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2 Institute of Public Health of the Osijek-Baranja County, F. Krežme 1, 31000 Osijek, Croatia
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Chocolate has been consumed as confection, aphrodisiac, and folk medicine for many years before science proved its potential
health benefiting effects. Main compounds of cocoa and chocolate which contribute to human health are polyphenols that act as
antioxidants and have potential anti-inflammatory, cardioprotective, antihepatotoxic, antibacterial, antiviral, antiallergenic, and
anticarcinogenic properties. This paper gives a short overview of scientific literature regarding cocoa polyphenols and influence of
cocoa and chocolate on humanhealth. Although research on health benefits of dark chocolate and cocoa is quite extensive nowadays
and shows potentially beneficial effects of dark chocolate and cocoa, there are still lots of unknowns and some controversies. This
is obviously an area that needs more research in order to determine factual influence of chocolate on health.

1. Introduction

Cocoa and chocolate are consumed by humans for thousands
of years. To Mayan people, cocoa pods were symbols of
fertility and life and food of gods. Aztecs believed that con-
sumption of cocoa gave wisdom and power and used cocoa
as currency.Aztecs andMayasmade dark, unsweeteneddrink
based on cocoa, which was called xocoatl. They seasoned
it with chili peppers and added corn meal, but sugar was
unknown to them. In 1492 Columbus brought cocoa beans
from America to Europe, but at that time they were not
interesting to Europeans [1].

Hernan Cortez, in 1528, brought cocoa to Spain along
with secret of making Chocolatl. In Spain, sugar, vanilla,
nutmeg, cloves, allspice, and cinnamon were added to the
original recipe and aphrodisiac shortly made breakthrough
in Europe [1].

However, chocolate bars were not produced until the
18th century, when mechanical mills for squeezing cocoa
butter from cocoa mass were produced, and milk chocolate
was first produced in the 19th century by Daniel Peter and

Henry Nestle. Rodolphe Lindt invented a process called
conching, which enabled formation of smooth chocolate
aroma andMilton Hershey was a pioneer of mass production
of affordable chocolate bars.

For many years, chocolate was consumed purely for
pleasure, but in the last 20 years researches have shown that
dark chocolate and cocoa could have beneficial effect on
human health due to high content of polyphenols.

Polyphenols are large and heterogeneous group of biolog-
ically active secondary metabolites in plants, where they act
as cell wall support materials, colourful attractants for birds
and insects, and defence mechanisms under different envi-
ronmental stress conditions (wounding, infection, excessive
light, or UV irradiation) [2]. Based on a number of phenolic
rings and of the structural elements that link these rings,
they are divided into four groups: phenolic acids, lignans
(recognized as phytoestrogens; flaxseed and flaxseed oil are
themain source), flavonoids (themost abundant polyphenols
in human diets), and stilbenes (resveratrol is under investiga-
tion for its anticarcinogenic properties). Flavonoid group is
subdivided into: anthocyanins, flavonols, flavanols (catechins
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in tea, red wine, and chocolate), flavanones (citrus fruit are
the main source), flavones, and isoflavones (main source is
soya) [3] (Figure 1).

2. Cocoa Polyphenols

Three main groups of polyphenols in unfermented cocoa
bean are flavan-3-ols or catechins, anthocyanins, and proan-
thocyanidins, with average content of 120–180 g/kg [4, 5].
Main polyphenol compound in fresh cocoa bean is (−)-
epicatechin (Figure 2), with average content of 21–43mg/g of
defatted sample, followed by (+)-catechin, and dimers and
trimers of these compounds [6]. Complex alteration products
of catechin and tannin give brown and purple colour to cocoa
bean, and leucoanthocyanins are present as glycosides [6].

Research of Counet et al. (adopted from [7]) showed
that genetic characterization influences polyphenol content
in cocoa. Namely, they found that Criollo cultivars contained
higher levels of procyanidins than Forastero and Trinitario
beans. In addition, crop season and country of origin have
impact on polyphenols in cocoa beans [7].

Cocoa bean processing highly affects polyphenol content.
During fermentation, polyphenols diffuse with cell liquid
from storage cells and are subjected to oxidation (both
nonenzymatic andpolyphenol-oxidase-catalyzed), polymeri-
sation, and reactions with proteins [4, 8]. Anthocyanins are
hydrolysed to anthocyanidins and sugar component, leuco-
cyanidins are dimerised [5], and (−)-epicatechin and soluble
polyphenol content are reduced to 10–20% [8]. Hurst et al. [9]
studied levels of flavan-3-ol monomers during fermentation,
drying, and roasting cacao bean. They reported that unripe
and ripe cacao pods contain solely (−)-epicatechin and
(+)-catechin. During fermentation, levels of both of these
compounds were reduced, but (−)-catechin was formed due
to heat-induced epimerization.

During drying, additional loss of polyphenol occurs,
mainly due to nonenzymatic browning reactions [4, 5].

Roasting results in significant loss of polyphenols due to
thermolabile flavanols [10] and oxidation of epicatechin and
catechin to quinones which complex with amino acids and
proteins and polymerize with other polyphenols [11]. Accord-
ing to research ofHurst et al. [9], in this processing step loss of
(−)-epicatechin and (+)-catechin is partly attributed to heat-
induced epimerization to (−)-catechin.

All these processes are needed to develop characteristic
cocoa aroma. Polyphenols give astringent and bitter aroma
to cocoa and contribute to reduced perception of “cocoa
flavour” by sensory panel [5]. However, nowadays processes
are conducted in such manner to preserve as much polyphe-
nol as possible with maintaining satisfactory aroma.

Research of Crozier et al. [12] showed that cocoa powder
had significantly higher content of polyphenols and higher
antioxidant activity compared to pomegranate and blueberry
powder. However, alkalization has been shown to destroy
polyphenols and significantly reduce antioxidant activity of
cocoa powder.

During process of chocolate making, composition and
content of polyphenols are furtherly altered, mainly due

to rather high temperatures and presence of oxygen [8].
Therefore, dark chocolate had similar antioxidant activity
to pomegranate juice, despite higher content of polyphenols
[12].

3. Bioavailability of Cocoa Polyphenols

Generally, bioavailability of polyphenols is affected by chem-
ical structure of polyphenols, food matrix, factors related to
food processing, and interactions with other constituents in
diet, as well as with some host related factors (genetic aspects
of individuals, gender and age, disorders and physiological
condition, and microbiota metabolism and enzyme activity
in the colon) [3, 13]. The most important food sources of
polyphenols are vegetables and fruits, green and black tea,
red wine, coffee, chocolate, olives, and some herbs and spices,
as well as nuts and algae [14]. Besides, some polyphenols are
specific to particular food and some are found in all plant
products, so that, generally, food is considered to contain
complex mixtures of polyphenols [13].

Isoflavones and phenolic acids have highest absorption,
followed by catechins, flavanones, and quercetin glucosides,
whereas proanthocyanidins, anthocyanidins, and galloylated
tea catechins are poorly absorbed [15].

Once absorbed, polyphenols are conjugated to glu-
curonide, sulphate, and methyl groups in the gut mucosa
and inner tissues, where epicatechin and epigallocatechin are
mostly present as the glucuronide and sulfate conjugates.
Absorption of epicatechin and catechin in the intestine
averages between 22% and 55%, while dimers and trimers
are poorly absorbed (less than 0.5%). Procyanidins cross
intestinal barrier and are transported to liver, where they
undergo methylation, glucuronidation, and sulfation which
result in antioxidant capacity [15].

Polyphenols that reach colon are fermented bymicroflora
to phenolic acids of low molecular weight [15].

Epicatechin from chocolate is rapidly absorbed by
humans, with plasma levels detected after 30min of oral
digestion, peaking after 2-3 h and returning to baseline after
6–8 h. In addition, cumulative effect in high daily doses was
recorded [10].

Generally, it can be stated that the smaller the polyphenol,
the higher the concentration in blood and the higher the
chance it will reach its target organ in the body [16]. Chirality
might also influence bioavailability of polyphenols—(+)-
form of catechin is almost 10 times more absorbed than (−)-
form [16].

Presence of sugars and oils generally increases bioavail-
ability of polyphenols, while proteins, on the other hand,
decrease it [3]. Research ofNeilson et al. [17] showed thatmilk
proteins and sucrose modulate metabolism, plasma pharma-
cokinetics, and bioavailability of catechins from chocolate
confections. They found that milk proteins reduce bioavail-
ability of epicatechin in chocolate confectionary. Serafini et
al. [18] reported inhibition of in vivo antioxidant activity of
chocolate by addition of milk either during manufacturing
process or during ingestion. However, this effect was not
observed in chocolate beverages [17]. Study of interactions
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Figure 1: Basic classification of flavonoids and phenolic acids [59].
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Figure 2: Structure of main cocoa polyphenols [60].

of cocoa polyphenols with milk proteins by proteomic
techniques demonstrated that protein-polyphenol complex
formation involves covalent binding of free SH-group of the
free cysteine residue of protein.Thiswas supported by the fact
that alkylated form of peptide did not react with flavanols,
while lactosylation did not prevent polyphenol binding. Since
only small portion of protein interacts with polyphenol,
bioavailability of polyphenols themselves is not significantly
influenced [19]. This is supported by researches of Roura et
al. [20] and Keogh et al. [21] who reported that milk does not
affect bioavailability of cocoa powder flavonoids in healthy
adults.

Sucrose increased bioavailability of polyphenols, but
formulation also influenced the extent of sucrose impact.
Schramm et al. [22] observed enhanced uptake of agly-
cone flavanols when they were consumed immediately after

carbohydrate-rich meal. Peters et al. [23] concluded that
sucrose addition to green tea resulted in delay of catechin
absorption, partly due to viscosity increase, but it also
improved catechin uptake by intestine.

4. Influence of Cocoa Polyphenols on Health

Unlike vitamins, polyphenols are not essential components
of human diet. Nevertheless, they are consumed on daily
basis due to their ubiquitous presence in fruits and vegeta-
bles. Many researches have shown that polyphenols and/or
polyphenol-rich foods have an important role in health
preservation due to antioxidant properties [15, 16, 24]. The
antioxidant activity of cocoa and chocolate was shown to be
correlated with their catechin and procyanidin contents [25].



4 Journal of Chemistry

Antioxidant properties of polyphenols highly depend on
the arrangement of functional groups around the nuclear
structure. Free radical scavenging capacity is primarily
attributed to hydroxyl groups, and aglycones are more potent
antioxidant than their responding glycosides [26].

Polyphenols can act as proton donor-scavenging radicals
[27], inhibitors of enzymes that increase oxidative stress,
chelate metals, bind carbohydrates, and proteins [26]. These
properties enable them to act as anticarcinogenic, anti-
inflammatory, antihepatotoxic, antibacterial, antiviral, and
antiallergenic compounds [27–30].

This is supported by research of Hollenberg et al. [31],
who established relationship between high consumption of
cocoa beverages and very low blood pressure levels, reduced
frequency of myocardial infarction, stroke, diabetes mellitus,
and cancer in Kuna Indians residing in archipelago on the
Caribbean Coast of Panama, unlike Kuna Indians residing
on Mainland. Another study, conducted on elderly men free
of chronic diseases in Zutphen, Netherlands, showed that
consumption of cocoa reduced blood pressure and decreased
risk of cardiovascular and all-cause death by 45–50% [32].

Grassi et al. observed decrease of blood pressure by short-
term administration of dark chocolate in healthy [33] and
glucose-intolerant, hypertensive subjects [34]. However, they
investigated only 15 subjects per research and these findings
should be taken with reserve. Djoussé et al. [35, 36] asso-
ciated frequent consumption of dark chocolate with lower
prevalence of cardiovascular diseases in men and women
independently of traditional risk factors estimated based on
health questionnaire. This association was perceived both in
smokers and nonsmokers, as well as in subjects under and
above 60 years of age. The research included large number
of examinees, but data about consumption of chocolate were
self-reported and there was no differentiation between dark
and milk chocolate.

On the other hand, Ried et al. [37] did not find a blood
pressure reducing effect of dark chocolate in 36 prehyperten-
sive healthy adult volunteers with daily consumption of 50 g
of dark chocolate.

Almoosawi et al. [38] investigated influence of 2-week
consumption of polyphenol-rich dark chocolate on blood
pressure of 14 obese and overweight individuals. Results of
their research showed that both systolic and diastolic pressure
decreased, along with reduction of fasting blood glucose
levels and urinary free cortisone levels.

In addition to lowering blood pressure levels, cocoa
polyphenols might be involved in cholesterol control. Water-
house et al. (1996) reported polyphenols from chocolate
inhibited LDL oxidation by 75%, compared to 37–65% of
red wine (adopted from [16]). In addition, Vinson et al. [39]
reported that dark chocolate had higher quality of phenol
antioxidants expressed as IC

50
for LDL + VLDL oxidation

compared to red wine and black tea, with high lipoprotein
bound antioxidant activity, which is very important in pre-
vention of heart diseases. A survey implemented by a group
of experts showed that in the case of similar absorption, about
50 g of dark chocolate should be eaten to provide equivalent
flavonoids to about 200mL of red wine, which has been
shown to reduce heart attack risk for an average adult [40].

Mursu et al. [41] reported increase of HDL cholesterol
after 3-week consumption of dark and polyphenol-rich dark
chocolate. Total and LDL cholesterol were decreased after 15-
day consumption of polyphenol-rich dark chocolate by 6.5%
and 7.5%, respectively [33, 34]. Hamed et al. [42] reported 6%
decrease of LDL cholesterol and 9% increase of HDL after 7-
day consumption of regular dark chocolate.

Hot cocoa beverage was proven to successfully reduce
LDL cholesterol, increaseHDL cholesterol, and suppress LDL
oxidation in research of Baba et al. [43]. Atherosclerotic
cholesterol profile (cholesterol : HDL ratio) in patients with
diabetes was improved after 8-week chocolate consumption
without affecting weight, inflammatorymarkers, insulin con-
trol, or glycaemic control [44].

On the other hand, Kurlandsky and Stote [45] reported
no significant difference in HDL and LDL cholesterol levels
between “chocolate consuming” and control group. However,
large age difference between control and “chocolate consum-
ing” group may have influenced these results. Almoosawi et
al. [38] also observed no significant change in total cholesterol
level after consumption of dark chocolate.

Glucose blood levels could be reduced by consumption of
dark chocolate; however, treatment duration and dark choco-
late dose seem to significantly influence the effectiveness
of treatment. Namely, as opposed to short-term treatments
of Stote et al. [46, 47] and low-dose treatment of Taubert
et al. [48], long-term high-dose treatment of Almoosawi et
al. [38] proved to be effective. Researches of Grassi et al.
showed that short-term administration of dark chocolate
increases insulin sensitivity both in healthy [33] and in
glucose-intolerant hypertensive people [34]. Davison et al.
[49] reported significant insulinaemia and differential plasma
glucose response after consumption of dark chocolate 2 h
prior to exercise compared to fasting, but no significant effect
on oxidative stress reduction.

Insulin response and blood pressure could be linked with
the regulation of nitric oxide production by dark chocolate
flavanols. Increased generation of nitric oxide (NO) and
reactive oxygen species (ROS) in the vessel wall in response
to dietary isoflavones enhances the activity of antioxidant
defense enzymes in endothelial and smooth muscle cells
(probably owing to estrogenic properties of isoflavones) by
activation signaling pathways that increaseNObioavailability
and regulate phase II and antioxidant enzyme expression
via the redox sensitive transcription factor Nrf2 [50, 51].
Investigations carried out by Ried and coworkers showed
that flavonol-rich chocolate may have a small but statistically
significant effect on lowering blood pressure by 2-3mm Hg
in the short term [52, 53].

Flavanol-rich cocoa increases blood flow to key areas
of brain increasing blood oxygenation level-dependent
response to cognitive task switching paradigm in healthy
young people [54] and could be useful in treatment of
cerebrovascular flow (CBF) dementia [55], Alzheimer’s dis-
ease [56], and stroke [57]. Chandranayagam et al. [58]
reported that tannin-rich chocolate can be considered as
functional food which effectively antagonizes adverse effects
of arsenic intoxication. However, this researchwas conducted
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on Sprague Dawley rats and should yet be confirmed by
research on humans.

5. Conclusion

Recent researches have shown that cocoa and dark choco-
late could have beneficial impact on our health, mainly
on cardiovascular system. However, part of the researches
could be arguable, since either a small number of examinees
were included or information about type of chocolate and
consumption was scarce and/or ambiguous. In addition,
since chocolate is a rich source of sugar and saturated fat,
it is questionable whether chocolate consumption can be
recommended in vascular health promotion because of its
contribution to total calorie intake and impact on weight.

More systematic approaches should be applied in human
studies to reduce possible misinterpretation of data—more
examinees, longer test periods, and larger age differences
should be involved in addition to controlled chocolate
administration with specified polyphenol content and com-
position. Individual nutritive preferences which could have
great impact on results should also be taken into considera-
tion.

Chocolate and cocoa contain not only polyphenols but
also methylxanthines which could additionally contribute to
the health impact of these foods. There is need for additional
researches that would elucidate the extent of polyphenols and
methylxanthines health impact and possible synergy of these
compounds in chocolate, with respect to energy contribution.

Obviously, elucidation of cacao and chocolate impact
on human health is rather a complex problem and should
be addressed as such data should not be lightly interpreted
but closely examined and reassessed before withdrawing
conclusions.
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