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ABSTRACT 
 
Aim: To investigate if different amounts of lycopene embedded into cocoa butter micelles of dark 
chocolate affect serum lipid profile of hypercholesterolemia patients. 
Study Design: 32 clinically healthy volunteers with borderline hyperlipidemia were enrolled in a 4 
week dietary trial. The study participants ingested daily one 10 g bar of L-tug dark chocolate (DC) 
which contained 0, 2, 3.5 or 7 mg of lycopene with no other restrictions/modifications to their 
habitual diet. Serum specimens were collected at the outset and after the second and fourth weeks 
of the trial. The study was conducted at the Saratov’s Institute of Cardiology (Russian Federation) 
using dark chocolate specimens provided by Lycotec Ltd (Cambridge, UK) during January-March 
2013 under approved and registered protocol. 
Results: It was found that even the lowest concentration of lycopene tested (2 mg) caused a 
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statistically significant (p<0.05) decline in the total cholesterol value at the end of the trial [from a 
median of 230.5 mg/dl (95% CI: 243.6, 204.8) to 210.5 mg/dl (95%CI: 221.7, 200.1)]. Consumption 
of higher amounts of lycopene embedded into L-tug DC caused an even more significant step-wise 
decline in total cholesterol values which were observable from the second week of the trial. There 
was a corresponding decline in LDL-cholesterol and triglyceride values. Consumption of L-tug DC 
with the highest amount of lycopene (7 mg) caused a small but statistically significant (P<0.05) 
increase in HDL values at the end of the interventional period [from a median of 40 mg/dl (95% CI: 
43.65, 39) to 42 (95%CI: 43.65, 40.35)].  
Conclusion: Lycopene-containing L-tug DC can be used for dietary management of abnormalities 
of lipid homeostasis in mild hyperlipidemia. 
 

 
Keywords: Dark chocolate; lycopene; cholesterol; serum lipids. 
 
1. INTRODUCTION 
 
Dietary factors are among the most important 
modalities affecting cardiovascular health and 
the outcomes of cardiovascular disease [1,2]. 
Epidemiological evidence suggests that diets rich 
in fruit and vegetables promote cardiovascular 
function in healthy individuals and improve 
prognosis in cardiovascular patients [3,4]. These 
effects are largely attributed to the class of 
chemical compounds called flavonoids which are 
present in grapes, soy, wine, cocoa, tea and 
some other plant-derived products [5]. Among 
others, cocoa-derived products seem to possess 
the most distinct and reproducible effects on a 
number of cardiovascular parameters including 
blood pressure [6], vascular flow [7] and 
hemostasis [8]. The majority of these can be 
reproduced under in vivo and in vitro [9] 
conditions by supplementation and/or addition of 
cocoa flavonoids commonly referred to as cocoa 
flavanols [10]. Although the molecular actions of 
cocoa on human health remain to be fully 
investigated, the anti-oxidant properties of cocoa 
flavanols and their impact on nitric oxide 
production are believed to be essential to the 
cardio-vascular benefits of cocoa consumption 
[11].  
 
Dark chocolate characterized by high cocoa 
flavanol content seems to hold outstanding 
promise for human health and receives the most 
attention from medical researchers. Despite the 
unquestionable health benefits of dark chocolate 
as verified in many clinical trials, practical 
recommendations relating to dark chocolate 
consumption for health purposes are not defined 
as yet. Commercial brands of dark chocolate 
available to consumers differ significantly in 
cocoa flavanol/polyphenol content. There are no 
strict guidelines for their quantification in cocoa-
derived products. At the same time, 
cardiovascular effects of cocoa products and 

cocoa flavanols appear in a dose-dependent 
manner. It has been reported that an intake of at 
least 1000 mg of cocoa flavanols is required to 
achieve any measurable health benefit from dark 
chocolate consumption [12].  
 
On the other hand, dietary supplementation with 
defined amounts of cocoa flavanols seemingly 
does not guarantee the appearance of the health 
benefits of dark chocolate since cocoa flavanols 
have a limited absorption rate and there is 
variability in their metabolic processing in 
different individuals [13]. Chocolate matrix 
composition, food additives and background diet 
are all known to affect the ability of the human 
body to ingest cocoa flavanols [14]. Therefore 
the search for dark chocolate formulations with 
standardized cocoa flavanol content and 
improved absorption rate is an urgent task for 
medical nutrition science and the food industry. 
 
We have shown in our previous work [15] that 1 
month’s consumption of proprietary lycosome 
formulation of dark chocolate L-tug containing 
lycopene is accompanied by a statistically 
significant reduction of total cholesterol and 
triglycerides in the serum of healthy pre-
hypertensive volunteers.  In the present paper 
we investigate the relationship between serum 
lipid profile and the amount of L-tug lycopene 
incorporated into cocoa butter micelles of the 
dark chocolate consumed by healthy 
hypercholesterolemic volunteers. 
 
2. MATERIALS AND METHODS  
 
2.1 Study Protocol 
 
The study was conducted by Lycotec Ltd at                
the Institute of Cardiology, the Ministry of               
Health of the Russian Federation (Saratov, RF). 
The protocol was approved by the                   
local Ethics Committee and registered 
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(ACTRN12613000966796). All volunteers were 
aware of the purpose of the study and signed a 
written consent form regarding their participation 
in the study. All volunteers were evaluated on 
their medical history and underwent physical 
examination as well as blood and urine tests. 
Those who had borderline hyperlipidaemia, 
elevated total cholesterol >200 mg/dL and LDL 
cholesterol 150 md/dL and above, were recruited 
for the study.  
 
The selected 32 volunteers (age 44-71) years 
were randomized in four groups (Table 1). Two 
of the originally selected participants were not 
able to complete for non-health related reasons. 
They were replaced with other eligible 
volunteers. Eligibility for the study was 
determined by the inclusion/exclusion criteria 
listed below. 
 
Inclusion Criteria: 
 

• Caucasian male or female subjects 40-75 
years old 

• Signed informed consent  
• Non or moderate smokers (≤ 10 cigarettes 

daily) 
• Serum total cholesterol level >200 mg/dL, 

LDL cholesterol 150 md/dL and above 
• No anti-hypertensive, lipid-lowering or any 

other cardio-vascular drugs 
• Willingness and ability to comply with the 

protocol for the duration of the study 
 

Exclusion Criteria: 
 

• Unwillingness to sign informed consent 
• Unable to comply with the protocol for the 

duration of the study 
• Significant chronic or newly diagnosed 

medical condition (s) that would impact 
safety considerations  

• Compulsive alcohol abuse (> 10 drinks 
weekly), or regular exposure to other 
substances of abuse 

• Participation in other nutritional or 
pharmaceutical studies 

• Positive test for tuberculosis, HIV or 
hepatitis B  

 
The volunteers were asked to refrain from 
consumption of cocoa and tomato                             
based products for 10 days before beginning                    
the trial. After completion of the run-in                      
period patients were given the trial chocolate 
products. 

2.2 Trial Design  
 
After recruitment and randomization, the 8 
participants from the first group received a two-
week supply of 14 blind control chocolate bars 
containing no lycopene. Participants from the 
second, third and fourth groups received their 
two-week supply of 14 bars of L-tug chocolate 
containing 2, 3.5 and 7 mg of lycopene 
respectively. All participants were instructed to 
ingest one chocolate bar once a day as part of 
their main meal.  
 
The participants were instructed to keep their 
chocolate packaging and bring it to the following 
clinic visit. After verification of compliance, the 
packaging was exchanged for a fresh 14-day 
supply of products. The trial lasted for 4 weeks. 
At the mid-point of the trial (14th day), when 
participants received the second batch of 
products, they received a clinical examination 
and blood test. A similar examination and blood 
test was performed at the end point of the trial 
(28th day). 
 
2.3 Products 
 
2.3.1 Control dark chocolate 
 
10 g dark chocolate bars with 85% cocoa (Green 
& Black’s Organic, UK) were used. Nutritional 
parameters, catechin, theobromine and caffeine 
contents of these chocolate products have been 
described previously [16]. The chocolate was 
melted, treated and tempered in exactly the 
same way as the L-tug chocolate but without 
lycopene incorporation. 
 
2.3.2 Lycosome L-tugTM formulation of dark 

chocolate 
 
A proprietary formulation of dark chocolate 
lycopene premix (Lycotec Ltd, Cambridge, UK) 
was embedded into cocoa butter micelles of the 
chocolate matrix. The embedment and tempering 
protocols for L-tug are specific to the fat 
composition of different chocolate matrixes 
[16,17]. For our study the formulation was 
specifically adjusted to the particular type of 
chocolate used in preliminary pharmacokinetic 
and pharmacodynamic trials. Lycosome 
formulation of dark chocolate increases 
bioavailability of cocoa flavanols upon digestion 
and facilitates incorporation of the lycopene-
coated particles into chylomicrons and other 
lipoproteins, thereby enhancing the biological 
effects of the cocoa-derived compounds [18].  
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The dark chocolate used for the preparation of L-
tug chocolate was the same as in the control and 
from the same production batch. The final 
concentrations of lycopene in the composite 
lycosome formulation were 2 mg, 3.5 mg and 7 
mg per 10 g piece of chocolate. 
 
2.4 Methods  
 
2.4.1 Body mass index (BMI), pulse rate and 

Blood pressure (BP) 
 
Pulse rate and systolic and diastolic blood 
pressure were measured three times in the left 
arm of seated participants after 15 minutes of 
rest. The time between measurements was                   
no less than 2 minutes. The mean value for   
each parameter was calculated. All parameters 
were measured in the morning between 8 and    
10 am.  
 
2.4.2 Blood collection 
 
Blood was collected in the morning after night 
fast from arm veins of the participants. Serum 
was separated from the rest of the clotted mass 
by centrifugation and aliquots were stored at - 
80°C prior to analysis.  
 
2.4.3 Serum lipids 
 
Total cholesterol (TC), low density cholesterol 
(LDL), high density cholesterol (HDL) and 
triglycerides (TG) were measured using 
commercially available analytical kits according 
to the manufacturer’s instructions (BioSystems 
Inc). Moreover, determination of alanine- and 
aspartataminotransferases (ALT and AST) as 
well as C-reactive protein (CRP) were also 
performed. 
 
2.4.4 Statistics 
 
For assessment of normally distributed 
parameters the Shapiro-Wilk method was used. 
Student’s t-test was then applied both for paired 
and unpaired samples. Between-group 
differences at one time point were evaluated                    
by Wilcoxon-Mann-Whitney test (continuous 
variables) and Fisher’s exact test (categorical 
variables). Confidence interval values (Cis) were 
calculated for each variable. 
 
Data analysis was performed using Stata SE, 
version 12.1. All statistical tests were two-sided 
and statistical significance level alpha was set at 
0.05 for all analysis.  

3. RESULTS 
  
As discernible from Table 1, there was a 
reasonable randomization of volunteers among 
the study groups. No statistically significant 
differences were seen when between-the-groups 
analysis on age, gender, body weight, pulse, 
blood pressure and total cholesterol was 
performed. Due to specific aims of the study and 
inclusion criteria, all patients enrolled had 
borderline increases in total cholesterol, 
triglycerides and LDL. Other serum biochemical 
parameters (HDL, glucose, ALT, AST and CRP) 
were in the normal range of values and did not 
differ among the groups. 
 
Statistical analysis of the changes in the 
systemic blood pressure and pulse rate did not 
reveal any significant changes among study 
groups neither at the mid-point nor at the end 
point of clinical trial. 
 
As can be seen from Tables 2 and 3, there was a 
dose-dependent decline in the total cholesterol 
level at both the mid- and end point of the study. 
In particular, even a lowest concentration of 
lycopene tested (2 mg) caused a small but 
statistically significant decline (by 13.2% from the 
control median value) in the total cholesterol 
concentration (Table 2) after 4 weeks of 
consumption in 8 out of 8 (8/8) volunteers.  Such 
a decline was more distinct at 3.5 mg of lycopene 
concentration when total cholesterol reduction in 
serum was observed in all volunteers after 2 
weeks of dark chocolate consumption (reduction 
in median by 4.9%) and became even more 
considerable (reduction in median by 11.9%) at 
the end-point of the study. A statistically 
significant reduction in total cholesterol values 
reached a maximum magnitude  in all participant 
of the study at 7 mg concentration of lycopene in 
the dark chocolate when total cholesterol values 
dropped by 19.37±8.55 mg/dl and 27.32±12.21 
mg/dl on day 14 and day 28 of the trial 
respectively (reductions in medians by 10.6% 
and 15.0%). There were no changes in total 
cholesterol concentration in the serum of 
volunteers who consumed control formulation of 
dark chocolate with “0” lycopene content. 
 
The changes in total cholesterol were 
predetermined by significant reduction of LDL 
cholesterol (Tables 2, 3). All volunteers who 
consumed L-tug formulation of dark chocolate 
with 2 mg of Lycopene had a statistically 
significant reduction of LDL cholesterol after 
second and fourth weeks of the trial (reductions 
in medians by 5.8% and 14.1% respectively).
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Table 1. Baseline characteristics of the enrolled patients 
 

Study groups: 
Variable Control L-Tug  2 mg L-Tug 3.5 mg L-Tug 7 mg                       
Number of Patients (n) 8 8 8 8 
Age (years) 58.88±7.23 59.90±5.67* 56.5±6.67* 57.5±6 .23* 
Gender      
Males 50% 50% 50% 50% 
Females 50% 50% 50% 50%                    
Body Weight 84.9±11.90 88.60±8.23* 85.00±15.78* 79.38±8.81* 
Height 170.00±6.42 167.00±10.90* 171.00±7.87* 165.4±9.88* 
BMI     
Pulse Rate 68.63±3.96 68.75±5.49* 69.50±3.85* 69.37±4.80* 
Blood Pressure mmHg     
Systolic 126.87±3.65 129.12±4.58* 126.25±5.39* 125.88±4.88* 
Diastolic 74.62±7.01 77.5±7.63* 75.00±8.81* 80.25±3. 32* 
Cholesterol, mg/dl 227.38±13.16 231.38±9.60* 222.13±9.23* 232.65±11.95* 
Triglycerides mg/dl 149.12±21.35 162.62±32.44* 156.50±39.07* 152.83±22.57* 
HDL mg/dl 40.50±1.56 41.12±2.03* 40.75±1.98* 40.75±1.98* 
LDL mg/dl 164.00±13.07 164.75±9.28* 162.25±9.28* 166.25±8.11* 
Glucose mmol 5.66±0.51 5.65±0.46* 5.72±0.39 * 5.72±0 .51* 
AST  U/L 28.37±6.46 30.25±5.77* 32.72±9.42* 30.62±5 .65* 
ALT U/L 27.12±4.37 29.62±4.47* 35.75±17.89* 31.25±6 .64* 
CRP mg/L 5.50±1.27 6.63±2.11* 6.35±2.74* 6.97±1.36*  

* Insignificant changes as compared to the control group 
 
Similar step-wise decline in LDL cholesterol 
values also took place in the volunteers who 
ingested L-tug formulations of dark chocolate 
with 3.5 and 7 mg of Lycopene. In quantitative 
terms the degree of LDL cholesterol reduction in 
these two groups at the fourth weeks of the trial 
was very similar (Table 3). Median reduction 
value for LDL cholesterol in these L-tug 
chocolate groups varied in a narrow diapason 
from 11 mg/dl to 11.5 mg/dl after 2 weeks of L-
tug chocolate consumption and became more 
prominent at the end point of the study 
(variations from 22 mg/dl to 23 mg/dl, Table 3). 
Highest lycopene concentration (7 mg) caused a 
most significant reduction of LDL cholesterol in 
serum of all volunteers. In contrast, ingestion of 
L-tug dark chocolate with “0” lycopene 
concentration had no impact on LDL cholesterol 
values. 
 
Similarly there was no change in triglyceride 
concentration in volunteers who consumed L-tug 
dark chocolate with no lycopene embedded 
(Tables 2, 3). However 6/8 study participants 
who consumed L-tug chocolate with 2 mg of 
lycopene had a statistically significant reduction 
of serum triglycerides at second and fourth 
weeks of the interventional period (reduction of 
medians by 7.06% and 12.8% respectively). 
 

Similar decline in triglyceride level took place in 
volunteers who consumed L-tug dark chocolate 

formulations with 3.5 and 7 mg of lycopene 
(Table 3).  
 
No statistically significant changes were seen in 
the HDL cholesterol values among the study 
participants. However at highest lycopene 
concentration tested (7 mg per chocolate bar) 
there was a small but statistically significant 
increase in HDL which was observed at the 4th 
week of the trial (Tables 2 and 3). 
 

4. DISCUSSION 
 
The results presented above confirm and expand 
our recent report [15] about the lipid lowering 
capacity of lycosome formulated L-tug dark 
chocolate in hypercholesterolemic individuals. 
According to our recent results [18] L-tug 
chocolate represent a novel formulation of dark 
chocolate and lycopene with the enhanced 
bioavailability of cocoa flavanols. It was revealed 
that formation of a lycopene film around dark 
chocolate crystals, coco-lycosomes, may protect 
cocoa epicatechins from their oxidation / 
modification in the digestive tract and promote 
their intestinal absorption [18]. For the first time 
we show here that the reduction in serum lipids 
of volunteers consuming L-tug dark chocolate is 
pre-determined by the amount of lycopene 
incorporated in the chocolate matrix. Even 
consumption of L-tug chocolate with a smallest 
amount of lycopene (2 mg per 10 g chocolate bar 
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ingested daily) did lower LDL, total cholesterol 
and triglyceride values in serum of the healthy 
volunteers with borderline hypercholesterolemic 
at the end of observational period, whereas the 
consumption of dark chocolate with higher 
amounts of L-tug lycopene (7 mg daily) reduced 
the total cholesterol values in serum in more 
significant manner. 
 
Therefore, the lipid-lowering ability of L-tug 
chocolate is clearly attributable to lycopene 
content since other constituents of L-tug 

chocolate remained constant for all other groups 
of the study. Despite an obvious dose-
dependency traced for total cholesterol content in 
all major groups of the study, there was no strict 
linearity in the serum lipid reduction in volunteers 
consuming L-tug dark chocolate with the 
increasing lycopene content. In particular, the 
triglyceride values in serum of volunteers 
consuming 3.5 mg of lycopene were very close in 
quantitative terms to triglyceride levels detectable 
in two adjacent groups of the study (2 mg and                   
7 mg of lycopene). 

  

 
 

 
 

Fig. 1. Box-and-whisker analysis of serum cholesterol changes in volunteers ingesting  
L-TUG dark chocolate 
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Table 2. Median and 5/95% CIs values for serum LIPIDS 
 

 Total cholesterol LDL cholesterol Triglycerides HDL cholesterol 
 Median 95%CL p Median 95%CL p Median 95%CL p Median 95%CL p 
Control             
Pre-Treatment 227 208.3  151.35 185.55  146.5 126.45  39 42.95  
  245.5   161.5   183.05   40.5  
2Weeks 227 207.95 >0.05 152 183.25 >0.05 146.7 127.45 >0.05 39 42.95 >0.05 
  244.5   161   178.8   40.5  
4Weeks 226 208.6 >0.05 150.35 184.2 >0.05 144.5 127.5 >0.05 39 42.95 >0.05 
  245.2   160.5   178.1   40.5  
2mg             
Pre-Treatment 230.5 220.05  163 154.1  156 135.75  41.5 38.35  
  243.6   178.25   213.15   43.65  
2Weeks 223 204.8 >0.05 153.5 147.35 >0.05 145 131.35 >0.05 42.5 39 >0.05 
  232.7   165.25   176.15   43.65  
4Weeks 210.5 200.1 >0.05 140 135.05 >0.05 136 127.35 >0.05 42.5 39.45 >0.05 
  221.7   161.05   167.05   44  
3.5mg             
Pre-Treatment 221.5 210.35  161.5 151.7  148 125.3  41 38.35  
  234.8   175.8   216.5   43  
2Weeks 210.5 202.7 >0.05 150 141.05 >0.05 138.5 123.25 >0.05 41 39 >0.05 
  220.6   168.7   168.4   43  
4Weeks 202 189.75 >0.05 137.5 130.4 >0.05 129.5 119.15 >0.05 41.5 39.35 >0.05 
  208.3   161.7   160.45   43.65  
7mg             
Pre-Treatment 230 219.15  168 155.1  157.5 117.9  40 39  
  250.75   175.3   176.6   43.65  
2Weeks 205.5 177 >0.05 152.5 137.55 >0.05 143.5 106.4 >0.05 40.4 40 >0.05 
  221.25   164   166.5   43.65  
4Weeks 195.5 175.9 >0.05 145 122.8 >0.05 131 98.9 >0.05 42 40.35 >0.05 
  213.5   150   143.25   43.65  

         (*) – Significant difference (P<0.05) 
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Table 3. Median values and 5/95% CIs for serum LIPID reduction 
 

 Total Cholesterol LDL Cholesterol Triglycerides HDL Cholesterol 
 Median 95%CL Median 95%CL Median 95%CL Median 95%CL 
Control         
2 weeks -1 0.65 -1 1 1 1 0 0 
  -1  -2.3  -4.25  -0.65 
4 weeks -1 1.3 -1.5 0.3 -1 0.7 0 0.65 
  -3  -3.65  -4.95  0 
2mg         
2 weeks -8 -7 -10 -5.4 -8 7.3 0 1.65 
  -19.5  -13  -38.05  0 
4 weeks -20 -16 -20 -14.75 -18 -11.9 0 1.65 
  -30.15  -26.95  -46.8  0 
3.5 mg         
2 weeks -9 -6.35 -11.5 -6.05 -9.5 -1.6 0 1 
  -18.95  -13  -48.1  0 
4 weeks -21 -17.35 -22 -13.45 -16 -3.9 0.5 2.69 
  -28.6  -26.3  -59.9  -1.95 
7mg         
2 weeks -29 -7 -11 -4.7 -11.5 -4.5 0.5 1 
  -55.55  -30.45  -26.49  -0.78 
4 weeks -39 -13 -23 -9.7 -21 -12.3 1 2.65 
  -57  -47  -54.96  0 

 
It is very important that changes in serum lipid 
spectrum reported above develop in a time-
dependent manner. For the most parameters 
studied, a longer duration of L-tug chocolate 
consumption was accompanied by more 
profound reduction in total serum cholesterol, 
LDL cholesterol and serum triglycerides values. It 
is also extremely important in our view that both 
the dose- and time-dependency patterns in the 
serum lipid profile changes were most evident for 
total cholesterol values. According to our results, 
the reduction in LDL cholesterol and triglycerides 
merely followed the pattern of total serum 
cholesterol changes and were less significant in 
the quantitative terms. 
 
Our study has some significant limitations. First 
of all, it is unclear what and why changes in 
cocoa butter micelles, caused by embedment of 
lycopene, were responsible for serum lipid 
reduction observed in our study. Both cocoa 
flavanols and lycopene have been shown to have 
moderate lipid-lowering effects [19,20]. However, 
since lycopene content was the only variable 
changed among the major groups of the study, 
the cholesterol-reducing capacity of L-tug 
chocolate is rather attributable to lycopene than 
to the cocoa-derived compounds. Our 
preliminary data indicate that ingestion of L-tug 
chocolate, where lycopene was embedded into 
cocoa butter micelles, resulted in the formation of 

chylomicrons, which were also enriched with this 
carotenoid. They were smaller in size than 
chylomicrons from the control chocolate, 
contained less cholesterol, and were eliminated 
faster from the postprandial plasma (unpublished 
data). 
 
Nevertheless, other potential mechanism could 
be involved. For example, lycopene complexes 
with cocoa butter micelles might have a different 
location and, or metabolic profile of the 
absorption site of the carotenoid and cocoa 
triglycerides. This may affect lycopene 
isomerization which and result in changes of its  
anti-oxidant properties, which in turn may further 
protect  cocoa flavanols, and possibly other 
compounds, from their modification during 
intestinal absorption, or via its well-known direct 
effects on hepatic cholesterol synthesis. Possible 
interplay of cocoa-derived compounds and 
lycopene isomers in the regulation of serum lipid 
profile needs to be evaluated in future studies. 
 
Secondly, the study protocol did not impose any 
dietary restrictions or recommendations 
regarding food regimen during interventional 
period. Therefore our study does not address the 
question if general dietary background may affect 
the potency of L-tug chocolate as lipid-lowering 
agent. Additional dietary trials are required to 
answer this question.  
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Fig. 2. Box-and-whisker analysis of serum triglycerides and HDL cholesterol changes in 
volunteers ingesting L-TUG dark chocolate 

 
Finally, it is unclear from our study, if any further 
increase of intake, beyond 7 mg in lycopene 
content may provide more profound lipid-
lowering and perhaps other health beneficial 
changes for L-tug chocolate consumers.   
 
And lastly, all volunteers enrolled in the study 
were normotensive individuals. No changes in 
blood pressure were seen during the trial. For 
that reason, we were not able to evaluate if 
lycopene content is an important variable 
affecting blood pressure and possibly other 

parameters of cardio-vascular health in 
volunteers consuming L-tug dark chocolate. 
Therefore the potency of L-tug dark chocolate 
with different level of lycopene embedment into 
its cocoa butter micelles in the regulation of the 
systemic blood pressure needs to be examined 
in a suitable cohort of volunteers. This 
perspective becomes an important option for 
future studies due to our current results [15], 
revealing moderate blood pressure reduction in 
pre-hypertensive individuals treated with L-tug 
chocolate.  
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5. CONCLUSION 
 
Lycopene embedded into cocoa butter micelles 
of dark chocolate causes dose-dependent 
decrease in serum lipids (total cholesterol,                     
LDL-cholesterol and triglycerides) of 
hypercholesterolemic patients. Lycopene-
containing L-tug DC can be used for dietary 
management of abnormalities of lipid 
homeostasis in mild hyperlipidemia. 
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