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Where does natural cocoa 
& chocolate come from?



Why would chocolate have 

healthy components?

 In English, Cocoa is both the 

plant and the powder

 Cacao is commonly used term 

from the romance languages

 “% Cacao” is the proportion of 

the product made from the 

cocoa bean 

 Theobroma cacao is the 

scientific name

 “Food of the gods”
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The Cocoa Pod (It’s a plant!)

It’s a FRUIT!



Cocoa trees grow only in tropical regions +/- 20º latitude from the Equator in tropical rain 
forests.  Major regions are Central & South America, Central Africa and Indonesia.

Geographical Origins of Cocoa



How do you get from a cocoa 

bean to a chocolate bar?



Cocoa’s Natural Origins

Cocoa comes from the 
Theobroma cacao tree

 The tree grows in the tropical 
rainforest between 20° N & S 
of the equator

 The tree grows to 40-50 ft 

 Their life expectancy is +100 
years

Cacao flowers produce 
the cocoa pods

 Hundreds of flowers appear, 
but only 1-2% ripen to become 
mature cocoa pods

 The pollinated flower takes 180 
days to mature into a cocoa 
pod

Cocoa pods are the fruit, 
cocoa beans are the seeds

 The pods range between 4-16 
inches in length

 The cocoa pod has a hard, thick 
outer rind like acorn squash



Natural Cocoa Harvesting is a Hand Craft

The cocoa bean is 
removed from the pod

 Cocoa pods are broken open by 
a machete or by striking them

 About 30-50 cocoa beans are 
developed in each pod

Cocoa ‘beans’ are fermented 
between banana leaves

 Duration depends on the 
tradition of the growing region

 Fermentation begins the 
development of ‘chocolate’ 
flavor

Cocoa beans are then dried 
in the sun

 Some cultures dry over fires

 Freshly fermented beans 
contain 40% moisture and are 
dried to 8%



Fermented & Dried 
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From Cocoa Beans to Chocolate
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Ancient Medicinal Uses of Cocoa

 >150 medicinal uses of cacao

 Cardiovascular Disease (CVD) Related 
uses: 

– “faint of heart” 

– Angina (reduces)

– Blood (generates/produces)

– Heart palpitations (relieves)

– Heart (strengthens/vivifies)

– Longevity (prolongs)

Dillinger et al. J Nutr 2000.



What nutritional compounds are in the cocoa 
bean?

52% Cocoa 
Butter 

21% Carbohydrates

17% Protein

10% Polyphenols

Minerals

~1% Sugar, 20% Fiber

Arginine, Glutamine, Leucine

2% Proanthocyanins

Fe, Mg, P, K, Cu

34% Oleic Acid
33% Stearic Acid
27% Palmitic Acid
6%   Other

by weight…



Partial List of Compounds in Cacao

 Acetic-acid, aesculetin, alanine, alkaloids, alpha-sitosterol, alpha-theosterol, amyl-acetate, 
amyl-alcohol, amyl-butyrate, amylase, apigenin-7-o-glucoside, arabinose, arachidic-acid, 
arginine, ascorbic-acid, ascorbic-acid-oxidase, aspariginase, beta-carotene, beta-
sitosterol, beta-theosterol, biotin, caffeic-acid, caffeine, calcium, campesterol, catalase, 
catechins, catechol, cellulase, cellulose, chlorogenic-acid, chrysoeriol-7-o-glucoside, citric-
acid, coumarin, cyanidin, cyanidin-3-beta-l-arabinoside, cyanidin-3-galactoside, cyanidin-
glycoside, cycloartanol, d-galactose, decarboxylase, dextrinase, diacetyl, dopamine, 
epigallocatechin, ergosterol, ferulic-acid, formic-acid, fructose, furfurol, galacturonic-acid, 
gallocatechin, gentisic-acid, glucose, glutamic-acid, glycerin, glycerophosphatase, glycine, 
glycolic-acid, glycosidase, haematin, histidine, i-butyric-acid, idaein, invertase, 
isobutylacetate, isoleucine, isopropyl-acetate, isovitexin, kaempferol, l-epicatechin, 
leucine, leucocyanidins, linalool, linoleic-acid, lipase, luteolin, luteolin-7-o-glucoside, lysine, 
lysophosphatidyl-choline, maleic-acid, mannan, manninotriose, mannose, melibiose, 
mesoinositol, methylheptenone, n-butylacetate, n-nonacosane, niacin, nicotinamide, 
nicotinic- acid, nitrogen, nonanoic-acid, o-hydroxyphenylacetic-acid, octoic-acid, oleic-
acid, oleo-dipalmatin, oleopalmitostearin, oxalic-acid, p-anisic-acid, p-coumaric-acid, p-
coumarylquinic-acid, p-hydroxybenzoic-acid, p-hydroxyphenylacetic-acid, palmitic-acid, 
palmitodiolen, pantothenic-acid, pectin, pentose, peroxidase, phenylacetic-acid, 
phenylalanine, phlobaphene, phosphatidyl-choline, phosphatidyl- ethanolamine, 
phosphatidyl-inositol, phospholipids, phosphorus, phytase, planteose, polygalacturonate, 
polyphenol-oxidase, polyphenols, proline, propionic-acid, propyl-acetate, protocatechuic-
acid, purine, pyridoxine, quercetin, quercetin-3-o-galactoside, quercetin-3-o-glucoside, 
quercitrin, raffinase, raffinose, reductase, rhamnose, riboflavin, rutin, rutoside, 
saccharose, salsolinol, serine, sinapic-acid, stachyose, stearic-acid, stearodiolein, 
stigmasterol, sucrose, syringic-acid, tannins, tartaric-acid, theobromine, theophylline, 
thiamin, threonine, trigonelline, tyramine, tyrosine, valerianic-acid, valine, vanillic-acid, 
verbascose, verbascotetrose, vitexin

711 identified

Resveratrol Found in Chocolate
09/09/08–
The ingredient that is thought to provide many of the health 
benefits of red wine and red grapes has now been identified in 
chocolate and chocolate products as well.  Recent reports have 
noted small amount of reveratrol in peanuts and peanut skins, 
however chocolate products are seemingly more concentrated 
than not, but do not contain as 
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Active compounds occur within natural foods
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Antioxidant or Flavanol?



Flavonoids

Polyphenols

Anthocyanin Isoflavone

FlavonolFlavanone FlavoneFlavanol

Antioxidants



Why would natural cocoa 
have benefits to health?



Ancient Uses of Cocoa: A Modern Example

 KUNA Amerinds:

– Indigenous population off 
the coast of Panama

– Traditional high salt diet

– Showed no rise in blood 
pressure with age

– Immigrants did develop 
hypertension

Hollenberg et al. J Food Comp Anal, 2001.

 KUNA Amerinds:

– Indigenous population off 
the coast of Panama

– Traditional high salt diet

– Showed no rise in blood 
pressure with age

– Immigrants did develop 
hypertension

 KUNA Amerinds:

– Indigenous population off 
the coast of Panama

– Traditional high salt diet

– Showed no rise in blood 
pressure with age

– Immigrants did develop 
hypertension

Island dwelling Kuna’s 
consume an average of 
5 cups of cocoa per day



Cocoa Seeds are a “Super Fruit”
Crozier, SJ., et. al., Chemistry Central Journal, 2011.



DMAC Total Flavonoids, mg/g

-5

0

5

10

15

20

25

30

35

40

Acai Powder Blueberry Powder Cranberry Powder Pomegranate Powder Grape Powder Cocoa Powder

Acai         Blueberry    Cranberry        Pom              Grape          Cocoa

Flavanoids mg/g

Cocoa Compared to “Super Fruit” Powders
ORAC, µMTE/g

-100

0

100

200

300

400

500

600

700

800

Acai Powder Blueberry Powder Cranberry Powder Pomegranate Powder Grape Powder Cocoa Powder

Acai         Blueberry    Cranberry        Pom            Grape            Cocoa

ORACµMTE/g

Antioxidant Power

Flavanoid Content



What about foods that people buy?

T otal  Pol yphenol s,  mg/ ser vi ng
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Mechanisms of Action
Corti R et al. Circulation 2009;119:1433-1441



2011 Yale University Review



A scientific consensus
is building

Has it arrived?



Cocoa & Chocolate Cardiovascular 
SCIENCE is MOUNTING



Cocoa Flavanols are Associated with Cardiovascular

Protection

 Results of a research study published in the 

Journal of American Medicine in 2007 

showed that eating a small piece of dark 

chocolate every day significantly reduced 

blood pressure after 12 and 18 weeks.

 Enjoying one to two tablespoons of 

natural cocoa a day as an ingredient in 

beverages, meals or snacks or 20 grams 

of dark chocolate may support 

cardiovascular health (2, 3)
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(1) Taubert, et al. JAMA 2007

(2) Monahan, et al. J Appl Physiol 2011
(3) Desch S, et al. Am J Hypertens 2010

More than 250 studies have investigated the 
cardiovascular benefits of natural cocoa and 
dark chocolate, including beneficial effects 
for those at risk for cardiovascular disease, 
high blood pressure, high cholesterol and 
coronary heart disease.



Systolic 
Blood 
Pressure

Diastolic
Blood 
Pressure

Desch et al. Am J Hypertens 2010

Meta-Analysis Indicates Cocoa & Dark Chocolate 
Reduce Blood Pressure

Decreased Increased



Consuming just 6.3 grams of dark chocolate a day significantly 

reduced blood pressure after 12 and 18 weeks, compared to white 

chocolate 

Taubert D et al. JAMA. 2007 Jul 4;298(1):49-60. 

6.3 g dark chocolate  per day = 30 calories



Jia et al. Am J Clin Nutr 2010

Meta-Analysis Indicates Cocoa & Dark Chocolate 
Reduce Blood Cholesterol

Total
Cholesterol

LDL
Cholesterol



Meta-Analysis Indicates Cocoa & Dark Chocolate 
Improve Endothelial Function

Flow Mediated
Dilation

Shrime. J Nutr 2012



Inflammatory Markers

Objective: To evaluate the effects 

of chronic cocoa consumption on 
cellular and serum biomarkers 
related to athersclerosis in high-risk 
patients.

Results:  

 No significant changes in expression of 
adhesion molecules on T lymphocyte 
surfaces

 Monocytes: VLA-4, CD40 and CD36 were 
lowered with cocoa treatment (p<0.005)

 P-selectin and intercellular adhesion 
molecule-1 were lowered with cocoa 
treatment (p<0.007)



“From an evidence-
based review, there is 
strong evidence that 
high cocoa intake lowers 
blood pressure, 
improves vascular 
endothelial function 
(circulation/ blood flow), 
and potentially increases 
insulin sensitivity.”

2011 Harvard University Review & Cambridge 
Meta-Analysis



2013:  Building & Gaining Credentials



Cochrane Review: Effects of Cocoa on Blood 

Pressure

 A recent Cochrane Review assessed 20 human studies that looked at the effects of 

cocoa on blood pressure.  

(1) Circulation. 2009;119:1433-1441. Cocoa and cardiovascular health. Corti R, Flammer AJ, Hollenberg NK, LusherTF.

(2) Cochrane Database Syst Rev. 2012 Aug; 8: CD008893. Effects of cocoa on blood pressure. Ried K, Sullivan TR, 

Fakler P, Frank OR, Stocks NP.

• The blood pressure 

lowering effect of cocoa 

has been attributed to the 

flavanol content of cocoa 

(1) and in all of the 

assessed studies, subjects 

consumed products of 

known flavanol content 

daily for 2-18 weeks.  

• “Flavanol-rich chocolate 

and cocoa products may 

have a small but statistically 

significant effect in lowering 

blood pressure by 2-3 mm 

Hg in the short term.”(2)



Epidemiological Evidence: Death

 Individuals consuming chocolate may have reduced risk of 

morbidity & mortality

• Zutphen study (Netherlands) reported elderly men 
who consumed the highest tertile of cocoa-
containing products had lower SBP and DBP and a 
50% reduced risk of CVD death and a 47% reduced 
risk of all-cause mortality.

• Median cocoa intake was 2.11g/day

» Buijsse B et al. Arch Intern Med, 2006



Incorporating Natural Cocoa into a Balanced Lifestyle

Incorporating moderate amounts of natural cocoa and dark 

chocolate as part of a healthy, balanced diet can provide 

cardiovascular health benefits. (1)

36

(1) Report of the Dietary Guidelines Advisory Committee on 
the Dietary Guidelines for Americans, 2010



2011: First meta-analysis on cocoa to include flow-

mediated dilation

 Flavonoid-Rich Cocoa Consumption Affects Multiple Cardiovascular Risk 

Factors in a Meta-Analysis of Short-Term Studies
-Shrime et al., J Nutr. 2011;141(11):1982-8.



EFSA Claim:

Cocoa Flavanols & Endothelial Function

 EFSA – European Food Safety Authority

 Barry Callebaut = SUBMITTER

 Approved via EFSA process 2012

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



Emerging Research



Insulin Sensitivity

There are plausible mechanisms for the 
antioxidant effects of cocoa polyphenols to 
influence insulin resistance

Cocoa…
may induce pancreatic ß-cell regeneration and 
stimulate insulin secretion
may have a hypoglycemic effect
may improve glucose tolerance

Sustained consumption of cocoa over long periods 
of time may affect insulin resistance to a greater 
degree than single doses of cocoa products



Latest Meta-Analysis of Cocoa & Chocolate finds 
additional Benefit for Insulin and Glucose Management



HOMA-IR

Fasting
Insulin 

Fasting
Glucose 

Meta-Analysis Indicates Cocoa & Dark Chocolate 
Reduce Fasting Insulin



Emerging Research:  Mitochondrial Function



Effects of Incorporating Dark Chocolate into a

Weight-Loss Diet on Biomarkers of Inflammation, 

Oxidative Stress and Bone Metabolism

Sharon M. (Shelly) Nickols-Richardson, PhD, RD, Associate Professor

Kathryn E. (Katy) Piehowski, RD, CBDT, Graduate Research Assistant

Department of Nutritional Sciences

The Pennsylvania State University

Emerging Research: Weight Management



Materials and Methods: Diet Intervention

 Dark Chocolate Snack Group 
(N=26)

– Energy-restricted diet

– 50% Carbohydrate

– 30% Fat

– 20% Protein

– 1300 to 1800 kcal/d, 
individualized for 500 kcal 
deficit/d

 Non-Chocolate Snack Group 
(N=25)

– Energy-restricted diet

– 50% Carbohydrate

– 30% Fat

– 20% Protein

– 1300 to 1800 kcal/d, 
individualized for 500 kcal 
deficit/d
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*p<0.05, **p<0.01, ***p<0.001; p-value analyzed using paired t-tests for change over time within group and 
independent t-tests for change over time between groups.  Statistically significant differences between diet 
groups at baseline , week 18 or over time were not found.

Participants reduced body weight by ~6.6% (~10 pounds) and 
waist circumference by about 2 inches while including a sweet 
snack in an energy-restricted diet



From the Science Bench to 
Clinical Practice



Nibs

From bean to bar…

52% Cocoa Butter
48% Brown Solids

Roast & Grind

>10%>15%>35%

Add sugar, vanilla & lecithin

Cocoa Powder Cocoa Butter Cocoa Liquor

Press

Milk ChocolateDark Chocolate
(Sweet/Semi-Sweet)



Not all cocoa is created equal

 Most chocolate 
flavored beverages 
use alkalized or 
“dutched” cocoa

 Cocoa is alkalized 
to reduce 
bitterness and 
enhance the 
solubility of cocoa

 The alkalization 
process also 
reduces the 
flavanol content

Miller et al., J. Agric. Food Chem 2008.



Dutched (Alkalized) Cocoa

INGREDIENTS: Cocoa 
Processed with Alkali

Mixed Natural & Dutched

INGREDIENTS: Cocoa, Cocoa  
Processed with Alkali

Natural Unsweetened

INGREDIENTS: Cocoa

100% Cacao 100% Cacao 100% Cacao

Types of Cocoa Powder
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White Chocolate

INGREDIENTS: Sugar, Cocoa 
Butter, Nonfat Milk, Milk, 
Lactose, Milk Fat, Lecithin, 
Tocopherols (to maintain 
freshness), Vanillin, Salt

Milk Chocolate

INGREDIENTS: Sugar, Cocoa 
Butter, Chocolate, Nonfat 
Milk, Milk, Lactose, Milk Fat, 
Cocoa Processed with Alkali, 
Soy Lecithin, Vanillin

Dark Chocolate

INGREDIENTS: Sugar, 
Chocolate, Cocoa Butter, 
Nonfat Milk, Milk Fat, Cocoa 
Processed with Alkali, Soy 
Lecithin, Vanillin, Milk

25% Cacao35% Cacao50% Cacao

Types of Chocolate



Chocolate in Moderation

 Dark Chocolate:

– 6-10g (1 tasting square) over time can benefit blood pressure levels

– 3 small squares = ~100 kcal

– 2 larger squares = ~100 kcal

 Natural Cocoa Powder:

– 1-2 TBSP = ~10-20 kcal

 Treats in the Diet

– 50-100 kcal can be included in the diet per day or 500 per week



Key Take Away Messages…

 Natural cocoa powder is extracted from the cocoa bean, a fruit rich 
in polyphenolic compounds called flavanols which support heart 
health. Cocoa has been an ancient remedy the Mayans recognized, 
only now supported by modern scientific research. 

 More than 250 studies show that natural cocoa and dark chocolate 
may have properties that contribute to heart health.

 Many products contain alkalized or “dutched” cocoa powder to 
give it a darker color, smoother flavor and increased solubility. 
However, this process also depletes the flavanol content and 
reduces health benefits that can be derived from them.

 Enjoying one to two tablespoons of natural cocoa a day as an 
ingredient in beverages, meals or snacks or 20 grams of dark 
chocolate can contribute to positive heart health benefits.


