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Cocoa Has More Phenolic Phytochemicals and a Higher
Antioxidant Capacity than Teas and Red Wine
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Black tea, green tea, red wine, and cocoa are high in phenolic phytochemicals, among which theaflavin,
epigallocatechin gallate, resveratrol, and procyanidin, respectively, have been extensively investigated
due to their possible role as chemopreventive agents based on their antioxidant capacities. The present
study compared the phenolic and flavonoid contents and total antioxidant capacities of cocoa, black
tea, green tea, and red wine. Cocoa contained much higher levels of total phenolics (611 mg of
gallic acid equivalents, GAE) and flavonoids (564 mg of epicatechin equivalents, ECE) per serving
than black tea (124 mg of GAE and 34 mg of ECE, respectively), green tea (165 mg of GAE and 47
mg of ECE), and red wine (340 mg of GAE and 163 mg of ECE). Total antioxidant activities were
measured using the 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) and 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical scavenging assays and are expressed as vitamin C equivalent
antioxidant capacities (VCEACS). Cocoa exhibited the highest antioxidant activity among the samples
in ABTS and DPPH assays, with VCEACs of 1128 and 836 mg/serving, respectively. The relative
total antioxidant capacities of the samples in both assays were as follows in decreasing order: cocoa
> red wine > green tea > black tea. The total antioxidant capacities from ABTS and DPPH assays
were highly correlated with phenolic content (r2 = 0.981 and 0.967, respectively) and flavonoid content
(r2=0.949 and 0.915). These results suggest that cocoa is more beneficial to health than teas and
red wine in terms of its higher antioxidant capacity.

KEYWORDS: Cocoa; black tea; green tea; red wine; phenolic phytochemicals; ABTS radicals; DPPH
radicals; vitamin C equivalent antioxidant capacity (VCEAC).

INTRODUCTION In particular, theaflavin (TF), epigallocatechin gallate (EGCG),
Free radicals cause degenerative human diseases such d§sveratrol, and procyanidin in black tea, green tea, red wine,
cancer, heart disease, and cerebrovascular disease througind €0coa, respectively, have been considered as major chemo-

multiple mechanisms. Recently, natural foods and food-derived Préventive agents mainly due to their strong antioxidative
antioxidants such as vitamins and phenolic phytochemicals have@ctivities. A recent report suggested that drinking black tea has
received growing attention, because they are known to function Penefits equal to those of having green tea in terms of their
as chemopreventive agents against oxidative damage. Vitamin2htioxidant capacity, because the TF found in black tea possesses
C is one of the most popular and least toxic antioxidant @S much antioxidant potency as catech_lns present in green tea
components in food and has been most popularly used as A2). However, whereas catechins are major antioxidants in green
dietary supplement to prevent oxidative stress-mediated diseased€@, TF represents a smaller proportion of black tea. Similarly,
However, the contribution of vitamin C to the total antioxidant esveratrol, a phytoalexin found in red wine, has been considered
activity of fruits is generally<15% (1). Therefore, many efforts &S @ Mmajor component responsible for anticarcinogenic activity
have been invested to elucidate the potential health benefits of(3—5) but is present at minimal levels in red wine (only 1.5
dietary phenolic phytochemicals that have stronger antioxidant M9/L), whereas flavonoids such as catechin and epicatechin are
activities than vitamin C. present at levels of 191 and 82 mg/L, respectivé)y Therefore,
Black and green teas, red wine, and cocoa are consumedmost of the beneficial effects of red wine are attributable to

widely and are known to be rich in phenolic phytochemicals. Phenolic phytochemicals other than resveratrol. Chocolate has
also been reported to be a good source of dietary catechins,

* Author to whom correspondence should be addressed [telephone (315)Se€cond only to black tea in a study on a Dutch populati@n (

783-82271|: Laxt_(31?)u787-22_§4; e-mail cyll@comnell.edu]. The same report showed that the monomeric catechins were
§C§",?,ﬁ’e.. S,:?Vnearsit; "ggﬁe)\l,'a NY. considered as antioxidants in only black tea and chocolate.
# Cornell University, Ithaca, NY. Because catechins are major antioxidants in green tea, but not
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in chocolate and black tea, the results may not reflect substantial 700
total phenolic phytochemical contents and antioxidant capacities

. L . m GAE
of black tea and chocolate. Thus, investigations into the 600 == ECE
antioxidant capacity of food should consider the overall
concentrations and compositions of diverse antioxidants, because
the total antioxidant capacity of food is due to the combined
activity of diverse antioxidants including phenolics, rather than
being attributable to any particular phenolics.

We suggested recently that a '2gZino-bis(3-ethylbenzthia-
zoline-6-sulfonic acid) (ABTS) radical scavenging assay is better
for evaluating the antioxidant activity of phenolic phytochemi-
cals than the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical

300
200
scavenging assay, because it can be used in both organic and 100 -
aqueous solvent systems, employs a specific absorbance at a
wavelength remote from the visible region, and requires a short 0

reaction time. We also recommended that antioxidant activity Cocoa  Wine Green tea Black tea

of phenolic phytochemicals be expressed on the basis of therigure 1. Total phenolic and flavonoid contents of cocoa, black tea, green
weight of vitamin C equivalents (VCEAC) using the ABTS tea, and red wine, expressed expressed as milligrams of GAE and ECE
radical scavenging assa®)( To further validate the method,  per serving, respectively.

the total antioxidant capacity of foods including mixtures of

antioxidants needs to be investigated. Therefore, the presenier serving of epicatechin equivalents (ECE). All samples were prepared
study investigated the phenolic and flavonoid contents and total in five replications.
antioxidant capacities of cocoa, black tea, green tea, and red ABTS Radical Scavenging Activity.A method developed by van
wine. den Berg et al. was used with slight modification in this experiment
(8,10): 1.0 mM AAPH was mixed with 2.5 mM ABTS as diammonium
salt in phosphate-buffered saline solution (100 mM potassium phosphate
MATERIALS AND METHODS buffer, pH 7.4, containing 150 mM NacCl). The mixture was heated in
Chemicals.Gallic acid, epicatechin, vitamin C, ABTS as diammo- a 68°C water bath for 13 min. The concentration of the resulting blue-
nium salt, DPPH, and FolinCiocalteu phenol reagent were obtained green ABTS radical solution was adjusted to an absorbance of 0.650
from Sigma Chemical Co. (St. Louis, MO). Trolox was purchased from =+ 0.020 [mean+ standard deviation (SD)] at 734 nm. Various
Aldrich Chemical Co. (Milwaukee, WI). 2;2Azobis(2-amidinopro- concentrations of the sample solution of 20 were added to 98QL
pane)dihydrochloride (AAPH) was obtained from Wako Chemicals of the resulting blue-green ABTS radical solution. The mixture was
USA, Inc. (Richmond, VA). All other chemicals used were of analytical incubated in darkness in a 3€ water bath for 10 min, and the decrease
grade (Fisher, Springfield, NJ). of absorbance at 734 nm was measured. A control solution consisted
Sample Preparation.The serving size of each beverage was defined of 20uL of 50% methanol and 980L of ABTS radical solution. Stable
as follows: commercial cocoa powder manufactured using a nonalka- ABTS radical scavenging activities of the samples are expressed in
lized process from Ghanaian cacao beans (7.3 g, 2 tablespoons inmilligrams per serving of VCEAC. The radical stock solution was
accordance with the manufacturer’s instructions) was dissolved in 200 freshly prepared each day.
mL of distilled water (ddHO) at 100°C; commercial black tea (2 g DPPH Radical Scavenging Activity. The method of Brand-
bag) and green tea (2 g bag) were each extracted with 200 mL ofdddH ~ Williams et al. was used with slight modifications in this experiment
at 100°C for 2 min (according to the manufacturer’s instructions); (8, 11). DPPH radical was dissolved in 80% aqueous methanol. Various
and 140 mL of red wine (Merlot, California) as one serving siiz8.( concentrations of 0.1 mL of sample solution were added to 2.9 mL of
The samples then were centrifuged in a Sorvall RC-5B refrigerated the DPPH radical solution. The mixture was then shaken vigorously
superspeed centrifuge (DuPont, Biomedical Products Department,and allowed to stand at 2& in the dark for 30 min, at which time the
Wilmington, DE) at 12000 using a GSA rotor for 5 min, and the  decrease in absorbance at 517 nm was measured using a spectropho-
resulting supernatants were used as the final samples. tometer (Hitachi). A control solution consisted of 0.1 mL of 50%
Total Phenolic Content. The total phenolic phytochemical concen-  aqueous methanol and 2.9 mL of DPPH radical solution. The radical
tration was measured using the Feti@iocalteu method. Briefly, 1 stock solution was freshly prepared each day.
mL of appropriately diluted samples and a standard solution of gallic ~ Antioxidant Capacity. The antioxidant capacity of the samples was
acid were added to a 25 mL volumetric flask containing 9 mL of gfolH measured and calculated as VCEAC according to the method described
A reagent blank using ddi® was prepared. One milliliter of Fokn earlier @). Briefly, vitamin C standard curves that correlate the
Ciocalteu phenol reagent was added to the mixture and shaken. Afterconcentration of vitamin C and the amount of absorbance reduction
5 min, 10 mL of a 7% NgCO; solution was added with mixing. The  caused by vitamin C were obtained using the ABTS scavenging assay.
solution was then immediately diluted to a volume of 25 mL with Absorbance reductions of the samples at 734 nm were also measured
ddH,O and mixed thoroughly. After incubation for 90 min at 23, at various concentrations by the ABTS assay. Determination of
the absorbance relative to that of a prepared blank at 750 nm wasVCEACs of the samples at various concentrations was made using
measured using a spectrophotometer (Hitachi). The total phenolic vitamin C standard curves. The median effective doses{ed@ the
contents of the samples are expressed in milligrams per serving of gallicsamples was calculated on the basis of the gosgponse curve. The
acid equivalents (GAE). All samples were prepared in five replications. absorbance reduction of the samples was correlated to that of vitamin
Total Flavonoid Content. The total flavonoid concentration was C standards with the results calculated as milligrams of vitamin C
measured using a colorimetric assay developed by Zhishen &, al. ( equivalents per serving. All data are presented as rde&@D for at
9). Briefly, 1 mL of appropriately diluted sample was added to a 10 least five replications for each prepared sample.
mL volumetric flask containing 4 mL of ddiD. At time zero, 0.3 mL
of 5% NaNQ was added to each volumetric flask; at 5 min, 0.3 mL of RESULTS AND DISCUSSION
10% AICl; was added; at 6 min, 2 mLfd& M NaOH was added. Each . . .
reaction flask was then immediately diluted with 2.4 mL of doH Figure 1 shows that cocoa contained much higher levels of
and mixed. Absorbances of the mixtures upon the development of pink total phenolics (611 mg of GAE) and flavonoids (564 mg of
color were determined at 510 nm relative to a prepared blank. The ECE) per serving than black tea (124 mg of GAE and 34 mg
total flavonoid contents of the samples are expressed in milligrams of ECE, respectively), green tea (165 mg of GAE and 47 mg
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Figure 3. VCEACs of cocoa, black tea, green tea, and red wine per 200 |
serving evaluated by DPPH radical scavenging assay. Error bars = SD,
n=>5.
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Most of the phenolics in cocoa are flavonoids, whereas phenolics ECE (mg)

other than flavonoids predominate in green and black teas. gigyre 5. Relationship between total flavonoid contents and VCEAC of
Consistent with our previous results for pure phenolic phy- cocoq, black tea, green tea, and red wine per serving evaluated by ABTS
tochemicals §), the antioxidant activities of all the tested and DPPH radicals, respectively. Error bars = SD, n = 5.

samples were dose-dependent in both assays (data not shown).

Cocoa exerted the highest antioxidant activity: VCEACs of  \Many studies have considered fruits, vegetables, and teas as
1128 and 836 mg per serving in ABTS and DPPH radical the major sources of dietary antioxidative phenolics, but our
scavenging assays, respectivefjglres 2and3). The relative  results also demonstrate the importance of cocoa. Arts et al.
total antioxidant capacities of the samples per serving in both (7) reported that chocolate and black tea may contribute
ABTS and DPPH assays were as follows in decreasing order:significantly to the total dietary catechin intake of the Dutch
cocoa> red wine> green tea black tea. The total antioxidant  population (20 and 55%, respectively). They suggested that
capacities from ABTS and DPPH assays were highly correlated black tea is a better source of catechins suchtgscatechin,

with phenolic contentrf = 0.981 and 0.967, respectively) (—)-epicatechin, £)-gallocatechin, ¥)-epigallocatechin,€)-
(Figure 4) and flavonoid contentf = 0.949 and 0.915)igure epicatechin gallate, and EGCG. Because the major phenolics
5). The different VCEAC values indicated that the DPPH assay in black tea and chocolate are not catechins but thearubigins
underestimates by30% the antioxidant capacity as compared and procyanidins, respectivel¥3), it is important to determine

to the ABTS assay. A similar methodological difference has the total contents of antioxidants in tea and chocolate.

been reported previousl,(12), and these differences may be The extraction method of antioxidants also affects the total
due to absorbance interruption at 517 nm by other compoundsphenol and flavonoid contents and antioxidant capacities.
in the DPPH assay. Furthermore, the ABTS assay is sensitive,Waterhouse et al1d) reported that cocoa powder had 20 mg
requires a short reaction time, and can be used in both organicof GAE per gram when extracted with 95% aqueous methanol
and aqueous solvent systems. Therefore, the ABTS assay maynd that a cup of hot cocoa had 146 mg of GAE. Consistent
be preferable over the DPPH assay for evaluating the total with this, we found that cocoa powder contained 24 mg of GAE
antioxidant capacity of antioxidants and food. per gram when extracted with 80% aqueous methanol (unpub-
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lished data). Because cocoa extracted with aqueous methanol (6) Frankel, E. N.; Waterhouse, A. L.; Teissedre, P. L. Principal
is not the type normally consumed, the total phenolic and phenolic phytochemicals in selected California wines and their
flavonoid contents of hot cocoa extracted with 95% aqueous antioxida_nt activity_in inhibiting oxidation of human low-density
methanol may not represent the actual amounts consubdid ( lipoproteins.J. Agric. Food Chem1995 43, 890-894.
Therefore, various factors such as experimental conditions, (7) Ars: I. C.; Hollman, P. C.; Kromhout, D. Chocolate as a source
sample preparation methods, and physiological relevance of the of tea flavonoidsLancet1999 354, 488.

hould b idered in th lLat f ioxid (8) Kim, D. O.; Lee, K. W.; Lee, H. J.; Lee, C. Y. Vitamin C
assays should be considered in the evaluation of antioxidant equivalent antioxidant capacity (VCEAC) of phenalic phy-

activity (15). tochemicalsJ. Agric. Food Chem2002, 50, 3713-3717.

Gallic acid and EGCG, the major antioxidants in tea, have  (9) zhishen, J.; Mengcheng, T.; Jianming, W. The determination of
shown strong antioxidant activity but also could act as pro- flavonoid contents in mulberry and their scavenging effects on
oxidants (6, 17). This pro-oxidant activity is thought to be superoxide radicaldood Chem1999 64, 555-559.
directly proportional to the total number of hydroxyl groups, (10) van den Berg, R.; Haenen, G. R.; van den Berg, H.; Bast, A.
and gallic acid and EGCG including multiple hydroxyl groups, Applicability of an improved Trolox equivalent antioxidant
especially in the B-ring, significantly increased production of capacity (TEAC) assay for evaluation of antioxidant capacity

measurements of mixtureBood Chem1999 66, 511-517.
G (11) Brand-Williams, W.; Cuvelier, M. E.; Berset, C. Use of a free
radical method to evaluate antioxidant activitgbensm.-Wiss.

hydroxyl radicals in a Fenton system [see revié\8)]. Some
reports have suggested that a high dose of gallic acid and EGC

induces cellular DNA dama_g_&@, 17, 19, _20). L_ong et al. 1) “Technol.1995 28, 25-30.

also showed that the addition of gallic acid and EGCG t0 (12) Arnao, M. B. Some methodological problems in the determina-
commonly used cell culture media led to the generation of tion of antioxidant activity using chromogen radicals: a practical
substantial amounts of J,, which may cause cellular DNA case.Trends Food Sci. Technd200Q 11, 419-421.

damage. However, the amount of®} generated by cocoa rich (13) Dreosti, I. E. Antioxidant polyphenols in tea, cocoa, and wine.
in procyanidins was much lower than that generated by black Nutrition 200Q 16, 692-694.

and green tea2p). Furthermore, procyanidins are known to ~ (14) Waterhouse, A. L.; Shirley, J. R.; Donovan, J. L. Antioxidants
have protective effects against inflammatio23)( and the in chocolateLancet1996 348 834.

inhibition of gap junction intercellular communication (GJIC) ~ (1) Schiesier, K.; Harwat, M., Bohm, V.; Bitsch, R. Assessment of
antioxidant activity by using different in vitro methodsree

(24), which may be linked to carcinogenesis and, particularly, Radical Res2002 36, 177-187
tumor promotion. However, high doses of EGCG did not show (16) Shiraki, M.: Hara Y. Osawa. T.: Kumon. H.: Nakayama, T.:

protective effects against inhibition of GJIC by® (25). We Kawakishi, S. Antioxidative and antimutagenic effects of theafla-

also found that gallic acid did not affect GJIC (data not shown). vins from black teaMutat. Res1994 323 29—34.

These results thus indicate that cocoa procyanidins may possess(17) Johnson, M. K.; Loo, G. Effects of epigallocatechin gallate and

more beneficial effects than green tea phenolics. quercetin on oxidative damage to cellular DNMutat. Res.
Even though a bar of chocolate exhibits strong antioxidant 200Q 459 211-218.

activity, the health benefits are still controversial because (18) Heim, K. E.; Tagliaferro, A. R.; Bobilya, D. J. Flavonoid

relatively large amounts of saturated fats are present. However, antioxidants: chemistry, metabolism and structeaetivity

relationshipsJ. Nutr. Biochem2002 13, 572-584.
(19) Gow-Chin, Y.; Pin-Der, D.; Hui-Ling, T. Antioxidant and pro-
oxidant properties of ascorbic acid and gallic aéidod Chem.

a cup of hot cocoa has a much lower level of saturated fats (0.3
g per serving) than a bar of chocolate (8 g per 40 g bar). Thus,

our results demonstrate that cocoa has a high flavonoid content 2002 79, 307313
and substantial antioxidant capacity: on a per-servingbasis 4 20y szeto, Y. T.: Benzie, I. F. Effects of dietary antioxidants on
times stronger than that of black tea; 2 times stronger than human DNA ex vivo Free Radical Res2002 36, 113-118.
green tea, and almost 2 times stronger than red wine. (21) Long, L. H.; Clement, M. V.; Halliwell, B. Artifacts in cell
culture: rapid generation of hydrogen peroxide on addition of
ABBREVIATIONS USED (—)-epigallocatechin,«)-epigallocatechin gallate;H)-catechin,
. - . . and quercetin to commonly used cell culture medigchem.
AAP.H, 2,Z-azobls(z-am|d|noprqpane)d|hydr_ochlo_r|de; ABTS, Biophys. Res. CommuR00Q 273 50-53.
2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid); DPPH, (22) Long, L. H.; Lan, A. N.; Hsuan, F. T.; Halliwell, B. Generation
2,2-diphenyl-1-picrylhydrazyl; E&, concentration of samples of hydrogen peroxide by “antioxidant” beverages and the effect
required to quench free radicals by 50%; SD, standard deviation; of milk addition. Is cocoa the best beverage@@e Radical Res.
VCEAC, vitamin C equivalent antioxidant capacity. 1999 31, 67—71.
(23) Schewe, T.; Kuhn, H.; Sies, H. Flavonoids of cocoa inhibit
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