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Cacao
Ingredienti che influenzano le funzioni del sistema 

nervoso centrale  

Il cioccolato è sicuramente l’alimento più desiderato. Giudicato 
insostituibile dalla gran parte degli appassionati. 
E’ un alimento derivato dai semi dell'albero del cacao, ampiamente 
diffuso e consumato in tutto il mondo. Nella produzione artigianale di 
qualità, il cioccolato è preparato utilizzando la pasta di cacao, con 
l'aggiunta di ingredienti e aromi.
Con il termine cacao si intendono i semi essiccati della pianta 
Theobroma cacao. Il cacao è una ricca fonte di polifenoli con livelli che 
vanno dal 12 al 18 % del peso secco. 



“The Food of the Gods”
I rapporti sui benefici per la salute del cioccolato risalgono addirittura alla pratica 
medica azteca e maya (ad es. Hurst et al., 2002) e da allora esistono numerose 
prove aneddotiche sugli effetti del cioccolato sulla salute. 
Solo alla fine del XX secolo, tuttavia, le indicazioni sulla salute sono diventate più 
scientificamente rilevanti per i prodotti di cacao e il cioccolato, il che alla fine ha 
portato all'approvazione dell'Agenzia europea per la sicurezza alimentare (EFSA, 
2012) di un'indicazione sulla salute del cioccolato fondente con alto contenuto di 
flavanolo come impatto sul "mantenimento della normale vasodilatazione 
endotelio-dipendente".
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SCIENTIFIC OPINION 

Scientific Opinion on the substantiation of a health claim related to cocoa 
flavanols and maintenance of normal endothelium-dependent vasodilation 

pursuant to Article 13(5) of Regulation (EC) No 1924/20061 

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA)2, 3 

European Food Safety Authority (EFSA), Parma, Italy 

ABSTRACT 
Following an application from Barry Callebaut Belgium nv, submitted pursuant to Article 13(5) of Regulation 
(EC) No 1924/2006 via the Competent Authority of Belgium, the Panel on Dietetic Products, Nutrition and 
Allergies (NDA) was asked to deliver an opinion on the scientific substantiation of a health claim related to 
cocoa flavanols and maintenance of normal endothelium-dependent vasodilation. Cocoa flavanols are sufficiently 
characterised. The claimed effecW iV ³help maintain endothelium-dependent vasodilation which contributes to 
healthy blood flow´. The WaUgeW SRSXlaWiRQ SURSRVed b\ Whe aSSlicaQW iV Whe geQeUal healWh\ adXlW SRSXlaWiRQ. The 
Panel considers that maintenance of normal endothelium-dependent vasodilation is a beneficial physiological 
effect. In weighing the evidence, the Panel took into account that cocoa flavanols consumed for 12 weeks have 
been shown to increase fasting ED-FMD significantly in the target population in one human intervention study, 
that in another study the effect was dose-dependent and occurred after one week of consumption, that the effect 
was supported by two additional studies, and that it was also observed in two out of three studies in patients 
under pharmacological treatment for coronary artery disease, although the mechanisms by which regular 
consumption of cocoa flavanols may induce a sustained effect on fasting ED-FMD are unknown. The Panel 
concludes that a cause and effect relationship has been established between the consumption of cocoa flavanols 
and maintenance of normal endothelium-dependent vasodilation. The following wording reflects the scientific 
eYideQce: ³CRcRa flaYaQRlV helS maiQWaiQ eQdRWhelium-dependent vasodilation, which contributes to normal 
blRRd flRZ´. In order to obtain the claimed effect, 200 mg of cocoa flavanols should be consumed daily. This 
amount could be provided by 2.5 g of high-flavanol cocoa powder or 10 g of high-flavanol dark chocolate, both 
of which can be consumed in the context of a balanced diet. The target population is the general population. 
© European Food Safety Authority, 2012 
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food constituent, parallels blood concentrations of the flavanol metabolites, returns to baseline six 
hours after ingestion, and is sustained with repeated consumption of cocoa flavanols. 

The evidence provided in support of mechanisms by which repeated consumption of cocoa flavanols 
may induce longer-term effects on fasting ED-FMD was weak. Cocoa flavanols (mostly epicatechins) 
may exert an acute effect on ED-FMD by enhancing nitric oxide (NO) production in the endothelium 
each time they are consumed. 

In weighing the evidence, the Panel took into account that cocoa flavanols consumed for 12 weeks 
have been shown to increase fasting ED-FMD significantly in the target population in one human 
intervention study, that in another human intervention study the effect was dose-dependent and 
occurred after one week of consumption under the conditions of use proposed by the applicant, that 
the effect was supported by two additional intervention studies, and that it was also observed in two 
out of three studies in patients under pharmacological treatment for CAD, whereas the mechanisms by 
which regular consumption of cocoa flavanols may induce a sustained effect on fasting ED-FMD are 
unknown. The Panel also took into account that consumption of cocoa flavanols on a single occasion 
induces an acute and dose-dependent increase in ED-FMD which is sustained with regular 
consumption of the food/constituent, and that this acute effect may be mediated by the enhancement 
of NO production in the endothelium each time cocoa flavanols are consumed.  

The Panel concludes that a cause and effect relationship has been established between the 
consumption of cocoa flavanols and maintenance of normal endothelium-dependent vasodilation.  

The PaQel cRQVideUV WhaW Whe fRllRZiQg ZRUdiQg UeflecWV Whe VcieQWific eYideQce: ³CRcRa flaYaQRlV helS 
maintain endothelium-dependent vasodilation, which contributes to norPal blRRd flRZ´. 

In order to obtain the claimed effect, 200 mg of cocoa flavanols should be consumed daily. This 
amount could be provided by 2.5 g of high-flavanol cocoa powder or 10 g of high-flavanol dark 
chocolate. These amounts of cocoa powder or dark chocolate can be consumed in the context of a 
balanced diet. The target population is the general population. 
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among experimental condition, Diet ⇥ Treatment or Stimulant ⇥ Diet ⇥ Treatment, means or fold
changes. Significance of fold change differences for each pair, i and k, of experimental conditions were
determined using contrasts to test H0: DDCTi � DDCTk = 0. The Pearson correlation coefficient was
calculated between A. suum larvae counts in intestinal lumen and the IgG, IgM, IgG1 and IgG2 OD
values. Analysis were carried out using SAS PROC CORR and coefficients are reported when p < 0.1.

3. Results

3.1. Cocoa Powder (CP) Flavanols

Analysis of the CP fed to pigs showed that the major components were flavanols, theobromine,
caffeine, and caffeoyl aspartic acid. The total flavanol concentration was 137.19 mg/g of CP with total
flavanols expressed as B-type proanthocyanidin dimer equivalent containing 15.70 mg/g of flavanols
up to five polymers as determined by UHPLC HRMS (Table 1).

Table 1. Chemical composition of Acticoa cocoa powder.

Measure Concentration, mg/g

Total Flavanols a 137.19
Flavanols (up to 5P) b 15.7

Individual flavanol
Catechin 2.87

Epicatechin 4.27
Procyanidin B2 3.7

Other B-type dimer 0.95
Procyanidin C1 2.72

Other B-type trimer 0.43
Other B-type tetramer 0.56
Other B-type pentamer 0.2

Theobromine 19.26
Caffeine 1.45

Caffeoyl asparitic acid 1.83
a PAC result from 4-dimethylaminocinnamaldehyde(DMAC) colorimetric method is expressed as B-type
proanthocyanidin, dimer equivalent of milligram PACs content per gram of cocoa powder. b Cocoa powder methanol
extract was injected into UHPLC-Orbitrap MS system. Catechin/Epicatechin, procyaidin B1 and procyanidin C1
used as standards for monomers, dimmers and trimers, respectively. Tetramers and pentamers were measured
according to previously published procedures using (-) cathechin (Sigma Aldrich, St. Louis, MO, USA) as reference
standard with relative response factors.

3.2. Clinical Signs

There were no clinical signs of disease in any of the pigs. Body weight (BW) increased in pigs
fed LGG + CP, 30.7 ± 0.6 Kgs BW (mean ± SE) compared to 28.6 ± 0.8 Kgs BW in control pigs,
with no other differences among treatment groups after seven weeks of dietary intervention (p < 0.05).
Serum profiling of liver enzymes alkaline phosphatase (ALP), alanine transaminase (ALT), aspartate
transaminase (AST), total bilirubin, glutamyl transferase (GGT) and total protein were within the
physiological range for all four treatment groups. Lactate dehydrogenase (LDH) was elevated in
pigs supplemented with LGG + CP (661.75 ± 35.23 U/L) at Week 7 relative to their baseline level
(508 ± 38.89 U/L) (p < 0.05), but still within the normal physiological range (380–634 U/L) (Table S2).
The mean average recovery of A. suum L4 in pigs fed CP was 4163 ± 908 (mean ± SE), LGG + CP was
6388 ± 1393, placebo control was 4072 ± 888, and LGG was 2700 ± 589. Pairwise mean comparisons
indicated a significant increase (p = 0.01) in A. suum L4 in pigs treated with LGG + CP compared to
pigs fed LGG (Figure 1).

Jang S, Lakshman S, Beshah E, Xie Y, Molokin A, Vinyard BT, Urban JF, Davis CD, Solano-Aguilar GI. Flavanol-Rich Cocoa Powder Interacts with 
Lactobacillus rhamnossus LGG to Alter the Antibody Response to Infection with the Parasitic Nematode Ascaris suum. Nutrients. 2017 Oct
12;9(10).



INGREDIENTI BIOATTIVI DEL CACAO



Adenosina: nucleoside composto da una molecola di adenina legata ad un ribosio attraverso 
un legame beta-N9-glicosidico. Ha dunque una funzione estremamente importante nella 
costituzione del DNA.

L'adenosina riveste un ruolo fondamentale anche nei processi biochimici come ad esempio 
nel trasferimento di energia da ATP ad ADP e nella trasduzione del segnale, attraverso il 
cAMP. 



Gonzalez de Mejia E, Ramirez-Mares MV. Impact of caffeine and coffee on our health. Trends Endocrinol Metab. 
2014 Oct;25(10) 489-92.



Alcaloidi del cacao
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was used to analyze the possible impact of TB, and revealed a significant main e↵ect in both blocks
of trials [F (4,88) = 17.583, p < 0.0001] and groups [F (1,88) = 27.265, p < 0.0001] on the number of
WMEs, with a significant block x group interaction [F (4,88) = 3.131, p < 0.05]. However, even without
a significant main group e↵ect, and block x group interaction on the number of RMEs, a significant
main e↵ect of blocks of trials [F (4,88) = 11.774, p < 0.0001)] were observed. Another metric, latency
was also determined by examining changes in the total mean time, with the data averaged over a block
of five trials (Figure 3C). We found a significant main e↵ect in both the blocks of trials [F (4,88) = 27.882,
p < 0.0001] and the groups [F (1,88) = 21.558, p < 0.0001] on the number of total times, with a significant
block x group interaction [F (4,88) = 2.815, p < 0.05].
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The body weights of TB rats (n = 10) did not differ from those of CN rats (n = 10) on day 0 (p = 
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Figure 3. The e↵ect of theobromine (TB) on (A) working memory errors (WME); (B) reference memory
errors (RME); and (C) latency assessed by the radial arm maze task. Results are expressed as the mean
± S.E.M. (n = 12 for each group). *** p < 0.001; significant di↵erence between groups.

3.1.3. BDNF Protein Expression Level in the mPFC

BDNF protein expression level in the mPFC of TB rats (n = 5) was significantly higher than that of
CN rats (n = 5) (Figure 4; p = 0.009).

Nutrients 2019, 11, x FOR PEER REVIEW 7 of 17 

�

latency was also determined by examining changes in the total mean time, with the data averaged 
over a block of five trials (Figure 3C). We found a significant main effect in both the blocks of trials 
[F (4,88) = 27.882, p < 0.0001] and the groups [F (1,88) = 21.558, p < 0.0001] on the number of total times, 
with a significant block x group interaction [F (4,88) = 2.815, p < 0.05].  

 
Figure 3. The effect of theobromine (TB) on (A) working memory errors (WME); (B) reference memory 
errors (RME); and (C) latency assessed by the radial arm maze task. Results are expressed as the mean 
± S.E.M. (n = 12 for each group). *** p < 0.001; significant difference between groups. 

3.1.3. BDNF protein expression level in the mPFC 

BDNF protein expression level in the mPFC of TB rats (n = 5) was significantly higher than that 
of CN rats (n = 5) (Figure 4; p = 0.009). 

 
Figure 4. The effect of theobromine (TB) on the brain-derived neurotrophic factor (BDNF) protein 
level in the medial prefrontal cortex (mPFC). BDNF protein level in the mPFC of TB-fed rats (TB rats) 
was significantly higher than that of control rats (CN rats). Hippocampal BDNF protein levels did not 
differ between groups (Figure S1). Values are the mean ± S.E.M. (n = 5 for each group). ** p < 0.01; 
significant difference between groups. 

3.2. Experiment 2 (Y-maze test and NOR test) 

3.2.1. Body Weight, Liver Function, and Kidney Function Tests 

The body weights of TB rats (n = 10) did not differ from those of CN rats (n = 10) on day 0 (p = 
0.47), day 45 (p = 0.30), or day 73 (p = 0.21), respectively (Table 2). The biochemical parameters for 
liver and kidney functions of TB rats (n = 10) also did not differ from those of CN rats (n = 10) rats 

Figure 4. The e↵ect of theobromine (TB) on the brain-derived neurotrophic factor (BDNF) protein level
in the medial prefrontal cortex (mPFC). BDNF protein level in the mPFC of TB-fed rats (TB rats) was
significantly higher than that of control rats (CN rats). Hippocampal BDNF protein levels did not di↵er
between groups (Figure S1). Values are the mean ± S.E.M. (n = 5 for each group). ** p < 0.01; significant
di↵erence between groups.
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Abstract: Theobromine (TB) is a primary methylxanthine found in cacao beans. cAMP-response
element-binding protein (CREB) is a transcription factor, which is involved in di↵erent brain processes
that bring about cellular changes in response to discrete sets of instructions, including the induction
of brain-derived neurotropic factor (BDNF). Ca2+/calmodulin-dependent protein kinase II (CaMKII)
has been strongly implicated in the memory formation of di↵erent species as a key regulator of
gene expression. Here we investigated whether TB acts on the CaMKII/CREB/BDNF pathway in
a way that might improve the cognitive and learning function in rats. Male Wistar rats (5 weeks
old) were divided into two groups. For 73 days, the control rats (CN rats) were fed a normal diet,
while the TB-fed rats (TB rats) received the same food, but with a 0.05% TB supplement. To assess
the e↵ects of TB on cognitive and learning ability in rats: The radial arm maze task, novel object
recognition test, and Y-maze test were used. Then, the brain was removed and the medial prefrontal
cortex (mPFC) was isolated for Western Blot, real-time PCR and enzyme-linked immunosorbent assay.
Phosphorylated CaMKII (p-CaMKII), phosphorylated CREB (p-CREB), and BDNF level in the mPFC
were measured. In all the behavior tests, working memory seemed to be improved by TB ingestion.
In addition, p-CaMKII and p-CREB levels were significantly elevated in the mPFC of TB rats in
comparison to those of CN rats. We also found that cortical BDNF protein and mRNA levels in TB
rats were significantly greater than those in CN rats. These results suggest that orally supplemented
TB upregulates the CaMKII/CREB/BDNF pathway in the mPFC, which may then improve working
memory in rats.

Keywords: theobromine; cacao; working memory; behavior; CaMKII; CREB; BDNF

1. Introduction

Co↵ee, cocoa, and chocolate are among the most frequently consumed substances in the
world [1]. Co↵ee has various beneficial e↵ects on human health, as it appears to be cardio-protective,

Nutrients 2019, 11, 888; doi:10.3390/nu11040888 www.mdpi.com/journal/nutrients
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Cacao
Ingredienti che influenzano le funzioni del sistema 

nervoso centrale  

Metilxantine: caffeina e teobromina 

Flavonoidi: flavanoli (epicatechine, procianidine)

Caffeina, teobromina e flavanoli, da soli o in associazione. 
Possono produrre effetti neurocognitivi. 



“The Food of Gods”



Cacao
Ingredienti che influenzano le funzioni del sistema 

nervoso centrale

I POLIFENOLI
Il cacao è una ricca fonte di polifenoli con livelli che vanno dal 
12 al 18 % del peso secco. I flavanoli Flavan-3-ols, sono un 
sottogruppo dei flavonoidi una particolare classe di sostanze 
chimica di origine vegetale che si trovano comunemente nella 
frutta, nei vegetali, nell’uva, nel cacao. 



“The Food of Gods”



The tricyclic structure of the flavonoids determines their
antioxidant (and possibly pro-oxidant) effects; phenolic-
quinoid tautomerism and the delocalization of electrons over
the aromatic system scavenge reactive oxygen species (Fig. 3).
These aromatic rings directly neutralize free radicals, chelate
metals (Fe2 + and Cu + ) that enhance reactive oxygen species,
inhibit enzymes, and upregulate antioxidant defenses (Fig. 3)
(44, 216). Enzymes inhibited by cocoa flavonoids include
xanthene oxidase, NADPH-oxidase, tyrosine kinases, and
protein kinases (64). Cocoa intake increases serum antioxidant
capacity, protecting the endothelium from oxidative stress
and endogenous ROS (136).

Flavonoids, flavan-3-ols, and their oligomeric derivatives,
procyanidins, have a variety of beneficial physiologic actions.
Flavonoids have a number of properties that may contribute
to their cardioprotective effects, including antioxidant and
antiplatelet activity, immunoregulatory properties, and ben-
eficial effects on the endothelium (42). The epicatechin content
of cocoa is primarily responsible for its favorable impact on
vascular endothelium, which is the result of both acute and
chronic upregulation of nitric oxide production (222, 277). The
combined catechin/epicatechin content in chocolate is 460–
610 mg/kg (150). Epicatechins improve vascular function,
reduce BP, improve insulin sensitivity, and reduce platelet
activity (42). Epicatechin in cocoa quenches OH$ 100 times
more effectively than mannitol, a typical OH$ scavenger (239).

Food products with significant antioxidant properties, such
as green tea (79), degrade in antioxidant activity over time.
Hurst et al. (113) assessed commercial preparations of choco-
late and found that milk chocolate bars maintain oxygen
radical absorbance capacity (ORAC), total polyphenols, and
flavan-3-ol monomers for at least 50 weeks in commercial
preparations, whereas cocoa powder and cocoa beans dem-
onstrate stability in samples over 75 years old. Based on these
results, Hurst posited that gallated flavan-3-ols (epigalloca-
techin-3-gallate [EGCG] and ECG; found in green tea) may be
more susceptible to oxidation in relation to epicatechin (113).

a. Vascular effects mediated through NO. Independent of
their antioxidant effects, plant polyphenols also promote the
vasodilating factors nitric oxide (NO), prostacyclin, and
endothelium-derived hyperpolarizing factor and inhibit pro-
angiogenic factors endothelin-1 and vascular endothelial
growth factor (VEGF) (217, 250). Cocoa is one of many food
sources of substances that increase the production or bio-
availability of endothelial nitric oxide. Other sources include
grapes and berries, red wine, black and green tea, soy beans,
pomegranates, olive oil, fish oil, and garlic (217). The vaso-
dilatory response to cocoa flavanols is dependent on NO and
can be reversed by blocking nitric oxide synthesis (74).

Endothelium-derived NO regulates vasodilation and the
environment of the blood vessel wall (228), and is therefore
critical for vascular function. Endothelial NO is produced by
endothelial nitric oxide synthase (eNOS), which converts L-
arginine to L-citrulline in the presence of necessary cofactors
(143). Adequate production and bioavailability of eNOS-
derived NO is necessary for the maintenance of healthy en-
dothelium. A reduction in the bioavailability of eNOS-derived

Table 1. Flavan-3-ol Content and Antioxidant
Capacity of Various Foods and Beveragesa

Flavanols +
procyanidins,

mg

ORAC,
mmol
Trolox

equivalents

Cocoa liquor
Per 100 g 1400.0 40.0

Dark (semisweet) chocolate
Per 100 g 170.0 13.1
Per 100 kcal 85.0 2.7

Milk chocolate
Per 100 g 70.0 6.7
Per 100 kcal 14.0 1.3

Apples
Per 100 g 106.0 0.2
Per 100 kcal 130.0 0.3

Cranberry juice cocktail
Per 100 g 12.6 0.2
Per 100 kcal 20.0 0.4

Red wine
Per 100 g 22.0 0.7
Per 100 kcal 25.0 0.9

Brewed black tea
Per 2 g tea bag/200 ml waterb 40.0 1.6

Reprinted with permission from Steinberg et al. (248).
aAxtioxidant activity is reported as oxygen radical absorbance

capacity (ORAC) and expressed as mmol Trolox equivalents. Data
are provided on a per-weight and per-kcal basis to facilitate
comparison among foods. Data from refs. (10, 12, 87, 89, 90, 123).

bData for tea are provided in an amount relevant to what might
normally be consumed.

Table 2. Polyphenol Content and Antioxidant Capacity of Selected Commercially Available Cocoa Products

Type of product n % NFCS % fat
ORAC (mmol

of TE)
Total

polyphenolsa
Epicatechin

(mg/g)
Catechin
(mg/g)

Cocoa powder 3 81.6 (8.2) 15.0 (5.8) 803.7 (78.2) 52.4 (7.5) 1.854 (0.849) 0.578 (0.285)
Baking chocolate 4 47.5 (2.2) 52.6 (0.7) 456.8 (50.7) 27.7 (1.3) 1.142 (0.103) 0.491 (0.222)
Dark chocolate 3 23.4 (5.3) 34.7 (5.5) 198.0 (47.0) 13.0 (1.7) 0.336 (0.031) 0.164 (0.064)
Semisweet chocolate chips 3 16.9 (1.7) 28.9 (1.0) 180.3 (8.5) 12.4 (0.6) 0.483 (0.085) 0.194 (0.071)
Milk chocolate 3 6.2 (1.2) 32.6 (4.0) 62.0 (17.6) 4.4 (1.1) 0.099 (0.067) 0.043 (0.038)
Chocolate syrup 3 6.2 (1.3) 0.9 (0.3) 63.4 (4.9) 4.2 (0.6) 0.074 (0.046) 0.042 (0.015)

Adapted from Miller et al.
Values are presented as means and standard deviations.
aTotal polyphenols expressed as gallic acid equivalents.
NFCS, nonfat cocoa solids.
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COMPREHENSIVE INVITED REVIEW

Cocoa and Chocolate in Human Health and Disease

David L. Katz, Kim Doughty, and Ather Ali

Abstract

Cocoa contains more phenolic antioxidants than most foods. Flavonoids, including catechin, epicatechin, and
procyanidins predominate in antioxidant activity. The tricyclic structure of the flavonoids determines antioxi-
dant effects that scavenge reactive oxygen species, chelate Fe2+ and Cu+, inhibit enzymes, and upregulate
antioxidant defenses. The epicatechin content of cocoa is primarily responsible for its favorable impact on
vascular endothelium via its effect on both acute and chronic upregulation of nitric oxide production. Other
cardiovascular effects are mediated through anti-inflammatory effects of cocoa polyphenols, and modulated
through the activity of NF-jB. Antioxidant effects of cocoa may directly influence insulin resistance and, in turn,
reduce risk for diabetes. Further, cocoa consumption may stimulate changes in redox-sensitive signaling path-
ways involved in gene expression and the immune response. Cocoa can protect nerves from injury and in-
flammation, protect the skin from oxidative damage from UV radiation in topical preparations, and have
beneficial effects on satiety, cognitive function, and mood. As cocoa is predominantly consumed as energy-dense
chocolate, potential detrimental effects of overconsumption exist, including increased risk of weight gain.
Overall, research to date suggests that the benefits of moderate cocoa or dark chocolate consumption likely
outweigh the risks. Antioxid. Redox Signal. 15, 2779–2811.
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ABSTRACT
Epicatechin (Epi), a flavanol found in foods such as dark chocolate has previously been shown to
enhance memory formation in our model system, operant conditioning of aerial respiration in
Lymnaea. In those experiments snails were trained in Epi. Here we ask whether snails exposed to Epi
before training, during the consolidation period immediately following training, or 1 h after training
would enhance memory formation. We report here that Epi is only able to enhance memory if snails
are placed in Epi-containing pond water immediately after training. That is, Epi enhances memory
formation if it is applied during the memory consolidation period as well as if snails are trained in
Epi-containing pond water.

KEYWORDS
consolidation period;
Epicatechin; long-term
memory; Lymnaea

In Lymnaea, (¡) epicatechin (Epi) a naturally occurring
flavanol found in dark chocolate confers on snails an
enhanced ability to form memory following operant con-
ditioning of aerial respiratory behavior.1 More recently2

it was found that Epi application quickly overcame a
stress-induced state in which neither learning nor mem-
ory occur, and restored memory enhancement. Thus,
Epi is a powerful bio-active substance that alters cogni-
tive ability. In humans flavanols in dark chocolate,
including Epi, also positively affect cognitive ability.
Both epidemiological and clinical studies show that the
intake of these flavanols is correlated with a lower inci-
dence of cognitive impairment3 and cause significantly
better cognitive performance in older people.4-6

Learning and memory are 2 separate but related pro-
cesses. We define learning as a change in behavior as a
result of experience, while memory is the ability to recall
the change in behavior. Here we are concerned with long-
term memory (LTM) which persists for at least 24 h fol-
lowing training in Lymnaea. LTM formation is dependent
on altered gene activity and new protein synthesis.7 It has
been known for well over a 100 y that following learning
there is a period of time, the consolidation period, in
which the learning is encoded into memory. In Lymnaea
the consolidation period persists for about 1 h. It is possi-
ble to alter memory formation during the consolidation
period by either enhancing or suppressing it using differ-
ent stressors. Here we hypothesize that Epi possesses the

ability to enhance memory formation if Epi is applied to
the snail either 1 h before training or immediately follow-
ing conditioning (i.e., during the consolidation process13).

In all the previous studies of Epi in Lymnaea, snails
were trained in Epi-containing pond water (10 min accli-
matization time C 30 min of training) and then tested
for memory in pond water (i.e., Epi not present). That is,
the enhanced memory was not dependent on Epi being
present in the memory test session. We did not previ-
ously study how long Epi’s enhancing effect persisted if
applied before training or whether Epi could be applied
post-training and still have an enhancing effect on mem-
ory formation. In Lymnaea it was recently shown8 that a
thermal stressor’s enhancing effect on memory forma-
tion could persist for days before training or if applied
immediately following training.9 Here we directly test
whether: 1) exposure of snails to Epi 1 h before training,
2) exposure immediately after training, or 3) exposure to
Epi 1 h after training results in enhanced memory forma-
tion. In all cases snails were exposed to the same concen-
tration of Epi previously used1 (15 mg l¡1) and for the
same period of time (40 min).

To operantly condition aerial respiratory behavior
snails were placed in hypoxic pond water and every time
they attempted to open their pneumostome to perform
aerial respiration they received a tactile stimulus to the
pneumostome.10 This tactile stimulus caused the pneu-
mostome to close. Here snails received a single 0.5 h
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I flavonoidi del cacao e i loro metaboliti attraversano la barriera emato-
encefalica e sono in grado di attivare l'espressione delle 
proteine neuromodulatorie in alcune regioni del cervello implicate nei 
processi di apprendimento e memoria, suggerendo che il suo l'uso può avere 
avere azioni a breve termine sul sistema cognitivo, umore e comportamento 
(Sokolov 2013).



Flavonoids, found in a variety of fruits, vegetables and derived beverages, have been identified as a group of 
promising bioactive compounds capable of influencing different aspects of brain function, including
cerebrovascular blood flow and synaptic plasticity, both resulting in improvements in learning and memory in 
mammalian species. However, the precise mechanisms by which flavonoids exert these actions are yet to be fully
established.



accumulating data indicate an ability to interact with neuronal receptors and kinase signaling pathways which are 
key to neuronal activation and communication and synaptic strengthening. Alternatively or concurrently, there is
also compelling evidence derived from human clinical studies suggesting that flavonoids can positively affect
peripheral and cerebrovascular blood flow, which may be an indirect effective mechanism by which dietary
flavonoids can impact on brain health and cognition.



Il flavanolo più comune che si trova nel cacao, l'epicatechina, viene rapidamente 
assorbito nell'uomo ed è rilevabile nel plasma sanguigno già 30 minuti dopo l'assunzione 
(Rusconi e Conti, 2010). I livelli di epicatechina raggiungono un picco di 2-3 ore dopo 
l'assunzione, con una forte correlazione positiva con la dose di cioccolato ingerito e 
ritornano al basale di 6-8 ore dopo il consumo (Rein et al., 2000). 
I flavonoidi possono interagire in modo specifico all'interno di una serie di vie di 
segnalazione cellulare, principalmente con proteine attivate da mitogeni (MAPK), 
regolate da segnale extracellulare (ERK) e fosfoinositide 3-chinasi (PI3-chinasi/Akt) che 
modulano le trascrizioni di segnalazione fattori (Croft, 2016). 



Addicted to Cocoa ?
In effetti, oltre alle calorie, i consumatori sono spesso preoccupati dalla possibiità che questi 
prodotti alimentari possano causare dipendenza. Tuttavia, ci sono forti prove sperimentali 
che tutti questi alimenti e bevande non contengono sostanze che creano dipendenza in alte 
concentrazioni, ad eccezione della caffeina e, possibilmente, della teobromina (Parker e 
Brotchie, 2012).
In breve, il desiderio irrefrenabile di cioccolato è il risultato di una relazione malsana con 
l'alimento piuttosto che il risultato di attività biochimiche dei suoi componenti (tranne, forse, 
caffeina) (Visioli et al., 2009). Inoltre, per coloro che usano cioccolato, tè o caffè come 
stimolatori dell'umore, tale alimentazione emotiva non produce alcun beneficio marcato e 
duraturo per gli stati psicologici e dell'umore. Al contrario, questo approccio emotivo al cibo 
potrebbe effettivamente contribuire alla disforia dell'umore (Parker e Brotchie, 2012).



Addicted to Cocoa ?
L’opinione prevalente è che il desiderio nei confronti del cacao (del cioccolato) sia collegato 
fondamentalmente alle specifiche qualità gustative del cioccolato. (highly palatable, very
sweet, and produces an optimal mouthfeel). 
Se il desiderio fosse stimolato solo dalle sostanze psicoattive, allora sarebbe la polvere del 
cacao ad essere preferita rispetto agli prodotti. 



Cacao e depressione

Il consumo di cioccolato è una forma di 
automedicazione nella depressione ?



Cacao e depressione
1. Flavanoli. Particolarmente presenti nel cioccolato fondente , ma si trovano anche nel vino 
rosso, mele, frutti di bosco, tè verde e tè nero (tutti alimenti il cui uso è associato a 
miglioramenti cognitivi e dell’umore. 

2. Caffeina e teobromina. Questi agonisti dell’adenosina hanno rapidi effetti sul livello di 
energia e sistema cognitivo. 

3. N-acylethanolamines. Acido grasso analogo dell’anandamide, cannabinoide endogeno 
con effetti ansiolitici ed euforizzanti. 

4. Phenylethylamine. Monoamina naturale che aumenta il rilascio di noradrenalina, 
dopamina e acetilcoloina. 



Cocoa and depression



Cocoa and Alzheimer
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Le fave di cacao contengono basse quantità variabili di 
caffeina (0,06-0,4%), un noto psicostimolante. Il Cacao in 
polvere contiene la più alta quantità di caffeina seguita da
cioccolato da forno non zuccherato. Il cioccolato fondente 
varierà considerevolmente nella quantità di caffeina (35-
200 mg 50 g-1) mentre il cioccolato al latte contiene 
quantità relativamente basse di caffeina (14 mg 50 g-1).
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Il chicco di cacao è anche la fonte più concentrata di 
un'altra metilxantina, la teobromina,.
A differenza della caffeina, la teobromina, presente anche 
nel cacao fagioli, ha solo un lieve effetto stimolante sulla 
parte centrale sistema nervoso. La quantità di teobromina 
varia con il prodotto finito. 
Cioccolato fondente, cottura non zuccherata cioccolato e 
cacao in polvere contengono più teobromina di cioccolato 
al latte e sciroppi di cioccolato. Per esempio, 50 g di 
cioccolato al latte contengono circa 75 mg di teobromina 
mentre lo stesso peso di cioccolato fondente può contenere
Teobromina fino a 220 mg.
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Il cacao contiene anche altri composti con
potenziale attività biologica. Queste sono ammine biogene 
come serotonina, triptofano, feniletilamina, tirosina, 
triptamina e tiramina. La concentrazione di questi composti 
aumenta durante la fermentazione e diminuisce
Durante la tostatura e l’alcalinizzazione.
Altri composti con attività biologica sono anandamide, 
salsolinolo e treaidro-b-carboline.



“The Food of the Gods”
Studi sugli animali hanno dimostrato che i flavonoidi assorbiti interagiscono 
direttamente con un numero di bersagli cellulari e molecolari nel cervello, 
esercitando pronunciati effetti antiossidanti e migliorando il tessuto cerebrale 
e la funzione nelle regioni principalmente implicate nell'apprendimento, nella 
memoria e nella cognizione (Andrés-Lacueva et al., 2005; Passamonti et al., 
2005; Vauzour et al., 2008). Ciò suggerisce un potenziale ruolo 
neuromodulatore e neuroprotettivo per i flavanoli del cacao e il loro significato 
per la funzione cognitiva e affettiva, il controllo esecutivo e il comportamento. 
Tuttavia, finora solo pochi studi sull'uomo hanno affrontato in modo specifico 
gli effetti neurobiologici, cognitivi, affettivi e comportamentali dei prodotti a 
base di cacao ricchi di flavanolo.
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I monoisomeri di flavanolo epicatechina e catechina sono i composti flavonoidi 
predominanti nel cacao. 
Questi monomeri rappresentano le molecole di base degli oligomeri concatenati, le 
proantocianidine. Le proprietà antiossidanti dei flavanoli sono mediate chimicamente 
attraverso l'ossidazione di due gruppi idrossilici aromatici a un chinone (Bors e Michel, 
2002).

I flavanoli si trovano in alte concentrazioni in bevande come tè verde e vino rosso, frutta e 
bacche (ad es. Buccia di mela, uva, pere, mirtillo), verdure (pomodori, soia e olive) e, 
soprattutto, cacao (Manach et al ., 2004; Neveu et al., 2010; Scalbert et al., 2011; Sies et 
al., 2012). Il contenuto di flavonoidi nei prodotti di cacao e cioccolato differisce 
sostanzialmente a seconda della varietà di cacao (in alcuni fagioli, pari al 20%), dell'origine 
geografica, delle pratiche colturali, agricole e postharvest e della fabbricazione (Wollgast e 
Anklam, 2000; Niemenak et al., 2006).
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Studi sugli animali dimostrano che i flavanoli e i loro 
metaboliti possono attraversare la barriera emato-
encefalica, inducendo effetti benefici sul tessuto cerebrale e 
sulla funzione (angio- e neurogenesi, cambiamenti nella 
morfologia neuronale) e stimolando la circolazione 
sanguigna diffusa nel cervello (Vauzour et al ., 2008). 
Il flavanolo più comune che si trova nel cacao, 
l'epicatechina (Whiting, 2001), viene rapidamente assorbito 
nell'uomo ed è rilevabile nel plasma sanguigno già 30 
minuti dopo l'assunzione. I livelli di epicatechina
raggiungono un picco di 2-3 ore dopo l'assunzione, 
mostrando una forte correlazione positiva con la dose di 
cioccolato ingerito (Richelle et al., 1999) e ritornano al 
basale di 6-8 ore dopo il consumo. 
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La possibilità che i flavanoli e i metaboliti penetrino 
e si accumulino nelle regioni del cervello 
principalmente legate all'apprendimento e alla 
memoria, suggeriscono che possono esercitare un 
impatto positivo diretto sul cervello, compresi 
cognizione e neuroprotezione (Nehlig, 2013).
Si ritiene che l'impatto neurobiologico dei flavanoli
sul cervello, sull'apprendimento, sulla memoria e 
sulla cognizione si verifichi in due modi principali 
(Fig. 1).



EFFETTI DEI FLAVANOLI DEL CACAO





Cacao, microbiota e cervello
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