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Obesity remains a major public health challenge, and its prevalence is dramatically increasing. Diet and exercise
are typically recommended to prevent and manage obesity; however, the results are often conflicting.
Polyphenols, a class of phytochemicals that have been shown to reduce the risk factors for diabetes type II
and cardiovascular diseases, are recently suggested as complementary agents in the management of obesity
through several mechanisms such as decreasing fat absorption and/or fat synthesis. Dark chocolate, a high source
of polyphenols, and flavanols in particular, has lately received attention for its possible role in modulating obesity
because of its potential effect on fat and carbohydrate metabolism, as well as on satiety. This outcome was
investigated in animal models of obesity, cell cultures and few human observational and clinical studies. The
research undertaken to date has shown promising results, with the possible implication of cocoa/dark chocolate
in the modulation of obesity and body weight through several mechanisms including decreasing the expression of
genes involved in fatty acid synthesis, reducing the digestion and absorption of fats and carbohydrates and
increasing satiety. Copyright © 2013 John Wiley & Sons, Ltd.
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INTRODUCTION

Obesity is now considered one of the major public
health issues of the 21st century (Omoleke, 2011) and
is perceived as a medical condition rather than a
cosmetic issue (Kopelman, 2000). Around 24% of the
UK adult population is currently obese (NHS, 2011).
Obesity rises the risk of type II diabetes, hypertension,
some cancers and cardiovascular diseases (NHS, 2011;
Ogden et al., 2012) and constitutes a major socio-
economic and health challenge (MRC, 2007). Diet and
exercise have been shown to be effective in the treat-
ment and prevention of obesity (Glanville et al., 1997;
NHS, 2012). However, the lack of willpower and the
failure to maintain the weight loss for a long term
(Foster et al., 2005; Weiss et al., 2007) have rendered
these strategies sometimes inefficient in treating or
preventing obesity. Studies showed that even a modest
loss in weight (5–10%) is associated with a decrease in
risk factors for diabetes type II and cardiovascular
diseases (Resnick et al., 2000; Wing et al., 2011). Dietary
polyphenols (PPs), identified as phytochemicals widely
available in plants (Stevenson and Hurst, 2007) and that
have gained attention over the past two decades for
their potential role in decreasing risk factors for
cardiovascular diseases (Hanhineva et al., 2010; Vauzour
et al., 2010), have been recently suggested as one of the
complementary approaches to manage obesity, because
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of the ability of some of these components such as cate-
chin, curcumin, anthocyanins and resveratrol to modify
molecular and physiological pathways implicated in adi-
posity and energy metabolism (Meydani and Hasan,
2010). Dark chocolate (DC), a food source high in
PPs, and flavanols in particular (Manach et al., 2005),
has already been the topic of research for more than a
decade (McShea et al., 2008). Few recent animal,
in vitro and human studies have considered the effect
of cocoa/DC on body weight, adiposity and satiety. This
review discusses the potential role of cocoa/DC in
modulating obesity through different mechanisms.
COCOA/DARK CHOCOLATE

Overview

Cocoa and chocolate are derived from cacao beans, the
fruit seeds of the Theobroma cacao tree, which stands
for ‘the food of the Gods’ (Lima et al., 2011; Lima
et al., 2012). The tree is originally a tropical tree from
the rain forest of Amazon but was brought by human
activity to the rest of the world (Kris-Etherton and
Keen, 2002). Previous studies showed that cocoa and
DC may have favourable effects on insulin resistance
(Grassi et al., 2005), blood pressure (Baba et al., 2007;
Hamed et al., 2008), blood lipids (Hamed et al., 2008)
and oxidative stress (Osakabe et al., 2001; Galleano
et al., 2009). Other studies provided their potential
beneficial effects on visual functions, cognitive
performance (Field et al., 2011), immune system, mood,
skin protection from oxidative damage (Katz et al.,
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2011) and protection against neuroinflammation caused
by urban air pollution (Villarreal-Calderon et al., 2010)
and against dental caries (Ooshima et al., 2000).
Processing

The processing of cocoa and DC is complex. The cacao
beans are required to be fermented, dried, cleaned, roasted,
winnowed and finally milled to yield cocoa liquor (McShea
et al., 2008). At this stage, depending on the end product,
several ingredients (sugar,milk powder and some additives)
are added to the liquor, and the succeeding steps may vary.
For instance, in themanufacture of DC, there is an addition
of sugar, cocoa butter and additives (Minifie, 1989),
followed by a heating step called ‘conching’, which aim is
to improve the flavours and reduce the amount of volatile
substances that negatively influence the flavour (McShea
et al., 2008). An alternative step to conching is ‘dutching’
or ‘alkalization’, which consists of applying an alkali
solution to the cocoa beans in order to raise the pH so that
it is close to neutrality (Afoakwa, 2010). In themanufacture
of cocoa, sugar may or may not be added (sweetened or
unsweetened cocoa) (Inama, 2009), and cocoa liquor then
undergoes alkalization followed by mechanical pressing
with the purpose of expelling some of the cocoa butter (its
amount is reduced from 54% to 10–24%) and obtaining
the cocoa powder (Sivasankar, 2002).
Figure 2. Types and chemical structure of flavonoids. Adapted
from Manach et al., 2004.
Polyphenols

Cocoa is considered a high source of PPs. PPs constitute a
class of phytochemicals widely available in plants
(Stevenson and Hurst, 2007) and are subdivided into four
classes: flavonoids, phenolic acids, stilbenes and lignins. Fla-
vonoids consist of two aromatic rings bound by a three car-
bon chain, which form an oxygenated heterocycle (Fig. 1),
and are classified into flavonols, flavones, isoflavones, flava-
nones, anthocyanidins and flavanols (Fig. 2). Cocoa is
particularly rich in flavanols (which mainly consists of
epicatechin, catechin and proanthocyanins) (Manach et al.,
2004) and contains small amounts of quercetin (a type of
flavonol) (Stark et al., 2006).
Metabolism of polyphenols in the body

Because they are extremely diverse, the metabolism of
PPs differs with types and within subtypes and is still not
yet fully elucidated in the human body. About 5–10% of
PPs is absorbed from the small intestine (the aglycones),
and the rest (occurring in the glycosylated form) escapes
the intestinal absorption and passes into the colon where
it is broken down by the colonic microflora and absorbed
Figure 1. Chemical structure of flavonoids. Adapted from Beecher,
2003.

Copyright © 2013 John Wiley & Sons, Ltd.
via the colon (Clifford, 2005). After absorption, PPs
undergo series of conjugation reactions, includingmethyl-
ation, glucuronidation and/or sulfation in the liver,
resulting in metabolites that are very different from the
metabolites originally present in foods, which make it
more difficult to evaluate the biological activity of PPs in
the body. PPs are then taken by the tissues and eliminated
in addition to their metabolites in urine and bile. For fla-
vonoids, they mostly occur in the glycosylated form with
the exception of flavanols, which are not glycosylated in
foods and are absorbed intact via the small intestine
(D’archivio et al., 2007). Flavanol monomers (epicatechin
and catechin) and dimers appear in the plasma 30–60min
following ingestion and are rapidly eliminated, whereas
the oligomers (proanthocyandin) are poorly absorbed
and found in traces in plasma (Manach et al., 2004).
Difference between cocoa and dark chocolate

Although the terms ‘cocoa’ and ‘dark chocolate’ often over-
lap in the literature, these two products differ by PP and fat
composition. Generally, cocoa powder contains a higher
Phytother. Res. (2013)
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amount of total PPs compared with chocolate, yet the latter
contains a higher amount of proanthocyanidins (Natsume
et al., 2000). Furthermore, because of fat pressing, cocoa
contains less cocoa butter and, consequently, a lesser
amount of fat than DC (Sivasankar, 2002). These
differences make the comparison between the different
forms of cocoa/DC difficult particularly when studying
their effects on lipid metabolism. However, despite the
difference in fat ratio, the energy content of the daily dose
of the two products was often similar in research studies.
For instance, in the study byDavison et al. (2008), the daily
amount of cocoa contained 2.8 g of fat and provided
236Kcal, compared with 15 g of fat and 240Kcal in the
daily amount of DC as described in the study by Engler
et al. (2004). In addition, studies have previously shown
that the total energy of a diet is more effective than its fat
content in reducing weight, suggesting that calorie counts
more than fat. This was demonstrated in weight loss stud-
ies, where a low calorie diet and a low fat/low calorie diet
were equally effective in reducing weight (Harvey-Berino,
1999; Djuric et al., 2002). Consequently, acknowledging the
energy content and the amount of PPs of cocoa and DC in
research studies will provide a more precise way of
comparison between the two cocoa tree derivatives.
METHODS

A search of the literature review was carried out in June
2013 and included PubMed, Scopus and The Cochrane Li-
brary, while using combinations of the following keywords:
cocoa, dark chocolate, body weight, obesity, BMI and
satiety. The selection was based on the inclusion of studies
Figure 3. Possible antiobesity effects of cocoa/dark chocolate.

Copyright © 2013 John Wiley & Sons, Ltd.
investigating the effect of cocoa/DC cocoa on anthropo-
metric measurements. Articles studying the effects of other
PP-rich foods on body measurements were excluded.
RESULTS AND DISCUSSION

The primary search yielded 274 distinct articles. Only 26
articles met the inclusion criteria: 19 human studies, 5
animal studies and 2 in vitro studies. Among these
studies, six were concerned with the effect on adipose
tissue metabolism, two with satiety and one with fat
and carbohydrate metabolism. The rest involved human
observational studies and interventions that assessed
body fat/body weight as a part of a routine measurement
in studies. Articles excluded did not fit the criteria
described earlier or were not considered because of
several reasons, such as a difference between the energy
content of the placebo and the treatment product, the
administration of another potential weight lowering
agent (fibre) along with cocoa in the treatment group,
the short study duration (5 days) and the inclusion of a
population with diabetes type I or pregnancy.

In fact, few human, animal and in vitro studies have
investigated the antiobesity effects of cocoa/DC. A
summary of these potential effects is given in Fig. 3.

Animal studies

While testing the effects of cocoa on several conditions such
as atherosclerosis in rats, a lower adipose tissue weight in
rats fed a cocoa-rich diet was observed, compared with
those fed a diet free of cocoa, suggesting that cocoa might
Phytother. Res. (2013)
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be implicated in lipid metabolism. This led to more focused
studies on the effect of cocoa onweight control: Twenty rats
were fed an isocaloric high fat diet including either a real
cocoa or a mimetic cocoa (with a similar composition to
cocoa in terms of moisture, carbohydrate, protein, fat and
fibre) for a period of 3weeks. Results showed that the gain
in body weight and in the mesenteric white adipose tissue
weight (MES-WAT) was smaller in rats fed with a real
cocoa compared with rats fed with the mimetic cocoa
(p< 0.05) (Matsui et al., 2005). In support of this data,
another study undertaken on 44 mice, who were divided
into four groups and administered a normal diet, a high
fat diet or a high fat diet with two different doses of cocoa
polyphenol extract (CPE) for a period of 5weeks, showed
less gain in body weight and in the liver and epididymal
fat mass in mice administered with CPE (p< 0.05) (Min
et al., 2013). A recent study has also found similar results:
a decrease in body weight gain (16%) and in the WAT
(11%) was noted in mice fed a high fat diet with cocoa for
10weeks, compared with rats fed only with a high fat diet
(p< 0.01) (Gu et al., 2013). Similarly, cocoa liquor
procyanidins (CLPr) were shown to reduce body weight
gain and fat accumulation in the adipose tissue of obese
diabeticmicewhen providedwith a high fat diet for a period
of 13weeks (p< 0.05) (Yamashita et al., 2012), whereas
CLPr along with a high fat diet did not attenuate weight
gain in diabetic obese mice assigned to a similar protocol
for 3weeks (Tomaru et al., 2007).
With the aim of investigating the molecular mecha-

nisms triggering the influence of cocoa on the metabo-
lism of lipids, an analysis of the gene expression in the
liver and MES-WATof rats showed that cocoa decreases
the expression of genes involved in the synthesis of fatty
acids in the liver (such as citrate transport protein and
fatty acid synthase), as well as the expression of genes
involved in the biosynthesis of cholesterol (such as 7-
dehydrocholesterol reductase, squalene synthase and
squalene epoxidase) (Matsui et al., 2005). In MES-
WAT, cocoa induces a decrease in the expression of
genes implicated in fatty acid transport (such as fatty
acid transporter and apolipoprotein E), along with
peroxisome proliferator-activated receptor gamma, their
transcription factor, as well as in the expression of genes
involved in fatty acid synthesis (such as fatty acid
synthase and enoyl-CoA hydratase). Another mecha-
nism may possibly involve the upregulation of
uncoupling protein 2 (UCP2), which plays a role in
energy metabolism and may eventually lead to a
decrease in fat accumulation (Matsui et al., 2005). Min
et al. (2013) proposed that the beneficial effect on lipid
metabolism may possibly be because CPE inhibits insu-
lin receptor kinase activity in adipose tissue, which plays
an essential role in fat storage. In addition, Yamashita
et al. (2012) indicated that the antiobesity effect of CLPr
might be explained by the increase of the gene and pro-
tein expressions of the UCPs: UCP-1 (which plays a role
in thermogenesis in the brown adipose tissue), UCP-2 in
white adipose tissue and UCP-3 in skeletal muscle
(which are both involved in the regulation of energy
metabolism). The effect on UCPs is explained by the in-
creased phosphorylation of adenosine monophosphate-
activated protein kinase-α, a molecule responsible of
modulating obesity by increasing the intake and oxida-
tion of fatty acids (Yamashita et al., 2012). Gu et al.
(2013) also suggested that cocoa powder decreases lipid
absorption and leads to a decrease of body weight gain.
Copyright © 2013 John Wiley & Sons, Ltd.
In vitro studies

Cocoa polyphenol extract (obtained from the extraction of
PPs from50g of cocoa powder) inhibits the primary stage of
adipogenesis in preadipocytes 3T3 L1 derived from mice
and decreases the accumulation of lipids in these cells in a
dose-dependent manner (p< 0.05). It has been shown that
CPE inhibits diet-induced adipogenesis in cells by suppress-
ing mitotic clonal expansion, a step that enables DNA
remodelling for gene expression during the development
of fat cells. The mechanism involves a decrease in mRNA
expression of peroxisome proliferator-activated receptor
gamma and CCAAT-enhancer-binding proteins alpha
(Min et al., 2013) (both being transcription factors in
adipogenesis (Rosen et al., 2002)), together with the
decrease in mRNA expression of fatty acid synthase in
these cells (Min et al., 2013). The results may suggest a
possible role of cocoa in preventing weight gain in human
adults, as studies have shown that the expansion of adipose
tissue in adults can result from not only increased adipocyte
size but also increased adipocyte number (Gregoire et al.,
1998; Gregoire, 2011).

Moreover, findings from some in vitro and in vivo studies
showed that PPs from teas and berries inhibit digestive
enzymes providing a justification for looking into the impli-
cation of cocoa PPs in the digestion of fats and carbohy-
drates. An in vitro study investigated the effect of various
doses of cocoa extracts (containing different amounts of
PPs) on the digestive enzymes: pancreatic α-amylase
(involved in the breakdown of starch), pancreatic lipase
(hydrolyzes triglycerides) and pancreatic phospholipase
A2 (implicated in the digestion of phospholipids), which
were isolated from a porcine pancreas. Results showed that
cocoa extracts inhibit the activity of these enzymes in a
dose-dependent manner. This study suggests that cocoa
PPs may interfere with the breakdown and absorption of
carbohydrates and lipids, thus providing one of the mecha-
nisms by which cocoa and DCmight help to reduce obesity
(Gu et al., 2011).
Human studies

Regarding the effects of DC on satiety, a study demon-
strated that the ingestion of 30g of DC (containing 85%
of cocoa) by 12 normal weight healthy female participants
increased satiety and decreased hunger, which was verified
by scoring appetite on a visual analogue scale at different
intervals and up to 1h after consuming the chocolate
(p< 0.01). However, there was no control group in this
study, and no change in the blood satiety hormone levels
cholecystokinin, ghrelin and glucagon-like peptide-1
compared with baseline was noted. In the second part of
this study, the female participants were divided into two
groups and randomly assigned to either smell the same type
of chocolate (experimental group) or perform no smelling
(control group). The results showed a decrease in appetite
and an inverse correlation between ghrelin and appetite in
the experimental group (p< 0.01) (Massolt et al., 2010).
Furthermore, a crossover study including 16 healthy male
participants showed that eating 100g of DC 2h before
serving an ad libitum meal decreased food and energy
intake by 8% (p=0.01) and promoted higher satiety scores
(p=0.02) when compared with eating 100g of milk
chocolate before the ad libitum meal on another day. This
effect might be due to the high cocoa content in DC, which
Phytother. Res. (2013)
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has an intense flavour that lessens the eating desire
(Sørensen and Astrup, 2011). Additionally, the high fat
content of chocolate (Oliviero et al., 2009) increases the
gastrointestinal transit time and may raise the levels of
satiety hormones (Samra, 2010). However, Massolt et al.
(2010) did not note any significant change in satiety
hormones levels (such as cholecystokinin and glucagon-like
peptide-1) after DC consumption. Further studies are
required to confirm the effect of DC on satiety.
Also, a cross-sectional study investigating the effects

of chocolate consumption on body mass index (BMI)
and including 1018 healthy men and women aged
between 20 and 85 years showed that with or without
adjustment of confounding factors such as age, sex, de-
pression, saturated fatty acid, fruit, vegetable and calorie
intakes, individuals with high frequency of chocolate
consumption had a lower BMI (p= 0.01, unadjusted)
but, surprisingly, a higher calorie and saturated fatty acid
intake. Moreover, the amount of chocolate consumed
was not positively or negatively correlated with BMI
(Golomb et al., 2012). Nonetheless, there was no
differentiation between the consumption of DC and
other types of chocolate, and because this study is cross
sectional, the association between chocolate consump-
tion and BMI cannot be conclusive. In addition, the
lower body weight observed in regular chocolate eaters
(Golomb et al., 2012) might not be due to the chocolate
in particular but to the sweet snack that reduces cravings
and enhances diet satisfaction, as demonstrated by a
pilot study performed on 26 overweight and obese
premenopausal women who were administered either a
non-chocolate snack or a DC snack daily for 18weeks
along with a diet-reduced calories. The study showed
that the two snacks were equally effective in helping to
decrease body weight, body fat, and waist and hip
circumferences in overweight and obese women
(p< 0.001), as they lower the probability of rebound ef-
fect upon re-introducing the food, after restricting it for
a certain amount of time (Piehowski et al., 2011). This
notion was reinforced by research on eating behaviour,
which demonstrated that exposure to food temptations
results in a healthier food choice compared with a
control state (p= 0.056) (Kroese et al., 2009). Another
possible explanation to the inverse correlation between
chocolate consumption and body weight might be attrib-
uted to socio-economic factors, as it has been shown by a
cross-sectional study that participants with a high socio-
economic level have usually a lower body weight and a
more frequent chocolate consumption compared with
people with low socio-economic status (p= 0.01)
(Hodgson et al., 2008). Hence, it would be important to
verify this association in future cross-sectional studies
before establishing any conclusion. On the physiological
level, it has been established that DC increases the avail-
ability of nitric oxide (Field et al., 2011), which enhances
adipose tissue lipolysis, inhibits the synthesis of fatty
acids and enhances glucose and fatty acid oxidation
(Jobgen et al., 2006), providing another mechanism for
the potential effect of DC on obesity.
In contrast, randomized clinical trials lasting for 2 to

8weeks have not detected significant changes in weight fol-
lowing the regular consumption of DC with daily amounts
ranging from 20 to 50g a day and comprising 259–2135mg
of PPs (Engler et al., 2004; Grassi et al., 2005; Kurlandsky
and Stote, 2006; Allen et al., 2008; Ried et al., 2009;
Almoosawi et al., 2010; Njike et al., 2011; Almoosawi et al.,
Copyright © 2013 John Wiley & Sons, Ltd.
2012; Nogueira et al., 2012). This might probably be due
to the study duration, which was not sufficient to detect
changes in anthropometric measures or to the fact that all
these studies have in common the assessment of anthropo-
metricmeasures as a part of a routinemeasurement and not
as a primary outcome in studies; hence, it might not have
been an emphasis on replacing the cocoa product by
another food of similar energy. Also, because most of the
participants of these studies have normal weight, it is less
likely that a change in weight occurs following the interven-
tion. However, consuming 25g of DC daily for 3months
resulted a slight increase in body weight (0.8kg) (p=0.03)
(Desch et al., 2010), a change that was not observed after
the consumption of 6.3 g of DC containing 30mg of PPs
daily for 18weeks (Taubert et al., 2007). Further human
controlled intervention studies are essential to investigate
the effect of DC on weight.

It is worth mentioning that it is not clear yet which
amounts and type(s) of PPs/flavanols in cocoa/DC are
responsible for the antiobesity effect in humans, as well as
themechanisms involved. In a mouse study, the administra-
tion of 2mg/kg/day of DC-derived epicatechin improved
aerobic metabolism and fat oxidation (Nogueira et al.,
2011). Quercetin has also been attributed antiobesity
properties by inhibiting adipogenesis in preadipocytes
in vitro and causing apoptosis in mature adipocytes (Ahn
et al., 2008). In the 10-week study by Gu et al. (2013),
which showed a positive effect of cocoa on reducing obesity
in mice, it was suggested that the dose of cocoa
supplemented is equivalent to a daily amount of 40g of
cocoa powder in humans (provides around 160Kcal),
which contains 18.4mg of epicatchin and 380mg of PPs.
Lastly, DC contains a considerable amount of caffeine
(Stark et al., 2006), which has been previously presented
as having a weight-reducing effect (Zheng et al., 2004);
thus, it is important to closely match between the caffeine
content of the control and the treatment products. Conse-
quently, designing studies that elucidate the amount and
types of PPs responsible for the antiobesity effect while
eliminating the possible confounding factors is needed
to determine the implication of DC rich in PPs in obesity
and weight regulation.

Moreover, if we are to make future recommendations
concerning the human consumption of DC, then the
content of PPs in commercially produced DC needs to be
established. Therefore, attention should be given to the
processing of cacao beans to produce cocoa or DC.
Fermentation causes a decrease in PPs and is dependent
on the degree of fermentation of the cocoa bean, which
varies between chocolate brands (McShea et al., 2008). In
addition, roasting yields an important degradation of
catechins (McShea et al., 2008; Oliviero et al., 2009), and
dutching or alkalization causes a tremendous loss of PPs,
which may reach up to 88% of flavanol when the cocoa
powder is highly alkalized (McShea et al., 2008). However,
a recently developed processing method called ‘patented
Acticoa process’, which involves using non-roasted
beans and leads to a minimal loss of PPs, has been used
in a large, worldwide chocolate brand factory (Bisson
et al., 2008). This method naturally preserves the flavanols
in a way that every step of the manufacturing chain from
bean to chocolate has been optimized for this purpose
(Callebaut, 2010). Hence, the amount of PPs depends
largely on the methods of processing, and therefore, the
benefits of DC cannot be attributed to all the types of
DC in the market.
Phytother. Res. (2013)
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CONCLUSION

In conclusion, there is emerging evidence on the benefi-
cial role of PP-rich DC in reducing body weight/body fat
through its effects on fat and carbohydrate metabolism
as well as on satiety, yet results are still conflicting.
It is clear now that this topic deserves more investiga-
tion as the results are promising. However, further
human long-term intervention studies are needed
before recommending small quantities of DC in weight
Copyright © 2013 John Wiley & Sons, Ltd.
management programmes. It might also be important
to explore the exact mechanism by which DC exerts
its effect, due to PPs and mainly flavanols, or simply to
a small sweet snack that reduces food cravings. Finally,
research that investigates the PP content of the different
brands of DC in the market would be valuable.
Conflict of Interest

The authors declared that there is no conflict of interest.
REFERENCES
Afoakwa E. 2010. Chocolate Science and Technology (1st edn).
Wiley-Blackwell: Oxford.

Ahn J, Lee H, Kim S et al. 2008. The anti-obesity effect of querce-
tin is mediated by the AMPK and MAPK signaling pathways.
Biochem Biophys Res Commun 373: 545–9.

Allen R, Carson L, Kwik-Uribe C et al. 2008. Daily consumption of a
dark chocolate containing flavanols and added sterol esters af-
fects cardiovascular risk factors in a normotensive population
with elevated cholesterol. J Nutr 38: 725–731.

Almoosawi S, Fyfe L, Ho C et al. 2010. The effect of polyphenol-
rich dark chocolate on fasting capillary whole blood glucose,
total cholesterol, blood pressure and glucocorticoids in
healthy overweight and obese subjects. Br J Nutr 103:
842–850.

Almoosawi S, TsangC, Ostertag LM et al. 2012. Differential effect of
polyphenol-rich dark chocolate on biomarkers of glucose
metabolism and cardiovascular risk factors in healthy, over-
weight and obese subjects: a randomized clinical trial. Food
Funct 3: 1035–43.

Baba S, Osakabe N, Kato Y, Natsume M et al. 2007. Continuous
intake of polyphenolic compounds containing cocoa powder
reduces LDL oxidative susceptibility and has beneficial effects
on plasma HDL-cholesterol concentrations in humans. Am J
Clin Nut 85: 709–717.

Beecher G. 2003. Overview of dietary flavonoids: nomenclature,
occurrence and intake. J Nutr 133: 3248S–3254S.

Bisson J-F,NejdiA,RozanP et al. 2008.Effects of long-termadministra-
tion of a cocoa polyphenolic extract (Acticoa powder) on cognitive
performances in aged rats. Br J Nutr 100: 94–101.

Callebaut B. 2010. Barry Callebaut introduces innovative
ACTICOA® chocolate products with natural cocoa flavanols
for North American food manufacturers. http://www.barry-
callebaut.com/print/84?group=,year=,lang=en,keyword=,
page=2,release=5954,read=en (Accessed April 2013)

Clifford M. 2005. Diet-derived phenols in plasma and tissues and
their implications for health. Planta Med 70: 1103–1114.

D’archivio M, Filesi C, Di Benedetto R et al. 2007. Polyphenols, dietary
sources and bioavailability. Annali-Istituto Superiore di Sanita 43:
348–361.

Davison K, Coates AM, Buckley JD et al. 2008. Effect of cocoa
flavanols and exercise on cardiometabolic risk factors in over-
weight and obese subjects. Int J Obes (Lond) 32 :1289–96.

Desch S, Kobler D, Schmidt J et al. 2010. Low vs. higher-dose dark
chocolate and blood pressure in cardiovascular high-risk pa-
tients. Am J Hypertens 23: 694–700.

Djuric Z, Lababidi S, Heilbrun LK et al. 2002. Effect of low-fat and/or
low-energy diets on anthropometric measures in participants of
the women’s diet study. J Am Coll Nutr 21: 38–46.

Engler MB, Engler MM, Chen CY et al. 2004. Flavonoid-rich dark
chocolate improves endothelial function and increases plasma
epicatechin concentrations in healthy adults. J Am Coll Nutr
23: 197–204.

Field DT, Williams CM, Butler LT. 2011. Consumption of cocoa
flavanols results in an acute improvement in visual and cogni-
tive functions. Physiol Behav 103: 255–60.

Foster G, Makris A, Bailer B. 2005. Behavioural treatment of obe-
sity. Am J Clin Nutr 82 suppl. 1: S230–S235.

Galleano M, Oteiza P, Fraga C. 2009. Cocoa, chocolate and cardio-
vascular disease. J Cardiovasc Pharmacol 54: 483–490.

Glanville J, Glenny AM, Melville A et al. 1997. The prevention and
treatment of obesity. Effective health care, http://www.york.
ac.uk/inst/crd/EHC/ehc32.pdf
Golomb BA, Koperski S, White HL. 2012. Association between
more frequent chocolate consumption and lower body mass
index. Arch Intern Med 172: 519–21.

Grassi D, Lippi C, Necozione S et al. 2005. Short-term administration of
dark chocolate is followed by a significant increase in insulin
sensitivity and a decrease in blood pressure in healthy persons.
Am J Clin Nutr 81: 611–4.

Gregoire FM. 2011. Adipocyte differentiation: from fibroblast to en-
docrine cell. Exp Biol Med 226: 997–1002.

Gregoire F, Smas C, Sul HS. 1998. Understanding adipocyte differ-
entiation. Physiol rev 78: 783–809.

GuY,HurstW,StuartDetal.2011. Inhibitionofkeydigestiveenzymesbyco-
coa extracts and procyanidins. J Agric Food Chem 59: 5305–5311.

Gu Y, Yu S, Lambert J. 2013. Dietary cocoa ameliorates obesity-related
inflammation in high in high fat-fed mice. Eur J Nutr 1–10.

Hamed MS, Gambert S, Bliden KP et al. 2008. Dark chocolate ef-
fect on platelet activity, C-reactive protein and lipid profile: a
pilot study. South Med J 101: 1203–1208.

Hanhineva K, Törrönen R, Bondia-Pons I et al. 2010. Impact of
dietary polyphenols on carbohydrate metabolism. Int J Mol
Sci 11: 1365–1402.

Harvey-Berino J. 1999. Calorie restriction is more effective for
obesity treatment than dietary fat restriction. Ann Behav Med
21: 35–9.

Hodgson J, Devine A, Burke V et al. 2008. Chocolate consumption and
bone density in older women. Am J Clin Nutr 87: 175–180.

Inama S. 2009. Rules of Origin in International Trade. (1st edn),
Cambridge University Press: Cambridge.

Jobgen WJ, Fried SK, Fu WJ. 2006. Regulatory role for the argi-
nine–nitric oxide pathway in metabolism of energy substrates.
J Nutr Biochem 17: 571–588.

Katz D, Doughty K, Ather A. 2011. Cocoa and chocolate in human
health and disease. Antioxidants and redox signalling 15:
2779–2811.

Kopelman P. 2000. Obesity as a medical problem. Nature 404:
635–43.

Kris-Etherton PM, Keen CL. 2002. Evidence that the antioxidant
flavonoids in tea and cocoa are beneficial for cardiovascular
health. Curr opin lipidology 13: 41–49.

Kroese F, Evers C, De Ridder D 2009. How chocolate keeps you
slim: The effect of food temptations on weight watching goal
importance, intentions, and eating behavior. Appetite 53:
430–433.

Kurlandsky S, Stote K. (2006). Cardioprotective effects of choco-
late and almond consumption in healthy women. Nutr Res
26: 509–516.

Lima LJ, Almeida MH, Nout MJ et al. 2011. Theobroma cacao L.,
“The food of the Gods”: quality determinants of commercial
cocoa beans, with particular reference to the impact of fer-
mentation. Crit Rev Food Sci Nutr 51: 731–61.

Lima LJ, Van der Velpen V, Wolkers-Rooijackers J et al. 2012.
Microbiota dynamics and diversity at different stages of indus-
trial processing of cocoa beans into cocoa powder. Appl Envi-
ron Microbiol 78: 2904–2913.

Manach C, Scalbert A, Morand C et al. 2004. Polyphenols: food
sources and bioavailability. Am J Clin Nutr 79: 727–747.

Manach C, Williamson G, Morand G et al. 2005. Bioavailability and
bioefficacy of polyphenols in humans. I. Review of 97 bioavail-
ability studies. Is J Clin Nutr 81, suppl.1: S230–S242.

Massolt E, V Haard, Rehfeld J et al. 2010. Appetite suppression
through smelling of dark chocolate correlates with changes in
ghrelin in young women. Regul Pept 161: 81–86.
Phytother. Res. (2013)

http://www.york.ac.uk/inst/crd/EHC/ehc32.pdf
http://www.york.ac.uk/inst/crd/EHC/ehc32.pdf


DARK CHOCOLATE: AN OBESITY PARADOX OR A CULPRIT FORWEIGHT GAIN?
Matsui N, ItoaR,Nishimura E et al. 2005. Ingested cocoa can prevent
high-fat diet–induced obesity by regulating the expression of
genes for fatty acid metabolism. Nutrition 21: 594–601.

McShea A, Ramiro-Puig E, Munro S et al. 2008. Clinical benefit and
preservation of flavonols in dark chocolate manufacturing. Nu-
trition 66: 630–641.

Meydani M, Hasan S. 2010. Dietary polyphenols and obesity. Nutri-
ents 2: 737–751.

Min SY, Yang Y, Seo SG et al. 2013. Cocoa polyphenols suppress
adipogenesis in vitro and obesity in vivo by targeting insulin re-
ceptor. Int J Obes (Lond) 37: 584–592.

Minifie, BW. 1989. Chocolate, Cocoa and Confectionery: Science
and Technology. (3rd edn). Chapman and Hall: New York.

MRC. 2007. Obesity. http://www.mrc.ac.uk/Achievementsimpact/
Storiesofimpact/Obesity/index.htm (accessed January 2013)

Natsume M, Osakabe N, Yamagishi M. et al. 2000. Analyses of
polyphenols in cacao liquor, cocoa, and chocolate by normal-
phase and reversed-phase HPLC. Biosci Biotechnol Biochem
64: 2581–2587.

NHS. 2011. Half of UK obese by 2030. http://www.nhs.uk/news/
2011/08August/Pages/half-of-uk-predicted-to-be-obese-by-
2030.aspx (Accessed January 2013).

NHS. 2012. Obesity-prevention. http://www.nhs.uk/Conditions/Obe-
sity/Pages/obesityprevention.aspx (Accessed January 2013).

Njike VY, Faridi Z, Shuval K. et al. 2011. Effects of sugar-sweetened and
sugar-free cocoa on endothelial function in overweight adults. Int J
Cardiol 149: 83–88.

Nogueira L, Ramirez-Sanchez I, Perkins G et al. 2011. (�)-Epicatechin
enhances fatigue resistance and oxidative capacity in mouse
muscle. J Physiol 589: 4615–4631.

Nogueira LD, Knibel MP, Torres MR et al. 2012. Consumption of
high-polyphenol dark chocolate improves endothelial function
in individuals with stage 1 hypertension and excess body
weight. Int J hypertens. DOI: 10.1155/2012/147321.

Ogden CL, Carroll MD, Kit BK et al. 2012. Prevalence of obesity in
the United States, 2009–2010. NCHS Data Brief 82: 1–8.

Oliviero T, Capuano E, Cammerer B et al. 2009. Influence of
roasting on the antioxidant activity and HMF formation of a co-
coa bean model systems. J Agric Food Chem 57: 147–152.

Omoleke S. 2011. Obesity: a major public health challenge of 21st

century in the United Kingdom (UK). J Publ Health Epidemiol
3: 560–566

Ooshima T, Osaka Y, Sasaki H et al. 2000. Caries inhibitory activity
of cacao bean husk extract in in-vitro and animal experiments.
Arch Oral Biol 45: 639–45.

Osakabe N, Baba S, Yasuda A et al. 2001. Daily cocoa intake
reduces the susceptibility of low-density lipoprotein to oxida-
tion as demonstrated in healthy human volunteers. Free Radic
Res 34: 93–9.

Piehowski K, Preston A, Miller D et al. 2011. A reduced-calorie die-
tary pattern including a daily sweet snack promotes body
weight reduction and body composition improvements in
Copyright © 2013 John Wiley & Sons, Ltd.
premenopausal women who are overweight and obese: a pilot
study. J Am Diet Assoc 111: 1198–203.

Resnick H, Valsania P, Halter JB et al. 2000. Relation of weight
gain and weight loss on subsequent diabetes risk in
overweight adults. J Epidemiol Community Health 54: 596–
602.

Ried K, Frank O, Stocks N. 2009. Dark chocolate or tomato extract
for prehypertension: a randomised controlled trial. BMC
Complement Altern Med 9–22. DOI: 10.1186/1472-6882

Rosen ED, Hsu CH, Wang X. 2002. C/EBPα induces adipogenesis
through PPAR: a unified pathway. Genes dev 16: 22–26.

Samra RA. 2010. Fat and satiety. In Fat Detection: Taste, Texture,
and Post Ingestive Effects, 1st ed, ch. 15. [Montmayeur JP,
le Coutre J, editors]. Boca Raton, FL: CRC Press. Available
from http://www.ncbi.nlm.nih.gov/books/NBK53550/

Sivasankar B. 2002. Food Processing and Preservation. (3rd edn).
PHI Learning Pvt. Ltd.

Sørensen LB, Astrup A. 2011.Eating dark and milk chocolate: a ran-
domized crossover study of effects on appetite and energy in-
take. Nutr Diabetes 11: 2044–2052.

Stark T, Bareuther S, Hofmann T. 2006. Molecular definition of the
taste of roasted cocoa nibs (Theobroma cacao) by means of
quantitative studies and sensory experiments. J Agric Food
Chem 54: 5530–5539.

Stevenson DE, Hurst RD. 2007. Polyphenolic phytochemicals – just
antioxidants or much more? Cell Mol Life Sci 64: 2900–2916.

Taubert D, Roesen R, Lehmann C et al. 2007. Effects of low habit-
ual cocoa intake on blood pressure and bioactive nitric oxide: a
randomized controlled trial. JAMA 298: 49–60.

TomaruM, Takano H, Osakabe N et al. 2007. Dietary supplementation
with cacao liquor proanthocyanidins prevents elevation of blood
glucose levels in diabetic obese mice. Nutrition 23: 351–355.

Vauzour D, Rodriguez-Mateos A, Corona G et al. 2010. Polyphenols
and human health: prevention of disease and mechanisms of
action. Nutrients 2: 1106–1131.

Villarreal-CalderonR,Torres-JardónR,Palacios-MorenoJet al. 2010.Ur-
ban air pollution targets the dorsal vagal complex and dark
chocolate offers neuroprotection. Int J Toxico 103: 255–260.

Weiss, EC, Galuska DA, Kettel Khan L et al. 2007. Weight
regain in U.S. adults who experienced substantial weight
loss. 1999–2002. Am J Prev Med 33: 34–40.

Wing RR, Lang W, Wadden TA. 2011. Benefits of modest weight
loss in improving cardiovascular risk factors in overweight
and obese individuals with type 2 diabetes. Diabetes Care
34: 1481–1486.

Yamashita Y, Okabe M, Natsume M et al. 2012. Prevention mecha-
nisms of glucose intolerance and obesity by cacao liquor
procyanidin extract in high-fat diet-fed C57BL/6 mice. Arch
Biochem Biophys 527: 95–104.

Zheng G, Sayama K, Okubo T et al. 2004. Anti-obesity effects of
three major components of green tea, catechins, caffeine and
theanine, in mice. In vivo 18: 55–62.
Phytother. Res. (2013)

http://www.ncbi.nlm.nih.gov/books/NBK53550/

