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Abstract: Dark chocolate is rich in flavonoids that can have effects on body composition and cognitive
performance. The aim of this study was to analyze the effects of acute and subchronic chocolate
intake on electrical brain oscillations. A study with 20 healthy subjects (mean age of 24.15 years)
and a control group with five subjects (mean age of 23.2 years) was carried out. In the acute effect
study, the subjects” intake was dark chocolate (103.72 mg/kg of body weight) rich in flavonoids and
low in calories as in fasting. In the control group, the subjects intake was only low-calorie milk.
For the subchronic effect, a daily dose of dark chocolate was given for eight days. The baseline
electroencephalogram (EEG) was recorded before dark chocolate intake; at 30 min, the second EEG
was carried out; on the eighth day, the third and fourth EEGs were performed before and after the
last intake. In acute and subchronic intake, Delta Absolute Power (AP) decrease was observed in
most brain regions (p < 0.05), except in the right fronto-centro-temporal regions. In the Theta band,
there was a generalized decrease of the AP of predominance in the left fronto-centro-temporal regions.
In contrast, an increase in AP was observed in the temporo-occipital regions in the Alpha band, and in
the right temporal and parieto-occipital regions in the Beta band. The control group did not have
significant changes in brain oscillations (p > 0.05). We concluded that acute and subchronic chocolate
intake decreased the Delta and Theta AP and increased Alpha and Beta AP in most brain regions.
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1. Introduction

In recent years, one of the major problems of global public health has been the growth of the
population over 65 years old, and the increase in aging-related diseases such as mild cognitive
impairment and dementias [1]. On the other hand, in the first years of life, increases in the availability
of neonatal intensive care units have resulted in an increase in the number of surviving premature
and very-low-birth-weight infants with perinatal brain injury (PBI) [2]. Therefore, one of the current
scientific challenges in these two population groups is to modify aging and to prevent and eventually
reverse cognitive impairment or enhance cognitive performance [3]. Thus, the chronic intake of
flavonoids has been demonstrated to have beneficial effects for cardiovascular disease and many others,
which include decreasing blood pressure in hypertensive patients, and decreasing insulin resistance
and overweight in patients with metabolic syndrome. Chocolate, especially dark chocolate with its
high content of flavonoids and theobromine, has proven to be a promising food for cardiovascular and
metabolic effects [4].

Recently, some papers have shown that the flavonoids of dark chocolate improve cognitive
functions, specifically working on memory and Trail-Making-Tests in healthy people and those with
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cognitive impairment [5,6]. Dark chocolate has the highest flavonoid content. Some commercial
preparations have modified the composition of dark chocolate to increase the flavonoid content and
decrease the caloric intake. Analysis of the effects of dark chocolate has been divided according to the
days in which it is ingested in acute, subchronic and chronic conditions [7].

Although some effects of dark chocolate on cognitive performance have already been studied,
research on the modifications of brain electrical activity after the acute intake of chocolate
has been poorly analyzed. It is well established that by taking advantage of such powerful
electroencephalographic (EEG) technology one could easily probe brain electrical oscillations. With the
use of quantitative EEG (qQEEG) for the analysis of brain electric activity, precision and consistency
were improved [8-10]. Currently, to our knowledge, there are no papers that study the acute effect of
dark chocolate on brain electric oscillations in healthy people. Therefore, the objective of our study
was to analyze how brain oscillations are affected by the acute intake of chocolate rich in flavonoids
and low in calories, as well as the intake of one cup of chocolate every morning for seven days.

2. Materials and Methods

A prospective longitudinal study was conducted. Twenty healthy subjects (13 female and 7 male),
volunteers, who attended the specialized center (Diagnostico, Tratamiento e Investigacion Neurologica,
S.C.) were included in groups of five people every two weeks to complete the 20 subjects. The control
group included 5 healthy subjects (3 female and 2 male). Subjects in the study group ingested
low-calorie milk with dark chocolate, while the control group ingested only low-calorie milk.
Characteristics of the study were fully explained to each participant, as well as the minimum risks
of participating in the project; those who agreed signed an informed consent form, and underwent
clinical nutritional and neurological examinations. The project followed the Helsinki guidelines and
was approved by Ethical Research Committee of Diagnoéstico, Tratamiento e Investigacion Neurologica,
S.C. (protocol # 2016/001; date of approval: 28 November 2016).

2.1. Baseline EEG Recording

The baseline EEG was recorded over twenty minutes; patients closed their eyes but stayed awake
during the procedure, and the data were collected using the Medicid-5 system (Neuronic Mexicana,
SA, México City, México). Amplifier characteristics were as follows: 10,000 dB gain, low-cut filters
at 0.05 Hz and high-cut filters at 70 Hz. Nineteen referential leads of the International 10/20 System
with linked earlobes as references were used (Figure 1). The impedance was under 5 Kohms in
all electrodes with a sampling frequency of 200 Hz. All EEG recordings were analyzed by clinic
neurophysiologists (ES-R). The analysis of background EEG activity was carried out with the Fast
Fourier Transform. Twenty-four segments of 2.56 s each were selected in blind form by the principal
author (ES-R). Only the segments in which the patient was totally awake were analyzed to obtain the
absolute power (AP), relative power (RP) and mean frequency (MF) of Delta (0.5-3.5 Hz), Theta (3.6-7.5
Hz), Alpha (7.6-12.5 Hz) and Beta (12.6-19 Hz) bands. The subtraction of the global scale factor (GSF)
was applied to AP in all bands to decrease non-physiological variability; this procedure is known to
improve diagnostic precision [11].
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Figure 1. Position of 19 electroencephalogram (EEG) electrodes with referential leads of the
International 10/20 System with linked earlobes as references.

2.2. Experimental Maneuver

The experimental maneuver consisted of ingesting 6.8 g of dark chocolate rich in flavonoids
(375 mg) and low in calories (25 kcal) CocoaVia (Mars Symbioscience Inc., Germantown, MD, USA)
dissolved in 250 mL of low-calorie milk (115 kcal, Milk and Derivatives Trader, SA CV, Torreon,
Meéxico). Subjects in the control group only ingested 250 mL of low-calorie milk. After thirty minutes
of chocolate intake or low-calorie milk, the second EEG was performed with the same characteristics
as the baseline EEG recording. For the subchronic effect, a daily dose of dark chocolate was given for
eight days, and the third EEG was performed after the last intake on day eight.

2.3. Statistical Mnalysis

Statistical analysis was performed using descriptive measures, mean and standard deviation. For
the analysis of brain electrical activity, the baseline values of AP and MF of Delta, Theta, Alpha and
Beta bands were normalized to 100%, and the percentage of variation after dark chocolate intake was
comparable among all subjects. Both crude and normalized values were compared by means of a
one-way repeated measures ANOVA, and two conditions (before and after dark chocolate intake)
were used for analyses in Neuronic Statistics (Neuronic Mexicana, SA, México City, México, 2011),
a specialized statistical program for EEG analysis. Values of p < 0.05 were considered significant.

3. Results

In the chocolate group we studied 20 healthy subjects; 7 males and 13 females, and the subjects
had a mean age of 24.15 & 4.84 years. Subjects were free of metabolic and nervous system diseases,
although two of them were overweight (body mass index of 32.1 and 35.4). In the control group,
5 healthy subjects with a mean age of 23.2 £ 2.58 years were studied (3 female and 2 male). The results
of the effect of chocolate intake or low-calorie milk on brain electrical activity are described in the
next paragraphs.

3.1. Acute Effect of Dark Chocolate Intake

Modifications of brain electrical activity after intake of 250 mL (103.72 mg/kg of body weight) of
dark chocolate were observed in AP and MF in various leads and in different frequency bands (Table 1).
Delta AP decrease was observed in most brain regions (p < 0.05, n = 20, ANOVA-test), except in the right
fronto-centro-temporal regions, where there were no significant changes. Additionally, in the Theta
band, there was a generalized decrease in the AP of predominance in the left fronto-centro-temporal
regions. In contrast, in the Alpha and Beta bands, an increase in AP was observed. In the Alpha band,
this increase was localized in the temporo-occipital regions, and in the Beta band, this increase was
localized in the right temporal and parieto-occipital regions in bilateral form (Figure 2). The most
significant values were observed in the occipital leads, and the Alpha and Beta bands are described
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in detail in the following paragraphs. The baseline Alpha AP of the O1-AVR lead was 49.68 £+ 51.71
uV2/Hz after the chocolate intake was increased by 32.69% (p = 0.04). The Alpha AP of the O2-AVR
lead was 62.12 uV2/Hz; after ingesting the chocolate, an increase of 29.01% was observed (p = 0.009).
The baseline Beta AP of the O1-AVR lead was 4.50 £ 1.85 uV2/Hz, and post-chocolate intake increased
by 26.33% (p = 0.0001). In the O2-AVR lead, baseline was £2.14 nV2/Hz, and a significant increase of
17.21% (p = 0.0001) was observed after chocolate intake (Figures 3 and 4).

Table 1. Acute effect of dark chocolate intake, T values obtained by comparing the basal values of the
Delta, Theta, Alpha and Beta Absolute Power (AP) against the values obtained after the dark chocolate
intake. T threshold of —1.73 to 1.73 (p = 0.05, n = 20, ANOVA-test).

Leads AP Delta AP Theta AP Alpha AP Beta
Fpl-AVR —1.566 —1.906 * 0.332 0.352
Fp2-AVR —2.073* —1.409 —0.122 0.042

F3-AVR —2.795* —3.035 * —0.349 0.128

F4-AVR —2.905 * —1.323 —0.521 1.681

C3-AVR —2.994 * —2.108 * 0.295 2.027 *
C4-AVR —1.378 —2.196 * —0.791 2.110*%
P3-AVR —2.172*% —1.431 1.407 2.494 %
P4-AVR —2.776 % —1.204 0.058 2.191*
O1-AVR —2.680* —0.395 2.557* 3.356 *
02-AVR —1.796 * 0.318 2.061 * 3.800 *
F7-AVR —1.499 —1.809 * —0.168 —1.000
F8-AVR —1.559 —1.273 —-0.177 0.66

T3-AVR —2.817* —1.967 * 0.443 —0.915
T4-AVR —1.509 —0.397 0.076 1.741 %
T5-AVR —3.213* —1.541 1.768 * 1.381

T6-AVR —0.878 —1.222 2.134* 2.088 *
FZ-AVR —-1.577 —0.878 0.000 1.663

CZ-AVR —2.354* —2.154 % —0.595 2.528 %
PZ-AVR —2.607 * —1.851* 0.312 2493 *

Note: * Significant values with p < 0.05.

Delta Theta Alpha Beta
380 380 380 280
AP
-3.21 -3.21 -321
-32
430 430 430
F
-3.51 -351 -3.51

Figure 2. Comparison of the Absolute Power (AP) and the Mean Frequency (MF) of the EEG frequency

bands before and after the acute dark chocolate intake. The T values are observed with a significance
threshold of —1.73 to 1.73 (p = 0.05, n = 20, ANOVA-test).
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Figure 3. Effects of dark chocolate intake on the AP of the EEG bands in the O1-AVR lead. A significant
increase in the Alpha and Beta bands was observed on the first day, after its daily intake for seven
days and finally after the last intake at day eight (* p < 0.05, n = 20, ANOVA-test). In the control group,
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Figure 4. Effects of dark chocolate intake on the EEG bands in the O2-AVR lead. An increase of
the Alpha and Beta AP was observed after the ingestion of a dark chocolate, after its daily intake
for seven days and finally after the last intake of it at day eight. The Alpha band showed a higher
percentage of change after the dark chocolate intake (* p < 0.05, n = 20, ANOVA-test). In the control
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group, no significant changes were observed (p > 0.05, n = 5, T-test).

3.2. Acute Effect of Low-Calorie Milk Intake

50f9

After the ingestion of 250 mL of low-calorie milk, no significant differences were observed between
the baseline values of the AP of the Delta, Theta, Alpha and Beta bands in any of the brain regions
analyzed (p > 0.05, n =5, ANOVA-test). In contrast to the chocolate group, in the control group the
alpha and beta AP did not change significantly in the occipital regions. The baseline Alpha AP of the
O1-AVR lead was 38.20 + 8.49 uV2/Hz after the low-calorie milk intake was 39.40 4+ 13.25 uV2/Hz
(p = 0.73). The Alpha AP of the O2-AVR lead was 48.68 nV2/Hz; after ingesting the low-calorie milk
was 42.84 £ 23.00 uV2/Hz (p = 0.18). The baseline Beta AP of the O1-AVR lead was 4.72 + 2.73
uV2/Hz; after ingesting the low-calorie milk was 4.39 £ 2.03 uV2/Hz (p = 0.40). In the O2-AVR lead,
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baseline was 4.24 + 1.78 ©V2/Hz, and a non-significant decrease to 3.81 & 1.28 uV2/Hz (p = 0.16) was
observed after low-calorie milk intake (Figures 3 and 4).

3.3. Subchronic Effect of Seven-Day Dark Chocolate Intake

To evaluate the subchronic effect of daily chocolate intake, the baseline AP value in the O1 and O2
leads was compared with those obtained seven days later. In the O1-AVR lead, the Alpha AP increased
to 63.39 £ 58.23 uV2/Hz, which represented 30.51% (p = 0.007). The AP Alpha of the O2-AVR lead
increased to 72.85 + 65.13 uV2/Hz with an increase of 49.52% (p = 0.023). Finally, the Beta AP of the
O1-AVR lead increased to 5.16 + 1.69 uV2/Hz, representing 19.0.2% (p = 0.005). In the O2-AVR lead,
the increase was 5.65 =+ 2.87 uV2/Hz, representing 28.09% (p = 0.03) (Figures 3 and 4).

3.4. Acute Effect on a Subchronic Effect of Dark Chocolate Intake

The Alpha AP of the O1-AVR lead increased to 71.23 £ 61.36 uV2/Hz, corresponding to 54.01%
(p = 0.0003). In the O2-AVR lead, the AP increased to 78.12 £ 61.51 pV2/Hz, corresponding to 71.88%
(p = 0.007). Finally, the Beta AP of the O1-AVR increased to 6.12 + 2.13 uV2/Hz, corresponding to 40%
(p = 0.000009). In the O2-AVR lead, the AP increased to 6.62 + 3.55 uV2/Hz, corresponding to 47.28%
(p = 0.004) (Figures 3 and 4). On day eight, after the last chocolate intake, the increase in Alpha and
Beta AP was higher than basal AP and the AP after seven days of intake.

3.5. Modifications of Mean Frequency

After dark chocolate intake, no modifications in MF Delta, Theta, and Beta were observed. Only
a generalized decrease of MF Alpha was observed, with more significant values in occipital regions
(Figure 2). In spectral analysis of EEG, the characteristic Alpha spectral peak was moved to lower
frequencies in the majority of subjects, and this modification was more evident at seven days, and after
the last dark chocolate intake at day eight. In less consistent form, an increase in the amplitude of the
spectral Alpha peak was found.

4. Discussion

The main results of our study were that intake of 6.8 g of dark chocolate is enough to cause a
decrease in the AP Delta and Theta, and an increase in the AP Alpha and Beta in the temporo-occipital
leads without changes of brain oscillations in the control group. In addition, a decrease in MF Alpha
was found. These results will be analyzed in the following paragraphs.

Chocolate, especially dark chocolate, with its high content of flavonoids, has proven to be a
promising food in terms of its cardiovascular effects. Recently, some studies have reported cognitive
effects after intake of dark chocolate, specifically on attention and working memory. To date, only one
study has reported the effects of dark chocolate on brain electrical activity, specifically stable-state
visual evoked potentials [12]. Moreover, no study has reported the effects of chocolate on human brain
electrical oscillations recorded in the EEG. In our study, we analyzed the acute effect of the intake of a
single dose of dark chocolate and the subchronic effect of daily intake for seven and eight days.

In the acute effect analysis, there were notable changes in brain electrical activity 30 min after
dark chocolate intake without changes of brain oscillations in the control group. It has been postulated
that the cognitive acute effects appear a few minutes after dark chocolate intake and can be mediated
indirectly by vascular mechanisms that cause an increase in cerebral blood flow. In recent studies,
it was shown that dark chocolate intake with a mean dose of 516 mg and a high dose of 903 mg
of flavonoids increases brain blood flow as evaluated by functional magnetic resonance [13] and
near-infrared spectroscopy [14]. However, these studies show conflicting results if the increase in
cerebral blood flow is mediated by nitric oxide-induced vasodilation or not. Regarding the cognitive
effects of chocolate intake, a double-blind crossover study of three groups was conducted: the first with
high-dose flavonoids (994 mg), the second with 520 mg, and a control group with 46 mg. A working
memory task of serial digital subtraction before and after the intake of chocolate was applied. Subjects
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with medium and high doses of flavonoids showed significant improvement in this work memory
task in relation to the control group [15]. Other studies have had similar results [16], and negative
results [17]. On the other hand, the effects found with dark chocolate could be attributed to the
low-calorie milk in which the chocolate was dissolved. However, in the control group where the
subjects ingested the same amount of low-calories milk but without dark chocolate, no significant
changes in the brain oscillations were observed.

On the other hand, the acute effect of dark chocolate intake seems to have a direct relationship
with the demand for cognitive resources of the task or with the interference or damage of the neural
circuits involved in the task. This was observed in the study by Grassi et al. [18], in which the dark
chocolate effect was compared in a group of subjects with sleep deprivation and a control group
with normal sleep submitted to a working memory 2-back test. The results showed that the intake
of a single dose of chocolate reversed the deleterious effects of sleep deprivation and even improved
performance of tasks on the basal level. Consistent with previous results, in our study, the highest
increases in Alpha and Beta AP were observed in those subjects with the lowest values at baseline.
Therefore, in future studies, it would be desirable to evaluate whether similar doses of dark chocolate
flavonoids produce different effects in populations of healthy subjects, with cognitive impairment and
learning or neurodevelopmental disorders.

In addition to vascular changes and cerebral blood flow, it is possible that dark chocolate effects
occur through neural networks involved in the processes of attention, work memory or episodic
memory, and that these effects can be acute or subchronic. Flavonoids cross effectively the blood
brain barrier, and many studies have found them in brain regions that are actively involved in the
processes of attention, episodic, procedural and working memory, such as the hippocampus, frontal
cortex and basal ganglia [19]. In an experimental study, the authors analyzed whether epicatechin,
a dark chocolate flavonoid, could enhance memory formation of Lymnaea snail exposed to epicatechin
before training, during the consolidation period immediately following training and 1 hour after
training. Only the snails exposed to epicatechin immediately after training showed enhanced memory
formation [20]. In addition, in a mouse experimental model, the effects of the chronic consumption of
food enriched in cocoa-based dark chocolate on the excitability of hippocampal neuronal networks
were analyzed. A significant enhancement in seizure-like population spike bursting at the neurogenic
dentate gyrus was found with a reduction in the levels of GABA-«1 receptors [21].

It is necessary to emphasize that in our study, although the effects of dark chocolate on electrical
brain activity were recorded in almost all brain regions, they were more evident in the temporo-occipital
regions for the Alpha band, and in the parieto-occipital and temporal regions in the Beta band. In these
regions, the neural circuits are actively involved in visuospatial working memory and episodic
memory processes. In addition, the Alpha frequencies have been implicated in visuospatial working
memory processes especially in the maintenance phase, where it has been observed that the higher the
complexity of the task and the greater the demand for cognitive resources, the Alpha spectral peak has
a greater amplitude, indicating that a greater number of neurons are activated synchronously [22-24].

Our study has some limitations; for example, the sample size was small, especially in the
control group; however, it was sufficient to detect changes in brain electrical oscillations in
chocolate-ingesting groups.

5. Conclusions

We can conclude that the results of our study sustain that acute and subacute dark chocolate
intake decreases the AP of the Delta and Theta bands, and increases the AP of the Alpha and Beta bands
in most brain regions, especially in the temporo-occipital leads. The control group, with low-calorie
milk intake, did not have significant changes in brain oscillations.

Author Contributions: Conceptualization, E.S.-R., B.E.-Z. and E.Z.-U.; methodology, E.S.-R., BE.-Z. and E.Z.-U.;
software, B.E.-Z. and E.Z.-U.; formal analysis, E.S.-R., B.E.-Z. and E.Z.-U.; investigation, E.S.-R., B.E.-Z. and
E.Z.-U.; resources and data curation, B.E.-Z. and E.Z.-U.; writing—original draft preparation, E.S.-R. and



Foods 2018, 7, 187 80f9

B.E.-Z.; writing—review and editing, E.S.-R., B.E.-Z. and E.Z.-U; visualization and supervision, E.S.-R.; project
administration, E.Z.-U.

Funding: This research received no external funding.

Acknowledgments: We appreciate the participation in the study of all voluntary subjects.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Kalaria, R.N.; Maestre, G.E.; Arizaga, R.; Friedland, R.P.,; Galasko, D.; Hall, K.; Luchsinger, J.A.; Ogunniyi, A.;
Perry, EK.; Potocnik, E; et al. Alzheimer’s disease and vascular dementia in developing countries:
Prevalence, management, and risk factors. Lancet Neurol. 2008, 7, 812-826. [CrossRef]

Linsell, L.; Malouf, R.; Morris, J.; Kurinczuk, J.J.; Marlow, N. Prognostic factors for poor cognitive
development in children born very preterm or with very low birth weight: A systematic review. JAMA Pediatr.
2015, 169, 1162-1172. [CrossRef] [PubMed]

Kehagia, A.A. A neurological perspective on the enhancement debate: Lessons learned from Parkinson’s
disease. . Psychopharmacol. 2016, 30, 957-966. [CrossRef] [PubMed]

Magrone, T.; Russo, M.A; Jirillo, E. Cocoa and dark chocolate polyphenols: From biology to clinical
applications. Front. Immunol. 2017, 8, 677. [CrossRef] [PubMed]

Desideri, G.; Kwik-Uribe, C.; Grassi, D.; Necozione, S.; Ghiadoni, L.; Mastroiacovo, D.; Raffaele, A.; Ferri, L.;
Bocale, R.; Lechiara, M.C.; et al. Benefits in cognitive function, blood pressure, and insulin resistance through
cocoa flavanol cognition and aging (CoCoA) study. Hypertension 2012, 60, 794-801. [CrossRef] [PubMed]
Brickman, A.M.; Khan, U.A_; Provenzano, FA.; Yeung, L.K.; Suzuki, W.; Schroeter, H. Enhancing dentate
gyrus function with dietary flavanols improves cognition in older adults. Nat. Neurosci. 2014, 17, 1798-1803.
[CrossRef] [PubMed]

Socci, V.; Tempesta, D.; Desideri, G.; De Gennaro, L.; Ferrara, M. Enhancing human cognition with cocoa
flavonoids. Front. Nutr. 2017, 16, 4-19. [CrossRef] [PubMed]

John, E.R.; Karmel, B.Z.; Corning, W.C.; Easton, P.; Brown, D.; Ahn, H. Neurometrics. Science 1977, 196,
1393-1410. [CrossRef] [PubMed]

Thatcher, R.W.; North, D.M,; Biver, C.J. Intelligence and EEG phase reset: A two compartmental model of
phase shift and lock. Neuroimage 2008, 42, 1639-1653. [CrossRef] [PubMed]

Thatcher, R.W.; Palmero-Soler, E.; North, D.M.; Biver, C.J. Intelligence and EEG measuresof information flow:
Efficiency and homeostatic neuroplasticity. Sci. Rep. 2016, 6, 38890. [CrossRef] [PubMed]

Hernandez, J.L.; Valdés, P; Biscay, R.; Virues, T.; Szava, S.; Bosch, ]. A global scale factor in brain topography.
Int. J. Neurosci. 1994, 76, 267-278. [CrossRef] [PubMed]

Camfield, P.; Camfield, C.; Pohlmann-Eden, B. Transition from pediatric to adult epilepsy care: A difficult
process marked by medical and social crisis. Epilepsy Curr. 2012, 12, 13-21. [CrossRef] [PubMed]

Francis, S.T.; Head, K.; Morris, P.G.; Macdonald, I.A. The effect of flavanol-rich cocoa on the fMRI response to
a cognitive task in healthy young people. J. Cardiovasc. Pharmacol. 2006, 47 (Suppl. 2), S215-5220. [CrossRef]
[PubMed]

Decroix, L.; Tonoli, C.; Soares, D.D.; Tagougui, S.; Heyman, E.; Meeusen, R. Acute cocoa flavanol improves
cerebral oxygenation without enhancing executive function at rest or after exercise. Appl. Physiol. Nutr. Metab.
2016, 41, 1225-1232. [CrossRef] [PubMed]

Scholey, A.B.; French, S.J.; Morris, PJ.; Kennedy, D.O.; Milne, A.L.; Haskell, C.F. Consumption of cocoa
flavanols results in improvements in mood and cognitive performance during sustained mental effort.
J. Psychopharmacol. 2010, 24, 1505-1514. [CrossRef] [PubMed]

Field, D.T.; Williams, C.M.; Butler, L.T. Consumption of cocoa flavanols results in an improvement in visual
and cognitive functions. Physiol. Behav. 2011, 103, 255-260. [CrossRef] [PubMed]

Pase, M.P.; Scholey, A.B.; Pipingas, A.; Kras, M.; Nolidin, K.; Gibbs, A. Cocoa polyphenols enhance positive
mood states but not cognitive performance: A randomized, placebo-controlled trial. . Psychopharmacol. 2013,
27,451-458. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S1474-4422(08)70169-8
http://dx.doi.org/10.1001/jamapediatrics.2015.2175
http://www.ncbi.nlm.nih.gov/pubmed/26457641
http://dx.doi.org/10.1177/0269881116665328
http://www.ncbi.nlm.nih.gov/pubmed/27604630
http://dx.doi.org/10.3389/fimmu.2017.00677
http://www.ncbi.nlm.nih.gov/pubmed/28649251
http://dx.doi.org/10.1161/HYPERTENSIONAHA.112.193060
http://www.ncbi.nlm.nih.gov/pubmed/22892813
http://dx.doi.org/10.1038/nn.3850
http://www.ncbi.nlm.nih.gov/pubmed/25344629
http://dx.doi.org/10.3389/fnut.2017.00019
http://www.ncbi.nlm.nih.gov/pubmed/28560212
http://dx.doi.org/10.1126/science.867036
http://www.ncbi.nlm.nih.gov/pubmed/867036
http://dx.doi.org/10.1016/j.neuroimage.2008.06.009
http://www.ncbi.nlm.nih.gov/pubmed/18620065
http://dx.doi.org/10.1038/srep38890
http://www.ncbi.nlm.nih.gov/pubmed/27996049
http://dx.doi.org/10.3109/00207459408986009
http://www.ncbi.nlm.nih.gov/pubmed/7960483
http://dx.doi.org/10.5698/1535-7511-12.4s.13
http://www.ncbi.nlm.nih.gov/pubmed/23476118
http://dx.doi.org/10.1097/00005344-200606001-00018
http://www.ncbi.nlm.nih.gov/pubmed/16794461
http://dx.doi.org/10.1139/apnm-2016-0245
http://www.ncbi.nlm.nih.gov/pubmed/27849355
http://dx.doi.org/10.1177/0269881109106923
http://www.ncbi.nlm.nih.gov/pubmed/19942640
http://dx.doi.org/10.1016/j.physbeh.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21324330
http://dx.doi.org/10.1177/0269881112473791
http://www.ncbi.nlm.nih.gov/pubmed/23364814

Foods 2018, 7, 187 90f9

18.

19.

20.

21.

22.

23.

24.

Grassi, D.; Lippi, C.; Necozione, S.; Desideri, G.; Ferri, C. Short-term administration of dark chocolate is
followed by a significant increase in insulin sensitivity and a decrease in blood pressure in healthy persons.
Am. . Clin. Nutr. 2005, 81, 611-614. [CrossRef] [PubMed]

Datla, K.P,; Christidou, M.; Widmer, W.W.; Rooprai, H.K.; Dexter, D.T. Tissue distribution and neuroprotective
effects of citrus flavonoid tangeretin in a rat model of Parkinson’s disease. Neuroreport 2001, 12, 3871-3875.
[CrossRef] [PubMed]

Fernell, M.; Swinton, C.; Lukowiak, K. Epicatechin, a component of dark chocolate, enhances memory
formation if applied during the memory consolidation period. Commun. Integr. Biol. 2016, 9, 1205772-1205774.
[CrossRef] [PubMed]

Cicvaric, A.; Bulat, T.; Bormann, D.; Yang, J.; Auer, B.; Milenkovic, I. Sustained consumption of cocoa-based
dark chocolate enhances seizure-like events in the mouse hippocampus. Food Funct. 2018, 9, 1532-1544.
[CrossRef] [PubMed]

Jensen, O.; Gelfand, J.; Kounios, J.; Lisman, J.E. Oscillations in the alpha band (9-12 Hz) increase with
memory load during retention in a short-term memory task. Cereb. Cortex 2002, 12, 877-882. [CrossRef]
[PubMed]

Poch, C.; Valdivia, M.; Capilla, A.; Hinojosa, J.A.; Campo, P. Suppression of no-longer relevant information
in working memory: An alpha-power related mechanism? Biol. Psychol. 2018, 135, 112-116. [CrossRef]
[PubMed]

Mierau, A.; Klimesch, W.; Lefebvre, ]. State-dependent alpha peak frequency shifts: Experimental evidence,
potential mechanisms and functional implications. Neuroscience 2017, 360, 146-154. [CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/ajcn/81.3.611
http://www.ncbi.nlm.nih.gov/pubmed/15755830
http://dx.doi.org/10.1097/00001756-200112040-00053
http://www.ncbi.nlm.nih.gov/pubmed/11726811
http://dx.doi.org/10.1080/19420889.2016.1205772
http://www.ncbi.nlm.nih.gov/pubmed/27574544
http://dx.doi.org/10.1039/C7FO01668A
http://www.ncbi.nlm.nih.gov/pubmed/29431797
http://dx.doi.org/10.1093/cercor/12.8.877
http://www.ncbi.nlm.nih.gov/pubmed/12122036
http://dx.doi.org/10.1016/j.biopsycho.2018.03.009
http://www.ncbi.nlm.nih.gov/pubmed/29596957
http://dx.doi.org/10.1016/j.neuroscience.2017.07.037
http://www.ncbi.nlm.nih.gov/pubmed/28739525
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Baseline EEG Recording 
	Experimental Maneuver 
	Statistical Mnalysis 

	Results 
	Acute Effect of Dark Chocolate Intake 
	Acute Effect of Low-Calorie Milk Intake 
	Subchronic Effect of Seven-Day Dark Chocolate Intake 
	Acute Effect on a Subchronic Effect of Dark Chocolate Intake 
	Modifications of Mean Frequency 

	Discussion 
	Conclusions 
	References

