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a b s t r a c t

Cocoa beans are rich source of polyphenols, contributing about 10% of the dry weight of the whole bean
and its derivative chocolate, particularly dark chocolate, is considered one of the major contributors of
antioxidants to the American diet after fruits and vegetables. At present the wide variation in cocoa
processing and in the content and profile of polyphenols make it difficult to determine to what extent
the findings about positive effects expressed in different studies, translate into tangible clinical benefits.
Moreover, before claiming any healthy properties to a plant, natural product or food item on human
subject, a basic research project approved by scientific and ethical commissions has to be performed.
Until now the definition, composition, manufacturing specifications, packaging and labelling of cocoa
and chocolate products in Europe, are regulated by “Directive 2000/36/EC of the European parliament

and of the council”. The definitions take changes in consumer tastes, chocolate composition and labelling
into account, but do not consider the real potential of healthy, beneficial and nutraceutical effects. In fact,
they fail to establish an official analytical methodology for the quantification of phenolic compounds in
cocoa and chocolate. Moreover quantification of these compounds is not used in product classification.

This article reviews many qualitative differences of cocoa and chocolate, in particular dark choco-
late, aiming to establish the different implications for public health through the use of the analyzed

concentration of polyphenols in cocoa products.

© 2010 Elsevier Ltd. All rights reserved.
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1. Introduction
Chromatographic analyses of residues extracted from pottery
vessels show that cacao beverages were being made there before
1000 B.C., extending the confirmed use of cacao in Mesoamerica
back at least 500 years. Cocoa came to Europe in the 16th century
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Table 1
Polyphenol content of different dark chocolates. Data reelaborated from Refs. [79] and [80].

Polyphenols (g/100 g) Brand Analytical method Ref.

0.34–2.34 Dark chocolate Colorimetric assay [80]
Mean 1.09 n = 46 Std: epicatechin
1.10 Dark chocolate Hplc [81]
0.48 Dark chocolate Not stated [82]

1.23 ± 0.01 Dark chocolate Colorimetric assay [83]
1.17 ± 0.03 n = 3 Std: gallic acid
1.48 ± 0.04

2.38 Dark chocolate Colorimetric assay
Std Catechin

[84]

2.62 Dark chocolate Hplc-Ms [85]
0.36 Dark chocolate Hplc [86]
0.51 Dark chocolate Hplc [87]

1.59 Dark chocolatea Prussian Blue [88]
1.52 n = 6 Std: Epi
2.13
1.23
2.11
1.71

2.23 Dark chocolate Colorimetric assay
Std: gallic acid

[2]

0.84 Dark chocolate Colorimetric assay [89]

2.42 Dark chocolate Colorimetric assay Unpublished data
2.41 N = 5 Std: gallic acid
2.03
1.87
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a Each value represents the mean of duplicate measurements.

nd in 1737, Linnaeus named the cocoa tree Theobroma (Food of
od) [1,8,96].

In 1590, the Florentine Codex suggested a remedy made out of
ocoa beans, maize and the herb tlacoxochitl (Calliandra anomala)
o alleviate fever, shortness of breath and heart conditions and

anuscripts produced in Europe and New Spain from the 16th to
arly 20th century revealed more than 100 medicinal uses for cocoa
nd/or chocolate [8].

Theobroma cacao L. is a small but economically important tree.
t is an evergreen, 4–8 m tall, of the Sterculiaceae family, native to
he tropical region of the Americas.

Each seed contains a significant amount of fat (40–50% as
ocoa butter) and polyphenols which make up about 10% of
he whole bean’s dry weight (epicatechin: concentrations among
reshly harvested beans of verified genetic origin ranged from
1.89 to 43.27 mg/g of dry defatted samples) [2,3]. When beans
ndergo the process of fermentation and drying, which are critical
teps in cocoa processing, the walls of pigment cells break down
nd their contents are exposed to other constituents within the
ean.

Fermentation of cocoa beans is crucial for the development of
recursors for chocolate flavour. The colour of the bean changes
rom purple to brown in well-fermented beans. Moreover, polyphe-
ols undergo a variety of reactions: epicatechin diffuses from its
torage cells, undergoes oxidation and polymerization reactions
o form complex tannins. The consequence in fermented cocoa
eans is a decrease of epicatechin concentration to approximately
–17 mg/g [2,4].

There are three main cultivar groups of cacao beans used to
ake cocoa and chocolate: Criollo, the cocoa tree used by the

ayas, is highly prized and rare, less bitter and more aromatic than

ther beans, from which only 5–10% of chocolate is made. Foras-
ero trees, which include several sub-varieties, are significantly
ardier than Criollo trees and produce cheaper cocoa beans, in fact
hey are used for 80% of world chocolate production. The Arriba
variety is considered the best one. Trinitario, a hybrid of Criollo
and Forastero, is used in about 10–15% of chocolate production
[1,5].

The cocoa beans used in the confectionery industry come from
a wide range of geographical areas, and may have different chemi-
cal and organoleptic properties but manufacturers have to produce
chocolates of constant flavour using raw material that is variable
([7]; Table 1). Kim and Keeney [4] for example, reported the differ-
ences in epicatechin content in defatted samples of cocoa beans
from different sources and they report a minimum content of
2.66 mg/g in Jamaican beans and a maximum of 16.52 mg/g in Costa
Rican beans.

The first human clinical study with chocolate was performed in
1996 by Kondo et al. [9] who found that 35 grams of delipidated
cocoa decreased LDL oxidation between 2 and 4 h after ingestion.
Since 1996 at least another 38 human studies involving the use
of cocoa in different forms have been performed. A multitude of
properties have been described. All of these may be summarized
under three main headings: antioxidant, cardiovascular protector
and antitumoral. At present the high level of variability in cocoa
processing and polyphenols content and profile, make it difficult,
to determine how far the findings about these positive effects trans-
late into tangible clinical benefits ([10]; Tables 2 and 3). Moreover, it
is obvious that before claiming any healthy properties for a plant or
natural product, it is necessary to plan and perform appropriate sci-
entific studies – basic, preclinical and clinical – in vitro and in vivo as
well as to develop appropriate standardization methods as regards
the active moieties, to afford accountability and reproducibility of
the results.

The preclinical and clinical studies should be approved by ethics

committee.

The authors of this review examine the qualitative differences
of cocoa and dark chocolate. A related topic is discussed, regarding
the effect of the polyphenols found in cocoa products on public
health.
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Table 2
Estimated quantity (mg) and percentage (%) of polyphenols assumed from different polyphenol containing dark chocolate: A = 3.4 mgECE/g and B = 23.4 mgGAE/g.

CH AU IR D GB B A USA FR NL J ES P BR

mg 94.5 85.3 82.2 76.2 73.8 55.4 54.7 48.9 47.9 44.5 16.4 15.9 11.2 9.5
11
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A % 18 17 16 15 14 11

B
mg 650 585 566 524 508 382
% 130 117 113 104 101 77

. Cocoa and chocolate composition: the EU Directive

Cocoa and cocoa based products like chocolate are widely con-
umed in many countries and cultures (Table 3). For example in
he Dutch population chocolate contributes up to 20% of the total
avonoids intake in adults, and in children the percentage is even
igher [62]. Chocolate is considered the third highest contribu-
or of antioxidants to American diet with 100–107 mg/day (fruits
55 mg/day, vegetables 233 mg/day) [84].

Indications on some functional cocoa constituents, with ben-
ficial effects on human health have been published. Particularly
n relationship with its high content of monomeric (epicatechin
nd catechin) and oligomeric (procyanidins) flavanols. Therefore,
ocoa and chocolate may be considered functional foods but the
unctional significance of each component has not been equally
larified.

Cocoa contains approximately 380 known chemicals and 10
sychoactive compounds [11]: interactions between constituents
ust be considered in relation to, firstly, their efficacy and secondly,

heir safety.
The definition, composition, manufacturing specification, pack-

ging and labelling of cocoa and cocoa derivative products are
egulated by the “Directive 2000/36/EC of the European parliament
nd of the council”, effective since January 2007. To summarize,
irective 2000/36/EC takes changes in consumer taste, chocolate
omposition and labelling [12] – which is legally controlled in many
ountries – into account, but does not consider the real poten-
ial of healthy beneficial effects, for example, by establishing the

inimum concentration of polyphenols in cocoa products.
In western and developed countries, but also in new emergent

ountries, even China and India, ever more people seem to have
istastes from fruit and vegetables [106]. As a result the inhabi-
ants of these countries fail to assume sufficient amounts of dietary
olyphenols [13]. Although the consumption of fruits and vegeta-
les is of more relevance, in this particular context a few pieces of
dark chocolate bar, containing cocoa polyphenols, with a stan-

ardized polyphenols content, could be more appreciated as a food
upplement than a pill with flavonoids.

. Cocoa polyphenols

Polyphenols constitute one of the most numerous and widely
istributed groups of substances in the plant kingdom. More than
000 phenolic structures are known [14] and dietary polyphenols
epresent the main source of antioxidants for humans use [15].
ased on the chemical structure polyphenols are classified into,

t least, 10 different classes. Flavonoids, the most important single
roup, are divided into 13 classes, with more than 5000 compounds
16].

Cocoa beans are virtually inedible because of the high concen-
ration of polyphenols and consequently they have an extremely

able 3
hocolate consumption in different countries.

CH AU IR D GB B

kg/person/year 10.14 9.13 8.83 8.18 7.93 5.96
g/person/day 27.8 25.1 24.2 22.4 21.7 16.3
10 9 9 3 3 2 2

7 337 330 306 112 109 74 65
67 66 61 22 21 16 13

bitter flavour [2,3]. Polyphenols content might decrease from 100%
to 10% in the final cocoa product (for example chocolate) through-
out the different manufacturing processes (fermentation, roasting,
dutching) [17,18]. According to Forsyth [19], losses of total phenol
are due to diffusion out of the cotyledons and can be estimated as
24% after 60 h of fermentation, reaching 58% after 8 days.

In fact, polyphenols content and profile in food can be
affected by several factors including environmental (sample ori-
gin, variety, degree of ripeness, climate, etc), food processing
(heating, alkalinisation) and food storage (refrigeration practice)
[20–24].

Kim and Keeney [4] reported differences in epicatechin content
on cocoa beans from shipments representing several countries of
production ranging from 2.66 mg/g in Jamaican beans to 16.52 mg/g
in Costa Rica’s beans.

Fermentation is a critical step for flavour generation in cocoa
and with a longer fermentation period is associated a higher reduc-
tion in flavanol content. Niemenak et al. [7] showed that the total
content of polyphenolic compounds in freshly harvested beans,
compared to similar beans subjected to fermentation, does not
evolve regularly during fermentation: in some clones the total phe-
nolic compound increased by about 25% after 2 days, in others
there was a decrease of 14% and 25%, while in other cases, it did
not change. The increase of polyphenols during the fermentation
process, may reflect a formation of polymeric pro anthocyanidins.

The fermented cocoa beans were subsequently roasted and
since flavanols are heat labile, significant losses of polyphenols can
also occur during this crucial manufacturing process. The alkalis-
ing process further reduces flavanol concentration [94]. Moreover,
possible interactions between many others chemical constituents
present in cocoa and chocolate, such as milk proteins, may influence
the bioactivity and bioavailability of flavanols in foods. At least, in
the gastrointestinal tract, polyphenols from cocoa and chocolate
are subject to absorption and their subsequent efficacy may vary
for different reasons [59,60].

From a more general viewpoint, it could be assumed that the
cocoa and chocolate products currently on the market show a
variability in polyphenols content. As a result, it is very difficult
to generalize any hypothetic health claims deriving from cocoa
polyphenols.

Dark chocolate with high cocoa content (>35%) [12] is consid-
ered to have the richest polyphenols content within group of cocoa
derivatives. However, each chocolate show a variability in polyphe-
nol content and/or profile ([25]; Table 3).

Furthermore, to correlate beneficial effects, such as polyphenol-
related antioxidant capacity in humans, it could be necessary to

further examine the absorption, distribution and metabolites pro-
duction of these substances [26].

Although the total polyphenols content may represent a use-
ful indicator of potential human nutritional benefits, a specific and
well-defined phenolic profile seems to be more important.

A USA FR NL J ES P BR

5.89 5.27 5.16 4.78 1.76 1.71 1.21 1.02
16.1 14.4 14.1 13.1 4.8 4.7 3.3 2.8
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In fact, complex mixtures of plant polyphenols, of which some
re chemically defined, have been shown to be absorbed in the
astrointestinal tract following different ways of metabolization.
ittle is known about their mutual interactions, interactions with
ormones, neurotransmitters molecules related to the immune
ystem, in vivo antioxidant activity and bioavailability. Therefore,
o sum up, several metabolites identified in human plasma after
onsuming flavonoids need also to be tested for possible non-
ntioxidant activities. So far any claims on the biological and health
rotective effects of natural polyphenolic compounds in our diet
re premature and unjustified [27].

.1. Composition of cocoa polyphenols

Polyphenols in cocoa beans are stored in the pigment cells of
he cotyledons. Depending on the amount of anthocyanins those
igment cells, also called polyphenol-storage cells, range in colour
rom white to deep purple.

Three groups of polyphenols can be distinguished:

1) catechins or flavan-3-ols (ca. 37%);
2) anthocyanins (ca. 4%); and
3) proanthocyanidins (ca. 58%).

The main catechin is (−)-epicatechin with up to 35% of polyphe-
ol content [16].

Phenolic compounds make up 12–18% of the total weight of
ried cocoa nibs (i.e., roasted cocoa beans) [14]. Approximately
5% of the total content of polyphenols in non-fermented cocoa
ibs belonging to the Forastero variety is epicatechin. Epicatechin
ontent in non-fermented cocoa nibs of different varieties range
etween 34.65 and 43.27 mg/g (defatted sample). This amount
ecreases during the process of fermentation and drying. Depend-

ng on the place of production, epicatechin content may change
etween 2.66 and 16.5 mg/g of defatted sample [28,29,4,16], while
he amount of catechin increases [30].

Apart from flavan-3-ols, catechin, epicatechin and their dimers
rocyanidin B1 and procyanidin B2, which are major compounds

n cocoa, the following polyphenols have been identified and quan-
ified in cocoa beans or cocoa products: procyanidin B3 = catechin-
4� → 8)-catechin, procyanidin B4 = catechin-(4� → 8)-
picatechin, procyanidin B5 = epicatechin-(4� → 6)-epicatechin,
rocyanidin C1 = epicatechin-(4� → 8)-epicatechin-(4� → 8)-
picatechin, procyanidin D = epicatechin-(4� → 8)-epicatechin-
4� → 8)-epicatechin-(4� → 8)-epicatechin, higher oligo- and
olymers, mostly homologues of epicatechin with 2–18 monomeric
nits, as well the following flavanols: quercetin, quercetin-3-O-
lucoside (isoquercitin), quercetin-3-O-galactoside (hyperoside),
uercetin-3-O-arabinoside. Moreover following flavones have
een detected: apigenin, apigenin-8-C-glucoside (vitexin),
pigenin-6-C-glucoside (isovitexin), luteolin and luteolin-7-O-
lucoside, dihydroquercetin, dihydroxykaempferol, kaempferol-
utinoside, naringenin, naringenin-glucoside, myricetin-glucoside.
inally at least the following phenolic compounds are identified:
affeic acid, chlorogenic acid, coumaric acid, ferulic acid, pheny-
acetic acid, phloretic acid, protocatechuic acid, syringic acid,
anillic acid, clovamide and dideoxyclovamide [16,31–33].

.2. Bioavailability of cocoa polyphenols

In humans, the total intake of polyphenols is about 1 g/day [112]

ith some great differences. For example the mean daily intake

f polyphenols in the Spanish diet was estimated between 2590
nd 3016 mg/person/day [6]. Large uncertainties remain due to the
ack of comprehensive data on the content of some of the main
olyphenol classes in food.
cal Research 61 (2010) 5–13

The maximum concentration in plasma rarely exceeds 1 �M
after the consumption of 10–100 mg of a single phenolic com-
pound [112]. The absorption and metabolism of polyphenol are
determined by their chemical structure, which is related with
the degree of glycosylation/acylation/polymerization, their basic
structure (i.e., benzene or flavone derivatives), conjugation with
other phenolics, molecular size, and solubility [14]. Catechins and
procyanidins can only be found as aglycones in plants and plant-
derived food products and thus, molecular size and solubility might
be the determining properties for absorption [93].

Cocoa polyphenols have been reported to present a low Cmax in
the plasma, a short half-life and a rapid excretion and therefore they
have a relatively low bioavailability [34], while flavanols in cocoa
products are present in monomeric form and, in a larger proportion,
as oligomeric procyanidins [26].

Among all the different classes of flavonoids, procyanidins
appear to be 10- to 100-fold less absorbed than their monomeric
constituents [35].

Among studies devoted to polyphenols activity, one of them
concluded that chocolate contain prevalently (−)-epicatechin and
(−)-catechin, with only small amounts of (+)-epicatechin and
(+)-catechin. Moreover, the form (+) was almost 10 times more
absorbed than the form (−) [36–38]. However, epicatechin is much
better absorbed than catechin [38,43] possibly due to stereochemi-
cal differences which results in different degrees of hydrophobicity
[44].

On the contrary in cocoa beans the (+) form predominates
[39].

3.2.1. Upon ingestion
Upon ingestion, flavanols first react with proline-rich proteins

in the mouth to elicit an astringent response.
Clinical data have shown that flavanols and procyanidins are

stable during gastric transit [51]. Spencer et al. [58] proposed that
in the acidic environment of the gastric milieu, a significant pro-
portion of flavanol oligomers are hydrolyzed into monomers and
dimers, enhancing their absorption in the small intestine, but pos-
sibly modifying their biological activity.

In the mesenteric circulation, flavanols exist predominantly in a
conjugated form and are absorbed from the jejunal lumen into the
epithelial cell layer, where they are methylated and glucorinated
[52,53].

Moreover these metabolites could be responsible, at least
in part, for the effects observed on the central nervous sys-
tem after cocoa and chocolate consumption. In fact, epicatechin
metabolites (glucuronide and 3-O-methylglucuronide) can cross
the blood–brain barrier and act at a cerebral level [54]

Rios et al. [51] demonstrated that high molecular weight fla-
vanol oligomers seem to reach the small intestine intact and are
available for absorption.

It was shown that absorption of epicatechin from chocolate was
significantly less when consumed with milk or as milk chocolate.
The hypothesis is that milk proteins bind to cocoa polyphenols,
which in turn prevents their absorption in the gastrointestinal tract
[59,60]. Studies after this have not found this reduction in epicat-
echin bioavailability when cocoa was consumed with milk [61],
but also have not been able to definitively explain why the original
paper found these results and the controversy remains open. In this
context the possibility of matrix effect and interactions between
two or more compounds present in cocoa or cocoa derivatives like
chocolate, must be considered.
Manach et al. [34] hypothesizes that some individuals could
have better absorption than others, possibly because of particular
polymorphisms. This could be the factor that explains the high vari-
ability in the percentages of flavonoid absorption that have been
published [62].
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.2.2. Intestine
Dimers and, probably, trimers are absorbed in the small intes-

ine but less efficiently (under 0.5%) than epicatechin and catechin
onomers, whose absorption level ranges between 22% and 55%

40–42].
Some glycosides are hydrolysed by enzymes such as lactase

hloridzin hydrolase and cytosolic �-glucoridase, in the small
ntestine [104].

The procyanidins that cross the intestinal barrier are conducted
o the liver via the portal vein, where they further degrade into

etabolites by methylation, glucorination and sulfation, which
esult in the potential antioxidants capacity of flavanols. These
etabolites can possibly reach all tissues within hours follow-

ng consumption as described in radiolabelled experiments with
ats. Further modification in the colon gives rise to other bioactiv-
ties that are attributed to flavanols. In this same experiment the
rine and feces analysis confirmed the presence of low molecular
eight metabolites which indicates that polymeric procyanidins

re absorbed through the intestinal barrier after degradation in
ow molecular weight metabolites, most probably by gut microflora
46–49].

Although it has been suggested that the metabolism of procyani-
in polymers (specifically dimer B-3 and trimer C-2) by intestinal
icroflora is limited [42], human fecal microflora, grown under

naerobic conditions in vitro, have the ability to degrade procyani-
ins (mDP = 6) to low molecular weight metabolites within 48 h.

In vitro studies showed that procyanidin oligomers (dimmers
nd trimers) passed through the human epithelial Caco-2 cell
onolayer, whereas polymers did not [3].
By investigating the metabolite excretion of healthy human sub-

ects after ingestion of either chocolate or grape seed extract, Rios et
l. [47] and Ward et al. [50], found an increase in different flavanol-
erived acids in urine.

.2.3. Kinetics, clearance, Tmax, Cmax, area under the curve (AUC),

1/2 for elimination
The first human bioavailability trial on polyphenols from

hocolate shows that with 40 g of dark chocolate (892 mg total
olyphenols expressed as gallic acid equivalent and 82 mg epicate-
hin), epicatechin was indeed absorbed into the blood. Epicatechin
as present in plasma as metabolites conjugated with glucuronide

nd sulphate groups. These compounds exhibited a Tmax of 2 h in the
lasma and Cmax of 111 ng/ml. The compounds were still detectable
fter 8 h.

With 80 g dark chocolate (1783 mg total polyphenols expressed
s gallic acid equivalent and 164 mg epicatechin), Tmax shifted to
.57 h and the Cmax to 203 ng/ml.

Interestingly, the Cmax and area under the curve (AUC) of
he plasma epicatechin kinetics were proportional to the dose of
hocolate ingested. The clearance of epicatechin from the plasma
ompartment was very fast (t1/2 for elimination of 1.9 and 2.3 h for
0 and 80 g chocolate, respectively) [2].

In another study [45] performed with high-flavanol cocoa drink
hFCD; total flavanols: 917 mg), Cmax range of about 2.75 nM while
max were similar to those indicated after ingestion of 80 grams
ark chocolate. It seems that matrix effects are very limited for the
bsorption of flavanol between cocoa drinks and dark chocolate
nd they demonstrated that pure epicatechin ingested by humans
losely and quantitatively mimics the vascular effects of flavanol-
ich cocoa and that chronic consumption of a high-flavanol diet
s associated with a high urinary excretion of NO metabolites and

onsistent with an augmented NO production.

In the same study a significant correlation between flavanols
etabolites and Flow Mediated Dilatation (FMD), a predictor for

ndothelial dysfunction, whose found with epicatechin (r = 0.486;
< 0.01) and other three metabolites (sum r = 0.432; P < 0.01) but no
cal Research 61 (2010) 5–13 9

significance was observed with catechin, suggesting that epicate-
chin is, at least in part, responsible for the improvement of vascular
function.

Several studies have demonstrated that epicatechin is rapidly
absorbed in humans, with plasma levels detected after 30 min of
oral ingestion and reaching a peak after 2–3 h and returning to
baseline values within 6–8 h after consumption of flavanol-rich
chocolate. On a regular daily basis the overall effects may poten-
tially accumulate [103]. Heiss et al. [55], demonstrated that the
effects of cocoa polyphenols can be cumulative if taken in high
doses (918 mg of flavanols/day for 1 week). An open question
concerns polyphenol dose-response studies and it must also be con-
sidered that at the moment it is not possible to generalize and to
suggest for example how much chocolate is needed for an antioxi-
dant effect.

A in vitro study by Martin et al. [56], showed that pre-treatment
for 2 or 20 h of HepG2 cultures with different doses (0.05–50 �g/ml)
of cocoa phenolic extract significantly reduced the t-BOOH-induced
increase of LDH and prevented cell damage. This and other studies
indicate the prevention potential of cocoa polyphenols also in vivo.

Other studies indicate that monomeric flavanols appear to be
absorbed in a dose-dependent manner, whereby maximum plasma
concentrations peak 2 h after ingestion and return to baseline
within 24 h [2,57]

3.3. Potential adverse effect of cocoa polyphenols

Procyanidins have been considered antinutritional compounds
because they can interact with proteins, starch, essential amino
acids, carbohydrates and inhibit certain enzymes [65–67]. This
binding depends on the degree of polymerization, the larger
molecules tend to bind more efficiently [68]. However at the dose
present in cocoa no adverse effect has been observed [62,109].

In addition, the level of flavonoids required to induce mutations
and cytotoxicity may not be physiologically achievable through
dietary sources; however the use of flavonoid supplements could
result in exposure to potential toxic levels [69].

Reported flavanol-related health detrimental effects include
activation of pro-carcinogens, pro-oxidant activity, haemor-
rhage formation, initiation of hepatotoxicity, genotoxic effects,
interference with thyroid hormone biosynthesis alteration of phar-
macokinetics of therapeutic drugs, increased estrogenic tumor
formation, mutagenicity, modification of plasma biochemistry,
instigation of gastroenteritis, antinutritive activity and weight loss
[63,64,70,71].

Proanthocyanidin-rich products also posses the ability to cause
cell toxicity to normal, healthy tissue [71] and although generally
considered safe, ingestion of higher concentration of proantho-
cyanidins instigates destruction of mucosal lining of the digestive
tract, gastroenteritis, and congestion of the intestinal wall in rats,
hemorrhagic gastroenteritis in rabbits [72], and striking lesions in
the digestive tract of sheep [73].

Structurally similar to endogenous steroid hormones, flavonoids
may also promote estrogenic activity by initiating increased
expression of aromatase (CYP19) which correlates with tumor ini-
tiation, promotion and progression [74,75].

Moreover it must be considered that mostly, the active com-
pounds may not be the native polyphenols found in food, which
are most often tested in in vitro studies; they are more likely to be
metabolites [76].

At least flavonols give a bitter, astringent flavour to foodstuffs,

frequently masked in chocolates and confections by aggressive pro-
cessing and adulteration with other flavours. Extensive processing,
dilution, and the addition of flavour modifiers may improve the
palatability of chocolate, but could have negative nutritional and
clinical benefits [77].
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.4. Potential adverse effects of other cocoa component

The concentration of theobromine in dry fat free cocoa is in the
ange of 2.4–3.2 g/100 g, while caffeine is between 0.3 and 1 g/100 g
108]. Moreover, theobromine has an LD50 in rats of 837 mg/kg
oral), which is equivalent to 10,000 g of milk chocolate or 4500 g
ark chocolate ingested by a 60 kg human [9].

Caffeine has an LD50 in rats of 192 mg/kg (oral) [113] and fatal
affeine overdoses in adults are relatively rare and require the
ngestion of a large quantity of the drug, typically in excess of 5 g
114].

Caffeine and theobromine are known to cross placental and
lood brain barrier thus potentially inducing neurophysiological
nd foetus development effects [92,111]. Moreover their presence
n cocoa could limit its potential as a nourishing food [92].

On this basis, FDA has been advising women since 1980 to
void caffeine or consume it only moderately during pregnancy
99] so like many health professional organisations [100] and at the

oment there is insufficient evidence to confirm or refute the effec-
iveness of caffeine avoidance on birth weight or other pregnancy
utcomes [115].

On the other hand Giannandrea [101] in his epidemiologi-
al study suggest that exposure to cocoa during prenatal life or
hildhood may be associated to the risk of both hypospadias and
esticular cancer in the offspring.

For these reasons, well-designed future research are needed to
nvestigate and define the role of individual exposure to cocoa, par-
icularly during prenatal and in the early life of human, and the real
ole of caffeine in foetal mortality. Besides, epidemiological studies
ould be in any case controversial [102].

Furthermore for the healthy adult population, moderate daily
affeine intake (6 mg/kg body weight/day in a 65 kg person) is not
ssociated with adverse effects such as general toxicity, cardio-
ascular effects, effects on bone status and calcium balance (with
onsumption of adequate calcium), changes in adult behaviour,
ncreased incidence of cancer and effects on male fertility. On the
ontrary, reproductive-aged women and children are potentially
isk subgroups who may require specific advice on moderating
heir caffeine intake (reproductive-aged women: 4.6 mg/kg bw/day
or a 65 kg person) while children should consume ≤2.5 mg kg(−1)
w/day [107].

. Discussion

Interest in the biological activities of cocoa polyphenols is
ncreasing steadily. In fact the high polyphenol content of cocoa,
oupled with its widespread presence in many food items, render
his food of particular interest from the nutritional and pharmaco-
ogical viewpoints [90]

In 1996 an editorial of the authoritative scientific review The
ancet entitled “Secrets about drugs are not healthy” [95]. Today
t must be considered that also some health claims attributed to a
ood cannot be healthy when the only reason why these claims are

ade is for marketing purposes. We can say health claims are not
ven healthy.

Nowadays, this could apply to chocolate.
In fact, the actual evidence for beneficial effects of polyphe-

ols against various diseases has generated new expectations for
mprovements in health, with great interest from the food and
utritional supplement industry regarding promotion and devel-

pment of polyphenols-rich products. But the health implications
elated to and derived from different chocolates within the same
ategory, in this case dark chocolate, are theoretically different and
epend on the polyphenols content and profile which is related to
he bean origin and to the manufacturing processes and therefore it
cal Research 61 (2010) 5–13

is impossible to establish appropriate public health recommenda-
tions. Further, to date it is still impossible to evaluate the individual
and social benefits that increases in polyphenols intake could have
for the general population or for particular groups at specific dis-
ease risk. Furthermore, a significant increase in the consumption
of polyphenols, as for many other phytomicronutrients, may not
be without risk. Some hazards associated with the consumption of
polyphenols are documented, but evaluation among humans is still
very limited for many reasons. In vitro studies have demonstrated
the lack of cytotoxicity of cocoa compounds and (−)-epicatechin on
different cell lines [109].

The polyphenols content and profile is of more importance and
it is essential that, in the future, all published trials give a full char-
acterisation of the chocolate or cocoa used and the calculated dose.
This characterisation should include a breakdown of the types of
polyphenols, especially monomer content and the methodology
behind the measurement, i.e., HPLC or colorimetry.

Polyphenols are extensively conjugated in the body, and non-
conjugated metabolites most often account for a minor fraction of
the circulating metabolites. Very little is currently known regarding
the biological activities of these conjugated metabolites [78] and
we are just now beginning to understand that the mechanism of
action of polyphenols is not always an antioxidant one and most
likely involves the metabolites rather than the original polyphenols
[97,98].

Antioxidant capacities of foods measured by different methods
represent different underlying mechanisms and result in different
rankings of the same foods.

Antioxidant capacities measured by the same method in sim-
ilar foods demonstrate variability in values perhaps accountable
by factors such as application of analytical methods by different
laboratories or to the cultivar, season etc. Moreover, it must be con-
sidered that other macronutrients and micronutrients, for example
fructose, can directly or through their metabolites affect the total
antioxidant capacity of plasma [98,105].

The bioavailability of procyanidins depends on their absorp-
tion and metabolism, which in turn are determined by their
chemical structure, the vehicle of delivery, as well as the degree
of their conjugation, glycosylation, sulfonation and acylation
[14,57].

Cocoa is a rich source of flavonoids and several studies have
demonstrated the positive effects of these compounds and cocoa on
central nervous system following cell damage triggers. This effect is
possibly linked with the antioxidant capacity of both cocoa extract
and (−)-epicatechin. Interestingly the maximum reduction of ROS
production was similar in both cocoa extract and epicatechin condi-
tions [109] linking the neuroprotective effect with this compounds.
At this moment no positive neuropsychological effects on healthy
adults are suggested from other studies [110].

Despite the complex mixture of polyphenols in cacao, its
antioxidant effect seem to be associated with the presence of (−)-
epicatechin also in humans [45,109]. Other compounds need to be
tested for its antioxidant properties. Of more importance is to con-
sider the possible interactions between two or more compounds
present in cocoa or cocoa derivatives, also at low concentration
that would not cause an achievable effect if taken as single com-
pound. This is particularly difficult with complex mixture like
cocoa.

A epidemiological study conducted in 2008 [91] concluded
that 6.7 g dark chocolate diminish inflammation measured as
CRP plasma concentration, but with the above consideration,

to date it is not possible to correlate this hypothetic beneficial
effect, with any compound like polyphenols present in the cocoa
derivatives.

In our society where the consumers are even more informed,
exacting and attentive over the quality of products, a greater trans-
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arency for example by including on the label of cocoa derivatives
nformation on polyphenols content, will augment the choice cri-
eria of consumers and will done an augmented value for artisanal
roducers, limiting at the same time speculative health claims. But
efore the scientific community need to complete the hard work to
rovide a RDI of the principal polyphenols. This can give a notably
dvantage also in fruit and vegetables choice.
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