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Cocoa has been used as a ceremonial and hedonistic food for thousands of years in the tropical
parts of America and for hundreds of years in the western world. In the last decades, health-related
aspects of cocoa have come into the focus of research. This Special Issue entitled “Cocoa, Chocolate,
and Human Health” presents the most recent findings on cocoa and health in 14 peer-reviewed articles,
including nine original contributions and five reviews from cocoa experts around the world.

Polyphenols of all kinds have attracted great attention because of their possible beneficial
effects [1,2], but one has to keep in mind the enormous variety within the group of polyphenolic
compounds. Cocoa and cocoa-containing food such as chocolate are particularly rich in flavan-3-ols,
i.e., mainly epicatechin and its close relatives, the proanthocyanidins [3]. Bioavailability and metabolism
of the native flavanols and the process-derived flavanols in cocoa and cocoa products are the subjects
of three contributions. Stereoisomers of (–)-epicatechin that are generated during roasting and
alkalization are less bioavailable than the native (–)-epicatechin [4]. Phase-II-conjugates of epicatechin
and metabolites without an intact flavanol core like phenolic acids are found in plasma and urine [5].
Further metabolites such as valerolactones are formed by the gut microbiome by the degradation of
non-absorbed flavanols. These microbial metabolites are present in human plasma at roughly five
times higher concentrations than epicatechin conjugates [6]. The impact of all these metabolites for
health has not yet been completely elucidated. Nevertheless, current data suggest possible evidence
that these microbial metabolites might also be relevant for human health [7].

Besides flavanols, theobromine and other methylxanthines, peptides [8], and volatile aroma
compounds [9] might also affect human health, e.g., theobromine, which seems to improve memory
in rats [10]. Many studies, being intervention studies or epidemiological observations, do not focus
on single compounds, but on cocoa as such; in some cases, enriched in polyphenols. In these studies,
an observed effect can hardly be ascribed to a single constituent but proves the effectiveness of cocoa
as a functional food.

In this Special Issue, a positive influence of cocoa on hearing problems, exercise performance,
and metabolic syndrome is discussed with mixed results. Hearing loss was found to be inversely
associated with chocolate consumption in a middle-aged subgroup, but tinnitus did not depend
on chocolate consumption [11]. In a review of thirteen clinical trials with athletes, a reduction of
exercise-induced oxidative stress was found. However, regarding exercise performance and recovery,
inconsistent results in literature did not allow a clear conclusion to be drawn [12].

There is evidence that cocoa flavanols may modulate some risk factors related to the
metabolic syndrome, such as hypertension and disorders in glucose and lipid metabolism [13,14].
Several cardiometabolic parameters in type 2 diabetics were not affected by a flavanol-rich cocoa powder
as simultaneous treatment with potent pharmaceuticals such as oral antidiabetic and antihypertensive
drugs might have exhausted the effect of cocoa [15]. Also, the cocoa bean shell as a by-product of cocoa
production contains valuable phytochemicals and can be used as an ingredient for functional food [16].
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Three chapters focus on technical processes affecting cocoa components. During ripening and
post-harvest processing, such as fermentation, drying, and roasting of cocoa beans, chemical changes
occur to a lesser or greater extent, which concern almost all compounds. This has been known for
many years regarding the flavanols, but proteins [17] and volatile compounds [9] are also formed or
decomposed. Chocolate, the most popular cocoa product, shows remarkable losses in polyphenols and
vitamin E during 18 months of storage. This is accompanied by changes in sensory profiles, while the
flavor still remains acceptable [18].

Food and food supplements containing cocoa, enriched cocoa, or cocoa extracts are available
for the costumers. The hoped-for effects are up to now only partly covered by scientific evidence.
However, we have to bear in mind that manufacturers of such products do not only want to make the
world a better place, but they also have financial interests.

As guest editors, we would like to acknowledge all the authors for their valuable contributions
and the reviewers for their constructive remarks. Special thanks to the publishing team of Nutrients at
MDPI for their professional support in all aspects of this Special Issue.

Funding: This research received no external funding.

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

References

1. Williamson, G. The role of polyphenols in modern nutrition. Nutr. Bull. 2017, 42, 226–235. [CrossRef]
[PubMed]

2. Grosso, G. Effects of Polyphenol-Rich Foods on Human Health. Nutrients 2018, 10, 1089. [CrossRef] [PubMed]
3. Damm, I.; Enger, E.; Chrubasik-Hausmann, S.; Schieber, A.; Zimmermann, B.F. Fast and comprehensive

analysis of secondary metabolites in cocoa products using ultra high-performance liquid chromatography
directly after pressurized liquid extraction. J. Sep. Sci. 2016, 39, 3113–3122. [CrossRef]

4. Ellinger, S.; Reusch, A.; Henckes, L.; Ritter, C.; Zimmermann, B.F.; Ellinger, J.; Galensa, R.; Stehle, P.;
Helfrich, H.-P. Low Plasma Appearance of (+)-Catechin and (−)-Catechin Compared with Epicatechin after
Consumption of Beverages Prepared from Nonalkalized or Alkalized Cocoa—A Randomized, Double-Blind
Trial. Nutrients 2020, 12, 231. [CrossRef]

5. Mayorga-Gross, A.L.; Esquivel, P. Impact of Cocoa Products Intake on Plasma and Urine Metabolites:
A Review of Targeted and Non-Targeted Studies in Humans. Nutrients 2019, 11, 1163. [CrossRef] [PubMed]

6. Gómez-Juaristi, M.; Sarriá, B.; Martínez-López, S.; Bravo-Clemente, L.; Mateos, R. Flavanol Bioavailability in
Two Cocoa Products with Different Phenolic Content. A Comparative Study in Humans. Nutrients 2019,
11, 1441. [CrossRef] [PubMed]

7. Márquez Campos, E.; Stehle, P.; Simon, M.C. Microbial Metabolites of Flavan-3-Ols and Their Biological
Activity. Nutrients 2019, 11, 2260. [CrossRef] [PubMed]

8. Marseglia, A.; Dellafiora, L.; Prandi, B.; Lolli, V.; Sforza, S.; Cozzini, P.; Tedeschi, T.; Galaverna, G.; Caligiani, A.
Simulated Gastrointestinal Digestion of Cocoa: Detection of Resistant Peptides and in Silico/in Vitro Prediction
of Their Ace Inhibitory Activity. Nutrients 2019, 11, 985. [CrossRef] [PubMed]

9. Mota-Gutierrez, J.; Barbosa-Pereira, L.; Ferrocino, I.; Cocolin, L. Traceability of Functional Volatile Compounds
Generated on Inoculated Cocoa Fermentation and Its Potential Health Benefits. Nutrients 2019, 11, 884.
[CrossRef] [PubMed]

10. Islam, R.; Matsuzaki, K.; Sumiyoshi, E.; Hossain, M.E.; Hashimoto, M.; Katakura, M.; Sugimoto, N.; Shido, O.
Theobromine Improves Working Memory by Activating the CaMKII/CREB/BDNF Pathway in Rats. Nutrients
2019, 11, 888. [CrossRef] [PubMed]

11. Lee, S.-Y.; Jung, G.; Jang, M.-J.; Suh, M.-W.; Lee, J.; Oh, S.-H.; Park, M. Association of Chocolate Consumption
with Hearing Loss and Tinnitus in Middle-Aged People Based on the Korean National Health and Nutrition
Examination Survey 2012–2013. Nutrients 2019, 11, 746. [CrossRef] [PubMed]

12. Massaro, M.; Scoditti, E.; Carluccio, M.; Kaltsatou, A.; Cicchella, A. Effect of Cocoa Products and Its
Polyphenolic Constituents on Exercise Performance and Exercise-Induced Muscle Damage and Inflammation:
A Review of Clinical Trials. Nutrients 2019, 11, 1471. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/nbu.12278
http://www.ncbi.nlm.nih.gov/pubmed/28983192
http://dx.doi.org/10.3390/nu10081089
http://www.ncbi.nlm.nih.gov/pubmed/30110959
http://dx.doi.org/10.1002/jssc.201600422
http://dx.doi.org/10.3390/nu12010231
http://dx.doi.org/10.3390/nu11051163
http://www.ncbi.nlm.nih.gov/pubmed/31137636
http://dx.doi.org/10.3390/nu11071441
http://www.ncbi.nlm.nih.gov/pubmed/31247980
http://dx.doi.org/10.3390/nu11102260
http://www.ncbi.nlm.nih.gov/pubmed/31546992
http://dx.doi.org/10.3390/nu11050985
http://www.ncbi.nlm.nih.gov/pubmed/31052202
http://dx.doi.org/10.3390/nu11040884
http://www.ncbi.nlm.nih.gov/pubmed/31010207
http://dx.doi.org/10.3390/nu11040888
http://www.ncbi.nlm.nih.gov/pubmed/31010016
http://dx.doi.org/10.3390/nu11040746
http://www.ncbi.nlm.nih.gov/pubmed/30935024
http://dx.doi.org/10.3390/nu11071471
http://www.ncbi.nlm.nih.gov/pubmed/31261645


Nutrients 2020, 12, 698 3 of 3

13. Rynarzewski, J.; Dicks, L.; Zimmermann, B.; Stoffel-Wagner, B.; Ludwig, N.; Helfrich, H.-P.; Ellinger, S.
Impact of a Usual Serving Size of Flavanol-Rich Cocoa Powder Ingested with a Diabetic-Suitable Meal
on Postprandial Cardiometabolic Parameters in Type 2 Diabetics—A Randomized, Placebo-Controlled,
Double-Blind Crossover Study. Nutrients 2019, 11, 417. [CrossRef] [PubMed]

14. Jaramillo, F.M.E. Cocoa Flavanols: Natural Agents with Attenuating Effects on Metabolic Syndrome Risk
Factors. Nutrients 2019, 11, 751. [CrossRef] [PubMed]

15. Dicks, L.; Kirch, N.; Gronwald, D.; Wernken, K.; Zimmermann, B.; Helfrich, H.-P.; Ellinger, S. Regular
Intake of a Usual Serving Size of Flavanol-Rich Cocoa Powder Does Not Affect Cardiometabolic Parameters
in Stably Treated Patients with Type 2 Diabetes and Hypertension—A Double-Blinded, Randomized,
Placebo-Controlled Trial. Nutrients 2018, 10, 1435. [CrossRef] [PubMed]

16. Rojo-Poveda, O.; Barbosa-Pereira, L.; Mateus-Reguengo, L.; Bertolino, M.; Stévigny, C.; Zeppa, G. Effects
of Particle Size and Extraction Methods on Cocoa Bean Shell Functional Beverage. Nutrients 2019, 11, 867.
[CrossRef]

17. Rawel, H.; Huschek, G.; Sagu, S.; Homann, T. Cocoa Bean Proteins—Characterization, Changes and
Modifications due to Ripening and Post-Harvest Processing. Nutrients 2019, 11, 428. [CrossRef]

18. Roda, A.; Lambri, M. Changes in Antioxidants and Sensory Properties of Italian Chocolates and Related
Ingredients under Controlled Conditions During an Eighteen-Month Storage Period. Nutrients 2019, 11, 2719.
[CrossRef] [PubMed]

© 2020 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/10.3390/nu11020417
http://www.ncbi.nlm.nih.gov/pubmed/30781485
http://dx.doi.org/10.3390/nu11040751
http://www.ncbi.nlm.nih.gov/pubmed/30935075
http://dx.doi.org/10.3390/nu10101435
http://www.ncbi.nlm.nih.gov/pubmed/30301127
http://dx.doi.org/10.3390/nu11040867
http://dx.doi.org/10.3390/nu11020428
http://dx.doi.org/10.3390/nu11112719
http://www.ncbi.nlm.nih.gov/pubmed/31717543
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

