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Nine male volunteers were given 36 g of cocoa pow- 
der (containing 2610 mg of polyphenols) per day with 
sugar and 6 volunteers received an equivalent amount 
of sugar for 2 weeks. Conjugated diene production in 
LDL induced by 2-2' azobis(4-methoxy-2, 4-dimethyl- 
valeronitrile) (V-70) and copper ion were evaluated. 
The lag time was significantly prolonged at 1 and 2 
weeks in V-70 and at 2 weeks in copper ion after cocoa 
powder consumption. The level of excretion of epi- 
catechin in urine was significantly higher in the cocoa 
group than that in the control group. In conclusion, 
the antioxidants in cocoa powder might be absorbed 
and increase the resistance of human LDL to oxida- 
tion. 

Keywords: cocoa powder, polyphenols, LDL, oxidation, 
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INTRODUCTION 

Cacao beans, the seed of Theobroma cacao, are 
k n o w n  to contain various polyphenol ic  sub- 
stances ll-3]. It has been repor ted  that cacao liq- 
uor, one of the major ingredients  of cocoa and 

chocolate, p repared  by  fermentat ion of dr ied 
and cracked raw beans, is rich in polyphenols .  
Epicatechin, catechin, and procyanidins  are con- 
f i rmed as major  antioxidative components  of 
cocoa and chocolate I4-6]. Long et al. repor ted  

that tea and coffee exhibited a complex mixture  
of anti- and pro-oxidant  abilities, however ,  cocoa 
did not  exhibit such pro-oxidant  activity I7]. 

A protect ive role of plant  po lyphenols  against 
atherosclerosis has been  suggested by  several 
studies. According to epidemiological  studies, 
plant  po lypheno l  consumpt ion  is associated 
with a reduced  risk of coronary  hear t  disease 
(CHD) I8-10]. Polyphenol ic  substances der ived  
from tea [111 and grape seed [12] showed  effec- 

t iveness in prevent ion  of atherosclerosis in 
hypercholes terolemic  rabbits. These studies sug- 
gested that the anti-atherosclerotic effect of these 
c o mp o u n d s  is the result of inhibition of LDL oxi- 
dation. It has been repor ted  that adminis t ra t ion 
of a single high dose of cacao p o w d e r  to volun-  
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teers reduced the susceptibility of low-density 
lipoprotein to oxidation [13]. 

In the present study, we examined the effect of 
daily cocoa powder  intake on the susceptibility 
of low-density lipoprotein to oxidation in 
healthy human volunteers, and also the absorp- 
tion of antioxidative polyphenols from cocoa 
was evaluated through analyses of their plasma 
and urine. 

MATERIALS AND METHODS 

Subjects 

Fifteen healthy Japanese men aged 32.5 + 6.4 y, 
weight 62.2 + 3.8 kg, body mass index 21.7 + 
2.1 k g / m  2, who were non-smokers, normolipi- 
demic, non-obese, taking no medication, and 
consuming a standard Japanese diet, partici- 
pated in the study. The study protocol was 
approved by the National Institute of Health and 
Nutrition Ethical Committee. All subjects signed 
informed consent documents. 

Materials 

Cocoa powder  using in this study was prepared 
by Meiji Seika Kaisha Ltd. Daily intake of 
polyphenols and other nutrients from the cocoa 
powder  is shown in Table I. Total polyphenol 
concentration in cacao powder  was determined 
by the Prussian blue method using epicatechin 
as the standard I14]. Xanthine derivatives such as 
caffeine and theobromine, catechins and procya- 
nidins were determined by HPLC [4,6]. Other 
chemicals were available products of analytical 
or HPLC grade. 

Experimental procedure 

The volunteers were divided into two groups, 
nine volunteers in the cocoa group who con- 
sumed 3 cups of cocoa drink each day, and six 

volunteers in the control group who consumed 
an equivalent amount of sugar each day. One 
cup of cocoa (12 g of cocoa powder  and 16 g of 
sugar) or sugar was consumed after breakfast, 
lunch and dinner. Complete dietary data from 
food and beverage records were obtained from 
each subject throughout the study period. Blood 
samples were drawn following a 12-h fasting 
period after the supper meal. Blood samples 
were taken before cocoa intake, and after i and 2 
weeks of cocoa consumption. Urine samples 
were collected for 8 hrs from 9:00 to 17:00 before 
cocoa intake, and after 1 and 2 weeks of cocoa 
consumption. 

LDL oxidation 

LDL oxidation was assayed by the methods of 
Esterbauer et al.[15]and Hirano and Kondo et 
al. [16]. LDL was isolated from plasma by sin- 
gle-spin density gradient centrifugation (417,000 
x g, 40 rain, 4°C) [17]. The fractions obtained were 
dialyzed against a 2,000-fold volume of 10 
mmol /L  phosphate-buffered saline at 4°C over- 
night. The protein concentration was determined 
by the bicinchonic acid method [18]. A mixture 
consisting of the human LDL fraction (100 ~tg of 
protein/ml) and 200 BM V-70 (2-2'-azobis 
(4-methoxy-2,4-dimethylvaleronitrile) or 1 ~tM 
CuC12 as the initiator of radical formation was 
incubated at 37°C. The kinetics of LDL oxidation 
were determined by monitoring the change in 
absorbance at 234 nm due to conjugated diene 
formation. 

Determination of EC and its metabolites in 
plasma and urine by HPLC 

Levels of EC and its metabolites in plasma and 
urine were determined by HPLC [19]. Glucuro- 
nide, sulfate, and glucuronide-sulfate conjugates 
of EC in plasma and urine were hydrolyzed to 
non-conjugated EC by treatment with sulfatase 
type H-5 (Sigma, St. Louis, MO, USA). The sam- 
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pie pretreated with enzymes analyzed by HPLC: 
column, TSKgeI ODS-80Ts(5 ~tm 150 x 4.6 ram; 
TOSHO, Tokyo, Japan); elution solvent, 
5.3 moI/L methanol- 0.35 mol /L  acetic acid -50 
mmol /L  lithium acetate; detector, amperometric 
electrochemical detector at + 800 mV (EC-8020, 
TOSHO, Tokyo, Japan); flow rate: 0.9 mL/rain.  

Statistical analyses 

Results were expressed as mean + standard devi- 
ation. All analyses were done using SPSS Statis- 
tical Software. Mean values were compared by 
Student's t-test. Values of p< 0.05 were consid- 
ered significant. 

Other analyses 

Plasma o~-tocopherol, [3-carotene [2°] and vitamin 
C I21] levels were measured by HPLC. Plasma 
lipoprotein was analyzed by electrophoresis 
using Titan gel Lipoprotein (Helena Laborato- 
ries, Saitama Japan). Plasma biochemical param- 
eter levels were measured by conventional 
enzymatic methods. 

TABLE I Daily intake of energy and nutrients from cocoa 
powder 

Nutrients value 

Protein, g 7.4 

Fat, g 5.4 

Sugar, g 2.2 

Fiber, g 13.2 

Ash, g 2.9 

Water, g 1.5 

Caffeine, mg 101.0 

Theobromin, g 797.0 

Total polyphenols a ,mg 2610.0 

Catechin, mg 71.7 

Epicalechin, mg 244.1 

ProcyanidJn B2, mg 106.2 

Procyanidin C1, mg 71.9 

Cinamtartnin A2, nag 115.9 

Ent-EC-EC-galactose, mg 9.1 

Energy, kcal 86.4 

a. Total polyphenols were determined by the Prussian blue 
method using epicatechin as the standard. 

RESULTS 

LDL oxidizability 

Fig 1. shows a typical pattern of V-70-induced 
conjugated diene production in LDL prepared 
from the same subjects before, and I and 2 weeks 
after intake of cocoa. Compared with the find- 
ings before cocoa intake, the lag phase was 
found to be prolonged. The mean and standard 
deviation of the lag time and the propagation 
rate in this study are shown in Table II. When 
V-70 was used, the lag time was significantly 
prolonged at 1 and 2 weeks compared with the 
control (p<0.01). The maximum rate of oxidation 
was also significantly lower at I week after cocoa 
intake (p<0.05). When copper ions were used, 
the induction period was also found to be 
extended significantly at 2 weeks. 

Antioxidant and metabolites in plasma 

The antioxidant concentrations in plasma are 
shown in Table III. The levels of cz-tocopherol, 
p-carotene and ascorbic acid in plasma did not 
change upon supplementation of the diet with 
cocoa powder. 

There was no significant difference in plasma 
glucose, total cholesterol free cholesterol, cho- 
lesterol ester, triglyceride, phospholipid and free 
fatty acid levels between the control and cocoa 
groups. Also, cholesterol and triglyceride con- 
centrations of isolated lipoprotein fraction by 
electrophoresis were not different between these 
two groups. Cocoa powder consumption did not 
influence these plasma biochemical indices (data 
not shown). 
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TABLE II Effect of cocoa powder  intake on susceptibility of LDL to oxidation 1 

Control group (no cocoa supplementation) (n=6) Cocoa group (36 g/day cocoa supplementation) (n=9) 

Induced by V-70 

Lag time, min 

week 0 62.9 ± 2.1 64.4 + 3.5 

week 1 67.5 + 8.3 84.3 ± 11.2 ** 

week 2 67.0 + 6.2 82.8 _+ 9.1 ** 

Propagation rate, nmol  / mg  protein / min 

week 0 3.90 + 0.67 3.26 ± 0.58 

week i 4.21 _+ 0.57 3.17 + 0.96 * 

week 2 3.74 + 0.52 3.17 + 0.53 

Induced by Cu2+ 

Lag time, min 

week 0 87.7 _+ 5.8 89.7 + 6.0 

week i 95.6 ± 11.4 95.4 + 5.2 

week 2 91.3 _+ 5.5 102.4 ± 8.6 * 

Propagation rate, nmol / mg  protein / min 

week 3.29 + 0.51 3.14 _+ 0.66 

week I 3.52 + 0.53 3.61 + 0.26 

week 2 4.10 ± 0.79 4.25 + 0.51 

1Values are means ± SD. Significant difference from control; *: p<0.05, **: p<0.01. 
LDL oxidation was  induced by 200 ~t M V-70 or i B M copper ion and conjugated 
diene was  monitored at 234nm 

Assay of EC and its metabolites in plasma 
and urine by HPLC 

In plasma, neither free EC nor its metabolites 
produced through enzymatic treatment could be 
detected by HPLC. Total EC in the urine col- 
lected for an 8 hr period (9:00-17:00) was deter- 
mined and the results are shown in Table IV. 
After 1 and 2 weeks, a high level of EC excretion 
was observed in the cocoa group compared with 
control group. 

Dietary outcomes 

Weekly energy and nutrient intake were calcu- 
lated on the basis of the complete food and bev- 
erage records obtained from each subject. There 
was no difference in  either nutrient intake or 
energy intake between the cocoa and control 

1.5 

1.0 
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8 0.5 

o week 

I I I I 

0 50 I O0 150 200 250 

Incubation t ime (rain) 

FIGURE 1 Typical kinetics of conjugated diene product ion 
induced by V-70 before (week 0), and 1 and 2 weeks after 
cocoa intake. A mixture consisting of the h u m a n  LDL &ac- 
tion (100 Bg of p ro te in /ml )  and 200 ~tM V-70 was  incubated 
at 37°C. Conjugated diene product ion in the mixture was  
moni tored by measur ing  the absorbance at 234 n m  

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



DAILY INTAKE OF COCOA REDUCES LDL OXIDATION 97 

g r o u p s  t h r o u g h o u t  the s t u d y  pe r iod  (data  n o t  

shown) .  

DISCUSSION 

Recent  e v i d e n c e  sugges t s  tha t  LDL o x i d a t i o n  

p l ays  a n  i m p o r t a n t  role in  the p a t h o g e n e s i s  of 

a therosc leros is  [22-24] Ep idemio log i ca l  s tud ies  

on  the  r e l a t i onsh ip  b e t w e e n  d i e t a ry  an t±oxidant  

in take  a n d  i nc idence  of c a rd iovascu l a r  d iseases  

have  s h o w n  n e g a t i v e  cor re la t ion  [25,26]. A s t u d y  

of 805 D u t c h  subjects  r e v e a l e d  that  f l a v o n o i d  

in t ake  w a s  i nve r se ly  assoc ia ted  w i t h  m o r b i d i t y  

a n d  mor t a l i t y  f r o m  c o r o n a r y  hear t  d isease  [7,8]. A 

F r e n c h  p a r a d o x  is tha t  l ow  m o r t a l i t y  f rom coro- 

n a r y  hea r t  d i sease  w a s  n e g a t i v e l y  cor re la ted  

w i t h  the c o n s u m p t i o n  of s a t u r a t e d  fat [27] 

A c c o r d i n g  to r ecen t  research,  there  w a s  associa-  

t ion  b e t w e e n  this  low r isk  of C H D  i n c i d e n c e  a n d  

red  w i n e  c o n s u m p t i o n .  O n e  of the c o m p o n e n t s  

of red  w i n e  effective in  p r e v e n t i n g  C H D  was  

s u g g e s t e d  to be  p o l y p h e n o l s  such  as p r o c y a n i -  
d i n s  a n d  ca tech ins  [28,29]. 

TABLE III Concentration of ant±oxidants in plasma 1 

Control group (no cocoa supplementation) (n=6) Cocoa group (36 g/day cocoa supplementation) (n=9) 

c~ -tocopherol, ~t g/ml 

week 0 10.60 + 0.11 10.90 ± 0.13 

week i 10.80 ± 0.19 10.70 + 0.20 

week 2 9.42 ± 0.16 9.62 + 0.17 

[3 carotene, ~t g/ml 

week 0 1.33 + 0.47 2.87 _+ 1.45 

week 1 2.32 +_ 0.80 4.41 ± 3.73 

week 2 1.81 ± 0.62 2.58 _+ 1.37 

ascorbic acid, g g/ml 

week 0 7.9 + 1.3 7.1 +_ 0.6 

week i 6.7 _+ 1.1 6.6 + 1.1 

week 2 6.4 + 2.2 6.4 ± 1.3 

1Values are means + SD. 

TABLE IV Epicatechin excretion in urine 1 

Control group (no cocoa supplementation) (n=6) Cocoa group (36 g/day cocoa supplementation) (n=9) 

1Values are means _+ SD. Significant difference from control; *: p<0.01. 

2Epicatechin metabolites in urine were hydrolyzed to a non conjugated form by sulfatase type H5 

Epicateehin 2, mg / 8 hrs 

week 0 0.45 _+ 0.34 0.77 +_ 0.37 

week i 0.86 + 1.04 3.66 _+ 1.96 * 

wcok 2 0.30 + 0.59 3.01 ± 1.83 * 
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In tile present study, we investigated the 
effects of daily intake of cacao powder on indica- 
tors of atherosclerosis in healthy human volun- 
teers. The susceptibility of LDL to oxidation was 
decreased one week after intake of cocoa powder 
as compared with the control group, and this 
was still evident two weeks after cocoa intake 
(Table II, Fig 1). Similar results were obtained 
when induced by copper ions. However, there 
was no significant change in plasma lipid levels 
and plasma antioxidants content between these 
two groups. We attempted to analyze the levels 
of EC and its metabolites in blood, however, 
these substances could not be detected. In previ- 
ous study, we have evaluated EC and its metab- 
olites in plasma and urine after 35 g of cocoa 
powder intake [30]. In that experiment, the EC 
and its metabolites (glucuronide, sulfate and sul- 
foglucuronide forms of non-methylated and 
methylated EC) showed maximum concentra- 
tions in plasma 2 hours after cocoa ingestion, 
and these compounds almost disappeared 
within 8 hours. Also it was found that 80 % of 
total EC and its metabolites were excreted within 
8 hours in the urine. In this study, we confirmed 
a high level of epicatechin-related substances in 
the urine of the subjects in the cocoa group. This 
results indicated that a part of the EC or its 
related compound such as procyanidines in 
cocoa powder was absorbed, and distributed to 
the plasma, and finally excreted in the urine. 

There have been several clinical studies exam- 
ining the effect of red wine consumption on LDL 
oxidation. The effective polyphenols in red wine 
were suggested to be catechins and procyanidins 
[28], similar to the case of cocoa. Furman et al. 
[311suggested that consumption of 400 mL of red 
wine per day significantly reduces the suscepti- 
bility of LDL to oxidation. Kondo et al. [29] also 
suggested 500 ml of red wine intake showed 
similar effect. Nigdikar et al. [32] have reported 
that 375 mL of red wine or 1 g of polyphenols 
derived from red wine per day is also effective to 
decrease LDL oxidizability. Compared with 
these studies, the dosage of polyphenols admin- 

istered to volunteers in the present study was 
high (2610 mg/day) .  According to these find- 
ings, several possibilities were considered con- 
cerning the results of this study. First, the 
antioxidative polyphenols in cocoa powder were 
absorbed, distributed and accumulated in LDL, 
then LDL oxidative resistance was increased ex 
vivo. Second, antioxidative polyphenols in cocoa 
powder were absorbed and distributed in 
plasma, LDL was exposed to these polyphenols 
at high concentration for long time, then its oxi- 
dative resistance was altered. Third, the LDL 
components especially fatty acid compositions 
were changed by the administration of cocoa 
powder that contained 12 % of fat. 

In conclusion, daily cocoa intake reduces the 
susceptibility of LDL to oxidation. Further stud- 
ies are required to elucidate the mechanism of 
this action. 
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