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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”




The Cocoa Pod (It’s a plant!)
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Geographical Origins of Cocoa
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Cocoa trees grow only in tropical regio_ns +]- 20° latitude from the Equator in tropical rain
forests. Major regions are Central & South America, Central Africa and Indonesia.




How do you get from a cocoa
bean to a chocolate bar?




Cocoa’s Natural Origins

/Cocoa comes from the \ / Cacao flowers produce\ /Cocoa pods are the fruit;\

Theobroma cacao tree

the cocoa pods cocoa beans are the seeds

» The pods range between 4-16

* Hundreds of flowers appear,
inches in length

but only 1-2% ripen to become
mature cocoa pods

= The tree grows in the tropical
rainforest between 20° N & S

of the equator
» The cocoa pod has a hard, t@

» The tree grows to 40-50 ft » The pollinated flower takes 180
wz:ir life expectancy is + _wy \Z«Z}:’S to mature into a cocoa/ \auter rind like acorn squash

rs




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 ferme@

between banana leaves

» Duration depends on the
tradition of the growing region

» Fermentation begins the
development of 'chocolate’

AN

/Cocoa beans are then drie)

in the sun

= Some cultures dry over fires

» Freshly fermented beans
contain 40% moisture and are

flavor

AN

dried to 8% /




From Cocoa Beans to Chocolate

Fermented & Dried
Cocoa Beans

Grinding
Refining

Cleaning N\
: Shelling

Winnowing
Roasting / Ro’g’f;ed
J |

N

Liquor

Alkalizing (Optional)
Pressing

Sugar

Dark Milk

Chocolate Chocolate

Blending

Refining
Grinding
Conching
Tempering
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Ancient Medicinal Uses of Cocoa

Dillinger et al. J Nutr 2000.

B >150 medicinal uses of cacao

B Cardiovascular Disease (CVD) Related
uses:

— ‘“faint of heart”
— Angina (reduces)

— Blood (generates/produces)

— Heart palpitations (relieves)

— Heart (strengthens/vivifies)

— Longevity (prolongs)




What nutritional compounds are in the cocoa
bean?

by weight...
34% Oleic Acid
o 33% Stearic Acid
Butter 6% Other
21% Carbohydrates mmm—p ~1% Sugar, 20% Fiber

177% Protein  m— YNGR N RIS

10% POlyphenols ey 2% Proanthocyanins

Fe, Mg, P, K, Cu



Partial List of Compounds in Cacao

711 identified

B 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,

icetate, isovitexin, kaempferol, l-epicatechin,
c-acid, lipase, luteolin, luteolin-7-o-glucoside, lysine,

Resveratrol Found In Chocolate mannan, manninotriose, mannose, melibiose,

09/09/08- ylacetate, n-nonacosane, niacin, nicotinamide,

The ingredient that is thought to provide many of the health , 0-hydroxyphenylacetic-acid, octoic-acid, oleic-
benefits of red wine and red grapes has now been identified in rin, oxalic-acid, p-anisic-acid, p-coumaric-acid, p-
chocolate and chocolate products as well. Recent reports have  £-acid, p-hydroxyphenylacetic-acid, palmitic-acid,

noted small amount of reveratrol in peanuts and peanut skins, f, pentoge, perox1dase,' phenylacetlc-aqd,
tidyl-choline, phosphatidyl- ethanolamine,

however chocolate products are seemingly more concentrated
. ey e notp on: . gy yhosphorus, phytase, planteose, polygalacturonate,
an not, bu contain s ine, propionic-acid, propyl-acetate, protocatechuic-

Wﬁércetin-}ogalactoside, 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

e a4 ;




Active compounds occur within natural foods

Fish Oil Model Cocoa Model

‘ Chocolate

Crude Cocoa
Fish Oils Powder

Distilled : EC:coa;
Fish Oils shel xtracts

Flavanols
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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

Antioxidant or Flavanol?




Polyphenols

Flavonoids
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Flavanone Flavone
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Why would natural cocoa
have benefits to health?




Ancient Uses of Cocoa: A Modern Example

Hollenberg et al. J Food Comp Anal, 2001.

B 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

‘4%
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Cocoa Seeds are a “Super Fruit”

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

CC Chemistry Central
Journal

Home | Browse articles | Supplements | Search | Weblinks | Submit article | My Chemistry Central Journal | About Chemistry Central Journal

Top Research article Highly accessed

spstract | Cacao seeds are a "Super Fruit": A comparative analysis of
sackground | VArious fruit powders and products

Stephen ] Crozier 2, Amy G Preston &, Jeffrey W Hurst &, Mark 1 Payne ], Julie Mann &, Larry Hainly

Results and
Discussion #] and Debra L Miller 4
The Hershey Center for Health & Mutrition, 1025 Reese Avenue, Hershey, PA, 17033, USA
Conclusions

B author email =& corresponding author email

Methods | ~pemictry Central Journal 2011, 5:5  doi:10.1186/1752-153%-5-5




Cocoa Compared to “Super Fruit” Powders

ORACUMTE/g

Flavanoids mg/g
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Antioxidant Power

Acai Blueberry Cranberry

Pom Grape Cocoa

Flavanoid Content
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Acai Blueberry Cranberry

Pom Grape Cocoa




What about foods that people buy?

Total Polyphenols (mg/serving)

1200

1000
800 1-
600 T 1
I T
400 J-
(e T T T T T T T

Blueberry  Cranberry Grape  Pomegranate Dark Cocoa
Juice Juice Juice Juice Chocolate Bev




Mechanisms of Action

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

il Cocoa / Polyphenols D

g,
’e.

soconstriction
liferation




201 | Yale University Review
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A scientific consensus
is building

Has it arrived?




Cocoa & Chocolate Cardiovascular
SCIENCE is MOUNTING

Low vs. Higher-Dose Dark Chocolate and Blood
Pressure in Cardiovascular ngh Risk Patients

Volker Adams
Thiele

BACKGROUND
We -19mr

(69/ay-23mmHg 95K confldenc tenal4110-04 25y
mHg, 36t0-0.2).There wereno
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American Heart
Associations

Learn and Live..

Hypertensio

Chocolate and Blood Pressure in Elderly Individuals
With Isolated Systolic Hypertension

Dirk Taubert; Reinhard Berkels; Renate Roesen: etal
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Jow vs. higher doses of dark chocolate over the course of 3 months.
CONCLUSIONS

METHODS The findings are cony

1

either 6 or 25 g/day of flavanol-rich dark chocolate for 3 moniths, The
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asthe primary outcome measure.
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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)

”%

/

October 17, 2007

JAMA

o Amedican Medica Association

oo (O

CLINIC u ‘\l FRITI()'\

SEPTEMODA 113 « VOLUME 3 « RUMBER D wes son s e 1

More than 250 studles 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.

(1) Taubert, et al. JAMA 2007
(2) Monahan, et al. J Appl Physiol 2011
(3) Desch S, et al. Am J Hypertens 2010




Meta-Analysis Indicates Cocoa & Dark Chocolate
Reduce Blood Pressure

Desch et al. Am J Hypertens 2010

Systolic
Blood
Pressure

Diastolic
Blood
Pressure

Shudy Samgple size Weight  Change in sysiohc BP {mm Hg). 853 Cl
Taubert 2003 (r=i. 10) Crossover; 13 13.4%  -5.10 [-6.40, —-3.80] —
Murphy 2003 (r=i. 17) Cocoa: 13; Confral: 15 2.7 1.00 [-6.43, B.43]
Engler 2004 (red. 12) Cocoa; 11; Comtrol; 10 8.79% -1.B0 [-4.37, 0.77] i
Grassi 2005 (ref. 13) Crossover; 15 13.3% —6.20[-7.41, —4.949] -
Fraga 2005 (ref. 15) Crogsover. 27 145%  —4.00 [-4.58, -3.41] -
Gras=i 2005 (red. 14) Crossover, 20 11.2% —11.00 [-13.02, -B.8g] ——
Taubert 2007 (r=i. &) Cocoa: 22; Control: 22 146%  -3.00 [-3.50, —2.50] -
Grasai 2008 (red. 16) Crogaover, 18 1239  —4.60 [-6.26, —-2.04] —
Crews 2008 (ref. 18) Cipcoa: 45; Control: 45 4.7% —0.53 [-5.69, 4.63] S E—
Muriyeppa 2008 (ref. 11) Crossover; 20 4,05 -1.00 [-6.82, 4.83] =——
Total (95% Cl) 287 100.0°% —4.52 [-5.87, -3.16] I
Decreased € _1',] ) 5 1.|:|
Fawors cocoa | Favors control
Shudy Sample size Weight  Change in diastolic BP (mem Hg), o5 Cl
Taubert 2003 (r=f. 10 Crossovar 13 11.8% -1.80[-2.683, -0.71] -
Murmphy 2003 (r=d. 17) Cocoa: 13; Control: 15 3.7% -1.00 [-5.54_ 4.54] -
Engler 2004 (ref. 12) Cocoa: 11; Control: 10 10.7% 1.00 [-0.71, 2.71] !
Grassi 2005 (ref. 13} Crossover. 15 12.0°% -3.50 [4.51, -2.49] -
Fraga 2005 (ref. 15) Crossover. 27 12.5% —4.00 [-4.53, -5.41] -
Grassi 2005 (red. 14) Crossover. 20 10.5% —8.30 [-10.10, —6.50] o
Taubsrt 2007 (r=i. 8) Ciocoa; 22; Confrol; 22 12.3%  -1.80 [-2.70, -1.10] -
Grassi 2008 (ref. 16) Croesover. 19 10.5%  —4.20 [-6.00, —2.40] —
Crews 2008 (ref. 18) Cocoa: 45; Control: 45 7.6% 0.07 [-3.07, 3.21] e
Muriyeppa 2008 (ref. 11) Crossover 20 8.5% 1.00 [-1.72. 3.72)
Total [35% Cl) 207 100.0% —2.52 [-3.67, -1.16] &
—1II:I : 1I-:-
Fevors cocoa Fawvors control

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.

Systolic blood pressure Diastolic blood pressure
@ _
T T
£ ol = T
= O £ 0
- _1 | -
g =27 | T 5 11 T
e _a g ° = N o T
5 ° 1 & o o
S L = L 1
@ @
()] 4]
= -5- = -3-
6 12 18 6 12 18
Week Week
P Value .31 <.001 <.001 .39 <.001 <.001

. -

6.3 g dark chocolate per day = 30 calories



Meta-Analysis Indicates Cocoa & Dark Chocolate
Reduce Blood Cholesterol

Total
Cholesterol

LDL
Cholesterol

Study Year
Baba(12) 2007
Baizer (19) 2008
Fraga(IT) 2005
Crassa(ll) 2005
Grasa(19) 2005
Musniyapps () 2008
Tauben(l5) 2007
Wan(ld 2001
Total (95% CI)

Heterogenedty: Taui = 4] 55, Chi¥ = 1374 df = 7 (F = 006), = 0%

N

13
21
27
20
13
20
22
23
161

Experimental
Changes in TC

Meas(mg/dl)  SD
733 1392
630 2783
1200 3313
1544 21 57
386 1781
1200 3415
270 1079
379 B4

Test for overall effect: Z = | 73 (F = 008)

Study Year
Baba(l2) 2007
Balzer (19) 2008
Fraga(17) 2005
COrassi(11) 2005
Crassi(18) 2005
Muntyappa (20) 2008
Taubent(15) 2007
Wan (14) 2001
Total (95% CI)

N

13
2
7
20
15
20
22
23

161

Experimental
Changes in LDL
Mean(mg/dL) SD
1658 194
-850 Bu
-1600 3354
1544 2404
000 1976
900 5234
230 938
849 3592

Heterogeneity: Chu* = 569, df = 7 (P = 0.38), I* = 0%

y Testforoverall effect: Z2=219 (P =003)
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Changes in TC
Meammg/dl)  SD
-386 2006
930 3167
1 00 1288
000 1965
000 1310
1300 3415
260 1407
347 2845
Control
Changes in LDL
Mean(mg/dL) sD

£6.18 1872
440 4101
500 3543
000 2166
000 1733

-11.00 5074
200 1970
232 2433

Jia et al. Am J Clin Nutr 2010
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Meta-Analysis Indicates Cocoa & Dark Chocolate
Improve Endothelial Function Shrime Ixutr 2012

Engler (22) =

Grassi (34) - .

Grassi (25) —

Wang-Polagruto (28) -

_
l d d Farougue (26) = i
Flow Mediate . |
-~
B
B
'ﬁl'

. . Balzer (31) —
Dilation

Mijike (37) -
Heiss (16) =
t Davison (33) -

Combined -

-4 0o "’ 4 8 12
Weighted Mean Difference

Supplemental Figure 12: Forest plot for the effect of consumption of FRC on flow-mediated vascular dilation. Weighted mean differences are
reported. The weight of each study is represented by the size of the box; variance is represented by the length of the horizontal line.




Inflammatory Markers

Effect of cocoa powder on the modulation of inflammatory biomarkers
in patients at high risk of cardiovascular disease'™

Maria Mona gas, Nasiruddin Khan, Cristing Andres-Lacueva, Rosy Casas, Mireila L’rp:f.ﬁ'.-..'r.-.l'.-}, Rafael Liarach,
Roga Maria Lomuela-Rovenso’s and Ramsn Exfruch

AJCN. First published ahead of print September 23, 2009 Results°

B No significant changes in expression of

Obiective: To evaluate the effects adhesion molecules on T lymphocyte

of chronic cocoa consumption on surfaces

cellular and serum biomarkers B  Monocytes: VLA-4, CD40 and CD36 were
related to athersclerosis in high-risk lowered with cocoa treatment (p<0.005)
patients. B P-selectin and intercellular adhesion

molecule-1 were lowered with cocoa
treatment (p<0.007)

Conclusions: These results suggest that the intake of cocoa poly-
phenols may modulate inflammatory mediators in patients at high
risk of cardiovascular disease. These antiinflammatory effects may
contribute to the overall benefits of cocoa consumption against
atherosclerosis.




2011 Harvard University Review & Cambridge

Meta-Analysis

“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.”

Nutrition & NMetabolism

Review

Chocolate and Prevention of Cardiovascular Disease: A Systematic

Review

Eric L Ding® 2, Susan M Hutfless!, Xin Ding! and Saket Girotra®
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Flavonoid-Rich Cocoa Consumption Affects
Multiple Cardiovascular Risk Factors ina
Meta-Analysis of Short-Term Studies’
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systematic review and meta-analysis
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Chocolate and Blood Pressure in Elderly Individuals
With Isolated Systolic Hypertension

Dirk Taubert; Reinhard Berkels; Renate Roesen: etal

JAMA. 2003:250(3):1023-1030 {dot:10. 10014ama. 230 8.1029)
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‘Contact me 1 i arcle S comectsd.

This articie n3s been cred 65
Doniant e weven tie aele & oved

hmict! MelanieSonnabend’ Vlker Adams! Ried K. Sullivan TR, Falder P, Frank OR, Stdos NI
(erhard Schuer' an

jng/ Geriatrics; Nutritional and Metabodic Disorders; Nutrition/ Malnuwition;
ensi
‘CONEaCT Me WNEN New SCEs 378 PUDIENET N tngse (ool aneds.

OlgerTiee!

European Heart Jourmal AQvancs Access pubilished March 30, 2010

3 r.rh\aewmwmlbe IIEgI;IaIIE’V‘rISIGVm ves.com/alerts.
BOGROUND prt OO cueRe - :
(aﬂmwauosu Chocolate consumption in relation to blod
desgntl s . . .
MR pressure and risk of cardiovascular disease}
athypertasived

s hiherdo in German adults

culation e

Brian Buijsse®, Comelia Weikert, Dagmar Drogan, Manuela Bergmann,

and Heiner Boeing Learn and Live.
METHODS OF THE AMERNCAN HEART ASSOCIATION

o o RS ks are, B o P NP AEE i, WP WA 141K, 1438 R o
Weenvolledatota it 8 St 20 2 g 306, et e 90

cial may be protecssd by copyright law (Tils 17 U.5. Cade)

hypetenionand

A To vt macaon o chocoais corarpEan Wi mesurd ot presars 59

ordabetesmell P ————

syt e G b e o s et 5 5T Cocon amd

prim— e Exncpmn Prospache inesbgeios hax Caear iad Noson. hebies: camm of 8 (1 ot s imes ardio ‘“"‘"Mg? nd Thomas ¥ Lischer

= TH) e i sk o Folais o 8 oo Mo sl 3 v 101

culation 2009:110:1433-1441
it () —16 5 — 04 mig] and e diasclc BP 0% mmig 5% 0 115 05 DOL 10.] 1161 GR(L‘LAHO’\AHA IOS 82'02‘
athe prmaryout Lo A i Wi btirn i of ol Senairplion. Tha riate ol by

fion is peblithd h,lmnmﬂnq'l‘!. Avgms, Dallae. TX
= e THE COCHRANE
BP skl T o thi lvvmr ik {35 €133, Th s s i g o fe © 2002 American Hear: 4 -\mn]snsyml;lllu%m Print [33. 0008-7322. Oalins.
e e o
e = COLLABORATION

Keywords Chcesizm » Cocon » Biod praum » Myccmisl inbreen » Sroia » Epdamicigy

plin= version of this article, alonz with nedmfmnn and sarvices, is
locat=d on the World Wide Web
bitp-/circ.abajournals mgcgumeuﬁmmw 1433

Introduction W I et d mctions. ofhabisal cho

[Ty S —
Fiamarch on the hwah ofecirof oo s chocobt has e ok . mickfiesged Gerran v,
S g o 1 e s e o b sl popubdion Bacaan choccte s

o ok e g vy i 2

Method
eehods Thin ix 1 serirs of a Cachrane novicw rpared ard muimeened by The Cocirane Calaboration ard pabiihed in The Gacranr Lk
Study population m

I, leac 8

(VD) have orly spsingly b pubiahed T Eircpen
cohert st b e n i rebtion. bt fa

e N

g nfrmmsin shos ebehing - Comeatins a3
S —— nha_pm = mbipicns

18 Thi Ak 000 e pariadrs s s ol

Dosk. ‘Willizzes & Wekins, 2 divigion of Wolnry
Stmet, WD 2T30-3436. Phosa: 410315405 Fax:

WILEY =N

Wlishers Since 1807

Dtrwncsmld o cis shajouesals oy by st on Mrch 18,200

Efert of rocos o6 |
mmnwnmméﬂqumm:mti




Cochrane Review: Effects of Cocoa on Blood

Pressure

B 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)

Figure 5. Forest plot of comparison: 2 Flavanol free or low flavanol control, outcome: 2.1 SBP.

Cocoa Control

Study or Subgroup  Mean Difference SE Total Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

2.1.1 Flavanol free

Taubert 2003 =51 0.73 132 12 7.3%
Engler 2004 18 443 11 10 3.0%
Fraga 2005 -4 186 14 14 6.4%
Grassi 2005a -6.5 149 15 15 6.5%
Crassi 2005b -113 0455 20 20 7.1%
Taubert 2007 -2.B 2.28 22 22 5.4%
Grassi 2008 =37 07 19 19 73%
Al-Faris 2008 -7.1 2.18 30 29 5.6%
Shiina 2009 0.6 282 20 19 3.6%
Ried 2009 2.9 655 11 10 1.8%
Monagas 2009 3 272 42 42 4.9%
Bogaard 2010 0.25 154 41 41 6. 4%
Subtotal (95% CI) 258 254  65.4%

-5.10 [-6.53, -3.67]
1.80 [-6.88, 10.48]
-4.00 [-7.14, -0.86]
-6.50[-9.42, -3.58]
-11.30[-13.16, -9.44]
-2.80[-7.27, 1.67]
-3.70[-5.07, -2.33]
-7.10[-11.39, -2.81]
0.60 [-6.89, 8.09]
2.90 [-9.94, 15.74]
300([-233,833]
0.25 [-2.77, 3.27]
-3.70 [-6.02, ~1.38]

Heterogeneity: Tau® = 11.77; Chi® = 76.88, df = 11 (P < 0.00001); I’ = 86%

Test for overall effect: Z = 2.12 (P = 0.002)

2.1.2 Low flavanol

Murphy 2003 -1 4 13 15 3.4%
Crews 2008 =053 2.64 45 45 5.0%
Munrvappa 2008 -1 16 20 20 6.4%
Davison 2008a -6.1 3.46 12 11 4.0%
Davison 2008b 16 45 12 13 3.0%
Heiss 2010 -5 32.23 16 16 4.2%
Davison 2010 -2 5.22 13 14 2.5%
Njike 2011 32 172 39 39 6.2%
Subtotal (95% CI) 171 173 34.6%

Heterogeneity Tau® = 2.74; Chi’ = 958, df = 7P = 0213, P = 27%
Test for overall effect: Z = 0.61 (P = 0.54)
Total (95% CI)

429 427 100.0%

-1.00[-8.84, 6.84]
-0.53 [-5.70, 4.64]
-1.00[-4.14, 2.14]
-6.10 [-12 88, 0.63]
160([-7.22, 10.42]
-5.00[-11.33, 1.33]
-2.00[-12.23, 8.23]
220[-0.17, 6.57]
-0.71 [-2.99, 1.57]

-2.77 [-4.72, -0.82]

Heterogeneity Tau? = 12.98; Chi* = 109.34, df = 19 (P < 0.00001); P = 83%

Tast for gverall effect: £ = 2.78 (P = 0.005)
Test for subgroup differences: Chi® = 3.25, df = 1P = 0.07), I = 69.2%
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Epidemiological Evidence: Death

B |ndividuals consuming chocolate may have reduced risk of
morbidity & mortality

o 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.

K

e Median cocoa intake was 2.11g/day

» Buijsse B et al. Arch Intern Med, 2006




Incorporating Natural Cocoa into a Balanced Lifestyle

Report of the

Dietary Guidelines

Advisory Committee

on the
Dietary Guidelines for

Americans, 2010

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




201 |: First meta-analysis on cocoa to include flow-
mediated dilation

B 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.
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EFSA Claim:
Cocoa Flavanols & Endothelial Function

B EFSA — European Food Safety Authority
B Barry Callebaut = SUBMITTER
B 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
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Insulin Sensitivity

v'There are plausible mechanisms for the
antioxidant effects of cocoa polyphenols to st B O R e
influence insulin resistance

Editors-in-Chief
Chandan K. Sen
Dipak K. Das

v'Cocoa...
d may induce pancreatic R-cell regeneration and
stimulate insulin secretion
dmay have a hypoglycemic effect
dmay improve glucose tolerance

Antioxidants & Redox Signaling

v'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

,ﬁlll{ American Journal of

CLINICAL NUTBITION

A Publicarion of The A n Society TT
Jar Nutrition "LH...H
March 2012 + VOLUME 95 « NUMBER 3 W ERLERG p—

Effects of Chocolate, Cocoa, and Flavan-3-ols
on Cardiovascular Health: a Systematic Review
and Meta- Analysis of Randomized Trials™3

w flovpes i Ky, Asoy Futedluamid, Fawl A Kroon, Jeffrey 5 Cour,
Ere B Hlmrrr_ and Aradim Casvidy

Conclusions: We found consistent acute and chronic benefits of choc-
olate or cocoa on FMD and previously unreported promising effects
on insulin and HOMA-IR. Larger, longer-duration, and independently
funded tnals are required to confirm the potential cardiovascular ben-
efits of cocoa flavan-3-ols. Am J Clin Nufr 2012:95:740-51.




Meta-Analysis Indicates Cocoa & Dark Chocolate
Reduce Fasting Insulin

Cocoa Controf Mean Difference Mean Differece
Stusly o Subaroup Mean SD Total Mean SD Tolat Weight B, Random, 95%Cl IV, Randlapr, 95% CI
insulin Resistance inclex, HOMAIR ’ml
Davizon 2008 (EX) (41) 041 473 13 044 0BT 13 338% -G55[1.08,-001)
Davison 2008 (noBx (1) -0.21 148 12 008 056 11 178% -0.29(1.04,048] -
Gras5i 203 (MBF) (45) 156 977 15 0.3 886 15 208% -0.85[1.43,-0.27) E
HOMA-IR Grassi 2005¢HP) (46) 4139 20 04 158 20 t18% -86D(152,032) ~t
Gragsl 2008 (50) -4 472 19 01 263 19 EB9% -1.56[270,-0.30] e
Mellor 210 (57) o381 12 12 343 12 12%  -1.201-4.02,1.67) I
Subtetal (35% Cf) a1 90 100.0% -0.67[-8.98,-036] $

Heterngeneity: Tau®= 1.00; Chi*= 3.56, df=5(F= 0613, 1"= 0%
Test for vergll effect Z=4.18 (F = 0.000%)

Fasting insulin, pUint.

Davison 2008 (£ (@1) <36 613 13 0.87 468 13 227% -432[8.42 017 — %
Davison 2008 {hakx) (41) td 9350 12 079 444 11 115% -219FBA0,3.77) ¥
Fasting Grassi 2005(HBP) (45) 93 44 131 RS 20 6% -3B0F724-0%] ——S—
Mellor 2018 {57} 0.2 1.2 12 4 102 17 54% -380{1237.477] *
: Wuriyappa 2008 (58) 89 67 30 B 58 I 265% 0304358410 :
Insulin Subtetal (95% CI) 7 76 1000% -2.65 465, 0.65] P )
Hetergenaity: Tau®= 0.00, Chi*= 3.35, df= ¢ {P = 0.50), F=0%

Testor ovarall efiect 7= 2.54 (P = 0.010;

Fasting glucose, nimolL

Baba 2067 men (36) 034 D47 13 -0.66 048 12 118% 0,32 }0.06,0.70) =

Balzer 2008 (39) 029 118 2 -012 183 20 39% 041048131 T

Davisan 2008 (510 (41) 003 0289 13 023 051 13 135% 0,26 -0.58, 0.0] &
. Davison 2008 (nofy) (41} -0.23 322 12 -0492 &4 A1 14% 001 1.85,1.73) S
Fastmg Farougue 2006 (45) 03 159 19 01 184 18 31% -D20H 23,083 -1
Grassi 2005(1EP) (18) 402031 0 0026 20 180% -0.30[0.47.-013 2

Glucose Metlor 2010 {57) 01 09 12 04 08 12 54% -D50F1.22,029 -
Monagas 2009 (58) 046 207 42 €11 217 42 38%  034[0.67,1.26] e

Munivappa 2008 (59) 029 048 30 018 048 20 4% 011(0.19,041) 8

Nilke 2069 (81) 01 042 37 G481 37 8% B35H00Z,0.7Y -

Taubed 2007 (59) 012 085 22 005 038 27 139% -BI7[049,0.15) 4

Subtotal (95% C1) 731 728 160.0% 0.02[0.22,0.17] 1

Heterogeneliy: Tau®= 0.05; Chi*= 21,85, df=18({F= 0.02); P=&4%
Testfor overall effect 7= 022 (F = 0.82)
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Emerging Research: Mitochondrial Function

Alterations in Skeletal Muscle Indicators of Mitochondrial Structure |
and Blogenesis in Patients with Type 2 Diabetes and Heart Faiure: NN -
Fitects of Epicatechin Rich Cocoa 7YY

Pam R. Taub, M.D."% Israel Ramirez-Sanchez, Ph.D.”, Theodore P. Ciaraldi, Ph.D."%, Guy Perkins, Ph.D., Anne N. Murphy, Ph.D.",
Robert Naviaux, MD., Ph.D.", Michael Hogan, Ph.D.", Alan S. Maisel, M.D."* Robert R. Henry, M.D."?, Guillermo Ceballos, M.D,, Ph.D’,
and Francisco Villarreal, M.D., Ph.D.

Skeletal
muscle

Epimysium
Perimysium
Fascicle

Endomysium

Muscle
fiber (cell)

Abstract

(-)-Epicatechin (Epi), a flavanol in cacao stimulates mitochondrial volume and cristae density and protein markers of skeletal muscle
(SkM) mitochondrial biogenesis in mice. Type 2 diabetes melitus (DM2) and heart failure (HF) are diseases associated with defets
in SkM mitochondrial structure/function. A study was implemented to assess perturbations and to determine the effects of Epi-ich
coco in SkM mitochondril structure and mediators of biogenesis. Five patients with DM2 and stage II/Il HF consumed dark chocolate
and a beverage containing approximately 100 mg of Epi per day for 3 months. We assessed changes in protein and/or actity levels
of oxidative phosphorylation prateins, parin, mitoflin, NOS, nitrc oxide, cCMP, SIRT1, PGC1 e, Tfam, and mitochondria volume and
aistae abundance by electron microscopy from SkM. Apparent major losses in normal mitachondria structure were obsenved before
treatment. Epi-ich cocoa increased protein andor activty of mediators of biogenesis and cristae abundance while not changing
mitochondnial volume densty. Epi-ich cocoa treatment improves SkM mitochondrial structure and in an orchestrated manner, in-
reases molecular markers of mitochondrial biogenesis resulting in enhanced crstae density. Future controlled studies are warranted
using Epi-ich cocoa (or pure Epi) to translate improved mitachondrial structure into enhanced cardiac and/or SkM muscle function,
Clin Trans Sai 2012: Volume 5: 43-47




Emerging Research: Weight Management

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

PENNSTAT
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Materials and Methods: Diet Intervention

B Dark Chocolate Snack Group B Non-Chocolate Snack Group

(N=26) (N=25)
— Energy-restricted diet — Energy-restricted diet
— 50% Carbohydrate — 50% Carbohydrate
— 30% Fat — 30% Fat
— 20% Protein — 20% Protein
— 1300 to 1800 kcal/d, — 1300 to 1800 kcal/d,
individualized for 500 kcal individualized for 500 kcal

deficit/d deficit/d




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

Anthropometric Measurements at Baseline and Week 18 by Diet

Group
160

140

120

100

Unit

80

60

40

20

Body Weight (kg) Body Mass Index (kg/m2) Waist Circumference (cm) Hip Circumference (cm)

@ Dark Chocolate Snack Group
Measurement

@ 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.




From the Science Bench to
Clinical Practice




From bean to bar...

I
Roast & Grind

527% Cocoa Butter
48% Brown Solids

Cocoa Butter

” N
Add sugar, vanilla & lecithin

Dark Chocolate

(Sweet/Semi-Sweet)



Not all cocoa is created equal

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

B Cocoais alkalized
to reduce
bitterness and
enhance the
solubility of cocoa

B The alkalization
process also
reduces the
flavanol content

Total Flavanols {mg/g)

& 8 &

30
25
20
15
10

Miller et al., J. Agric. Food Chem 2008.
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Types of Cocoa Powder

1007 Cacao

1007 Cacao

Natural Unsweetened

INGREDIENTS: Cocoa

Mixed Natural & Dutched

INGREDIENTS: Cocoa, Cocoa
Processed with Alkali

Dutched (Alkalized) Cocoa

INGREDIENTS: Cocoa
Processed with Alkali
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Types of Chocolate

Dark Chocolate

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

Milk Chocolate

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

White Chocolate

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




Chocolate in Moderation

B Dark Chocolate:

— 6-10g (I tasting square) over time can benefit blood pressure levels
— 3 small squares = ~100 kcal

— 2 larger squares = ~100 kcal

B Natural Cocoa Powder:

— |-2 TBSP = ~10-20 kcal

M Treats in the Diet

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




Key Take Away Messages...

v

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.




