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With the onset of omics sciences, in the 20th century, nutritional studies evolved to
investigate the effects of diet at a molecular level, giving rise to nutritional genomics, which
includes both nutrigenomics and nutrigenetics [1]. This fact changed the focus of the field
of nutrition, generating an incredible amount of data regarding the interaction of nutrients
and food components with genes. The development of new tools to analyze, quantify,
and process the data significantly contributed to advancements in this field of research.
Simultaneously, evidence about the importance of eating timing and dietary patterns grew,
thus highlighting that circadian rhythms modulate many aspects of physiology. In this
regard, the knowledge of the molecular basis of these rhythms has rapidly expanded
in recent years, as well as knowledge of the interaction of nutrition on their regulation.
Altogether, a new field of nutrition, known as chrononutrition, has emerged [2].

This new research field focuses on the relationship between biological rhythms, nutri-
tion, and metabolism. It has been shown that these factors have a direct impact on human
health. Indeed, the disruption of biological rhythms is believed to be an element of the
onset of metabolic diseases such as metabolic syndrome [3]. On the other hand, it has been
reported that some components of diet, such as phenolic compounds, can interact with the
molecular clocks, thus contributing to the maintenance of the rhythms [4]. In this regard,
some studies have already shown that phenolic compounds from grape seed extract (GSPE),
only when administered at night, enhanced the energy profile and improved mitochondrial
function and oxidation in the liver in diet-obese male Fischer 344 rats [5]. Interestingly, in
these animals, the bioavailability of the phenolic compounds of this extract was dependent
on the moment of administration, increasing the amount of some microbial metabolites
when administered at night [6]. Unfortunately, there are not many studies that focus on
the evaluation of the impact on the consumption of bioactive compounds under different
photoperiods. In this regard, some studies have evaluated the effect of the consumption
of phenolic-rich fruits including cherries, oranges, tomatoes, and grapes. The results have
shown that bioavailability and metabolic effects are dependent on the photoperiod of
consumption [7–12].

In this sense, the collection of manuscripts presented in this Special Issue sheds
some light on different aspects of biological rhythms and nutrition in relation to the
maintenance of health. Arreaza-Gil et al. [13] show that the photoperiod modulates the
composition of gut microbiota, especially in obesity, and these changes can be related to
several physiological parameters such as body weight gain and adipose tissue distribution.
Indeed, regarding adipose tissue, Ribas-Latre and Eckel-Mahan [14] review the importance
of the peripheral clocks located in adipose tissue in the maintenance of health. Focusing
on nutrition, the consumption of fruits (cherries and tomatoes) has been shown to exert a
photoperiod-dependent effect. For instance, in cherries, some plasma metabolic parameters,
such as triacylglycerides and the hepatic expression of genes from the lipid metabolism,
were changed across the photoperiod [15]. Comparably, in tomatoes, the seasonal daylight
schedule affected the bioavailability of their phenolic compounds, which could partially
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explain the different results obtained among the photoperiods [16]. These results highlight
the importance of seasonality and the photoperiod of consumption on the metabolic
effects of fruits. Finally, phenolic extracts such as GSPE mitigate the disturbances caused
by an abrupt photoperiod change in rats, thus contributing to the adaptation to new
photoperiods [17].

All these results, as well as those previously published by other authors, raise the
question of whether the impact on the health of food or food components could be different
if the experiments had been carried out at different administration times, including both
circadian and circannual points. Indeed, many of the articles usually do not report the
moment of administration of the bioactives under study or even the light/dark cycles
during housing. For instance, some studies do not control administration time and add
the bioactive compounds into the feed, thus losing the capacity to determine the actual
moment of administration. All these factors could underlie the wide array of results and
effects observed among the effects of different bioactive compounds in animal studies. The
problem is worst when moving to clinical studies, where the timing of consumption of
bioactive compounds is not easily controlled, introducing an important confounding factor
into the results, thus contributing to increasing variability, hindering the identification of
effects among different experimental groups, or even the reproducibility of the studies.

Altogether, the evidence shows that biological rhythms play a crucial role in the regu-
lation of the metabolism. Therefore, guidelines considering the moment of administration
and the light/dark cycles when planning and reporting animal and human studies are
essential to be able to obtain clear conclusions from the studies. Ultimately, dietary recom-
mendations, as well as those concerning nutraceuticals and functional foods, must advise
consumers about the moment of intake to maximize the derived health effects.

Funding: This research received no external funding.

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

References
1. Ordovas, J.M.; Corella, D. Nutritional Genomics. Annu. Rev. Genomics Hum. Genet. 2004, 5, 71–118. [CrossRef] [PubMed]
2. Ruddick-Collins, L.C.; Johnston, J.D.; Morgan, P.J.; Johnstone, A.M. The Big Breakfast Study: Chrono-nutrition influence on

energy expenditure and bodyweight. Nutr. Bull. 2018, 43, 174–183. [CrossRef] [PubMed]
3. Zimmet, P.; Alberti, K.G.M.M.; Stern, N.; Bilu, C.; El-Osta, A.; Einat, H.; Kronfeld-Schor, N. The Circadian Syndrome: Is the

Metabolic Syndrome and much more! J. Intern. Med. 2019, 286, 181–191. [CrossRef] [PubMed]
4. Ribas-Latre, A.; Del Bas, J.M.; Baselga-Escudero, L.; Casanova, E.; Arola-Arnal, A.; Salvadó, M.J.; Arola, L.; Bladé, C. Dietary

proanthocyanidins modulate melatonin levels in plasma and the expression pattern of clock genes in the hypothalamus of rats.
Mol. Nutr. Food Res. 2015, 59, 865–878. [CrossRef] [PubMed]

5. Rodríguez, R.M.; Cortés-Espinar, A.J.; Soliz-Rueda, J.R.; Feillet-Coudray, C.; Casas, F.; Colom-Pellicer, M.; Aragonès, G.; Avila-
Román, J.; Muguerza, B.; Mulero, M.; et al. Time-of-Day Circadian Modulation of Grape-Seed Procyanidin Extract (GSPE) in
Hepatic Mitochondrial Dynamics in Cafeteria-Diet-Induced Obese Rats. Nutrients 2022, 14, 774. [CrossRef] [PubMed]

6. Escobar-Martínez, I.; Arreaza-Gil, V.; Muguerza, B.; Arola-Arnal, A.; Bravo, F.I.; Torres-Fuentes, C.; Suárez, M. Administration
Time Significantly Affects Plasma Bioavailability of Grape Seed Proanthocyanidins Extract in Healthy and Obese Fischer 344 Rats.
Mol. Nutr. Food Res. 2022, 66, e2100552. [CrossRef] [PubMed]

7. Mariné-Casadó, R.; Domenech-Coca, C.; del Bas, J.M.; Bladé, C.; Caimari, A.; Arola, L. Cherry consumption out of season
alters lipid and glucose homeostasis in normoweight and cafeteria-fed obese Fischer 344 rats. J. Nutr. Biochem. 2019, 63, 72–86.
[CrossRef] [PubMed]

8. Gibert-Ramos, A.; Crescenti, A.; Salvadó, M.J. Consumption of cherry out of season changes white adipose tissue gene expression
and morphology to a phenotype prone to fat accumulation. Nutrients 2018, 10, 1102. [CrossRef] [PubMed]

9. Ibars, M.; Aragonès, G.; Ardid-Ruiz, A.; Gibert-Ramos, A.; Arola-Arnal, A.; Suárez, M.; Bladé, C. Seasonal consumption of
polyphenol-rich fruits affects the hypothalamic leptin signaling system in a photoperiod-dependent mode. Sci. Rep. 2018, 8, 13572.
[CrossRef] [PubMed]

10. Gibert-Ramos, A.; Palacios-Jordan, H.; Salvado, M.J.; Crescenti, A.; Salvadó, M.J.; Crescenti, A. Consumption of out-of-season
orange modulates fat accumulation, morphology and gene expression in the adipose tissue of Fischer 344 rats. Eur. J. Nutr. 2019,
59, 621–631. [CrossRef] [PubMed]

http://doi.org/10.1146/annurev.genom.5.061903.180008
http://www.ncbi.nlm.nih.gov/pubmed/15485344
http://doi.org/10.1111/nbu.12323
http://www.ncbi.nlm.nih.gov/pubmed/29861661
http://doi.org/10.1111/joim.12924
http://www.ncbi.nlm.nih.gov/pubmed/31081577
http://doi.org/10.1002/mnfr.201400571
http://www.ncbi.nlm.nih.gov/pubmed/25677201
http://doi.org/10.3390/nu14040774
http://www.ncbi.nlm.nih.gov/pubmed/35215423
http://doi.org/10.1002/mnfr.202100552
http://www.ncbi.nlm.nih.gov/pubmed/34851030
http://doi.org/10.1016/j.jnutbio.2018.09.013
http://www.ncbi.nlm.nih.gov/pubmed/30359863
http://doi.org/10.3390/nu10081102
http://www.ncbi.nlm.nih.gov/pubmed/30115853
http://doi.org/10.1038/s41598-018-31855-y
http://www.ncbi.nlm.nih.gov/pubmed/30206280
http://doi.org/10.1007/s00394-019-01930-9
http://www.ncbi.nlm.nih.gov/pubmed/30788591


Nutrients 2022, 14, 4607 3 of 3

11. Iglesias-Carres, L.; Mas-Capdevila, A.; Bravo, F.I.; Arola, L.; Muguerza, B.; Arola-Arnal, A. Exposure of Fischer 344 rats to distinct
photoperiods influences the bioavailability of red grape polyphenols. J. Photochem. Photobiol. B 2019, 199, 111623. [CrossRef]
[PubMed]

12. Cruz-Carrión, A.; Ruiz de Azua, M.J.; Mulero, M.; Arola-Arnal, A.; Suárez, M. Oxidative Stress in Rats is Modulated by Seasonal
Consumption of Sweet Cherries from Different Geographical Origins: Local vs. Non-Local. Nutrients 2020, 12, 2854. [CrossRef]
[PubMed]

13. Arreaza-Gil, V.; Escobar-Martínez, I.; Suárez, M.; Bravo, F.I.; Muguerza, B.; Arola-Arnal, A.; Torres-Fuentes, C. Gut Seasons:
Photoperiod Effects on Fecal Microbiota in Healthy and Cafeteria-Induced Obese Fisher 344 Rats. Nutrients 2022, 14, 722.
[CrossRef] [PubMed]

14. Ribas-Latre, A.; Eckel-Mahan, K. Nutrients and the Circadian Clock: A Partnership Controlling Adipose Tissue Function and
Health. Nutrients 2022, 14, 2084. [CrossRef] [PubMed]

15. Ruiz de Azua, M.J.; Cruz-Carrión, A.; Muguerza, B.; Arola-Arnal, A.; Suarez, M. Seasonal Consumption of Cherries from Different
Origins Affects Metabolic Markers and Gene Expression of Lipogenic Enzymes in Rat Liver: A Preliminary Study. Nutrients 2021,
13, 3643. [CrossRef] [PubMed]

16. Cruz-Carrión, A.; Calani, L.; Ruiz de Azua, M.J.; Mena, P.; Del Rio, D.; Arola-Arnal, A.; Suárez, M. Impact of Seasonal
Consumption of Local Tomatoes on the Metabolism and Absorption of (Poly)Phenols in Fischer Rats. Nutrients 2022, 14, 2047.
[CrossRef] [PubMed]

17. Soliz-Rueda, J.R.; López-Fernández-Sobrino, R.; Bravo, F.I.; Aragonès, G.; Suarez, M.; Muguerza, B. Grape Seed Proanthocyanidins
Mitigate the Disturbances Caused by an Abrupt Photoperiod Change in Healthy and Obese Rats. Nutrients 2022, 14, 1834.
[CrossRef]

http://doi.org/10.1016/j.jphotobiol.2019.111623
http://www.ncbi.nlm.nih.gov/pubmed/31525717
http://doi.org/10.3390/nu12092854
http://www.ncbi.nlm.nih.gov/pubmed/32961863
http://doi.org/10.3390/nu14030722
http://www.ncbi.nlm.nih.gov/pubmed/35277081
http://doi.org/10.3390/nu14102084
http://www.ncbi.nlm.nih.gov/pubmed/35631227
http://doi.org/10.3390/nu13103643
http://www.ncbi.nlm.nih.gov/pubmed/34684644
http://doi.org/10.3390/nu14102047
http://www.ncbi.nlm.nih.gov/pubmed/35631187
http://doi.org/10.3390/nu14091834

	References

