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Abstract: Edible wild plants are part of the 
ethnobotanical and gastronomic heritage of 
different geographical areas, often recognized 
as a local gastronomic tradition. Corema 
album L. is an endemic species of the dune 
systems of the Atlantic coast of the Iberian 
Peninsula. This plant, especially the fruit, 
has aroused growing interest, not only 
for its nutritional value and organoleptic 
characteristics but also as a way of diversifying 
eating habits and promoting biodiversity and 
ecological sustainability. Like other fruits with 
similar morphology, the Corema album berry 
is rich in polyphenols, which have recognized 
biological activities. The use of natural products 
for the development of new compounds with 
antioxidant and antimicrobial activity is 
becoming increasingly imperative, both for 
nutraceutical and pharmaceutical products. 
In view of the above, this article aims to 
report the importance of shrimp berries 
as a sustainable food alternative and/or a 
plant with extractable active ingredients for 
future incorporation into pharmaceuticals or 
cosmetics.
Keywords: Shrimp, natural resource, 
polyphenols, biological properties, sustainable 
economy.

INTRODUCTION
Edible wild plants have been the subject of 

increasing interest, not only for their nutritional 
value, but also as a way of diversifying eating 
habits and promoting biodiversity and 
ecological sustainability. The sustainable use 
and fair distribution of natural resources have 
been considered one of the main priorities 
for humanity, as defined by the International 
Treaty on Plant Genetic Resources for Food 
and Agriculture, of the Food and Agriculture 
Organization of the United Nations (FAO). . 
However, despite certain advantages, it must 
be taken into account that many undervalued 
endemic plants may contain some toxic 

compounds, which is a reason that promotes 
their exhaustive study. Likewise, promoting 
its consumption must occur in a controlled 
and safe manner, and only after extensive 
chemical characterization of each plant 
(Lagneaux et al., 2021). It is well recognized 
that food is essential, but in its vital role in 
the lives of the population, health is often 
disregarded (Alexandri et al., 2022). However, 
this mentality has been changing, as industry, 
researchers and consumers are now paying 
more attention to disease prevention through 
healthier diet management and balanced, 
natural foods, boosting choice of undervalued 
products and/or by-products (Damián et al., 
2022).

In fact, it is common knowledge that the 
effects of poor diets on the population include 
malnutrition, non-communicable diseases 
and obesity. ‘Hidden hunger’, also known as 
micronutrient deficiency, leads to several 
health-related disorders and diseases. Wild 
plants, in the form of fruits and/or vegetables, 
are currently the target of study as an 
alternative source of nutrients and bioactive 
phytochemicals, satisfying both dietary needs 
and health promotion.

SHRIMP (COREMA ALBUM)
Corema album L. (Figure 1), known as 

shrimp or white mulberry, is a plant endemic 
to the Iberian Peninsula, belonging to the 
Ericaceae family. It is a small shrub, which 
spreads throughout the Portuguese coastal 
strip. 

The generic name Corema comes from 
the Greek ‘Korema’ which means broom, an 
object that can be made using the dry branches 
of this plant and the specific epithet ‘album’ 
comes from the Latin, meaning white, given 
the color of the ripe shrimp berries. According 
to Gil-López (2011), in recent decades, due to 
multiple endogenous and exogenous factors, 
there has been a regression in the spread of 
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shrimp, including its extinction in some areas 
of the western coast of the Iberian Peninsula. 
In fact, dune ecosystems have been affected by 
the appearance of invasive nitrophilic plants, 
such as Carpobrotus edulis, and the reduction 
of fauna responsible for the dispersion of 
seeds and, consequently, the propagation of 
the species. The continuous loss of habitat 
and competition with invasive species have 
compromised the regeneration and survival 
of several populations of C. album, with a 
consequent decrease in the production and 
respective commercialization of these berries. 
However, being a little-known species, its 
consumption is known through records 
that mention its use as food by coastal 
populations, especially during World War II 
(a period of famine) and, given its nutritional 
and chemistry, is currently investigated in 
the area of small fruits (Barroca and Moreira 
da Silva, 2021; Oliveira et al., 2020; Jacinto 
et al., 2019). The lack of genetic information 
and studies on C. album is one of the biggest 
limitations to its establishment as a new crop 
and, consequently, its recovery and future 
cultivation. However, taking into account its 
health benefits, it is imperative to increase 
its production, always from an economically 
sustainable perspective. 

BIOACTIVE COMPOUNDS FROM 
SHRIMP
The shrimp, being an endemic and wild 

species, develops under variable, sometimes 
even abrupt, edaphic and clamateria 
conditions. As the impact of global warming 
intensifies the effects of drought, plants need 
to adapt to drought and other climate change-
induced stresses through several defense 
mechanisms. One of them is the increased 
synthesis of bioactive compounds, which 
help plants overcome adverse environmental 
conditions (Dujmovic et al., 2023). Bioactive 
compounds are products of different 

metabolic pathways in plants and their 
synthesis is influenced by abiotic and biotic 
factors. It is known that different stress factors 
can intensify and improve the synthesis of 
secondary metabolites. Numerous studies 
show that plants subjected to induced 
stress conditions and changes in the growth 
environment, such as drought, salinity and 
thermal stress, can increase the synthesis and 
accumulation of some bioactive compounds 
(phenolic acids, flavonoids, anthocyanins 
and glucosinolates). The profile of secondary 
metabolites present in the shrimp berry 
appears to be very heterogeneous. Some studies 
have found a high diversity of phytochemicals, 
specifically, phenolic acids (in their free, 
ester and glycosidic forms), flavonoids and 
tannins (Andrade et al., 2017; Paredes-López 
et al., 2010). Methanolic extracts from C. 
album berries allowed the quantification of 
75% of phenolic acids, 22% of flavonoids 
and1% of anthocyanins. Andrade et al. (2017) 
identified high levels of phenolic compounds, 
particularly phenolic acids (with benzoic, 
caffeic and ferulic acids being the predominant 
ones) (Figure 2), flavonols (especially 
quercetin 3-O-glucoside and rutin) (Figure 
3), and as an dye anthocyanins (delphinidin 
3-O-hexoside, cyanidin 3-O-glucoside and 
cyanidin 3-O-pentoside). However, León-
González et al. (2013) reported other phenolic 
acids, including gallic acid, chlorogenic acid, 
p-coumaric acid, vanillic acid, and syringic 
acid. The same authors considered benzoic, 
caffeic, syringic and vanillic acids as the 
predominant ones in the fruit (León-González 
et al., 2013).

Chlorogenic acid (Figure 4) has also been 
referred to as one of the main phenolic acids 
in shrimp berry (Jacinto et al., 2021). 

It is known that coffee and fruits are the 
largest exogenous sources of chlorogenic 
acid in the diet and some epidemiological 
studies have suggested an association between 
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the consumption of these foods and disease 
prevention (Wang et al., 2022; Zielińska et al., 
2020). 

Although studies carried out to date are not 
conclusive, however, everything indicates the 
existence of an inverse relationship between 
the consumption of foods rich in chlorogenic 
acid and the risk of developing chronic non-
communicable diseases (Chai et al., 2023; 
Murai and Matsuda, 2023; Zhang et al., 2023).

Regarding compounds with chromophoric 
action, it is known that there are few chemical 
groups that present these characteristics in the 
plant kingdom. In addition to chlorophylls 
(photosynthetic pigments), there are 
anthocyanins (flavonoids), betalains (colored 
alkaloids) and carotenoids (tetraterpenes).

The organothetic characteristics of the 
fruits are also directly related to the presence of 
bioactive compounds. In fact, all chromophore 
compounds exert diverse functions on the 
plant, such as protection from UV, attraction 
to pollinating agents and/or predators (Vinha 
et al., 2023a; Kapoor et al., 2022). However, 
from the consumer’s perspective, one of 
the first perceptions of food is its color, a 
characteristic that strongly influences food 
choice. The berries (berries) have a white 
hue throughout their ripening process. This 
tone justifies the presence of low levels of 
anthocyanins (cyanidin and delphinidin). 
However, the small amount of this group of 
flavonoids does not invalidate the presence 
of another type of flavonoids. For example, 
quercetin (3,5,7,3´,4´-pentahydroxyflavone) 
is a colorless flavonoid and is widely 
distributed in flowers, bark, stems, roots, 
wine, vegetables, tea, fruits such as apples, 
dill, onion fruits and capers (Aghababaei and 
Hadidi, 2023). Due to the lack of color in the 
shrimp berry, it is believed that its presence is 
even more obvious.

BIOLOGICAL PROPERTIES OF 
SHRIMP 
Currently, polyphenolic compounds 

occupy a unique place in environmental 
science as an important class of bioactive 
natural molecules. Polyphenols are found in 
almost all plant families and are concentrated 
in leaf tissue, epidermis, bark layers, flowers 
and fruits. In recent years, with the increasing 
recognition of the biological properties of 
phenolic compounds, it has been discovered 
that they exert several activities, such as 
antioxidant (Vinha et al., 2023a; Martins et 
al., 2016), antimicrobial (Lobiuc et al., 2023), 
anticarcinogenic (Bakrim et al., 2022), anti-
inflammatory (Liu et al., 2023), preventers 
of cardiovascular diseases (Vázquez-Ruiz 
et al., 2022), diabetes (Dias et al., 2022) and 
associated diseases oxidative stress (Vinha et 
al., 2023b).

This way, through the chemical profile 
described, it can be said that the synergistic 
effect between the different compounds present 
in the shrimp berry can present multiple 
activities. For example, the phenolic acids 
described in this fruit (benzoic, vanillic, gallic, 
p-coumaric, syringic and chlorogenic acids) 
have substantial lipid and aqueous solubility 
and can inhibit oxidative deterioration when 
added as functional ingredients in emulsions 
(seasonings, sauces, soups and desserts) 
(Kiokias et al., 2020). However, the hypothesis 
of the use of these berries as antimicrobial 
agents, commonly valid for use in the food 
and/or pharmaceutical industry, cannot be 
discounted. 

PHENOLICS AND THEIR 
BIOLOGICAL FUNCTIONS

Based on the profile of the aforementioned 
phenolic compounds present in the shrimp 
berry, some of the most relevant activities of 
each of them are mentioned.
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Figure 1. Plant morphology:Corema album. 

Figure 2. Chemical structures of the main phenolic acids present in berries of C. album.

Figure 3. Chemical structures of the main flavonols present in berries of C. album.

Figure 4. Chemical structure of chlorogenic acid (ester of caffeic acid and (L)-quinic acid).
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BENZOIC ACID AND DERIVATIVES
Benzoic and p-hydroxybenzoic acid are 

organic chemical compounds obtained both 
naturally and through chemical synthesis. 
Several studies cite various biological 
properties of this compound(s), such as 
antimicrobial, antimutagenic, antiestrogenic, 
hypoglycemic, anti-inflammatory, antiplatelet, 
nematicidal, antiviral and antioxidant 
(Walczak-Nowicka and Herbet, 2022; Li 
et al., 2020). It is also used as a scavenging 
agent for hydroxyl radicals produced during 
cerebral ischemia and reperfusion and is also 
widely used as a preservative (additive) in 
medicines, cosmetics, pharmaceuticals, foods 
and beverages (Walczak-Nowicka and Herbet, 
2022). 

The drastic increase in multidrug-resistant 
microbial infections has become a serious 
danger to public health. 4-p-hydroxybenzoic 
acid exhibits antimicrobial activity against 
various microorganisms such as Gram 
positive and Gram negative bacteria such as: 
Escherichia coli, Bacillus aureus, Staphylococcus 
aureus, Pseudomonas aeruginosa, Candida 
albicans, Lactobacilos, Listeria monocytogenes, 
Fusarium culmorum and Saccharomyces 
cervisae (Ecevit et al., 2022).

GALLIC ACID
Gallic acid or 3,4,5-trihydroxybenzoic acid 

is one of the most abundant phenolic acids 
in the plant kingdom. This acid has several 
applications in the food and pharmaceutical 
industries. Gallic acid has been isolated 
from different plant species, such as Quercus 
spp. and Punica spp., through various 
chromatographic methods; however, from an 
industrial point of view, gallic acid is produced 
through the hydrolytic breakdown of tannic 
acid using a glycoprotein esterase (tanase). 
Due to its high antioxidant power, this acid 
is capable of inhibiting the oxidation and 
rancidity process in oils and fats, therefore, it 

can be useful as additives in the food and/or 
pharmaceutical industry. 

In addition to its application as a flavoring 
and preservative, several studies report 
biological and pharmacological activities, with 
an emphasis on antioxidant, antimicrobial, 
anti-inflammatory, anticarcinogenic, 
cardioprotective, gastroprotective and 
neuroprotective effects (Salimi et al., 2023; 
Ramezani-Aliakbari et al., 2019). gallic 
acid can inhibit motility, adhesion and 
formation of Pseudomonas aeruginosa, 
Staphylococcus aureus, Streptococcus mutans, 
Chromobacterium violaceum and Listeria 
monocytogenes (Salimi et al., 2023). The 
compound can also disrupt cell membrane 
integrity in Gram-positive and Gram-negative 
bacteria and alter the charge, hydrophobicity, 
and permeability of the membrane surface. 
Campylobacter jejuni (Ramezani-Aliakbari et 
al., 2019). 

CAFFEIC ACID AND ITS ESTERS
Caffeic acid, a hydroxycinnamic acid 

present in most fruits, can be in its free 
form or as an ester of quinic acid, called 
chlorogenic acid. The antioxidant properties 
of caffeic acid and, consequently, its esters are 
associated with the presence of two hydroxyl 
groups in its aromatic ring. Furthermore, the 
presence of a double bond in the carbon chain 
(the unsaturated double bond of the 2,3 side 
chain) increases the stability of the phenoxyl 
radical, enhancing its biological activities. 
Due to these chemical characteristics, caffeic 
acid easily binds to divalent metals that 
catalyze oxidation reactions or enzymatic 
cofactors of chemical reactions related to 
the formation of reactive oxygen species and 
modulation of gene expression function in 
anti-inflammatory and immunoregulatory 
processes (Pérez et al., 2023). Furthermore, its 
combination with other compounds such as 
chlorogenic acid and caftaric acid has shown 
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an increase in antioxidant activity in in vitro 
and in vivo systems, playing an important 
role in the protective effect of chlorogenic 
acid against ischemia-reperfusion injury 
(Cizmarova et al., 2020).

The Caffeic acid has high antioxidant 
and antimicrobial potential, particularly 
against Gram+ bacteria, namely:Bacillus, 
Clostridium, Propionibacterium, Enterococcus, 
Staphylococcus and Streptococcus. A recent 
study reported inhibitory effects of chlorogenic 
and caffeic acid against acetylcholinesterase, 
an enzyme associated with the development 
of Alzheimer’s disease (Suzukamo et al., 2022; 
Andrade et al., 2021).

FLAVONOIDS
Flavonoids are a broad class of polyphenolic 

compounds based on a basic 2-phenyl 
chromone structure. To date, more than 8,000 
flavonoid derivatives have been recognized 
in nature, both in the free state (genin) and 
in the conjugated state, as ester or glycosidic 
derivative. Rutin, a natural flavonoid 
synthesized by plants, is considered one of the 
main therapeutically active phytochemicals 
and one of the main bioactive constituents of a 
variety of natural foods (Semwal et al., 2021).

In addition to its recognized antioxidant 
potential, rutin has shown protective effects 
on the liver and blood vessels, including 
coronary arteries (Zhang et al., 2023). It 
was also discovered that this molecule 
exhibits a protective effect against cisplatin-
induced ovarian toxicity, improving the 
levels of several enzymes that are associated 
with oxidative stress. On the other hand, its 
protective effect against ethanol-induced 
hepatotoxicity has also been confirmed in 
human hepatoma HepG2 cells by reducing 
the activities of hepatic aminotransferases 
and the inflammatory response (Meng et al., 
2022; Semwall et al., 2021). The antibacterial 
properties of rutin have also been proven, 

which may promote future practical 
applications in the era of antibiotic resistance. 
Previous scientific research has demonstrated 
rutin’s antimicrobial activity against Gram-
positive and Gram-negative bacteria 
(Staphylococcus aureus, Staphylococcus 
epidermidis, Enterococcus faecalis, Bacillus 
subtilis, Escherichia coli, Klebsiella pneumoniae, 
Proteus mirabilis, Enterobacter cloacae, 
Pseudomonas aeruginosa e Acinetobacter 
baumannii) (Rodríguez-Valdovinos et al., 
2021; Ganeshpurkar and Saluja, 2017).

Regarding quercetin 3-O-glucoside, 
it is recognized as an important active 
flavonoid obtained from different natural 
resources (Zhang et al., 2023), exerting 
diverse pharmacological activities, 
such as antioxidant, anti-inflammatory, 
hepatoprotective and antiproliferative 
properties (Aghababaei and Haddidi, 2023; 
Liu et al., 2023). Similarly, Nguyen and 
Bhattacharya (2022) demonstrated that 
quercetin inhibits the growth of different 
Gram-positive and Gram-negative bacteria 
(Streptococcus mutans, Streptococcus sobrinus, 
Lactobacillus acidophilu, Streptococcus sanguis, 
Actinobacillus actinomycetemocomitans e 
Prevotella intermedia).

CONCLUSIONS
Global changes are causing serious 

problems and enormous challenges in terms 
of food, health, soil and climate changes, 
among others. The management of natural 
resources and the development of agricultural 
technologies require the contribution of 
a series of areas of knowledge, in order to 
guarantee food, in a sustainable way, for the 
general population. 

Consequently, another challenge aims to 
improve health conditions. In this context, 
plants, highlighted by Corema album, play 
a central role not only as undervalued food 
sources, but also in medicinal applications. 
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Therefore, the study of these berries has 
focused on the characterization of bioactive 
compounds and their beneficial effects on 
health, with a view to their use in functional 
foods. The small fruits of the shrimp are 
considered potential sources of polyphenols 
such as phenolic acids, stilbenes and flavonoids, 
which have antioxidant activity and are also 
responsible for the color and characteristic 
flavor. The main phenolic compounds present 
in shrimp berries include phenolic acids such 
as benzoic, vanillic, caffeic and ferulic acids, 
flavonoids including quercetin and rutin and 
anthocyanins. Unlike most small fruits, white 
shrimp berries have a lower anthocyanin 
content than black or red berries. However, 
they contain a higher content of caffeic acid and 
derivatives that contribute to the acidic flavor, 

antioxidant capacity and chemoprotective 
effect of the berry. In fact, the antioxidant 
activity of the bioactive compounds present 
in shrimp helps to balance the production 
of free radicals and protect the body from 
oxidative stress, and, therefore, promote 
beneficial effects on human health and help 
prevent chronic degenerative diseases such as 
cancer, diabetes, inflammation, among others. 
Shrimp berries have even shown a promising 
effect in reducing the incidence of Parkinson’s 
neurodegenerative disorder. Due to the 
antimicrobial action that the compounds 
present, shrimp becomes a natural alternative 
in the prevention of bacterial infections and/
or preservative additives with applications in 
various industries.

REFERENCES
AGHABABAEI, F.; HADIDI, M. Recent advances in potential health benefits of quercetin. Pharmaceuticals, v. 16, p. 1020, 
Jul. 2023. 

ALEXANDRI, M.; KACHRIMANIDOU, V.; PAPAPOSTOLOU, H.; PAPADAKI, A.; KOPSAHELIS, N. Sustainable food 
systems: The case of functional compounds towards the development of clean label food products. Foods, v. 11, n. 18, p. 
2796, Sep. 2022. 

ANDRADE, S. C.; GUINÉ, R. P. F.; GONÇALVES, F. J. A. Evaluation of phenolic compounds, antioxidant activity and 
bioaccessibility in white crowberry (Corema album). Journal Food Measurement Characterization, v. 11, p. 1936-1946, Dec. 
2017.

ANDRADE, S.; LOUREIRO, J. A.; PEREIRA, M. C. Caffeic acid for the prevention and treatment of Alzheimer’s disease: The 
effect of lipid membranes on the inhibition of aggregation and disruption of Aβ fibrils. International Journal of Biological 
Macromolecules, v. 190, p. 853-861, Nov. 2021

BAKRIM, S.; EL OMARI, N.; EL HACHLAFI, N.; BAKRI, Y.; LEE, L. H.; BOUYAHYA, A. Dietary phenolic compounds as 
anticancer natural drugs: Recent update on molecular mechanisms and clinical trials. Foods, v. 11, p. 3323, Oct. 2022.

BARROCA, M. J.; MOREIRA DA SILVA, A. Shrimps na alimentação e na saúde. Revista Ciência Elementar, v. 9, n. 1, p. 1-4, 
Mar. 2021. 

BLOEM, E.; HANEKLAUS, S.; KLEINWCHTER, M.; PAULSEN, J.; SCHNUG, E.; SELMAR, D. Stress-induced changes of 
bioactive compounds inTropaeolum majus L. Industrial Crops Products, v. 60, p. 349-359, Sep. 2014.

CHAI, X.; LIANG, Z.; ZHANG, J. Chlorogenic acid protects against myocardial ischemia–reperfusion injury in mice by 
inhibiting Lnc Neat1/NLRP3 inflammasome-mediated pyroptosis. Scientific Report, v. 13, p. 17803, Mar. 2023. 

CIZMAROVA, B.; HUBKOVA, B.;  BOLERAZSKA, B.; MAREKOVA, M.; BIRKOVA, A. Caffeic acid: a brief overview of its 
presence, metabolism, and bioactivity. Bioactive Compounds in Health and Disease, v. 3, n. 4, p. 74-81, Apr. 2020.



9
International Journal of Biological and Natural Sciences ISSN 2764-1813 DOI https://doi.org/10.22533/at.ed.813422408024

DAMIÁN, M. R.; CORTES-PEREZ, N. G.; QUINTANA, E. T.; ORTIZ-MORENO, A.; GARFIAS NOGUEZ, C.; CRUCEÑO-
CASARRUBIAS, C. E.; SÁNCHEZ PARDO, M. E.; BERMÚDEZ-HUMARÁN, L. G. Functional foods, nutraceuticals and 
probiotics: A focus on human health. Microorganisms, v. 10, p. 1065, May 2022.

DIAS, M.; ROMANÍ-PÉREZ, M.; ROMANÍ, A.; de la CRUZ, A.; PASTRANA, L.; FUCIÑOS, P.; AMADO, I. R. Recent 
technological advances in phenolic compounds recovery and applications: source of nutraceuticals for the management of 
diabetes. Applied Sciences, v. 12, p. 9271, Sep. 2022.

DUJMOVIC, M.; OPACIC, N.;RADMAN, S.; FABEK UHER, S.; VOCA, S.;ŠIC ŽLABUR, J. Accumulation of stinging nettle 
bioactive compounds as a response to controlled drought stress. Agriculture, v.13, p. 1358, Jun. 2023.

ECEVIT, K.; BARROS, A. A.; SILVA, J. M.; REIS, R. L. Preventing microbial infections with natural phenolic compounds. 
Future Pharmacology, v. 2, p. 460-498, Sep. 2022.

GANESHPURKAR, A.; SALUJA, A. K. The potential of rutin. Saudi Pharmaceutical Journal, v. 25, p. 149-164, Sep. 2017.

GIL-LÓPEZ, M. J. Etnobotánica de la camarina (Corema album, Empetraceae) en Cádiz. Acta Botanica Malacitana, v. 36, p. 
137-144, 2011.

JACINTO, J.; GIOVANETTI, M.; BRÁS DE OLIVEIRA, P.; VALDIVIESSO, T.; MÁGUAS, C.; ALEGRIA, C. Quality attributes 
of cultivated white crowberries (Corema album (L.) D. Don) from a multi-origin clonal field. Euphytica, v. 217, p. 40, Jan. 
2021. 

JACINTO, J.; BRÁS DE OLIVEIRA, P.; VALDIVIESSO, T.; CAPELO, J.; ARSÉNIO, P.; NÓBREGA, F. Genetic diversity 
assessment among Corema album (L.) D. Don (Ericaceae) genotypes based on ISSR markers and agro-morphological 
traits. Genetic Resources and Crop Evolution, v. 67, n. 3, p. 715-726, Oct. 2019.

KAPOOR, L.; SIMKIN, A. J.; PRIYA DOSS, C. G.; SIVA, R. Fruit ripening: dynamics and integrated analysis of carotenoids and 
anthocyanins. BMC Plant Biology, v. 22, n. 27, Jan. 2022.

KIOKIAS, S.; PROESTOS, C.; OREOPOULOU, V. Phenolic acids of plant origin—A review on their antioxidant activity in vitro 
(O/W emulsion systems) along with their in vivo health biochemical properties. Foods, v. 9, p. 534, Apr. 2020.

LAGNEAUX, , E.; JANSEN, M.; QUAEDVLIEG, J.; ZUIDEMA, P. A.; ANTEN, N. P. R.; GARCÍA-ROCA, M. R.; CORBVERA-
GOMRINGER, R.; KETTLE, C. J. Diversity bears fruit: evaluating the economic potential of undervalued fruits for an 
agroecological restoration approach in the peruvian amazon. Sustainability, v. 13, p. 4582, Apr. 2021.

LEÓN-GONZÁLEZ, A. J.; TRUCHADO, P.; TOMÁS-BARBERÁN, F. A.; LÓPEZ-LÁZARO, M.; BARRADAS, M. C .D.; 
MARTÍN-CORDERO, C. Phenolic acids, flavonols and anthocyanins in Corema album (L.) D. Don berries. Journal Food 
Compostion Analysis, v. 29, n. 1, p. 58-63, Feb. 2013.

LI, M. S.; PEREZ-CASTILLO, Y.; LIMA, T. C.; FERREIRA, A. R.; SILVA, C. R.; CAMPOS, R. S.; NETO, J. B. A.; MAGALHÃES, 
H. I. F.; CAVALCANTI, B. C.; JÚNIOR, H. V. N.; DE SOUSA, D. P. Bioactivity and molecular docking studies of derivatives 
from cinnamic and benzoic acids. v. 2020, p. 6345429, 2020.

LIU, W.; CUI, X.; ZHONG, Y.; MA, R.; LIU, B.; XIA, Y. Phenolic metabolites as therapeutic in inflammation and neoplasms: 
Molecular pathways explaining their efficacy. Pharmacological Research, v. 193, p. 106812, Jul. 2023.

LOBIUC, A.; PAVAL, N. E.; MANGALAGIU, I. I.; GHEORGHITA, R.; TELIBAN, G. C.; AMARIUCAI-MANTU, D.; STOLERU, 
V. Future antimicrobials: natural and functionalized phenolics. Molecules, v. 28, p. 1114, Jan. 2023.

MARTINS, N.; BARROS, L.; FERREIRA, I. C. F. R. In vivo antioxidant activity of phenolic compounds: facts and gaps. Trends 
in Food Science & Technology, v. 48, p. 1-12, Feb. 2016.

MENG, X. L.; YU, M. M.; LIU, Y. C.; GAO, Y. L.; CHEN, X. S.; SHOU, S. T.; CHAI, Y. F. Rutin inhibits cardiac apoptosis and 
prevents sepsisInduced cardiomyopathy. Frontiers Physiology, v. 13, p. 834077, Apr. 2022. 



10
International Journal of Biological and Natural Sciences ISSN 2764-1813 DOI https://doi.org/10.22533/at.ed.813422408024

MURAI, T.; MATSUDA, S. The chemopreventive effects of chlorogenic acids, phenolic compounds in coffee, against 
inflammation, cancer, and neurological diseases. Molecules, v. 28, n. 5, p. 2381, Mar. 2023.

NGUYEN, T. L. A.; BHATTACHARYA, D. Antimicrobial activity of quercetin: an approach to its mechanistic principle. 
Molecules, v. 27, n. 8, p. 2494, Apr. 2022. 

OLIVEIRA, P. B.; VALDIVIESSO, T.; ROSADO-DA-LUZ, F. Propagação vegetativa e seminal em Corema album (L.) D. Don. 
VIII Congresso Ibérico de Ciências Hortícolas. Actas Portuguesas de Horticultura, n. 30, p. 338-346, Mar. 2020.

PAREDES-LÓPEZ, O.; CERVANTES-CEJA, M. L.; VIGNA-PÉREZ, M.; HERNÁNDEZ-PÉREZ, T. Berries: Improving human 
health and healthy aging, and promoting quality life-A review. Plant Foods Human Nutrition, v. 65, p. 299-308, Jul. 2010.

PÉREZ, R.; BURGOS, V.; MARÍN, V.; CAMINS, A.; OLLOQUEQUI, J.; GONZÁLEZ-CHAVARRÍA, I.; ULRICH, H.; 
WYNEKE, U.; LUARTE, A.; ORTIZ, L. Caffeic acid phenethyl ester (CAPE): Biosynthesis, derivatives and formulations 
with neuroprotective activities. Antioxidants, v. 12, p. 1500, Jul. 2023.

RAMEZANI-ALIAKBARI, F.; BADAVI, M.; DIANAT, M.; MARD, S. A.; AHANGARPOUR, A. Protective effects of gallic acid 
on cardiac electrophysiology and arrhythmias during reperfusion in diabetes. Iran Journal Basic Medical Sciences, v. 22, n. 
5, p. 515-520, May 2019.

RODRÍGUEZ-VALDOVINOS, K. Y.; SALGADO-GARCIGLIA, R.; VÁZQUEZ-SÁNCHEZ, M.; ÁLVAREZ-BERNAL, D.; 
OREGEL-ZAMUDIO, E.; CEJA-TORRES, L. F.; MEDINA-MEDRANO, J. R. Quantitative analysis of rutin by HPTLC and in 
vitro antioxidant and antibacterial activities of phenolic-rich extracts from Verbesina sphaerocephala. Plants, v. 10, p. 475, 
Jan. 2021.

SALIMI, A.; SHABANI, M.; BAYRAMI, D.; SARAY, A.; FARSHBAF, M. Gallic acid and sesame oil exert cardioprotection via 
mitochondrial protection and antioxidant properties on Ketamine-Induced cardiotoxicity model in rats. Toxin Reviews, v. 
42, n. 2, p. 515-526, Apr. 2023.

SEMWALL, R.; JOSHI, S. K.; SEMWALL, R. B.; SEMWALL, D. K. Health benefits and limitations of rutin - A natural flavonoid 
with high nutraceutical value. Phytochemistry Letters, v. 46, p. 119-128, Dec. 2021. 

SUZUKAMO, C.; OCHIAI, R.; MITSUI, Y.; OSAKI, N.; ONO, T. Short-term intake of chlorogenic acids improves psychomotor 
speed and motor speed in adults: A randomized crossover trial. Brain Science, v. 12, p. 370, Mar. 2022.

VÁZQUEZ-RUIZ, Z.; TOLEDO, E.; VITELLI-STORELLI, F.; GONI, L.; DE LA O, V.; BES-RASTROLLO, M.; MARTÍNEZ-
GONZÁLEZ, M. Á. Effect of dietary phenolic compounds on incidence of cardiovascular disease in the SUN project; 10 
Years of follow-up. Antioxidants, v. 11, p. 783, Apr. 2022.

VINHA, A. F.; SILVA, C. S.; SOUSA, G. M.; MOUTINHO, C. G.; BRENHA, J., SAMPAIO, R. Nutraceuticals based on 
Portuguese grape pomaces as a potential additive in food products. Brazilian Journal of Food Technology, v. 26, p. e2023020, 
Jul. 2023a.

VINHA, A. F.; SOUSA, C.; COSTA, C. Oxidative stress, antioxidants and biomarkers: appreciation methods for for analytical 
health promotion. International Academic Research Journal of Internal Medicine & Public Health, v. 4, n. 3, p. 47-55, Jun. 2023b.

WALCZAK-NOWICKA, Ł. J.; HERBET, M. Sodium benzoate-harmfulness and potential use in therapies for disorders 
related to the nervous system: A review. Nutrients, v. 14, n. 7, p. 1497, Apr. 2022.

WANG, L.; PAN, X.; JIANG, L. The biological activity mechanism of chlorogenic acid and its applications in food industry: 
A review. Frontiets Nutrition, v. 9, p. 943911, Jun. 2022.

ZHANG, Z.; SHI, C.; WANG, Z. Therapeutic effects and molecular mechanism of chlorogenic acid on polycystic ovarian 
syndrome: role of HIF-1alpha. Nutrients, v. 15, n. 13, p. 2833, Jun. 2023.



11
International Journal of Biological and Natural Sciences ISSN 2764-1813 DOI https://doi.org/10.22533/at.ed.813422408024

ZIELINSKA, A.; SIUDEM, P.; PARADOWSKA, K.; GRALEC, M.; KAZMIERSKI, S.; WAWER, I. Aronia melanocarpa fruits as 
a rich dietary source of chlorogenic acids and anthocyanins: 1H-NMR, HPLC-DAD, and chemometric studies. Molecules, 
v. 25, n. 14, p. 3234, Jul. 2020.


