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Anthocyanins are acknowledged for their great heterogeneity of colors, from orange
to blue hues in the visible spectrum. Due to their wide distribution in nature and struc-
tural diversity, they have made headlines. They display a large range of properties and
perform diverse roles in plants and transformed products [1,2]. In recent decades, scholars
have been turning their attention more and more insistently to these amazing molecules.
Knowledge about their biosynthesis, bioactivities, and biological relevance, as well as
their possible applications, is continuously broadening. Moreover, due to their relative
abundance in diets and their chemical and biological versatility, they possess notable health-
promoting features [3]. Nonetheless, we are only now truly beginning to understand how
their absorption might relate to their bioactivity. Similarly, novel anthocyanin-enriching
techniques are opening new opportunities for several applications in various industry
sectors as food additives, cosmetics, and pharmaceuticals, for manufacturing food and
non-food products. This Special Issue includes many highly advanced quality papers that
focus on the synthesis, methods of analysis, bioavailability, anti-inflammatory and health
promoting activity, and application in food and industry of these amazing compounds.

The manuscript by Pereira et al. [4] offers a valuable environmentally friendly, quick,
and straightforward alternative to flavylium compounds’ challenging and labor-intensive
functionalization, resulting in novel dyes with higher stabilities and dissimilar chromatic
features. This work reports the functionalization of a pyranoflavylium pigment using
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride coupling chemistry. Four
cinnamic acids (i.e., 4-dimethylamino-, 4-amino-, 4-bromo-, and trans-cinnamic acids) were
used to establish an ester bond with the hydroxyl group of the pyranoflavylium. An
excellent reaction yields up to 99% were achieved by opportunely modulating the molar
ratios, solvent, and reaction time. The structure of the functionalized pigments was fully
clarified using one-dimensional (1H) and two-dimensional (COSY, HSQC, and HMBC)
NMR experiments and HRSM analysis. Regardless of the type of functionalization, the
UV-Visible spectrum showed a bathochromic shift (red region) on the maximum absorp-
tion wavelength and the absence of acid-base reactions throughout a broad pH range in
comparison to the pyranoflavylium precursor.

As distiller grain is rich in natural active ingredients and can be used as an excellent
antioxidant feed for goats, Lu et al. [5] study the feeding value of four different types of
distiller grains (namely white, red, glutinous rice, and corn). Taken together, the results
of their work showed that red and glutinous rice distiller grains could be used as protein
feed; in particular, the former had higher levels of total phenols and total anthocyanins
as well as DPPH scavenging activity. In addition, corn distiller grain might be considered
as an alternative energy source feed, while white distiller grain exhibited higher total
gas production.

Direct antioxidant activity and modulation of cell redox-dependent signaling are the
main mechanisms associated with the beneficial properties of foods rich in anthocyanins
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against chronic inflammatory disorders such as intestinal bowel diseases. However, an-
thocyanins bioavailability is low due to their poor stability in the gastrointestinal tract.
Therefore, Speciale et al. [6] performed an in vitro simulated gastrointestinal digestion of
an anthocyanin-rich purified and standardized bilberry and blackcurrant extract (BBE),
evaluating their composition by HPLC-DAD analysis and the antioxidant activity by FRAP
assay, and studied the effects of a BBE gastrointestinal extract on Caco-2 exposed to TNF-α.
The results confirmed the high instability of anthocyanins in the mild alkaline environment
of the small intestine. However, the digested BBE maintained part of its bioactivity. Addi-
tionally, the BBE gastrointestinal extract inhibited the TNF-α-induced NF-κB pathway in
Caco-2 and activated the Nrf2 pathway.

The review by Avula et al. [7] grouped various analytical methodologies on the char-
acterization, quantification, and chemical profiling of the whole array of anthocyanins in
berries and fruits within the last two decades. In addition, the factors affecting the stability
of anthocyanins, including pH, light exposure, solvents, metal ions, and the presence of
other substances, such as enzymes and proteins, were addressed. Several sources of an-
thocyanins, including berries and fruits with their botanical identity and respective yields
of anthocyanins, were covered. In addition to chemical characterization, economically
motivated adulteration of anthocyanin-rich fruits and berries due to increasing consumer
demand are also the subject of discussion. Finally, the health benefits and the medicinal
utilities of anthocyanins were briefly discussed.

Anthocyanins have been shown to be effective in chronic diseases because of their
antioxidant and anti-inflammatory effects together with changes in the gut microbiota and
modulation of neuropeptides such as insulin-like growth factor-1. Therefore, Panchal and
Brown [8] examined whether these mechanisms may be effective to moderate the symptoms
of disorders of the central nervous system in humans, including schizophrenia, Parkinson’s
disease, Alzheimer’s disease, autism spectrum disorder, depression, anxiety, attention-
deficit hyperactivity disorder, and epilepsy. Thus, anthocyanins from fruits and berries
should be considered as complementary interventions to improve these chronic disorders.

In the review by Peniche-Pavía et al. [9], the authors focused on the importance of
maize flavonoids in pigmentation and the human health sector. They included updated
information about the enzymatic pathway of maize flavonoids, describing a total of twenty-
one genes for the flavonoid pathway of maize: the first three genes participate in the general
phenylpropanoid pathway, four genes are common biosynthetic early genes for flavonoids,
and fourteen are specific genes for the flavonoid subgroups, the anthocyanins, and flavone
C-glycosides. Then, they explained the tissue accumulation and regulation of flavonoids by
environmental factors affecting the expression of the MYB-bHLH-WD40 (MBW) transcrip-
tional complex. The study of transcription factors of the MBW complex is fundamental
for understanding how the flavonoid profiles generate a palette of colors in plant tissues.
Finally, they also included an update on the biological activities of cyanidin-3O-glucoside,
the major maize anthocyanin, including anticancer, antidiabetic, and antioxidant effects,
among others.

Finally, Alappat and Alappat [10] reviewed the biogenetics of anthocyanins together
with their colors, structural modifications, and stability, along with their various appli-
cations in human health and welfare. In particular, they analyzed how research in food
coloring, flavoring, and preserving industries has not satisfied the urge for natural and
sustainable colors and supplemental products. The lability of anthocyanins under various
formulated conditions is the primary reason for this delay. New gene editing technologies
to modify anthocyanin structures in vivo and the structural modification of anthocyanin
via semi-synthetic methods offer new opportunities in this area.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.



Molecules 2023, 28, 1812 3 of 3

Conflicts of Interest: The author declares no conflict of interest.

References
1. Naing, A.H.; Kim, C.K. Abiotic stress-induced anthocyanins in plants: Their role in tolerance to abiotic stresses. Physiol. Plant.

2021, 172, 1711–1723. [CrossRef] [PubMed]
2. Velenosi, M.; Crupi, P.; Perniola, R.; Marsico, A.D.; Salerno, A.; Alexandre, H.; Archidiacono, N.; Ventura, M.; Cardone, M.F. Color

Stabilization of Apulian Red Wines through the Sequential Inoculation of Starmerella bacillaris and Saccharomyces cerevisiae.
Molecules 2021, 26, 907. [CrossRef] [PubMed]

3. Milella, R.A.; Antonacci, D.; Crupi, P.; Incampo, F.; Carrieri, C.; Semeraro, N.; Colucci, M. Skin Extracts from 2 Italian Table
Grapes (Italia and Palieri) Inhibit Tissue Factor Expression by Human Blood Mononuclear Cells. J. Food Sci. 2012, 77, H154–H159.
[CrossRef] [PubMed]

4. Pereira, A.R.; Freitas, V.D.; Mateus, N.; Oliveira, J. Functionalization of 7-Hydroxy-pyranoflavylium: Synthesis of New Dyes with
Extended Chromatic Stability. Molecules 2022, 27, 7351. [CrossRef] [PubMed]

5. Lu, Q.; Luo, Q.; Li, J.; Wang, X.; Ban, C.; Qin, J.; Tian, Y.; Tian, X.; Chen, X. Evaluation of the chemical composition, bioactive
substance, gas production, and rumen fermentation parameters of four types of distiller’s grains. Molecules 2022, 27, 6134.
[PubMed]

6. Speciale, A.; Bashllari, R.; Muscarà, C.; Molonia, M.S.; Saija, A.; Saha, S.; Wilde, P.J.; Cimino, F. Anti-Inflammatory Activity of an
In Vitro Digested Anthocyanin-Rich Extract on Intestinal Epithelial Cells Exposed to TNF-α. Molecules 2022, 27, 5368. [CrossRef]
[PubMed]

7. Avula, B.; Katragunta, K.; Osman, A.G.; Ali, Z.; John Adams, S.; Chittiboyina, A.G.; Khan, I.A. Advances in the Chemistry,
Analysis and Adulteration of Anthocyanin Rich-Berries and Fruits: 2000–2022. Molecules 2023, 28, 560. [CrossRef] [PubMed]

8. Panchal, S.K.; Brown, L. Potential Benefits of Anthocyanins in Chronic Disorders of the Central Nervous System. Molecules 2022,
28, 80. [CrossRef] [PubMed]

9. Peniche-Pavía, H.A.; Guzmán, T.J.; Magaña-Cerino, J.M.; Gurrola-Díaz, C.M.; Tiessen, A. Maize Flavonoid Biosynthesis, Regula-
tion, and Human Health Relevance: A Review. Molecules 2022, 27, 5166. [CrossRef] [PubMed]

10. Alappat, B.; Alappat, J. Anthocyanin pigments: Beyond aesthetics. Molecules 2020, 25, 5500. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/ppl.13373
http://www.ncbi.nlm.nih.gov/pubmed/33605458
http://doi.org/10.3390/molecules26040907
http://www.ncbi.nlm.nih.gov/pubmed/33572140
http://doi.org/10.1111/j.1750-3841.2012.02818.x
http://www.ncbi.nlm.nih.gov/pubmed/22860586
http://doi.org/10.3390/molecules27217351
http://www.ncbi.nlm.nih.gov/pubmed/36364177
http://www.ncbi.nlm.nih.gov/pubmed/36144867
http://doi.org/10.3390/molecules27175368
http://www.ncbi.nlm.nih.gov/pubmed/36080136
http://doi.org/10.3390/molecules28020560
http://www.ncbi.nlm.nih.gov/pubmed/36677615
http://doi.org/10.3390/molecules28010080
http://www.ncbi.nlm.nih.gov/pubmed/36615279
http://doi.org/10.3390/molecules27165166
http://www.ncbi.nlm.nih.gov/pubmed/36014406
http://doi.org/10.3390/molecules25235500
http://www.ncbi.nlm.nih.gov/pubmed/33255297

	References

