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Mission Statement 
The HERSHEY CENTER FOR HEALTH & NUTRITION  

investigates and promotes the chemistry and health benefits 

of cocoa, chocolate, nuts and other ingredients. The results of 

these investigations guide new products and product 

development for The Hershey Company. Health benefits and 

cultural aspects of cocoa, chocolate and other key ingredients 

are communicated to Hershey employees, customers, 

consumers and key stakeholders. 

 

Outline 
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 Why would natural cocoa have benefits to health? 

 Antioxidant or flavanol? 

 Review of the literature 

 Emerging research 

 Natural Cocoa and Dark Chocolate as Part of a  
Balanced Lifestyle 
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Nature to Nutrition: Where does 
cocoa come from? 

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 

Where Does Cocoa Come From? 

 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” 
6 

It’s a FRUIT! 
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Cocoa beans are fermented in banana leaves and dried in the sun 

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. 

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 

– Island dwelling Kuna’s 

consume an average of 5 cups 

of cocoa per day 

Hollenberg et al. J Food Comp Anal, 2001. 
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How Cocoa & Chocolate are Made 

 

 

Cocoa Pod to Chocolate Bar 
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Fermented & Dried 

Cocoa Beans 
Cleaning 

Shelling 

Winnowing 

Roasting 

Grinding 

Refining 

Alkalizing (Optional) 

Pressing 

 

 
Blending 

Refining 

Grinding 

Conching 

Tempering 

Cocoa 

Powder 

Cocoa 

Butter 

Sugar 

Dark 

Chocolate 

Milk 

Sugar 

Milk 

Chocolate 

Roasted 

Nib 

Liquor 

% Cacao refers to the % weight of all ingredients  

from the cocoa bean in a product 
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http://www.google.com/imgres?imgurl=http://images.wikia.com/recipes/images/4/4d/Cocoa_powder.jpg&imgrefurl=http://recipes.wikia.com/wiki/Cocoa&h=250&w=400&sz=13&tbnid=GGHPnJYLME1wuM:&tbnh=78&tbnw=124&prev=/search?q=Cocoa+Powder+Picture&tbm=isch&tbo=u&zoom=1&q=Cocoa+Powder+Picture&hl=en&usg=__MQYyOL2jfIUXntVtd4T2RuOHwbs=&sa=X&ei=zK0ITrzhD6fz0gGr6oi9Cw&ved=0CB4Q9QEwAQ
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Alkalized v. Non-Alkalized Cocoa 

 Many products contain alkalized or 

“dutched” cocoa powder to give it a 

darker color, smoother flavor and 

increased solubility.  

 During the alkalization/dutching 

process, the flavanol content of cocoa 

powder is reduced. 

 The amount of flavanol reduction will 

depend on the level of alkalization. 

 In general, the darker the color of 

cocoa powder, the lower the flavanol 

content. 

 If the ingredient list states “cocoa 

processed with alkali” or “dutched cocoa” 

it will have a reduction in flavanols. 

13 

Miller KB et al., J. Agric. Food Chem., 56 (18), 8527–8533, 2008. 

INGREDIENTS: 

Cocoa, Cocoa  

Processed with Alkali 

INGREDIENTS:    

Cocoa 

Why would natural cocoa  

have benefits to health? 

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… 
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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   

Active compounds occur within natural foods 

17 

DHA 

Distilled 

Fish Oils 

Crude 

Fish Oils 

Salmon 

Fish Oil Model 

Flavanols 

Cocoa 

Extracts 

Cocoa 

Powder 

Chocolate 

Cocoa Model 

Cocoa Seeds are a “Super Fruit” 

Crozier, SJ., et. al., Chemistry Central Journal, 2011. 

http://www.google.com/imgres?imgurl=http://www.thenaturalhealthshoppe.com/catalog/fish oil.jpg&imgrefurl=http://www.thenaturalhealthshoppe.com/servlet/the-291/Kirkland-Signature-Enteric-Coated/Detail&h=300&w=300&sz=14&tbnid=ESnz4ATTlURyXM:&tbnh=116&tbnw=116&prev=/search?q=fish+oil+pictures&tbm=isch&tbo=u&zoom=1&q=fish+oil+pictures&hl=en&usg=__mpQv5kDQ5Co8XA2JYc4aKn_AmAc=&sa=X&ei=Y1r-TbtdlKrQAcqvrZkD&ved=0CC0Q9QEwAQ
http://en.wikipedia.org/wiki/File:DHAnumbering.png
http://www.google.com/imgres?imgurl=http://images.wikia.com/recipes/images/4/4d/Cocoa_powder.jpg&imgrefurl=http://recipes.wikia.com/wiki/Cocoa&h=250&w=400&sz=13&tbnid=GGHPnJYLME1wuM:&tbnh=78&tbnw=124&prev=/search?q=Cocoa+Powder+Picture&tbm=isch&tbo=u&zoom=1&q=Cocoa+Powder+Picture&hl=en&usg=__MQYyOL2jfIUXntVtd4T2RuOHwbs=&sa=X&ei=zK0ITrzhD6fz0gGr6oi9Cw&ved=0CB4Q9QEwAQ
http://www.google.com/imgres?imgurl=http://www.intentioninteractive.com/nvc/softgel/files/softgel.jpg&imgrefurl=http://www.intentioninteractive.com/nvc/softgel/&h=250&w=346&sz=23&tbnid=xyxqTF0vD8P-jM:&tbnh=87&tbnw=120&prev=/search?q=Gel+Capsules+Picture&tbm=isch&tbo=u&zoom=1&q=Gel+Capsules+Picture&hl=en&usg=__v-WtmmHNyRwGI9qZgia3lkTXeP0=&sa=X&ei=XK4ITo7BGuTk0QHczKnjCw&ved=0CCQQ9QEwBQ
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DMAC Total Flavonoids, mg/g
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Flavonoids 

Polyphenols 

Anthocyani

n 
Isoflavone 

Flavonol Flavanon

e 

Flavone Flavanol 

Antioxidants 

Mechanisms of Action 
Corti R et al. Circulation 2009;119:1433-1441 

A Review of the Literature 
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Cocoa & Chocolate Cardiovascular Science is Mounting 

25 

Systolic  

Blood  

Pressure 

Diastolic 

Blood  

Pressure 

Desch et al. Am J Hypertens 2010 

Meta-Analysis Indicates Cocoa & Dark Chocolate Reduce  

Blood Pressure 

Decreased Increase

d 

Jia et al. Am J Clin Nutr 2010 

Meta-Analysis Indicates Cocoa & Dark Chocolate Reduce  

Blood Cholesterol 

Total 

Cholesterol 

LDL 

Cholesterol 
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Meta-Analysis Indicates Cocoa & Dark Chocolate Improve 

Endothelial Function 

Flow Mediated 

Dilation 

Shrime. J Nutr 2012 

Inflammatory Markers 

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) 

 

Objective: To evaluate the effects 

of chronic cocoa consumption on 

cellular and serum biomarkers 

related to athersclerosis in high-

risk patients. 

“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 
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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.   

 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) 

 

31 

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

(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. 

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 

 

Emerging Research 
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Emerging Areas of Cocoa & Chocolate Research 

 Insulin Sensitivity 

 Cognition 

 Exercise Recovery 

Skin 

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 

 

Meta-Analysis of Cocoa & Chocolate finds additional Benefit for 

Insulin and Glucose Management 
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HOMA-IR 

Fasting 

Insulin  

Fasting 

Glucose  

Meta-Analysis Indicates Cocoa & Dark Chocolate Reduce  

Fasting Insulin 

Cognition 

Chocolate Milk & Exercise Recovery 

http://www.chocolatemilk.com/protein/
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Exercise Recovery 

 Subjects consumed the following beverages in a randomized 

crossover design: 

– Dark Chocolate Milk (High cocoa-flavanol; 3.5:1 CHO:PRO) 

– Vanilla Milk (Low cocoa-flavanol; 3.5:1 CHO:PRO) 

– Cocoa Beverage (High cocoa-flavanol + CHO (no protein)) 

– Sports Drink (Low cocoa-flavanol + CHO (no protein)) 

– Water 

 Total work (KJ) and time to exhaustion were measured during 

the endurance trial to evaluate exercise recovery. 

•Objective: To determine if a cocoa-based carbohydrate and 
protein beverage ingested following exhaustive exercise and 
would have improvements on subsequent exercise performance 
4 hours later. 

Exercise Recovery 

 Study Design:  

 20 Elite cyclists 

Exhaustive 

Exercise 

Recovery 

Beverage 

Recovery 

Beverage 

Exhaustive 

Exercise 

2 hours 

4 hours 

Exercise Recovery: Work 

Athletes could do 27% more work after consuming the recovery beverage 

compared to a typical sports beverage or antioxidant water.  

Recover

y 

Beverag

e 

Sports 

Beverag

e 

AOX 

Water 

* significantly different 

from antioxidant 

water,      + 

significantly different 

from sports drink, # 

significantly different 

from water. 

  

Recovery 

Beverage 

Vanilla 

Beverage 

Antioxidant 

Water 

Sports 

Drink 

Water 
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Exercise Recovery: Time To Exhaustion 

Athletes increased their exercise time to exhaustion by 40% after 

consuming the recovery beverage compared to water. 

* significantly 

different from 

antioxidant water,  + 

significantly different 

from sports drink,              

# significantly 

different from water. 

  

Recovery 

Beverage 

Vanilla 

Beverage 

Antioxidant 

Water 

Sports 

Drink 

Water 

Clinical Nutrition Study:  

High cocoa-flavanol Recovery Beverage 

 Subjects consumed the following beverages in a randomized 

crossover design: 

– Cocoa-based CHO/PRO after exercise 

– Cocoa-based CHO/PRO before and after exercise 

– Control beverage immediately after exercise 

 The Lower Extremity Functional Scale (LEFS) was 

administered 24 and 48 hours post exercise to determine 

the participant’s level of difficulty with various activities.  

 

Objective: The purpose of this study was to:  

•Examine the overall efficacy of a cocoa-based protein and carbohydrate drink on 

perceived muscle soreness and markers of muscle damage and inflammation associated 

with exhaustive exercise. 

•Determine if drink consumption prior to the exercise bout will have additive effects.   

Exercise Recovery:  Muscle Soreness 

Subject characteristics (n=10): 

 

Age (yrs) 22.9 ± 4.12  

Height (cm) 178.91 ± 15.65 

Weight (kg) 82.10 ± 10.26 

Body Fat (%) 19.11 ± 4.97 

VO2max            

(ml/kg/min) 
42.94 ± 4.04 

Study Design: 

 

http://rds.yahoo.com/_ylt=A0WTefVZfGhK0A8AGlCJzbkF;_ylu=X3oDMTBpZm5udGl1BHBvcwM1BHNlYwNzcgR2dGlkAw--/SIG=1hpjr3p33/EXP=1248447961/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dpenn%252Bstate%252Buniversity%252Blogos%2526fr%253Dyfp-t-501%26w=324%26h=218%26imgurl=www.alumni.psu.edu%252Fgroups%252Fvolunteer%252Fimages%252Fpennstatelogo.gif%26rurl=http%253A%252F%252Fwww.alumni.psu.edu%252Fgroups%252Fvolunteer%252Fcopyrights.htm%26size=3k%26name=pennstatelogo%2Bgi...%26p=penn%2Bstate%2Buniversity%2Blogos%26oid=c46876a3ff16886e%26fr2=%26no=5%26tt=17%26sigr=11pcot4hj%26sigi=11sbk4ifu%26sigb=12nv6gcbe
http://rds.yahoo.com/_ylt=A0WTefVZfGhK0A8AGlCJzbkF;_ylu=X3oDMTBpZm5udGl1BHBvcwM1BHNlYwNzcgR2dGlkAw--/SIG=1hpjr3p33/EXP=1248447961/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dpenn%252Bstate%252Buniversity%252Blogos%2526fr%253Dyfp-t-501%26w=324%26h=218%26imgurl=www.alumni.psu.edu%252Fgroups%252Fvolunteer%252Fimages%252Fpennstatelogo.gif%26rurl=http%253A%252F%252Fwww.alumni.psu.edu%252Fgroups%252Fvolunteer%252Fcopyrights.htm%26size=3k%26name=pennstatelogo%2Bgi...%26p=penn%2Bstate%2Buniversity%2Blogos%26oid=c46876a3ff16886e%26fr2=%26no=5%26tt=17%26sigr=11pcot4hj%26sigi=11sbk4ifu%26sigb=12nv6gcbe
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Clinical Nutrition Study:  

High cocoa-flavanol Recovery Beverage 

Results: 

 
•The cocoa-based protein 

drink decreased perceived 

soreness from 24 to 48 hr (p 

= 0.03).  

 

•Creatine kinase (CK) was 

significantly reduced by the 

consumption of the cocoa-

based drink (p < 0.05). 

 

•No effects were observed 

on markers of inflammation. 

  

Change in muscle soreness between 24 & 48 

hours 

A drink composed of a carbohydrate: protein ratio of 3.5 to 1 with the 

addition of flavanol-rich cocoa can decrease muscle damage and 

perceived muscle soreness after exhaustive exercise.  
  

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 

http://rds.yahoo.com/_ylt=A0WTefVZfGhK0A8AGlCJzbkF;_ylu=X3oDMTBpZm5udGl1BHBvcwM1BHNlYwNzcgR2dGlkAw--/SIG=1hpjr3p33/EXP=1248447961/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dpenn%252Bstate%252Buniversity%252Blogos%2526fr%253Dyfp-t-501%26w=324%26h=218%26imgurl=www.alumni.psu.edu%252Fgroups%252Fvolunteer%252Fimages%252Fpennstatelogo.gif%26rurl=http%253A%252F%252Fwww.alumni.psu.edu%252Fgroups%252Fvolunteer%252Fcopyrights.htm%26size=3k%26name=pennstatelogo%2Bgi...%26p=penn%2Bstate%2Buniversity%2Blogos%26oid=c46876a3ff16886e%26fr2=%26no=5%26tt=17%26sigr=11pcot4hj%26sigi=11sbk4ifu%26sigb=12nv6gcbe
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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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Anthropometric Measurements at Baseline and Week 18 by Diet 
Group 

Dark Chocolate Snack Group 

Non-Chocolate Snack Group 

*** 

**
* 

*** *** *** 

*** 

*** *** 

*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 

 

 

Natural Cocoa and Dark Chocolate 

as Part of a Balanced Lifestyle  
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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) 

 

52 

(1) Report of the Dietary Guidelines Advisory Committee 

on the Dietary Guidelines for Americans, 2010 

Incorporating Natural Cocoa and Dark Chocolate 

into a Balanced Lifestyle 

 

 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) 

 

53 

(1) Taubert, et al. JAMA 2007 

(2) Monahan, et al. J Appl Physiol 2011 

(3) Desch S, et al. Am J Hypertens 2010 

How to get ~1 Tablespoon Natural Cocoa a day 

54 

Cocoa Natural Unsweetened 

 

 

   1 Tablespoon 

   10 calories 

   100% Cacao 

50% Dark Chocolate 

 

 

   ~30 g 

   100 calories 

   50% Cacao 

70% Bittersweet Chocolate 

 

 

   ~30 g 

   75 calories 

   70% Cacao                         


