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In the United States, commercially available foods, including cocoa and chocolate, are being marketed
with statements referring to the level of antioxidant activity and polyphenols. For cocoa-containing
foods, there has been no comprehensive survey of the content of these and other chemistries. A
survey of cocoa and chocolate-containing products marketed in the United States was conducted to
determine antioxidant activity and polyphenol and procyanidin contents. Commercially available
samples consisted of the top market share products in each of the following six categories: natural
cocoa, unsweetened baking chocolate, dark chocolate, semisweet baking chips, milk chocolate, and
chocolate syrup. Composite samples were characterized using four different methods: oxygen radical
absorbance capacity (ORAC), vitamin C equivalence antioxidant capacity (VCEAC), total polyphenols,
and procyanidins. All composite lots were further characterized for percent nonfat cocoa solids (NFCS)
and percent fat. Natural cocoas had the highest levels of antioxidant activities, total polyphenols,
and procyanidins followed by baking chocolates, dark chocolates and baking chips, and finally milk
chocolate and syrups. The results showed a strong linear correlation between NFCS and ORAC (R ?
= 0.9849), total polyphenols (R 2 = 0.9793), and procyanidins (R 2 = 0.946), respectively. On the
basis of principal component analysis, 81.4% of the sample set was associated with NFCS, antioxidant
activity, total polyphenols, and procyanidins. The results indicated that, regardless of the product
category, NFCS were the primary factor contributing to the level of cocoa antioxidants in the products
tested. Results further suggested that differences in cocoa bean blends and processing, with the
possible exception of Dutching, are minor factors in determining the level of antioxidants in
commercially available cocoa-containing products in the United States.
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INTRODUCTION flavan-3-ol compounds were later identified as catechBns)(

There has recently been a great deal of interest in ponphe-'” 1939, I_eucoanthocya_nin p_henolic compound_s were identified
nolic compounds, particularly flavonoids, as antioxidants. Fla- (7) @nd, in 1955, fractionation and characterization of these
vonoids are synthesized by all vascular plants. As a result, fruits, COMPounds were reported)( The procyanidins in cocoa have
vegetables, nuts, seeds, herbs, spices, and whole grains arB0ré recently been fractionated into monomers through decam-
sources of flavonoids in our dietlY Cocoa beans are a €rs with even higher forms existin@)( Some of the most
concentrated source of antioxidar®s gnd flavonoids, with the ~ @bundant polyphenols present in cocoa are the flavan-3-ol
flavan-3-ols and their derivatives being present in high con- monomers, epicatechin and catechi)( which also serve as
centrations J). building blocks for the polymeric procyanidin forms. The

The discovery of flavan-3-ols and their procyanidin polymeric Makeup of the polymeric forms is determined by the structure
forms in cocoa can be traced back as early as 18p9These of the flavan-3-ol starter unit and its companion compound. Two
primary forms of procyanidins occur in plants: A-type and
* Author to whom correspondence should be addressed [telephone (717)B-type, which differ by the linkage between the individual

53$_T5hl4?-;| faxh(7lé) 534-6132; email whurst@hersheys.com]. compounds. The A-type procyanidins form&and 2-7 cross-
¥ Cofneﬁ rﬁnﬁ,ﬁrsﬁy links and can be found in cranberries. The B-type procyanidins
8 Brunswick Laboratories. form 4—8 cross-links. The B-1B-4-types differ only in the
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arrangement of their catechin and epicatechin units, with the Taple 1. Top-Selling Cocoa/Chocolate Products in Six Categories
predominant forms being procyanidin B-1 found in grape,

sorghum, cocoa, and cranberry, type B-2 found in apple, cocoa, product category manufacturer/brand? lots collected?
and cherry, type B-3 found in strawberry and hops, and type natural cocoa powder Ghirardell 18
B-4 found in raspberry and blackberr¢1). Hershey's 36
As cocoa makes its way from fresh beans to finished products, Nestle Toll House 18
the concentration of flavan-3-ols and procyanidins can be unsweetenedbaking — Bakers 18
affected by a variety of biological and processing conditions. chocolate SQ:&E;L" Premiurh bat ég
Genetics can cause as much as a 4-fold difference in flavan- Nestle 18
3-ol content of fresh cocoa k_)eartisz,(13). Fermentation of fresh dark chocolate Hershey’s Special Dark 36
cocoa beans, although critical for full cocoa flavor, also tends Lindt Excellence (70% cocoa) 18
to decrease the flavan-3-ol conted0( 14—16). Roasting of Dove Promises 18
cocoa beans and treatment of cocoa powder with alkali can also semisweet chocolate Ghirardelli Premium 18
affect the final content of flavan-3-ols and procyanidiig,( baking chips Hershey's semisweet 36
18). Nestle Toll House Morsels 18
Cocoa-containing and chocolate products have always been milk chocolate Hershey's 36
favorite foods among consumers. There is some confusion about Bﬂ‘é‘fggg’:ﬁie extra creamy 12
the terms cocoa and cacao because they have been used
interchangeably. For this discussion, cocoa refers to the Cchocolate syup Ereor;‘r;?ys ig

processed material remaining after partially defatting the cacao Nestle Nesquik 18
beans; cacao refers to the sum of ingredients derived from the

cacao bean to include chocolate liquor, cocoa, and cocoa butter.  aanyfacturers are listed alphabetically within product category. Product order
Numerous media reports have focused attention on variousin this table has no relationship to the order shown in Table 2 or Figure 1. > Total
health benefits associated with cocoa and chocolate consumptots collected were used to create three equal subgroups that were combined to
tion. The evidence increasingly suggests that the flavanol classyield three composite samples for each product type.

of polyphenols found abundantly in the cocoa bean is associated

with the emerging health benefits. A number of studies have ¢ ; ; .

. . - . . or fat, nonfat cocoa solids (NFCS), oxygen radical absorbance capacity
implied that th? fIavanoI_ content !S dependent prlma_rlly upon (ORAC), total polyphenols (as gallic acid equivalents, GAE), and total
cocoa-processing techniques. This has led to confusion among,gcyanidins. A subset of composite samples was also analyzed for
consumers. To our knowledge, there has been no comprehensivgitamin C equivalence antioxidant capacity (VCEAC). NFCS deter-
market survey to assess the variation of flavanols in com- mination is a gravimetric method based on an exhaustive extraction of
mercially available cocoa and chocolate products. The purposethe sample with a variety of lipophilic solvents to eliminate the lipid
of this study was to compare antioxidant activity, total polyphe- content g2). Total fat was determined by Soxhlet extracti@3)( The
nols, and total procyanidins for the leading U.S. market-share ORAC is a widely used fluorescence method for assessing antioxidant

products in six cocoa-containing and chocolate product Catego_capacity in biological samples. The current method allows for the
ries determination of lipophilic and hydrophilic antioxidant capacities. It

is based on the inhibition of a peroxy-radical-induced oxidation initiated
by the thermal-based decomposition of azo compounds such as AAPH
MATERIALS AND METHODS using fluorescein as a fluorescent probe and Trolox as a standard
. . . substrateZ4, 25). The total polyphenol colorimetric assay was initially
Sample Collection and Preparation Products selected for this study  geveloped as a method for the measurement of proteins focusing on
comprised the top three selling products in each of the following product the yeagent’s ability to react with hydroxyl substituents and later adapted
categories: natural cocoa powder, unsweetened baking chocolate, darl-by Singleton to measure phenolic compounds in w&. (it is widely
chocolate, semisweet baking chips, mi]k chocolate, and chogolate SYIUPysed and is a measure of reducing capacity. Total polyphenols were
(Table 1). Market share was determined from sales obtained from eypressed using gallic acid as the standard. Procyanidins were measured
Information Resources Inc. from August 20@4). Due to a tie in the by an HPLC method based on the separation of the flavan-3-ol
baking chocolate category, four products were collected. Nineteen oligomers 27). The final assay, VCEAC, uses the reaction of free
different products were sampled, representing seven major manufactur-r5gicals with blue-green ABTS using vitamin C as the standard with
ers. the resulting antioxidant activity being equivalent to a specific vitamin
A statistical sampling design was chosen to obtain a composite C concentrationZ8).
sample of each product type that represented the average product Statistical Analysis.Linear correlation of NFCS with ORAC, total
available at retail to consumers of these products. Efforts to achieve apolyphenols, and procyanidins, respectively, was analyzed using a force
random sampling included (1) collection of independent production fit through the origin (NFCS= 0, variable= 0). Analysis of the
codes, (2) obtaining equal representation of the product samples fromcombined data set was performed using standardized principal com-
three U.S. geographic regions, and (3) blendingl8 independent  ponent analysis (PCA) extracting all components. PCA reduces the
samples to make three composite analytical samples for product brand dimensionality of a set of variables by constructing uncorrelated linear
A minimum of 18 and a maximum of 36 samples of each product combinations of data. The combinations are computed so that the first
product listed inTable 1 were purchased at retail. A total of 450 product  component, PC-1, accounts for the largest amount of the data set
purchases contributed to the sample set. Products were purchased ifariance and is the major axis of points ipaimensional space. The
the cities in the following three regions: (1) east (Fairfield, NJ; Hershey, successive components, PC-2, PC-3, PC-4, etc., account for decreasing
PA); (2) midwest (Dillsboro, IN; Plainfield, IL; Minneapolis, MN);  amounts of the remaining variance in the data set. The Statgraphics
and (3) west (Huntington Beach, CA; Phoenix, AZ; Los Angeles CA;  Principal Components Analysis program was purchased from Manugis-
Port Orchard, WA; and San Francisco, CA). Products in a composite tics, Inc., Rockville, MD.
sample were thoroughly mixed by dry-blending cocoa powder and
liquid-blending syrups. In the case of solid chocolates, samples were gy TS
melted at 50°C and liquid-blended. All composite samples were then
stored frozen at 6C before extraction and analysis. All samples were  Antioxidant Activity, Total Polyphenols, and Procyani-
coded before submission for analysis. dins. Analytical data for the 19 product samples tested are

Sample Analysis All composite samples were analyzed in duplicate
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Table 2. Analysis of Selected U.S. Cocoa-Containing and Chocolate A ORAC of Selected US Cocoa and Chocolate Products

Products? 1000.0
900.0
% % ORAC polyphenols  procyanidins T s000
no. code® NFCS fat  (umolof TE/g) (mg/g of GAES) (mglg) g 700.0
CS-1 73 12 66.7+8.7 4.05+0.05 0.91+0.16 ﬁ ﬁﬂﬂ

CS-2 6.6 0.8 575+6.0 479+0.21 0.89+0.36 _g

CS-3 48 0.7 65.7+3.1 3.66 £ 0.06 0.37 £ 0.06 g

MC-1 72 29.30 720+26 450%0.08 0.71+0.06 g

400.0

300.0

200.0
MC-2 64 3136 723%55 5384012  0.90+0.39 B I:I I:I I:I E E
MC-3 49 3698  417+12 3254010  0.43+0.46 o 0.0 M M m i E ELRRARNRNN
SC-1 17.0 29.00 190.3+16.5 12.50 £ 0.47 3.70 £ 0.56 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19
SC-2 152 2984 1740+236 12884012  629+0.22
SC-3 186 27.80 177.3+168  11.76%052  4.69+0.27

10 DC-1 200 2997 151.7+333 12.30+£0.10 2.78 £0.50 70.00

O©CoO~NOoO U~ WM -

vy

Polyphenols of Selected US Cocoa and Chocolate Products

powder samples had the highest ORAC levels and total *
polyphenol and procyanidin contents. Baking chocolates con-
tained the second highest levels, followed by dark chocolates,
semisweet chocolate baking chips, milk chocolates, and choco-Figure 1. ORAC and polyphenol and procyanidin contents of U.S.
late syrups. products: (A) data for ORAC expressed as umol of TE per g of product;
Nonfat Cocoa Solids The consistent pattern of the findings ~ (B) data for polyphenols expressed as mg of GAE per g of product; (C)
within product category led to further investigation of the data for procyanidins expressed as mg of procyanidins per g of product.
product composition. Flavanol compounds tend to be hydro- Products are numbered as in Table 2 with chocolate syrups (open bar),
philic. Therefore, they are found primarily in the nonfat fraction Mik chocolates (vertical lines), baking chips (gray shading), dark chocolates
of cocoa and chocolate. As a result, the most obvious compo- (horizontal lines), baking chocolates (black), and cocoas (diagonal lines).
sitional factor to examine was the level of NFCS in each product
category. Commercially, cocoa powder is obtained from roasted Semisweet chocolate baking chips in the sample set. Finally,
and finely ground cocoa cotyledons, which have had most of the level of NFCS ranged from 4.9 to 7.2% in milk chocolates
the cocoa butter pressed out. This results in a powder thatand from 4.8 to 7.3% in chocolate syrups.
contains~88—86% NFCS andv12—14% cocoa butter2Q). Relationship of NFCS and ORAC Activity, Total Polyphe-
Two of the cocoa powders contained 85 and 87% NFC®Ie nols, and Procyanidins. Plots were developed to show the
2). A third sample contained only 72.2% NFCS and 27.8% fat. relationships between NFCS and ORAC, VCEAC, and TP,
This was reflected in lower ORAC, total polyphenol, and respectively.Figure 2 shows a high degree of correlation
procyanidin levels for this sample. between percent NFCS and ORAR*E 0.9849). The three
Baking chocolates are typically made from roasted and finely cocoa powders presented a clear grouping at the highest level
ground cocoa beans with no further additions or fat removal. of antioxidant activity followed by the baking chocolates. The
Closest in composition to intact cocoa beans, baking chocolatesthree dark chocolates and the three semisweet chocolate baking
typically contain 47-49% NFCS. The sample set examined in chips tended to group together. The three milk chocolates and
this study ranged in NFCS from 44.8 to 49.4%. Dark chocolates the three syrups also grouped together and had the lowest level
and semisweet baking chips can vary widely in formulas; of antioxidant activity.
therefore, the NFCS is expected to vary more in this product A similar linear correlation is seen iRigure 3 for percent
category 29). The U.S. regulations for these products require NFCS and VCEAC 2 = 0.9824). Again, the cocoa powder
only that sweet chocolate contains at least 15% chocolate liquorcategory had the highest level of antioxidant activity followed
and that semisweet chocolate contains at least 35% chocolatdy baking chocolates, dark chocolates, semisweet chocolate
liguor. Both sweet chocolate and semisweet chocolate canbaking chips, milk chocolates, and chocolate syrups. The inset
commonly be referred to as “dark chocolate”. The NFCS levels of Figure 3 also shows the correlation of ORAC and VCEAC
in this study ranged from 20 to 29.5% in dark chocolates and for the same product®xf = 0.9844).
from 15.2 to 18.6% in the semisweet chocolate baking chips. Figure 4 shows the linear correlation of NFCS and total
The variation in the level of ORAC, polyphenols, and procya- polyphenols R2 = 0.9793).Figure 5 shows the linear plot of
nidins was attributed to differences in formulations of dark and NFCS and procyanidind*¢ = 0.9460). In both cases, natural

11 DC2 207 3337 195731  1173+035  410+0.23 e
12 DC-3 295 4070 246.0+327  14.88+0.37 4.06 +0.47 S
13 BC-1 491 5240 3840+141  2070+043 1633+1.38 a 9000
14 BC-2 466 53.08 481.0+322 27.18+0.21 1257+0.88 ‘gu 40.00
15 BC-3 448 53.09 4627+647  27.06+233 15.62+3.62 < 3000
16 BC-4 494 5155 499.0+355 26.91+220 15.84+1.68 E] S0
17 CP-1 852 1480 875.0+93.0 60.20+ 4.54 23.71+4.04 .ﬁ )
18 CP2 722 2780 7200+336  4530+116 19.28+0.93 2 1000
19 CP3 873 1270 8163+37.6  51L70+057 2244+241 £ 000
aResults expressed mean + SD per gram of product as consumed. ? Product C
order or coding bears no relationship to the order of presentation of products in ~ 2500
Table 1. CS, chocolate syrup; MC, milk chocolate; SC, semisweet chocolate chips; E
DC, dark chocolate; BC, baking chocolate; CP, cocoa powder. ©Expressed as B 2000
gallic acid equivalents. 2 1500
£
shown inTable 2. PanelsA, B, andC of Figure 1 show the £ 1000
antioxidant activity (ORAC), total polyphenols, and procyani- 500
dins, respectively. Of the products tested, the natural cocoa g I
8

9 10 11 12 13 14 15 16 17 18 19

Sample Number
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Figure 2. Relationship between ORAC activity and NFCS as illustrated
by the line describing the best linear fit of the data, with force fitting through
the origin, between ORAC activity expressed as umol of TE per g of
product and the percent of NFCS in the product for cocoas (#), baking
chocolates (M), dark chocolate (x), baking chips (@), milk chocolate (+),
and syrups (a). Symbols are the mean of three independently analyzed
composite samples plus or minus the standard deviation (vertical bar,
which may be no larger than the symbol).
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Figure 3. Relationship between VCEAC and NFCS content as illustrated
by the line describing the best linear fit of the data, with force fitting through
the origin, between ORAC activity, expressed as ug of vitamin C
equivalents per g of product, and the percent of NFCS in the product for
a representative product sample of cocoa (), baking chocolate (M), dark
chocolate (x), baking chips (@), milk chocolate (+), and syrup (A).
Horizontal bars show the standard deviation of the mean of the three
composite samples. (Inset) Correlation of VCEAC and ORAC for a subset.

J. Agric. Food Chem., Vol. 54, No. 11, 2006 4065

70

I
60 I
*

R2=0.9793
50 /
40

30

20

10

Total Polyphenols(mg GAE/g product)

0 20 40 60 80 100

% NFCS
Figure 4. Relationship between polyphenol content and NFCS as
illustrated by the line describing the best linear fit of the data, with force
fitting through the origin, between polyphenol content on a mg per g of
product basis, and the percent of NFCS in the product for cocoas (),
baking chocolates (M), dark chocolate (%), baking chips (@), milk chocolate
(+) and syrups (a). Symbols are the mean of three independently analyzed
composite samples plus or minus the standard deviation (vertical bar,
which may be no larger than the symbol).
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Figure 5. Relationship between procyanidin content and NFCS as
illustrated by the line describing the best linear fit of the data, with force
fitting through the origin, between procyanidins content on a mg per g of
product and the percent of NFCS in the product for cocoas (#), baking
chocolates (M), dark chocolate (%), baking chips (@), milk chocolate (+),
and syrups (a). Symbols are the mean of three independently analyzed
composite samples plus or minus the standard deviation (vertical bar,
which may be no larger than the symbol).

cocoas had the highest total polyphenols and procyanidinsvariation described by each of the calculated principal compo-
followed by baking chocolates. Dark chocolates and semisweetnents. PC-1 describes 81.4% of the variation in the sample set,
chocolate baking chips grouped together. Milk chocolates and whereas PC-2 describes an additional 16.B8%ure 6 graphi-
syrups had the lowest levels of polyphenols and procyanidins. cally depicts the distribution of data for PC-1 and PC-2. This
Principal Component Analysis. PCA divides the data into  plot describes 97.5% of the sample set variation. There is a
distinct sets that best describe relationships. PC-1 describes thdight grouping of all products within the six product categories
statistical relationship that accounts for the greatest amount oftested. Each product category groups independently from the
sample variation, followed by PC-2, PC-3, PC-4, etehich other categories with the exception of an overlap of dark
each describe decreasingly less variation in the sample setchocolate and semisweet chocolate baking chips. These products
Principal component weighting of the complete data set was generally have similar formulas and, therefore, overlap in terms
done for the six attributes that were measurédble 3A). of percent fat and percent NFC®able 2). The distribution of
Higher weighting scores indicate a tighter association with that weighted attributes is shown at the right and at the tdgigiire
principal component. Weighting on PC-1 was high and almost 6. For PC-1, the attributes strongly associated withxais
equal for percent NFCS, ORAC, total polyphenols, flavan-3-ol are NFCS, ORAC activity, total polyphenols, and procyanidins.
monomers, and procyanidins. The fat content of the products The level of fat is associated with PC-2 at the top ofyexis.
was heavily weighted on PC-Z.able 3B shows the level of These data show a high degree of separation for product category
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Fat Most notable in this study was the strong association between
ik oo | ) Baking the percent NFCS and ORAC activity, polyphenols, and
c'/'_'\ e\ procyanidins, respectively, across six cocoa-containing product
{ ) | categories. This suggested that the most important factor in
Y \;s::/ NFCS|ORAC controlling the level of antioxidant activity and procyanidins
S T Sembewlat ' ' s o was the amount of NFCS in the product formulation. This
e Chibs) observation was supported by the linear correlation of NFCS
Chocolate i with antioxidant activity, total polyphenols, and procyanidins.
Syrups In addition, the PCA showed that the level of NFCS was closely
@ ] Cocoas associated with PC-1, the component that described 81.4% of
the sample set variation. This relationship was consistent despite
PC1 sampling products from seven different food manufacturers and
Figure 6. Principal component plot of PC-1 and PC-2 showing the across six product categories. A preliminary market basket study
distribution of cocoas (), baking chocolates (M), dark chocolates (x), of U.S. cocoa-containing products also showed a similar linear
baking chips (®), milk chocolates (+), and syrups (a) across PC-1 and relationship between product classes and procyanidin antioxi-
PC-2. The amount of variation described by PC-1 represents 81.4% of dants 85).
the data set variation; PC-2 represents 16.0%. The PC-1 axis is correlated Aithough manufacturing parameters including sources of
at the right with the level of NFCS, ORAC activity, total polyphenols, and beans, bean specifications, bean blends, bean roasting, grinding,
procyanidin content. The PC-1 axis is correlated at the top with the level conching, and recipes differ between products and manufactur-
of fat content in the product. ers, the levels of antioxidants and flavanols in these products

were primarily associated with the level of NFCS in the products
tested. Substantial differences in antioxidant or procyanidin
levels due to bean formulations and/or processing would have
resulted in separation of a product brand from its category. This

Table 3. Principal Component Analysis of Data Set

A. Component Weighting

measure component 1 component 2 was not observed.
Z"tNFCS 8"1"‘1@%‘7‘ _8'8222338 The relatively small differences in antioxidant capacity, total
ORAC 0.447650 ~0.1228980 polyphenols,. and flavanols within thesg six major categories of
polyphenols 0.447494 —0.0834084 cocoa-containing products may be attributed to several factors.
monomers 0.431963 —0.0004086 First, most large chocolate manufacturers typically rely on a
total procyanidins 0.447121 0.0207851 small number of major cocoa-growing countries (Ivory Coast,

Ghana, Indonesia, Brazil, Nigeria, and Cameroon) to supply their

B. Principal C t Analysi X .
fincipe ~omponen’ Anaysts manufacturing needs. In 2004, these countries produced 87.9%

component no. eigenvalue % of variance cumulative % of the world’s cocoa %6). There is little country-to-country
1 4.8851500 81419 81.419 variation in the level of procyanidins in the larger origin®,
g 82%3‘;8 1?(8)33 g;‘s‘ig 37). In addition, chocolate manufacturers typically blend two
4 0.0266650 0.444 99786 or more bean types to sgtlsfy consumer tastes and for product
5 0.0080160 0.134 99.920 uniformity (29, 38). Blending would be expected to also reduce
6 0.0048187 0.080 100.000 the variability between branded products within category. Some

specific bean origins are inherently higher in procyanidins. Bean
origins such as Madagascar and Java can have double the level
using the six measures included in the PCA. Any of the of flavan-3-ol antioxidants, but quantities are too small to meet
measures associated with the principal components can behe production needs of large chocolate manufactufiéss3g).
inferred to be related to the other factors associated with that Beans from smaller producing countries often make their way
component. For example, baking cocoas and baking chocolatesinto the local chocolate/cocoa economy or are sold to small
which are higher (to the right) in PC-1 accounting for 81.4% specialty chocolate manufacturers in the northern temperate
of the sample set variation, can be inferred to be also higher in countries. It is also possible to enhance the level of polyphenol

NFCS, ORAC, polyphenols, and procyanidins. antioxidants by adding extracts from grape seed, tea, or cocoa
or by resorting to special processes to preserve antioxidants
DISCUSSION found in raw cacao seeds.

Recent research has focused on flavan-3-ols as bioactive Another reason the levels of antioxidant activity and procya-
compounds, particularly with respect to beneficial effects on nidins may be so close within these product categories is that
cardiovascular function. Cocoa or chocolate consumption hasthe flavanols are thought to impart astringency or bitterness to
been associated with short-term improvements in delayed cocoa-containing productdd, 15). One needs only to compare

oxidation of low-density lipoprotein (LDL) cholesteroB@), the tastes of cocoa powder, baking chocolate, dark chocolate,
improved endothelial functior8q, 32), lowered blood pressure  and milk chocolate to see the range of bitterness imparted by
(33), and improved platelet functiorl9, 20, 32). A recent 15- cocoa. Fermentation lessens the bitter/astringent properties of

year epidemiological study of elderly Dutch men showed that the bean, an effect that has been attributed to the loss of
blood pressure was significantly lowered in the group consuming polyphenols and flavan-3-ols during fermentatid®,(13—16,

the highest cocoa/chocolate. The highest consuming group alsa38). Fermentation of beans also helps to produce more cocoa
had a lower incidence of death due to cardiovascular diseaseflavor. Longer bean fermentation time is a valued trait that
compared to men who did not eat cocoa or chocola# (To commands a premium in cocoa markets. Ghana cocoa beans
strengthen the clinical evidence, it is important to characterize are a good example of a well-fermented, flavorful cocoa
the flavanol composition and antioxidant activity of various compared to Dominican or Indonesian beans, which are
cocoa and chocolate foods available to the consumer. considered to be less fermented, lower quality beans because
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physical differences between product categories, little deviation
in linear correlation analysis or by PCA was observed in the
association of percent NFCS with the other analytical param-
eters. These data suggest that, among leading commercially
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