GAE g! DM, followed by Trinidad, Ghana and Venezuela.
There was a significant difference between the hulls from Madagascar
and Ecuador which had the lowest polyphenol content with 2.56 mg
GAE g' DM (Fig. 1).
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Fig. 1: Total polyphenol content of cocoa hulls extract. Gallic acid was used
as standard. Mean values * standard deviation (n=4). Means with
different letters were significantly different at the level of p < 0.05
(Bonferroni-test).

Furthermore, the hulls from Venezuela and Madagascar showed the
highest pectin content of the water soluble fraction with 25.22 and
24.90 mg GAL g! DM. They differed significantly from the hulls
from Trinidad with a content of only 13.23 mg GAL g DM (Fig. 2).
The highest antioxidant activity showed the cocoa hulls from
Madagascar and Trinidad with 0.035 mmol Fremy’s salt g' DM.
They differed significantly from the hulls from Venezuela and
Ecuador. The hulls from Ecuador had the lowest value with
0.023 mmol Fremy’s salt g' DM (Fig. 3). There was a strong
correlation between antioxidant activity of the methanolic extract
and total polyphenol content (1=0.87) suggesting that polyphenolic
compounds are responsible for the antioxidant activity.

There are several internal and external factors affecting the quality
and quantity of polyphenolic compounds in plants. These include
the genetic (varietal and regional) diversity as well as many
environmental factors, i.e. growing conditions such as light intensity,
humidity, temperature, the use of fertilizers, wounding, infections
or other stress factors (STINTZING and CARLE, 2004; VALLEIJO et al.,
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Fig.2: Content of water-soluble pectin in cocoa hulls. Galacturonic acid
was used as standard. Mean values * standard deviation (n=4).
Means with different letters were significantly different at the level of
p < 0.05 (Bonferroni-test).
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Fig. 3: Antioxidant activity of cocoa hulls extract measured by using ESR
spectroscopy. Mean values + standard deviation (n=4). Means with
different letters were significantly different at the level of p < 0.05
(Bonferroni-test).

2003; CABRITA et al., 2000; CHALKER-SCOTT, 1999; MACHEIX et al.,
1990). Flavonoids are beneficial for the plant itself as physiological
active compounds, as stress protecting agents, as attractants or as
feeding deterrents, and, in general by their significant role in plant
resistance. The defence-related flavonoids are synthesised by plants
in response to physical injury, infection, or stress, They may also
be constitutively synthesised but, additionally, their biosynthesis is
often enhanced under the influence of several types of stress. These
preformed compounds are often stored at strategically important
sites where they may play a signalling and/or a direct role in defence
(TREUTTER, 2006).

The climate on the east and north-west coast of Madagascar is
characterized by strong precipitation (2000-4000 mm). Cocoa
trees react to water stress more sensitive than other tropical plants,
like coffee, bananas or citrus (Woob and LAss, 1985, p.71).
High precipitation causes a strong washing out of the soil and an
accumulation of aluminium and ferric oxides as well as an increased
danger of fungal diseases like phytophtora fruit rot. Flavonoids may
help plants to live on soils which are rich in toxic metals such as
aluminium (BARCELO and POSCHENRIEDER, 2002).

Although polyphenolic compounds usually accumulate in the outer
parts of plants such as shells and skins (BRAvVO, 1998) there is scarce
information on the polyphenol content of cocoa hulls. In previous
studies (ARLORIO et al., 2001) a mean of 1.8 % of total polyphenol
compounds was detected by means of Folin Ciocalteu’s method. In
a recent study by ARLORIO et al. (2005) the polyphenol composition
of the hulls was determined. The major components in hulls were
epicatechin and p-hydroxybenzoic acid (2753 and 2252 ppm). The
HPLC method used in this study showed the presence of some
minor “unknown” compounds, supposed to be anthocyanins and
proanthocyanidins. Also these compounds are reported as strong in
vitro antioxidants (ADAMSON et al., 1999).

The high polyphenol content of the cocoa hulls from Madagascar
(4.06 mg GAE g DM) could be attributed to the stress factors the
cocoa tree was exposed to. Also permanently high day temperatures
over 30 °C are a stress factor for the cocoa tree. This is reported by
MURRAY and SPURLING (1964) conducting experiments on Trinidad
which showed that a constant temperature of 31 °C leads to a loss of
apical dominance. This does not occur when the temperatures vary
during the day, i.e. in Ghana (WooD and LAsS, 1985, p. 54). Thus
the high day temperature of about 30 °C could have caused the high
polyphenol content (3.91 mg GAE g DM) in the cocoa hulls from
Trinidad.

Fermentation and roasting conditions also have a great influence
on the content of polyphenols. A high content of polyphenolic
compounds in the cocoa hull is probably attributed to an optimal
fermentation time. During fermentation polyphenols diffuse with
cell liquids from their storage sites and are subjected to oxidation,
polymerization, and binding to proteins; so the content of catechins
and soluble polyphenols is lowered during fermentation (CALIGIANI
et al,, 2007). Therefore, major content of soluble polyphenols of
dried cocoa beans are often an index of bad fermentation (ARLORIO
et al., 2005). In the present study the cocoa hulls from Ecuador had
the lowest content of polyphenols. This could be due to the short
fermentation applied (WooD and LASS, 1985). So the origin of the
cocoa beans is an important influencing factor. A study done by
NATSUME et al. (2000) reported that polyphenol content in cocoa
liquor varied with the country of origin, Furthermore, the polyphenol
content of cocoa depends on cocoa bean variety (genotype). Fine
varieties with short fermentation processes (Madagascar, Trinidad,
Venezuela) proved to contain more procyanidins, while bulk cocoa
liquors extracts from Africa (Ghana) which are highly fermented
proved very poor in such compounds (COUNET et al., 2004).

Water soluble pectins are affected by the interaction of genetic,
physiological, agronomic (position of pods on the tree) and
environmental factors. The analyses showed that the content of water
soluble pectin was not dependent on the cocoa type because the hulls
from Venezuela (25.22 mg GAL g DM) and the hulls from Trinidad
(13.23 mg GAL g DM), which differed significantly in their pectin
content, belong to Trinitario cocoa types. Comparable literature
values for water soluble pectin in cocoa hulls are scare. ARLORIO et
al. (2001) detected a content of water soluble pectin in raw hulls of
46.67 gkg'. The content of water soluble pectin is mainly influenced
by external factors (climate and soil). Intensive radiation, high day
temperature and low night temperature and sufficient water supply
promote an accumulation of pectic substances (CAESAR, 1986). Such
climate conditions exist in Venezuela and Madagascar. The hulls from
Venezuela showed with 25.22 mg GAL g DM the highest content of
water soluble pectin. The cocoa hulls from Trinidad had the lowest
content of water soluble pectin (13.23 mg GAL g DM). In contrast
to the other isles of this region Trinidad is not of volcanic origin and
fertile soils are limited (WooD and LASS 1985). This might be one
reason for the low values,
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Another reason for different contents of pectic and also polyphenolic
substances is the high heterogeneity between individuals derived
from one cross, and heterogeneous transmission of genetic traits
to the progeny, especially in Ghana. Uniform seeds from firms are
often too expensive. In most cases seeds are heterogeneous because
of the generative propagation with seeds of cocoa fruits from the
plantation and from other growers of the neighbourhood. These
regional adaptations result in differences for trade and production.
There are differences in cocoa types and varieties as well as in
isolated populations. However, the raw cocoa products are typical for
the growing country itself (EICHHOLZ, 2000). Therefore, the cocoa
provenience is an important quality parameter.

In the present study antioxidant activity was influenced by the
polyphenol content. The analysis showed a strong correlation
between antioxidant activity and polyphenol content (1=0.87). Also
other studies showed a correlation between antioxidant activity and
polyphenol content (NAGAI et al., 2003; Y ANG et al., 2002; VELIOGLU
et al., 1998). Thus, it is suggested that polyphenolic compounds
present in cocoa extracts have strong scavenging ability. The poly-
phenol composition of hulls extract was determined in previous
studies. All polyphenolic compounds identified in hulls extract
were described as antioxidant or antiradical molecules (COISSON
et al., 2003; AzIZAH et al., 1999). This could be due to the antioxidant
mechanisms of polyphenolic compounds towards free radicals. The
redox potential of polyphenolic compounds plays an important role
in determining the antioxidant capacity (RICE-EVANS et al., 1997). In
cocoa beans, antioxidant compounds soluble in water could be (-)-
epicatechin, (+)-catechin, and quercetin (SANBOGI et al., 1997). ROSCH
et al. (2003) reported that the flavan-3-ols, catechin and epicatechin,
were excellent radical scavengers because of their chemical structure.
ARLORIO et al. (2005) supposed that some oligomeric polyphenols as
procyanidins (as well as some not-polymerized anthocyanins) could
be the bioactive molecules involved in damage protection.

Conclusion

Cocoa hulls exhibited a high content of total polyphenols and water-
soluble pectins. They appear to be a good and inexpensive source
of these bioactive compounds that might be isolated and added to
chocolate with higher antioxidant activity. Moreover, they have a
low content of fat compared to cocoa beans with a fat content of
about 50 %. Together with a low content of soluble sugars cocoa
hulls are an optimal ingredient for functional food low in calories
and rich in dietary fibre (LECUMBERRI et al., 2007). For this reason,
we suggest to perform further analysis (HPLC) aiming to identify all
polyphenolic compounds in the cocoa hulls extract for their safe use
in food technology.
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