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Abstract: The medicinal use of cocoa has a long history dating back almost five hundred 

years when Hernán Cortés’s first experienced the drink in Mesoamerica. Doctors in Europe 

recommended the beverage to patients in the 1700s, and later American physicians 

followed suit and prescribed the drink in early America⎯ca. 1800s. This article  

delineates the historic trajectory of cocoa consumption, the linkage between cocoa’s  

bioactive-mechanistic properties, paying special attention to nitric oxides role in 

vasodilation of the arteries, to the current indicators purporting the benefits of cocoa and 

cardiovascular health. 
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1. Introduction 

The link between chocolate and health has been recorded at least as long as Cortés arrival in 

Mesoamerica [1]. Codices document that chocolate was drank to maintain health in the 1500s. This 

article will focus on the bioactive mechanistic linkages between cocoa and heart health with special 

attention given to nitric oxide and its associated history with the Nobel Prize. Interestingly, recently, 

the prize was linked again with chocolate; this time, however, the author correlated statistics 

measuring countries’ consumption levels of chocolate and Nobel Laureate winners to argue that 

chocolate consumption provided a cognitive advantage [2]. Although the early adopters did not have 

access to current technology to analyze subcellar biomedical benefits, they recognized  

health-promoting benefits of the era. Researchers continue to investigate the role cocoa plays in heart 

health, and evidence suggests that there are many positive attributes cocoa provides to the consumer. 
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2. Linkage between Cocoa and Heart Health: Early Beginnings 

Atherosclerosis, as a known disease, dates back to at least the time of the pharaohs. Archaeologists 

have uncovered atherosclerotic plaques in ancient Egyptian mummies [3]. The Greeks, too, referenced 

heart disease. Associations between coronary heart disease (heart attacks) and weight were noted by 

Hippocrates in his text, Aphorisms: “Persons who are naturally of a full habit diet suddenly, more 

frequently than those who are slender” [4]. 

One of the first nutria-chemical links discovered between heart health and chocolate was indirect 

and not fully appreciated from original discovery until 150 years later when technology advanced and 

analytical tools were able to explained one of cocoa’s physiological mechanisms. Ascanio Sobrero 

(1812–1888) traveled from Turin, Italy, to Paris, in the mid-19th century, to work under the renowned 

chemist Theophile-Jules Pelouze. In Pelouze’s laboratory Sobrero uncovered the reaction whereby 

mixing glycerol with nitric and sulfuric acids created an explosion, except if the mixture was cooled 

during the reaction process. This new compound was labeled: nitroglycerine (NG). The observations of 

Sobrero were the beginning of journey of coincidence at first and ending with biological evidence later 

between chocolate and heart health. In February 1847, Sobrero lectured to the Accademia delle 

Scienze di Torino, and demonstrated to the audience his newly found reaction by detonating a small 

amount of the compound [5]. Records indicate that Sobrero tasted nitroglycerine and found it sweet, 

but warned “precaution should be used, for a very minute quantity put upon the tongue produces a 

violent headache” [6]. Four years later, Alfred Nobel sought tutelage in Pelouze’s laboratory. During 

high school, Nobel had studied under the Russian chemist Nikolai Zinin, who was also a prior student 

of Pelouze. Nobel’s family was in the road/tunnel construction business in Sweden. Recognizing the 

financial potential of such a product, Nobel returned with NG to Stockholm. By 1863, Nobel “realized 

his first epoch-making invention, the Nobel patent detonator” [5]. Nobel was concerned with world 

peace, supported the humanities, and of course valued scientific discoveries. He bequeathed his entire 

estate to a trust designed to award those, who through their hard work and discoveries, might change 

the world. Thus, the origins of the Nobel Prize can be linked back to nitroglycerine. 

Nobel suffered from poor health and intense pain related to angina pectoris. He was advised, 

coincidently, to take NG for his heart complaint. At the time, it seemed incredulous to Nobel to 

consume a compound utilized in road construction. Seven weeks before his death he wrote: 

My heart trouble will keep me here in Paris for another few days at least, until my doctors 

are in complete agreement about my immediate treatment. Isn’t it the irony of fate that I 

have been prescribed N/G 1(nitroglycerine), to be taken internally! They call it Trinitrin, 

so as not to scare the chemist and the public [7]. 

Why did the physicians prescribe NG? Twenty years earlier Benjamin Richardson, a medical doctor 

and researcher working in London, investigated the physiological effects of amyl nitrite that was 

administered to a frog. The capillaries in the frog’s foot dilated demonstrating the relationship between 

NG and vasodilatation [8]. Others worked on the physiology and mechanistic pathways of nitrites over 

the 19th century. William Murrell, a London physician, prescribed NG to patients and published the 

positive effects NG provided on relieving chest pain [9–12]. During this period NG was prepared as a 

liquid and not easily transported. Murrell wrote to British chemist William Martindale requesting that a 
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solid form of the drug be prepared so that patients could consume the drug, regardless of location, 

when angina pectoris occurred. Murrell suggested placing the drug (hundredth of a grain) in  

chocolate [13]. At the turn of the 19th century, consequently, NG and chocolate became linked. The 

public loved this “drug,” while Murrell regretted his request. He believed the chocolate-coated NG  

pill would be misused and treated as candy; he tried to retract his original suggestion, but was 

unsuccessful. Nevertheless, he continued to prescribe NG to his patients [14]. Murrell had no way of 

knowing that an active ingredient in cocoa (flavonoids) would be investigated for its up-regulation of 

nitric oxide (a derivative of NG). 

A Scotsman and physician, Thomas Lauder Brunton, suggested, as early as 1871, that nitrites 

produced “vasodilatation due to direct action of the drug on the vessel walls” [15]. The various forms 

of nitrates (Figure 1) were recognized to produce different physiological effects. The production of 

Nitric Oxide (NO) from amyl nitrite was determined to be transient, but more substantial than when 

derived from sodium nitrite. This was due to sodium nitrite’s inability to easily pass the plasma 

membrane [16]. There was a gap in progress for decades in understanding the physiological 

mechanisms associated with nitric oxide and the cardiovascular system. 

Figure 1. Chemical structures associated with nitric oxide (NO). 

 

It is not until the 1970s that researchers returned to investigate the relationship between NG and 

vasodilation of the coronary arteries. A pharmacologist, Fedrid Murad, and colleagues demonstrated 

that nitrite containing compounds stimulated cyclic guanosine monophosphate (cGMP); cGMP 

mediates vasodilation. 

At the time of this investigation, Murad hypothesized that nitric oxide (NO) was in some way 

associated with vasodilation, perhaps indirectly through hormones, but lacked evidence to support this 

hypothesis [17]. Another chemist, Robert Furchgott and his colleague John Zawadzki recognized that 

soluble guanylate cyclase could be activated by NO, as Murad reported [18]. Gyanylate cyclase plays  

a role in cGMP production, and thus, is a connection between nitrate compounds and vasodilation. 

Furchgott and associates proposed that the substance responsible for vaso-relaxation was transient and 

unstable; they named this substance endothelial derived relaxing factor (EDRF) [19]. Murad and 

colleagues did not initially identify EDRF as NO, at least not in writing. A third group of 
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pharmacologists, led by Louis Ignarro, published that EDRF was indeed NO [20]. Ignarro’s 

experiments demonstrated the mechanism whereby guanylate cyclase was activated by NO, and his 

research findings were published in the December 1987 issue of Circulation Research [21]. Another 

researcher, Salvador Moncada, who like Murad had similar hypotheses, and used similar laboratory 

techniques drew the same conclusion that EDRF was in fact NO. He published his findings in Nature’s 

11 June 1987 edition (six months prior to Ignarro’s paper) [22]. 

On October 12, 1998, the Nobel Assembly at the Karolinska Institute awarded the 1998 Nobel Prize 

in Physiology or Medicine to Furchgott, Ignarro and Murad for their “discoveries concerning nitric 

oxide as a signaling molecule in the cardiovascular system” [23]. Moncada’s earlier work was, 

unfortunately, overlooked. The Nobel Prize founded on the discovery of nitroglycerine 150 years 

earlier, which was utilized as a detonator to blow through granite and create tunnels was now 

recognized, in its related NO derivative, for playing a role in opening up biological tunnels (arteries). 

The status and subsequent interest the prize lent to the scientific research on the mechanics of NO is 

evidenced by tabulating citations listed in PubMed for nitric oxide: 560 citations prior to 1990;  

4425 citations, 1990–1994; 11,162 citations, 1995–1999 [5]; and 124,343 citations were available on  

June 5, 2013. The astounding amount of scholarship produced post-1999 revels that nitric oxide was a 

topic of interest for many researchers. Other physiological mechanisms and pathways relating to NO 

were reveled through continued research throughout the final years of the 20th century, and still 

continuing into the 21st century. 

What became obvious to researchers were the associations among NO, blood pressure and heart 

disease. Heart disease by 1910 had become the most common cause of death in the United States, and 

by mid-century 50% of all deaths was attributed to heart disease [24]. With mortality so high, 

investigations into causes and risk factors relating to heart disease increased exponentially. Populations 

with decreased rates of disease were also studied. 

3. Linkage between Cocoa and Heart Health: Recent Findings 

The Kuna Indians live on the San Blas islands off the coast of Panama. A segment of the Kuna 

population had migrated to Panama City for economic opportunities and other reasons. Researchers 

recognized that the Island-Kuna had very low incidence of hypertension when aging, whereas the 

Mainland-Kuna hypertension levels were similar to other urban dwelling people [25]. Hypertension 

increases with age and is considered a risk factor for cardiovascular disease (CVD). The Island-Kuna 

had little age-related hypertension and researchers looked at environmental factors, including diet, that 

might explain the difference. What they discovered was that Island-Kuna, but not Mainland-Kuna, 

drank five cups of cocoa per day [26]. Moreover, the type of cocoa the Island-Kuna consumed was 

determined to be flavonoid-rich (900 mg/day) and the differences in low prevalence of hypertension 

were seen greatest in older rather than younger people [27]. Other factors were investigated, such as 

differences in tobacco use, but were ruled out as contributory [28]. 

The relationship between consumption of high levels of cocoa and cocoa containing products and 

low levels of hypertension also were found in another older population located thousands of miles 

away in Holland. This prospective study focused on a group of older men (Zutphen Elderly Study) and 

data were collected 15 years post-baseline. A cross-sectional analysis measuring habitual intake of 
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cocoa-containing products was determined to be inversely associated with high blood pressure and 

prospectively related to cardiovascular mortality [29]. The association between high levels of cocoa 

consumption and positive heart health outcomes gained international attention in the mid 1990s, and 

research to determine the nutrients inherent in cocoa that may play a role in this relationship began in 

earnest during this time. 

Flavonoids a subclass of polyphenols are abundant in fruits and vegetables and manifest in nature in 

many forms. The most commonly consumed and richest source of flavonols in foods are quercetin and 

kampferol [30]. Although generally low in concentration (~15 to 30 mg/kg) on a wet-weight basis, 

these nutrients are found in onions, apples, and blueberries, products that are core foods in most 

American diets [31]. 

Flavonoids have a basic three ring structure (Figure 2) and subclasses are defined by their differing 

structural properties (moieties). Cocoa and chocolate contain flavan-3-ols, as does tea and  

wine [32,33]. Flavan-3-ols are subdivided again based on differing moieties with catechin and 

epicatechin (monomers) and proanthocyanidins (oligomers) comprising the predominate classes  

found in cocoa. Catechin (+) and epicatechin (−) chemically differ on the 3rd carbon on the C-ring 

(Figure 2). Catechin has a hydroxyl group on the 3rd carbon whereas epicatechin has a hydrogen 

group. Proanthocyanidins, which make up to 60% of the polyphenol content of fresh cocoa beans has 

repeating units connecting at the 4th carbon on the C-ring [34]. Flavonoids present in the fresh cocoa 

bean, however, differ from the processed cocoa bean. 

Figure 2. Basic structure of a flavonoid. 

 

Cocoa beans are grown, typically, only within a narrow band defined by 20° north and south of the 

equator, with the majority of cocoa production harvested in the 21st century in West Africa. Although 

numerous varieties are known, there are three main botanical cocoa varieties produced for the general 

market: Criollo (not widely grown), Forastero, and Trinitaro (a crossbreed of the two) [35]. After 

harvesting pods from the trees, the beans are removed from the white pulpy interior and dried in the 

sun. Bacteria, naturally intrinsic to the beans, are exposed to wild yeasts floating in the air resulting in 

microbial fermentation. What is important to the manufacturer is the degree to which fermentation 

occurs for this processing step impacts final flavor nuances. For those manufacturers interested in 

flavonoid content, this step is critical as well. End products at this stage (alcohols and organic acids), 

such as lactic acid, and some researchers suggest D-amino acids are released. These products diffuse 

into the beans killing the bacteria and produce a specific color and taste aroma [36]. Flavonoid content 

also is affected by the fermentation process [37]. 
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Roasting the cocoa beans is the next step in cocoa production. Aroma and flavor profiles develop 

predominantly during the drying and fermentation steps; however, roasting (via Malliard reactions) 

impacts flavor nuances [38,39]. Processing cocoa beans takes place both on large plantations in 

addition to thousands of small plots throughout the Ivory Coast, Ghana, and elsewhere. Consequently 

the end product (cocoa liquor) is subject to wide variability in processing and quality. Maintaining 

quality control is an issue for most cocoa bean buyers. Not only do flavor profiles change in response 

to cocoa processing, flavonoid content varies in direct relation to drying, fermentation, and roasting 

times [40]. Moreover, flavonoids impart astringency to chocolate: with increased flavonoid content on 

a per gram basis the greater the sensory property of bitterness is perceived [41,42]. 

Given the interest in foods for health, high prevalence of CVD in the United States and increasingly 

elsewhere, and the reported positive relationship between cocoa and heart health, researchers continue 

to investigate the varying roles that flavonoids play in human physiology. The research findings are 

not without controversy, however. In a 2008 review article Cocoa and Health: A Decade of Research 

the authors suggested that stricter controls are needed in clinical trials to determine the correlation 

between flavon-3-ols and heart health [43]. The authors implied that many of the studies lacked 

scientific rigor. Nevertheless, a significant body of scholarship indicates cocoa has properties that 

support positive heart health. 

Although diet-disease causality cannot be drawn from epidemiologic studies because of the 

difficulty of controlling for spurious environmental factors, they are nevertheless worthy of 

consideration when creating hypotheses on nutrient-disease interactions. Chronic disease typically 

develops over time and manifests later in older populations. Analyzing cohort food intake may 

elucidate dietary patterns beneficial to good health. Quantifying exact nutrient consumption is 

problematical as flavonoids are not easy to measure, measurements are expensive and the composition 

databases would be very large because of all the different compounds needed to be included [44,45]. 

Even with the enormity of the task, United States Department of Agriculture (USDA) undertook the 

challenge and produced a food composition flavonoid database in 2003 [46]. Alerted to overestimation 

of catechin values in cocoa products, a revised version was issued January 2007, which contains  

385 food items [47]. Although this is an impressive beginning, more cocoa product composition values 

need to be added to the database so that American consumption patterns are better represented. 

Standardizing the amount of catchins/g cocoa in different manufactured cocoa products has been 

discussed; however, this variant must be considered when correlations between “natural” cocoa intake 

and positive heart health are claimed. To control for the variation of catechins in natural cocoa, 

scientists working in research laboratories utilize synthetic cocoa products designed to contain a set 

amount of flavon-3-ols to ensure reproducible results. Thus, what takes place in the laboratory may not 

reflect cocoa consumption in the free market [48]. Further, in interpreting study results, it is important 

to realize that the manufactured intervention cocoa may not represent consumer product availability. 

Another consideration in determining evidence that flavanoids are heart health beneficial is the 

degree of nutrient bioavailability at the post-absorption level [49,50]. There are nearly 100 reports on 

the bioavailability of flavonoids in humans and almost that number in clinical trials on bioactivity [48]. 

What is tested in the laboratory is non-native (e.g., manufactured) flavanoids. It has been widely 

reported that there are major differences in bioavailability between the native and non-native 

compounds [51,52]. To complicate the analyses further, subsets of literature that focused on the 
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bioavailability of flavon-3-ols (which had been methylated or galloylation) were not consistently 

considered [48,53]. Given that these processes are determinants to absorption and thus bioavailability, 

comparing results across papers becomes corrupted [31,54,55]. In spite of these limitations researchers 

continue to measure the relationship between cocoa consumption and oxidative stress. A considerable 

body of literature indicates that oxidative stress is involved in the pathogenesis of chronic diseases and 

a daily contribution of flavanoids may reduce that stress load [56–58]. 

Mechanistic research that focused on the relationship between flavonoids and cardiovascular and/or 

coronary heart disease (Heart Health) beginning mid-1990s and continuing to present day can be 

clustered under four headings: (1) anti-oxidant properties; (2) vasodilation of smooth muscle;  

(3) anti-platelet aggregation; and (4) anti-inflammatory properties. This review collates and 

summarizes data from human clinical trials, epidemiologic studies and animal experimental 

investigations and identifies salient findings in each of the four pharmacokinetic areas. 

One method to measure the relationship of antioxidant capacity in vivo is to measure a biomarker 

for redox regulation at the transcriptional level. Jan Moskaug, and co-workers used a mouse model  

and reported that flavonoids modulated expression of the rate-limiting enzyme γ-glutamylcysteine 

synthetase, a significant finding since this enzyme regulates glutathione, and Moskaug and co-workers 

asserted that glutathione is the most important endogenous antioxidant in cells [59]. Others have 

suggested that even if the level of bioavailability of post-absorptive flavonoids is lower than previously 

reported, localized redox reactions in the gastrointestinal tract may be significant [60]. Suggested 

effects include binding of pro-oxidant iron and inhibition of cyclooxgenases and lipooxgenases, 

destructive agents of cellular membranes [61]. Adverse effects of high flavonoid consumption can 

occur as well. Flavonoids have a high affinity for chelating iron and in individuals with marginal iron 

status high flavonoid intake can increase risk of iron depletion [42,62]. The scientific community lacks 

consensus regarding the measure of antioxidant effect provided in the diet from cocoa flavonoid 

consumption [63–65]. In clinical, epidemiological and experimental literature contradictory results 

appear regarding the association between increased flavonoid intake and antioxidant capacity while 

researchers acknowledge that populations who consume increased levels of flavanoids have a lower 

incidence of myocardial infarction [66,67]. Researchers conclude that more clinical-control, 

intervention studies are needed to confirm that cocoa, at the biological-available level, exerts 

antioxidant protective effects. 

Even before the 1998 Nobel Prize in Physiology or Medicine was granted to Furchgott, Ignarro and 

Murad for their discoveries concerning nitric oxide as a signaling molecule in the cardiovascular 

system [68], the relationship between cocoa and NO expression was beginning to be heavily 

investigated. It was generally accepted that increases in NO production vasodilates smooth muscle, 

such as aortic rings [53]. Heart disease and CVD patients lack vascular homeostasis. One function of 

the endothelium is to maintain normal vascular tone by balancing the production of vasodilators  

and vasoconstrictors [69]. It was suggested that by daily consuming flavonoid foodstuffs positive 

vasodilator factors would counterbalance negative effects that hinder vascular tone. 

The next logical (and profitable) step for chocolate/cocoa manufacturers to take was to demonstrate 

that flavonoids, inherent in cocoa, up-regulated NO production. In the mid-1990s clinical trials began 

in earnest to examine the dose-response between cocoa consumption and up-regulation of NO activity 

resulting in improved vascular tone [70]. 
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It had been known that populations that consume high intakes of plant-derived foods and beverages 

were inversely associated with risk of CVD, and one of the beneficial effects of the plant-based diet 

had been frequently ascribed to flavanols, a subgroup of flavonoids present in fruits, vegetables, and 

cocoa specifically. 

Studies in human trials suggested that vascular effects of flavanols are due, in part, to increased 

nitric oxide synthase levels consequently up-regulating bioactive NO activity [71–73]. The 

consequence of increased NO activity is an increase in artery dilation. In a randomized, double-blind, 

crossover study involving 11 participants (self-described smokers), 100 mL cocoa drink with either 

high (176 to 185) or low (<11 mg) flavonol content was consumed on two separate days. Flow 

mediated dilation (FMD) increased in the high flavanol group (4.5% ± 0.8% to 6.9% ± 0.9%, p < 0.05) 

2 h post ingestion [74]. 

In another clinical trial with eight healthy male adults, Hagen Schroeter and co-workers 

demonstrated that (a) pure epicatechin quantitatively mimics the vascular effects of flavanol-rich 

cocoa; and, (b) inhibition of nitric oxide synthase (NOS) in humans and aortic rings “abolishes 

vascular effects” as measured by FMD [75]. These findings suggest that, indeed, cocoa improves 

vascular tone. Schroeter’s results were corroborated by another small clinical study that included six 

male smokers. The investigators measured the response in FMD after consuming 306 mg of flavanols 

(procyanidins, epicatechin, catechin) three times daily for seven days. The study participants were 

asked to refrain from smoking and required to fast 12 h prior to study visits so that confounding results 

could be minimized. Sustained increase in FMD of the brachial artery increased with repetitive 

consumption of the high-flavanol cocoa drink, though, the effect was temporal [76]. Combined, these 

studies suggest a positive effect on FMD when participants consumed high levels of cocoa-derived 

flavanols. However, a group of Australian researchers found different results. 

In a six-week randomized, double-blind placebo controlled study, forty subjects diagnosed with 

coronary artery disease consumed either a flavanol-rich chocolate bar (444 mg/day) and cocoa 

beverage daily or matching isocaloric placebos (19.6 mg/day) Brachial artery FMD was measured at 

baseline, 90 min following the cocoa intake and after three and six weeks of daily consumption. 

Between baseline and six weeks no acute or chronic changes in FMD were seen in either group [77]. 

Another group of researchers found that with 32 postmenopausal hypercholesterolemic women 

randomly assigned to consume a high flavanol beverage (446 mg/day) or low flavanol beverage (43 

mg/day) for six weeks, (essentially mimicking the Australian study) brachial artery hyperemic blood 

flow increased by 76% (p < 0.05) [78]. Clearly, more clinical-controlled crossover double-blind 

studies are needed to confirm strong clinical endpoint evidence. 

Studies indicate aspirin vasodilates arteries as well [79], however, aspirin is more commonly 

associated with reducing platelet aggregation, a CVD risk factor. Platelet activation in damaged 

arteries can lead to thrombus formation. Platelets are activated after adhesion to collagen that becomes 

exposed and this leads to release and synthesis of agents such as adenosine diphosphate (ADP) and 

thromboxane A2 (TXA2), which induce platelet aggregation. As the platelets build up with fibrin an 

occlusion can occur causing a stroke, heart attack, or acute angina. Activated platelets can interact with 

leukocytes via P-selectin leading to further inflammation [80]. 

It has been suggested that moderate to high cocoa intake may also reduce platelet adhesion via 

effects of flavanoids on signal transduction pathways [81]. Cocoa (897 mg epicatechin and oligomeric 
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procyanidins combined) has been shown to reduce ADP and adrenaline-induced expression of the 

activated platelet glycoprotein (GPIIa/IIb), a regulator in platelet aggregation [82,83]. The former 

study, although short term, has been replicated in a longer four-week study whereby subjects 

consumed moderate amounts of cocoa flavanols. Endpoints measured were P-selectin protein 

measured by platelet cells, which decreased, in addition ADP-induced platelet aggregation and platelet 

volume declined as well [84]. Flavonoids may exhibit a positive reciprocal relationship between  

NO-related mechanisms and platelet function creating a dual health promoting environment. 

Pathogenesis of chronic and acute inflammation leading to CVD is multifactorial, but it is generally 

accepted that initiation and promotion are associated with cytokines and eicosanoids [85,86]. Some  

of the significantly studied pro-inflammatory types include: interferon-γ, interleukin (IL)-1α, and  

IL-6 [87]. Additionally a few of the enzyme systems involved in the inflammatory response include 

xanthine oxidase and NADH/NADPHA oxidase groups [88]. Flavanol-rich beverages have been 

shown to increase NO production and reduce xanthine oxidase [89,90]. As with other cocoa  

research, many of the investigations are predominately in vitro experiments and results may not be  

expressed in humans. 

Further, studies of in vitro stimulation measured the response to peripheral blood mononuclear cells 

(PBMCs) isolated from healthy volunteers and cultured with cocoa flavanol fractions that differed by 

chain length (monomers and procyannidin dimmers that could be found in human circulation after 

consuming cocoa flavanols) [91]. The chain length had an effect on cytokine release from both 

unstimulated and stimulated PBMCs, and the researchers concluded that oligomers were potent 

stimulators of the immune system and supported anti-inflammatory cytokines. 

A group of researchers investigated LDL oxidation because it was associated with the 

atherosclerotic process. Michael Peluso has suggested that flavonoids may suppress LDL oxidation 

and inflammatory progression in the artery wall and researchers working with animal (rabbit) models 

support his theory [92]. In a comparative, double-blind study, researchers examined 160 subjects who 

ingested either cocoa powder containing low-polyphenolic compounds (placebo-cocoa group) or  

three levels of cocoa powder containing high-polyphenolic compounds (13, 19.5, and 26 g/day for 

low-, middle-, and high-cocoa groups, respectively) for four weeks. On two occasions per day, the 

prepared beverages were consumed. Blood samples were collected at baseline and then at week four 

after intake of the test beverages. Plasma oxidized LDL concentrations decreased in all groups 

compared with baseline. A stratified analysis was performed on 131 subjects who had a LDL 

cholesterol concentrations of > or = 3.23 mmol/L at baseline. In these subjects, plasma LDL 

cholesterol, oxidized LDL, and apo B concentrations decreased, and the plasma HDL cholesterol 

concentration increased, relative to baseline in all groups. The results suggest that polyphenolic 

substances derived from cocoa powder may contribute to a reduction in LDL cholesterol, and an 

elevation in HDL cholesterol [93], a positive change in markers for CVD risk. 

Utilizing a rabbit model, researchers measured the plasma concentration of thiobarbituric acid 

reactive substances (TBARS), which is a lipid-peroxidation index. Researchers reported a significant 

TBARS decrease one month after the start of cocoa liquor polyphenols [CLP] administration compared 

to that of the control group. An antioxidative effect of CLP on LDL was observed from two to four 

months of administration [94]. 
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Other researchers have suggested a new use for cocoa bean skins as good sources of insoluble 

fiber—a product known for its cholesterol-lowering properties, however, bitter sensory properties 

would need to be overcome [95]. While some of these studies report conflicting results, many more 

suggest that flavonoids play positive roles in immune integrity. Other studies focusing on cocoa 

positive health outcomes include: increase in insulin sensitivity and decrease in blood pressure [96–98], 

cocoa as gastro-protective [99] cocoa and improved cognition [100], cocoa blocks UV-induced 

erthema and improves skin condition [101], and cocoa inhibits growth of breast cancer cells [102]. 

As Cesar Fraga has pointed out in an editorial review, interpretations of results are uncertain 

because of the lack of rigor in documenting the experiments details, such as: amount of polyphenols 

may be listed, but how they quantified the dosage often is left unreported [103]. It seems that cocoa 

has become a panacea for today’s many chronic diseases, and that we have returned to the 17th century 

where, prior to laboratory analyses and precise instrumentation, physicians claimed that cocoa was 

indeed the food of the gods and the healer of all aliments [104]. 

4. Concluding Comments on the Relationship between Cocoa and Heart Health 

Epidemiologic and experimental studies continually suggest a positive relationship between 

polyphenols consumption natural in cocoa and heart health [105,106]. The question that remains is 

whether these data are relevant for human disease outcomes where polyphenols are typically consumed 

at low concentrations (in the United States) [32]. What is compelling, however, is that researchers 

globally who studied cocoa flavanols mechanistic pathways have agreed that cocoa flavonoids— 

in vitro and through animal models—upregulate enzymes that act as a vasodilator of the coronary 

arteries. European physicians, too, regularly have cited American investigations on cocoa and 

endothelial function [107]. The European Food Safety Authority, in response to Barry Callebaut 

application for a scientific substantiation of health claims related to cacao flavanols and maintenance 

of normal endothelium-dependent vasodilation, issued the following opinion, “cocoa flavanols help 

maintain endothelium-dependent vasodilation, which contributes to normal blood flow”. In order to 

obtain the claimed effect, 200 mg of cocoa flavanols should be consumed daily [108]. The linkage 

between cacao consumption and heart health goes back many years, has been and continues to be a 

popular area of scientific interest. With increased positive outcomes in human studies that include  

200 mg of cocoa flavanols the public will benefit from the scientific evidence. 

Acknowledgments 

The author would like to thank the following students: Rebekah Ann Yocum for her assistance in 

organizing the 350+ papers for this review, and Matthew Ross Kepler for the chemical drawings. 

Patricia L. Lang’s comments on nitrites improved the manuscript, and the helpful comments provided 

by the reviewers. 

Conflicts of Interest 

The author declares no conflict of interest. 
  



Nutrients 2013, 5 3864 
 

References 

1. Dillinger, T.L.; Barriga, P.; Escarcega, S.; Jimenez, M.; Salazar Lowe, D.; Grivetti, L.E. Food of 

the gods: Cure for humanity? A cultural history of the medicinal and ritual use of chocolate.  

J. Nutr. 2000, 130, 2057S–2072S. 

2. Messerli, F.H. Chocolate consumption, cognitive function, and Nobel laureates. N. Engl. J. Med. 

2012, 367, 1562–1564. 

3. Alpert, J.S. Coronary heart disease: Where have we been and where are we going? Lancet 1999, 

353, 1540–1541. 

4. Hippocrates, C. The Aphorisms of Hippocrates Classics of Medicine Library; Gryphon Editions: 

Birmingham, AL, USA, 1982; p. 38. 

5. Marsh, N.; Marsh, A. A short history of nitroglycerine and nitric oxide in pharmacology and 

physiology. Clin. Exp. Pharmacol. Physiol. 2000, 27, 313–319. 

6. Hughes, R.; Dake, J.P. A Cyclopaedia of Drug Pathogenesy; Boericke and Tafel: New York, NY, 

USA, 1886; p. 347. 

7. Ringertz, N. Alfred Nobel’s Health and Interest in Medicine 2007. Available online: 

http://nobelprize.org/alfred_nobel/biographical/articles/ringertz/index.html (accessed on 5  

June 2013). 

8. Richardson, B.W. Report of the physiological action of nitrate of amyl. Br. Assoc. Adv. Sci. 

1864, 34, 120–129. 

9. Murrell, W. Nitro-glycerine as a remedy for angina pectoris. Lancet 1879, 113, 80–81. 

10. Murrell, W. Nitro-glycerine as a remedy for angina pectoris. Lancet 1879, 113, 113–115. 

11. Murrell, W. Nitro-glycerine as a remedy for angina pectoris. Lancet 1879, 113, 151–152. 

12. Murrell, W. Nitro-glycerine as a remedy for angina pectoris. Lancet 1879, 113, 225–227. 

13. Murrell, W. Nitro-glycerine tablets. Lancet 1885, 126, 546–547. 

14. Murrell, W.; Martindale, W.M. On the dosage of some of the vasomotor dilators. Lancet 1896, 

148, 634–635. 

15. Brunton, T.L. On the action of nitrite of amyl on the circulation. J. Anat. Physiol. 1871, 5,  

92–101. 

16. Bodo, R. The effect of the “heart-tonics” and other drugs upon the heart-tone and coronary 

circulation. J. Physiol. 1928, 64, 365–387. 

17. Katsuki, S.; Arnold, W.; Mittal, C.; Murad, F. Stimulation of guanylate cyclase by sodium 

nitroprusside, nitroglycerin and nitric oxide in various tissue preparations and comparison to the 

effects of sodium azide and hydroxylamine. J. Cycl. Nucleotide Res. 1977, 3, 23–35. 

18. Murad, F.; Arnold, W.P.; Mittal, C.K.; Braughler, J.M. Properties and regulation of guanylase 

cyclase and some proposed functions of cyclic GMP. Adv. Cycl. Nucl. Prot. Phosphoryl. Res. 

1979, 11, 175–204. 

19. Cherry, P.D.; Furchgott, R.F.; Zawadzki, J.V.; Jothianandan, D. Role of endothelial cells in 

relaxation of isolated arteries by bradykinin. Proc. Natl. Acad. Sci. USA 1982, 79, 2106–2110. 

20. Ignarro, L.J. Biological actions and properties of endothelium-derived nitric oxide formed and 

released from artery and vein. Circ. Res. 1989, 65, 1–21. 



Nutrients 2013, 5 3865 
 

21. Ignarro, L.J.; Byrns, R.E.; Buga, G.M.; Wood, K.S. Endothelium-derived relaxing factor from 

pulimary artery and vein possesses pharmacologic and chemical properties identical to those of 

nitric oxide radical. Circ. Res. 1987, 61, 866–879. 

22. Palmer, R.M.; Ferrige, A.G.; Moncada, S. Nitric oxide release accounts for the biological activity 

of endothelium-derived relaxing factor. Nature 1987, 327, 524–526. 

23. The 1998 Nobel Prize in Physiology or Medicine 1998. Available online: 

http://nobelprize.org/nobel_prizes/lists/1998.html (accessed on 2 June 2013). 

24. Braunwald, E. Cardiovascular medicine at the turn of the millennium: Triumphs, concerns, and 

opportunities. N. Engl. J. Med. 1997, 337, 1360–1369. 

25. Mccullough, M.; Chevaux, K.; Jackson, L.; Preston, M.; Martinez, G.; Schmitz, H.; Coletti, C.; 

Campos, H.; Hollenberg, N. Hypertension, the Kuna, and the epidemiology of flavanols.  

J. Cardiovasc. Pharmacol. 2006, 47, S103–S109. 

26. Hollenberg, N. Vascular action of cocoa flavanols in humans: The roots of the story.  

J. Cardiovasc. Pharmacol. 2006, 47, S99–S102. 

27. Fisher, N.D.L.A.; Hollenberg, N.K.B. Aging and vascular responses to flavanol-rich cocoa.  

J. Hypertens. 2006, 24, 1575–1580. 

28. Bayard, V.; Chamorro, F.; Motta, J.; Hollenberg, N.K. Does flavanol intake influence mortality 

from nitric oxide-dependent processes? Ischemic heart disease, stroke, diabetes mellitus, and 

cancer in Panama. Int. J. Med. Sci. 2007, 4, 53–58. 

29. Buijsse, B.; Feskens, E.J.; Kok, F.J.; Kromhout, D. Cocoa intake, blood pressure, and 

cardiovascular mortality: The Zutphen Elderly Study. Arch. Intern. Med. 2006, 166, 411–417. 

30. Hertog, M.G.; Holland, P.C.; Katan, M.B. Content of potenially anticarcinogenic flavonoids of 

28 vegetables and 9 fruits commonly consumed in the Netherlands. J. Agric. Food Chem. 1992, 

40, 2379–2383. 

31. Manach, C.; Scalbert, A.; Morand, C.; Remesy, C.; Jimenez, L. Polyphenols: Food sources and 

bioavailbility. Am. J. Clin. Nutr. 2004, 79, 727–747. 

32. Arts, I.C.; Hollman, P.H.; Kromhout, D. Chocolate as a source of tea flavonoids. Lancet 1999, 

354, 488. 

33. Dreosti, I.E. Antioxidant polyphenols in tea, cocoa, and wine. Nutrition 2000, 16, 692–694. 

34. Borchers, A.T.; Keen, C.L.; Hannum, S.M.; Gershwin, M.E. Cocoa and chocolate: Composition, 

bioavailability, and health implications. J. Med. Foods 2000, 3, 77–105. 

35. Caligiani, A.; Cirlini, M.; Palla, G.; Ravaglia, R.; Arlorio, M. GC-MS detection of chiral markers 

in cocoa beans of different quality and geographic origin. Chirality 2007, 19, 329–334. 

36. Schwan, R.F.; Wheals, A.E. The microbiology of cocoa fermentation and its role in chocolate 

quality. J. Food Sci. 2004, 59, 152–154. 

37. Jinap, S.; Jamilah, B.; Nazamid, S. Effects of incubation and polyphenol oxidase enrichment on 

colour, fermentation index, procyanidins and astringency of unfermented and partly fermented 

cocoa beans. Int. J. Food Sci. Tech. 2003, 38, 285–295. 

38. Misnawi, J.S.; Jamilah, B.; Nazamid, S. Sensory properties of cocoa liquor as affected by 

polyphenol concentration and duration of roasting. Food Qual. Prefer. 2004, 15, 403–409. 



Nutrients 2013, 5 3866 
 

39. De Brito, E.S.; Garcia, N.H.P.; Amancio, A.L.C.; Valente, A.L.P.; Pini, G.F.; Augusto, F. Effect 

of autoclaving cocoa nibs before roasting on the precursors of the Maillard reaction and 

pyrazines. Int. J. Food Sci. Technol. 2001, 36, 625–630. 

40. Cheynier, V. Polyphenols in foods are more complex than often thought. Am. J. Clin. Nutr. 2005, 

81, 223S–229S. 

41. Lesschaeve, I.; Noble, A.C. Polyphenols: Factors influencing their sensory properties and their 

effects on food and beverage preferences. Am. J. Clin. Nutr. 2005, 81, 330S–335S. 

42. Teixerira, S.; Siquet, C.; Alves, C.; Boal, I.; Marques, M.P. Structure-property studies on the 

antioxidant acitivity of flavonoids present in diet. Free Radic. Biol. Med. 2005, 39, 1099–1108. 

43. Cooper, K.A.; Donovan, J.L.; Waterhouse, A.L.; Williamson, G. Cocoa and health: A decade of 

research. Br. J. Nutr. 2008, 99, 1–11. 

44. Hercberg, S. The history of β-carotene and cancers: From observational to intervention studies. 

What lessons can be drawn for future research on polyphenols? Am. J. Clin. Nutr. 2005, 81, 

218S–222S. 

45. Mennen, L.I.; Sapinho, D.; Ito, H.; Bertrais, S.; Galan, P.; Hercherg, S.; Scalbert, A. Urinary 

flavonoids and phenolic acids as biomarkers of intake of polyphenol-rich foods. Br. J. Nutr. 

2006, 96, 191–198. 

46. Harnly, J.M.; Doherty, R.F.; Beecher, G.R.; Holden, J.M.; Haytowitz, D.B.; Bhagwat, S.; 

Gebhardt, S. Flavonoid content of U.S. fruits, vegetables, and nuts. J. Agric. Food Chem. 2006, 

54, 9966–9977. 

47. Nutrient Data Laboratory. USDA Database for the Flavonoid Content of Selected Foods, Release 

2.1; United States Department of Agriculture: Washington, DC, USA, 2007; p. 128. 

48. Manach, C.; Williamson, G.; Morand, C.; Scalbert, A.; Remesy, C. Bioavailability and 

bioefficacy of polyphenols in humans. I. Review of 97 bioavailability studies. Am. J. Clin. Nutr. 

2005, 81, 230S–242S. 

49. Urquiaga, I.; Leighton, F. Plant polyphenol antioxidants and oxidative stress. Biol. Res. 2000, 33, 

55–64. 

50. Williamson, G.; Barron, D.; Shimoi, K.; Terao, J. In vitro biological properties of flavonoid 

conjugates found in vivo. Free Radic. Res. 2005, 39, 457–469. 

51. Kroon, P.A.; Clifford, M.N.; Crozier, A.; Day, A.J.; Donovan, J.L.; Manach, C.; Williamson, G. 

How should we assess the effects of exposure to dietary polyphenols in vitro? Am. J. Clin. Nutr. 

2004, 80, 15–21. 

52. Lila, M.A.; Yousef, G.G.; Jiang, Y.; Weaver, C.M. Sorting out bioactivity in flavonoid mixtures. 

J. Nutr. 2005, 135, 1231–1235. 

53. Low, S.Y. Application of pharmaceuticals to nitric oxide. Mol. Asp. Med. 2005, 26, 97–138. 

54. Lotito, S.B.; Frei, B. Consumption of flavonoid-rich foods and increased plasma antioxidant 

capacity in humans: Cause, consequence, or epiphenomenon? Free Radic. Biol. Med. 2006, 41, 

1727–1746. 

55. Lotito, S.B.; Actis-Goretta, L.; Renart, L.; Caligiuri, M.; Rein, D.; Schmitz, H.H.; Steinberg, F.M.; 

Keen, C.L.; Fraga, C.G. Influence of oligomer chain length on the antioxidant activity of 

procyanidins. Biochem. Biophys. Res. Commun. 2000, 276, 945–951. 



Nutrients 2013, 5 3867 
 

56. Zhu, Q.; Holt, R.; Lazarus, S.; Orozco, T.; Keen, C. Inhibitory effects of cocoa flavanols and 

procyanidin oligomers on free radical-induced erythrocyte hemolysis. Exp. Biol. Med. 2002, 227, 

321–329. 

57. Zhu, Q.Y.; Schramm, D.D.; Gross, H.B.; Holt, R.R.; Kim, S.H.; Yamaguchi, T.; Kwik-Uribe, C.L.; 

Keen, C.L. Influence of cocoa flavanols and procyanidins on free radical-induced human 

erythrocyte hemolysis. Clin. Dev. Immunol. 2005, 12, 27–34. 

58. Zhang, J.; Stanley, R.A.; Adaim, A.; Melton, L.D.; Skinner, M.A. Free radical scavenging and 

cytoprotective activities of phenolic antioxidants. Mol. Nutr. Food Res. 2006, 50, 996–1005. 

59. Moskaug, J.O.; Carlsen, H.; Myhrstad, M.C.W.; Blomhoff, R. Polyphenols and glutathione 

synthesis regulation. Am. J. Clin. Nutr. 2005, 81, 277S–283S. 

60. Halliwell, B.; Rafter, J.; Jenner, A. Health promotion by flavonoids, tocopherols, tocotrienols, 

and other phenols: Direct or indirect effects? Antioxidant or not? Am. J. Clin. Nutr. 2005, 81, 

268S–276S. 

61. Verstraeten, S.V.; Keen, C.L.; Schmitz, H.H.; Fraga, C.G.; Oteiza, P.I. Flavan-3-ols and 

procyanidins protect liposomes against lipid oxidation and disruption of the bilayer structure. 

Free Radic. Biol. Med. 2003, 34, 84–92. 

62. Mennen, L.I.; Walker, R.; Bennetau-Pelissero, C.; Scalbert, A. Risks and safety of polyphenol 

consumption. Am. J. Clin. Nutr. 2005, 81, 326S–329S. 

63. Prior, R.L.; Gu, L. Occurrence and biological significance of proanthocyanidins in the American 

diet. Phytochemistry 2005, 66, 2264–2280. 

64. Ramiro-Puig, E.; Urpi-Sarda, M.; Perez-Cano, F.J.; Franch, A.; Castellote, C.; Andres-Lacueva, C.; 

Izquierdo-Pulido, M.; Castell, M. Cocoa-enriched diet enhances antioxidant enzyme activity and 

modulates lymphocyte composition in thymus from young rats. J. Agric. Food Chem. 2007, 55, 

6431–6438. 

65. Ramiro-Puig, E.; Casadesús, G.; Lee, H.-G.; Zhu, X.; Mcshea, A.; Perry, G.; Pérez-Cano, F.J.; 

Smith, M.A.; Castell, M. Neuroprotective effect of cocoa flavonoids on in vitro oxidative stress. 

Eur. J. Nutr. 2009, 48, 54–61. 

66. Vinson, J.A.; Proch, J.; Bose, P.; Muchler, S.; Taffera, P.; Shuta, D.; Samman, N.; Agbor, G.A. 

Chocolate is a powerful ex vivo and in vivo antioxidant, an antiatherosclerotic agent in an animal 

model, and a significant contributor to antioxidants in the European and American diets. J. Agric. 

Food Chem. 2006, 54, 8071–8076. 

67. Scalbert, A.; Johnson, I.T.; Saltmarsh, M. Polyphenols: Antioxidants and beyond. Am. J. Clin. 

Nutr. 2005, 81, 215S–217S. 

68. Murad, F. Discovery of some of the biological effects of nitric oxide and its role in cell signaling. 

Biosci. Rep. 2004, 24, 452–474. 

69. Heiss, C.; Schroeter, H.; Balzer, J.; Kleinbongard, P.; Matern, S.; Sies, H.; Kelm, M. Endothelial 

function, nitric oxide, and cocoa flavanols. J. Cardiovasc. Pharmcol. 2006, 47, S128–S135. 

70. Ferri, C.; Grassi, D.; Grassi, G. Cocoa beans, endothelial function and aging: An unexpected 

friendship? J. Hypertens. 2006, 24, 1471–1474. 

71. Karim, M.; Mccormick, K.; Kappagoda, C.T. Effects of cocoa procyanidins on  

endothelium-dependent relaxation. J. Nutr. 2000, 130, 2105S–2108S. 



Nutrients 2013, 5 3868 
 

72. Fisher, N.L.; Hughes, M.; Gerhard-Herman, M.; Hollenberg, N.K. Flavanol-rich cocoa induces 

nitric-oxide-dependent vasodilation in healthy humans. J. Hypertens. 2003, 21, 2281–2286. 

73. Fisher, N.D.L.; Hurwitz, S.; Hollenberg, N.K. Habitual flavonoid intake and endothelial function 

in healthy humans. J. Am. Coll. Nutr. 2012, 31, 275–279. 

74. Heiss, C.; Kleinbongard, P.; Dejam, A.; Perre, S.; Schroeter, H.; Sies, H.; Kelm, M. Acute 

consumption of flavanol-rich cocoa and the reversal of endothelial dysfunction in smokers.  

J. Am. Coll. Cardiol. 2005, 46, 1276–1283. 

75. Schroeter, H.; Heiss, C.; Balzer, J.; Kleinbongard, P.; Keen, C.L.; Hollenberg, N.K.; Sies, H.; 

Kwik-Uribe, C.; Schmitz, H.H.; Kelm, M. (−)-Epicatechin mediates beneficial effects of  

flavanol-rich cocoa on vascular function in humans. Proc. Natl. Acad. Sci. USA 2006, 103,  

1024–1029. 

76. Heiss, C.; Finis, D.; Kleinbongard, P.; Hoffmann, A.; Rassaf, T.; Kelm, M.; Sies, H. Sustained 

increase in flow-mediated dilation after daily intake of high-flavanol cocoa drink over 1 week.  

J. Cardiovasc. Pharmacol. 2007, 49, 74–80. 

77. Farouque, H.M.O.; Leung, M.; Hope, S.A.; Baldi, M.; Schechter, C.; Cameron, J.D.; Meredith, I.T. 

Acute and chronic effects of flavanol-rich cocoa on vascular function in subjects with coronary 

artery disease: A randomized double-blind placebo-controlled study. Clin. Sci. 2006, 111, 71–80. 

78. Wang-Polagruto, J.F.; Villablanca, A.C.; Polagruto, J.A.; Lee, L.; Holt, R.R.; Schrader, H.R.; 

Ensunsa, J.L.; Steinberg, F.M.; Schmitz, H.H.; Keen, C.L. Chronic consumption of flavanol-rich 

cocoa improves endothelial function and decreases vascular cell adhesion molecule in 

hypercholesterolemic postmenopausal women. J. Cardiovasc. Pharmacol. 2006, 47, S177–S186. 

79. Husain, S.; Andrews, N.P.; Mulcahy, D.; Panza, J.A.; Quyyumi, A.A. Aspirin improves 

endothelial dysfunction in atherosclerosis. Circulation 1998, 97, 716–720. 

80. Heptinstall, S.; May, J.; Fox, S.; Kwik-Uribe, C.L.; Zhao, L. Cocoa flavanols and platelet and 

leukocyte function: Recent in vitro and ex vivo studies in healthy adults. J. Cardiovasc. 

Pharmacol. 2006, 47, S197–S205. 

81. Vita, J.A. Polyphenols and cardiovascular disease: Effects on endothelial and platelet function. 

Am. J. Clin. Nutr. 2005, 81, 292S–297S. 

82. Pearson, D.; Paglieroni, T.; Rein, D.; Wun, T.; Schramm, D.D.; Wang, J.F.; Holt, R.R.;  

Gosselin, R.; Schmitz, H.H.; Keen, C.L. The effects of flavanol-rich cocoa and aspirin on ex vivo 

platelet function. Thromb. Res. 2002, 106, 191–197. 

83. Rein, D.; Paglieroni, T.G.; Wun, T.; Pearson, D.A.; Schmitz, H.H.; Gosselin, R.; Keen, C.L. 

Cocoa inhibits platelet activation and function. Am. J. Clin. Nutr. 2000, 72, 30–35. 

84. Murphy, K.J.; Chronopoulos, A.K.; Singh, I.; Francis, M.A.; Moriarty, H.; Pike, M.J.;  

Turner, A.H.; Mann, N.; Sinclair, A. Dietary flavanols and procyanidin oligomers from cocoa 

(Theobroma cacao) inhibit platelet function. Am. J. Clin. Nutr. 2003, 77, 1466–1473. 

85. Selmi, C.; Mao, T.K.; Keen, C.L.; Schmitz, H.H.; Eric, G.M. The anti-inflammatory properties 

of cocoa flavanols. J. Cardiovasc. Pharmacol. 2006, 47, S163–S171. 

86. Hodgson, J.M.; Puddey, I.B. Dietary flavonoids and cardiovascular disease: Does the emperor 

have any clothes? J. Hypertens. 2005, 23, 1461–1463. 

87. Pockley, A.G. Heat shock proteins, inflammation and cardiovascular disease. Circulation 2002, 

105, 1012–1017. 



Nutrients 2013, 5 3869 
 

88. Carr, A.; Mccall, M.R.; Frei, B. Oxidation of LDL by myeloperoxidase and reactive nitrogen 

species: Reaction pathways and antioxidant protection. Arterioscler. Thromb. Vasc. Biol. 2000, 

20, 1716–1723. 

89. Osakabe, N.; Sanbongi, C.; Yamagishi, M.; Takizawa, T.; Osawa, T. Effects of polyphenol 

substances derived from Theobroma cacao on gastric mucsal lesion by ethanol.  

Biosci. Biotechnol. Biochem. 1998, 62, 1535–1538. 

90. Keen, C.L.; Holt, R.R.; Oteiza, P.I.; Fraga, C.G.; Schmitz, H.H. Cocoa antioxidants and 

cardiovascular health. Am. J. Clin. Nutr. 2005, 81, 298S–303S. 

91. Kenny, T.P.; Keen, C.L.; Schmitz, H.H.; Gershwin, M.E. Immune effects of cocoa procyanidin 

oligomers on peripheral blood mononuclear cells. Exp. Biol. Med. 2007, 232, 293–300. 

92. Peluso, M.R. Flavonoids attenuate cardiovascular disease, inhibit phosphodiesterase, and 

modulate lipid homeostasis in adipose tissue and liver. Exp. Biol. Med. 2006, 231, 1287–1299. 

93. Baba, S.; Natsume, M.; Yasuda, A.; Nakamura, Y.; Tamura, T.; Osakabe, N.; Kanegae, M.; 

Kondo, K. Plasma LDL and HDL cholesterol and oxidized LDL concentrations are altered in 

normo- and hypercholesterolemic humans after intake of different levels of cocoa powder.  

J. Nutr. 2007, 137, 1436–1441. 

94. Kurosawa, T.; Itoh, F.; Nozaki, A.; Nakano, Y.; Katsuda, S.; Osakabe, N.; Tsubone, H.;  

Kondo, K.; Itakura, H. Suppressive effects of cacao liquor polyphenols (CLP) on LDL oxidation 

and the development of atherosclerosis in Kurosawa and Kusanagi-hypercholesterolemic rabbits. 

Atherosclerosis 2005, 179, 237–246. 

95. Lecumberri, E.; Goya, L.; Mateos, R.; Alia, M.; Ramos, S.; Izquierdo-Pulido, M.; Bravo, L. A 

diet rich in dietary fiber from cocoa improves lipid profile and reduces malondialdehyde in 

hypercholesterolemic rats. Nutrition 2007, 23, 332–341. 

96. Grassi, D.; Lippi, C.; Necozione, S.; Desideri, G.; Ferri, C. 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. 2005, 81, 611–614. 

97. Graham, R.; Ahn, A.; Davis, R.; O’Conner, B.; Eisenberg, D.; Phillips, R. Use of complementary 

and alternative medical therapies among racial and ethnic minority adults: Results from the 2002 

National Health Interview Survey. J. Natl. Med. Assoc. 2005, 97, 535–545. 

98. Kwon, O.; Eck, P.; Chen, S.; Corpe, C.P.; Lee, J.-H.; Kruhlak, M.; Levine, M. Inhibition of the 

intestinal glucose transporter GLUT2 by flavonoids. FASEB J. 2007, 21, 366–377. 

99. Zayachkivska, O.S.; Konturek, S.J.; Drozdowicz, D.; Konturek, P.C.; Brzozowski, T.; 

Ghegotsky, M.R. Gastroprotective effects of flavonoids in plant extracts. J. Physiol. Pharmacol. 

2005, 56, S219–S231. 

100. Francis, S.T.P.; Head, K.B.; Morris, P.G.P.; Macdonald, I.A.P. The effect of flavanol-rich cocoa 

on the fMRI response to a cognitive task in healthy young people. J. Cardiovasc. Pharmacol. 

2006, 47, S215–S220. 

101. Heinrich, U.; Neukam, K.; Tronnier, H.; Sies, H.; Stahl, W. Long-term ingestion of high flavanol 

cocoa provides photoprotection against UV-induced erythema and improves skin condition in 

women. J. Nutr. 2006, 136, 1565–1569. 



Nutrients 2013, 5 3870 
 

102. Ramljak, D.; Romanczyk, L.J.; Metheny-Barlow, L.J.; Thompson, N.; Knezevic, V.; Galperin, M.; 

Ramesh, A.; Dickson, R.B. Pentameric procyanidin from Theobroma cacao selectively inhibits 

growth of human breast cancer cells. Mol. Cancer Ther. 2005, 4, 537–546. 

103. Fraga, C.G. Cocoa, diabetes, and hypertension: Should we eat more chocolate? Am. J. Clin. Nutr. 

2005, 81, 541–542. 

104. Stubbe, H. The Indian Nectar, or, a Discourse Concerning Chocolata the Nature of Cacao-Nut 

and the Other Ingredients of That Composition Is Examined and Stated According to the 

Judgment and Experience of the Indian and Spanish Writers Its Effects as to Its Alimental and 

Venereal Quality as Well as Medicinal (Especially in Hypochondrial Melancholy) Are Fully 

Debated: Together with a Spagyrical Analysis of the Cacao-Nut, Performed by That Excellent 

Chymist Monsieur le Febure, Chymist to His Majesty; J.C. fdor Andrew Cook: London, UK, 

1662; p. 184. 

105. Latif, R. Chocolate/cocoa and human health: A review. Neth. J. Med. 2013, 71, 63–68. 

106. Ellam, S.; Williamson, G. Cocoa and human health. Annu. Rev. Nutr. 2013, 33, 105–128. 

107. Barnard, K. Flavanols, cocoa, and cardiology. Circulation 2006, 114, f189–f192. 

108. EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). Scientific Opinion on the 

substantiation of a health claim related to cocoa flavanols and maintenance of normal 

endothelium-dependent vasodilation pursuant to Article 13(5) of Regulation (EC) No 1924/2006. 

EFSA J. 2012, 10, 2809. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


