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Abstract

Introduction: Phytochemicals, or secondary metabolites, present in small fruits are responsible for improving the health
of consumers when included in the daily diet. All edible forms of berries are considered safe functional foods because they
have nutritional properties and therapeutic potential. Objective: Therefore, this narrative review aims to analyze the
state of the art on the phytochemical potential of the six main small fruits (blackberry, physalis, raspberry, blueberry,
strawberry and grape), to gather information on the application of strategies to obtain berries with higher concentrations
of biomolecules and to present the benefits of phytochemicals to the consuming public. Methodology: In the first stage
of this narrative review, the cultivation scenario of these six main berries is contextualized. Subsequently, a temporal
metasynthesis on berry phytochemicals is performed. In the last part of this review, we detail the biomolecule profile of
blackberry, physalis, raspberry, blueberry, strawberry and grape and focus on their action against diseases. Results: The
consumption of these six berries triggers anti-diabetic, anti-inflammatory, anti-cancer, anti-aging, anti-obesity, anti-micro-
bial, anti-ulcer and radioprotective, neuroprotective and glucoregulatory actions. Despite scientific and clinical evidence
on the positive effects of small fruit consumption on human health, their consumption remains low. Conclusions: The
creation of public policies will contribute to improve the scenario of berry intake because it will involve the entire small
fruit production chain: scientists, producers, food and pharmaceutical industries, and consumers.

Resumen

Introduccion: Los fitoquimicos, o metabolitos secundarios, presentes en las frutas pequenias son los responsables de mejo-
rar la salud de los consumidores cuando se incluyen en la dieta diaria. Todas las formas comestibles de bayas se consideran
alimentos funcionales seguros porque tienen propiedades nutricionales y potencial terapéutico. Objetivo: Por lo tanto, esta
revision narrativa tiene como objetivo analizar el estado del arte sobre el potencial fitoquimico de los seis principales frutos
pequerios (mora, physalis, frambuesa, arandano, fresa y uva), para recopilar informacién sobre la aplicacion de estrategias
que permitan obtener bayas con mayores concentraciones de biomoléculas y presentar los beneficios de los fitoquimicos al
publico consumidor. Metodologia: En la primera etapa de esta revisién narrativa, se contextualiza el escenario de cultivo
de estas seis bayas principales. Posteriormente, se realiza una metasintesis temporal sobre fitoquimicos en bayas. En la
ultima parte de esta revision, se detalla el perfil de biomoléculas de mora, physalis, frambuesa, arandano, fresa y uva y
nos enfocamos en su accién contra las enfermedades. Resultados: El consumo de estas seis bayas desencadena acciones
antidiabéticas, antiinflamatorias, anticancerigenas, antienvejecimiento, antiobesidad, antimicrobianas, antiulcerosas y
radioprotectoras, neuroprotectoras y glucorreguladoras. A pesar de las evidencias cientificas y clinicas sobre los efectos
positivos del consumo de frutos pequefios en la salud humana, su consumo sigue siendo bajo. Conclusiones: La creacion
de politicas publicas contribuira a mejorar el escenario de la ingesta de berries porque involucrara a la totalidad de la
cadena productiva de la pequenia fruta: cientificos, productores, industrias alimenticia y farmacéutica y consumidores.

Resumo

Introducao: Os fitoquimicos, ou metabolitos secundéarios, presentes nos pequenos frutos sdo responsaveis por melhorar
a saude dos consumidores quando incluidos na dieta diaria. Todas as formas comestiveis de bagas sio consideradas ali-
mentos funcionais seguros, pois possuem propriedades nutricionais e potencial terapéutico. Objetivo: Assim, esta revisdo
narrativa tem como objetivo analisar o estado da arte sobre o potencial fitoquimico dos seis principais pequenos frutos
(amora, physalis, framboesa, mirtilo, morango e uva), reunir informacao sobre a implementacio de estratégias para a
obtencao de bagas com maiores concentrac¢des de biomoléculas e apresentar os beneficios dos fitoquimicos ao publico con-
sumidor. Metodologia: Na primeira fase desta revisdo narrativa, contextualiza-se o cenario de cultivo destas seis prin-
cipais bagas. Segue-se uma meta-sintese temporal dos fitoquimicos presentes nas bagas. Na ultima parte desta revisio,
detalhamos o perfil de biomoléculas da amora, physalis, framboesa, mirtilo, morango e uva e focamos a sua ag¢éo contra
doencas. Resultados: O consumo destas seis bagas desencadeia acc¢bes anti-diabéticas, anti-inflamatdrias, anti-canceri-
genas, anti-envelhecimento, anti-obesidade, anti-microbianas, anti-ulcera e radioprotectoras, neuroprotectoras e glucore-
guladoras. Apesar das evidéncias cientificas e clinicas sobre os efeitos positivos do consumo de pequenos frutos na satde
humana, o seu consumo continua a ser baixo. Conclusées: A criagdo de politicas publicas contribuird para melhorar o
cendrio de consumo de frutos vermelhos, pois envolvera toda a cadeia produtiva dos pequenos frutos: cientistas, produtores,
industrias alimenticias e farmacéuticas e consumidores..
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PHYTOCHEMICAL POTENTIAL OF BERRIES: AN OVERVIEW

1. Introduction

Fruit growing represents one of the segments that has stood out in Brazilian agribusiness.
In 2021 Brazil produced about 41.3 million tons of fruit. In financial terms, this production
represents R$ 49.8 billion and represents a total cultivated area of more than 4.2 million
hectares (Kist et al., 2022). Brazil occupies the third position in the ranking of the larg-
est fruit producers in the world, behind only China and India. Orange [Citrus sinensis (L.)
Osbeck], banana (Musa spp.) and grape (Vitis vinifera L.) are among the most produced
fruits in the country in the 2022 harvest. Along with the grape, other small fruits, also
called berries, are increasingly participating in the diet of Brazilians. Due to the favorable
climate, commercialization potential and benefits to consumers’ health, the cultivation of
blackberry (Rubus spp.), goldenberry (Physalis peruviana L.), raspberry (Rubus idaeus L.),
blueberry (Vaccinium spp.) and strawberry (Fragaria X ananassa Duch.) 1s consolidating
in different regions of Brazil.

In the current scenario, consumers are increasingly demanding when purchasing foods
with the potential to benefit their health, and the presence of complex mixtures of phytochem-
1cals in fruit plants is a characteristic that contributes to the increase in the consumption of
berries. Hundreds or even thousands of these Secondary Metabolites (SM) can be detected
In a single tissue sample. These phytochemicals have physiological properties linked to the
sensory attributes of the fruits (aroma, flavor and color) and which act in the plant’s defense
against abiotic and biotic stresses (Lara et al., 2020).

Among fruiting crops, berries have attracted great attention due to their wide spectrum
of functional activities, resulting from the presence of their bioactive compounds. The small
fruits contain SM that contribute to reducing the risk of non-transmissible chronic diseases,
such as flavonoids (anthocyanins and ellagic acid) and stilbene. Fruits with higher amounts of
bioactive compounds belong to the botanical families Ericaceae (blueberry), Grossulariaceae
(currant), Rosaceae (blackberry, raspberry and strawberry) and Vitaceae (grape) (Skrovankova
et al., 2015). Knowing berries phytochemical composition, understanding the factors that
influence their biosynthesis and studying their protective effects on plants and human health
will help fruit growers to establish phytotechnical, phytosanitary and nutritional practices
that enhance SM levels.

Therefore, this narrative review aims to analyze the phytochemical potential of small
fruits (blackberry, goldenberry, raspberry, blueberry, strawberry and grape), their benefits
to the consumer public and compile information on the main phytochemicals found in these
berries.

2. Metasynthetic time-clip on berries phytochemicals

The Scopus database (https://www.scopus.com) was searched for publications avail-
able 1n the last 22 years (2000-2022) on berry biomolecules. Using “phytochemicals”,

»”

“secondary metabolites”, “berries”, “blackberry”, “goldenberry

> (13

’, “raspberry”, “blueberry”,
“strawberry” and “grape” as keywords and AND (inclusion) and OR (scope) as logical
search operators. The full syntax used was: phytochemicals OR secondary metabolites
AND berries OR blackberry OR goldenberry OR raspberry OR blueberry OR strawberry
OR grape. We found 3 485 papers and found that 2021 had the highest scientific output
on the topic (Fig. 1a) and that the United States dominates the research on this topic

(Fig. 1b).
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Fig. 1. Number of papers per year (a) and per country (b) on berry biomolecules.
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Source: Scopus database.

Also, the most recurrent areas of SM research on small fruits were also looked at. In
this case the syntax used was: phytochemicals OR secondary metabolites AND each berry
(blackberry, goldenberry, raspberry, blueberry, strawberry, grape). The highlighted areas
were “Agricultural and Biological Sciences”, “Biochemistry, Genetics and Molecular Biology”,
“Chemistry” and “Medicine” (Fig. 2).

Fig. 2. Major research areas involving phytochemicals in berries
(blackberry, goldenberry, raspberry, blueberry, strawberry and grape).
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3. Biosynthesis, interactions and benefits of berry phytochemicals

Approximately 200000 SM are known and about 20000 of them originate from
horticultural and grain crops. SM in plants are classified into six main groups (Fig. 3):
1) alkaloids; 2) carotenoids; 3) nitrogen-containing compounds; 4) organosulfur compounds;
5) phenolics; 6) phytosterols (Liu, 2004; Monjotin et al., 2022). Fundamentally, metabolite
biosynthetic pathways are conserved in most plants, with a large proportion of Primary
Metabolites (PM) found in all plant tissues. PM are critical precursors of SM. SM can be
biosynthesized by the pathways: 1) mevalonic (terpenes); 2) shikimate (phenolic compounds);
3) tricarboxylic acid cycle (nitrogen-containing compounds) (Jamwal et al., 2018). However,
the biosynthesis and accumulation of SM depends on genetic (mainly), physiological,
edaphoclimatic and biogeographic aspects and also on management and cultural treatments
applied to fruiting plants.

Fig. 3. Classification of dietary phytochemicals.
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Source: According to Liu (2004) and Monjotin et al. (2022).

Isoflavonoids

Studying the phytochemical potential of nine strawberry cultivars (Chiomento, Lima
Junior et al., 2021), showed that the total contents of anthocyanins, flavonoids, and poly-
phenols were dependent on genetic background. Similarly, Cvetkovi¢ et al. (2022) reported
that total anthocyanin and phenolic contents and radical scavenging activity differed among
three blueberry cultivars. On the other hand, osmotic stress was also found to be a regula-
tory agent of anthocyanin production in grapevine (Tuteja & Mahajan, 2007). In addition
to genotype and abiotic stresses, agronomic practices also alter the phytochemical quality of
fruit. Johnson (2002) demonstrated that in the organic growing system strawberries rich in
ascorbic acid and phenolic compounds and with higher antioxidant activity were produced,
compared to the conventional system.
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Generally, higher SM contents are seen in plants subjected to stresses, which includes
elicitors or signaling molecules (Ramakrishna and Ravishankar, 2011), because the plant
needs to produce specific SM, in quantity and quality, to combat stressful factors (Pant et
al., 2021). Physiologically, the production of phytochemicals can increase in stressed plants
because growth is more inhibited relative to photosynthesis and this allocates the fixed car-
bon (C) mostly to SM. The synthesis of these phytochemicals provides plants with the ability
to protect themselves against environmental stresses and perform interactions in structural
and functional stabilization through signaling processes and pathways (Isah, 2019). The
production of phytochemicals is a plant defense response because many SM confer protec-
tion against abiotic (light, temperature, salinity) and biotic (herbivores and phytopathogens)
stresses.

Some strategies can contribute to improve the accumulation of biomolecules in berries,
such as the use of plant biostimulants, which can create stressful conditions to the plant
and this will increase the activity of its secondary metabolism. Garcia-Seco et al. (2015)
reported that the use of the rhizobacterium Pseudomonas fluorescens increased the con-
centration of flavonoids in blackberry. The use of Ascophyllum nodosum algae extract and
alfalfa (Medicago sativa L.) based protein hydrolysates improved the content of pheno-
lic compounds in strawberry (Soppelsa et al., 2019). In this same horticultural crop, the
use of on-farm monospecific mycorrhizal inoculant (Claroideoglomus etunicatum species)
enhanced the total contents of anthocyanins, flavonoids and polyphenols (Chiomento, De
Nardi et al., 2021).

In addition to providing protection to plants, SM play a key role in the health of berry con-
sumers. On a global scale, dietary recommendations include the consumption of horticultural
crops as a disease prevention strategy, because these organs (roots, stems, leaves and fruits,
mainly), in addition to their fiber and macro and micronutrient content, carry phytochemi-
cals that stand out for their antioxidant properties and free radical scavenging potential (D1
Lorenzo et al., 2021).

The literature indicates that the intake of foods rich in phytochemicals works as an anti-
inflammatory agent, anticarcinogenic (Liu, 2013), and has cardiovascular and chemopreven-
tive action (De Pascual-Teresa et al., 2010). These foods are considered functional because,
besides nourishing, they present beneficial properties to health and this helps in the pre-
vention of diseases. From here, we grouped the literature according to berries (blackberry,
goldenberry, raspberry, blueberry, strawberry and grape) to point out some results on the
beneficial effects of SM to human health.

3.1. Blackberry

The increase in blackberry consumption is mainly linked to its phytochemical proper-
ties, such as phenolics and carotenoids, with a preventive health action. This berry contains
numerous antioxidants, such as ascorbic acid, phenols, ellagic acid, ellagitannins and flavo-
noids, represented by anthocyanins (Clifford & Scalbert, 2000).

Anthocyanins are the phenolic compounds responsible for the purple coloration of blackber-
ries, increase their accumulation in line with the fruit ripening. The typical purplish/black
color of blackberries also constitutes with an attractive to the fruit consumption (Acosta-
Montoya et al., 2010). The main SM present in blackberries is an anthocyanin, cyanidin-3-O-
glucoside (Fig. 4) (Ferreira et al., 2010).
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Fig. 4. Cyanidin-3-O-glucoside is the main phytochemical present in blackberry.
This biomolecule has a beneficial action on cardiovascular health and anticancer.

Cyanidin-3-0O-glucoside

Source: Own authorship. The molecular structure was obtained from the National Center for Biotechnology
Information (https://pubchem.ncbi.nlm.nih.gov/compound/Cyanidin-3-O-glucoside).

Other SM also detected in blackberry include: kaempferol-3-(6-acetylgalactoside), kaemp-
ferol-3-0O-glycoside, quercetin-3-galactoside, quercetin-3-galactoside, quercetin-3-glycoside,
quercetin-3-rutinoside, quercetin-3-ramnoside, myricetin-3-galactoside, myricetin-3-glycoside,
cyanidin-3-rutinoside, cyanidin-3-arabinoside, pelargonidin-3-0-glycoside, peonidin-3-0O-gly-
coside, ellagic acid, sanguiin H-6, lambertianin C, gallic acid, galloyl esters, p-coumaric acid,
and coumaroyl glycosides (Gancel et al., 2011; Kolniak-Ostek et al., 2015).

Human clinical studies have reported the benefits of cyanidin-3-O-glucoside: anti-inflam-
matory, antiviral, antiproliferant, and anticarcinogenic properties (Knobloch et al., 2016). The
hydroxyl groups enable anthocyanins to act as free radical scavengers, helping to neutralize
reactive oxygen species and protect cells from oxidative damage (Giusti & Jing, 2007). The
ability to chelate metal 1ons further contributes to their antioxidant activity.

Epidemiological studies have provided evidence that blackberry consumption aids in reduc-
ing degenerative diseases, decreases the risk of cardiovascular diseases, and provides anti-
obesity, anticancer, antidiabetic, antimicrobial, neurodegenerative, anti-inflammatory, and
anti-ulcer effects (Gowd et al., 2018). Blackberry extract has an anticancer effect, which 1s
mainly due to blocking Activator Protein 1 (AP-1) that is reconciled from Reactive Oxygen
Species (ROS) and activation of protein kinase enzyme by mitogen (Feng et al., 2004). ROS
are responsible for premature aging, which can cause ischemia reperfusion damage, inflamma-
tory and degenerative diseases, cancer, and Deoxyribonucleic Acid (DNA) damage; consuming
fruits with antioxidants reduce these substances (Joshipura et al., 2001).

3.2. Goldenberry

Although goldenberry is a fruit with healthy properties, as it 1s rich in vitamin A and C, iron,
phosphorus, flavonoids, alkaloids, and phytosteroids, this horticultural crop is underutilized
in the current food production system, which includes its nutritional benefits (Munoz et al.,
2021). Recently, goldenberry has been included in the list of the “superfruit” family as a mar-
keting strategy to promote the health benefits arising from the fruits of this horticultural crop
with less popularity worldwide, but containing many phytochemicals (Mazova et al., 2020).
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The SM present in this berry are responsible for the characteristics such as the color and
flavor of the fruit, as well as being responsible for the antioxidant activity. For example,
B-carotene, which gives the fruit its orange coloration, plays an important role in vision, cell
division and differentiation, and reproduction in humans. The main SM present in golden-
berry is a carotenoid, (all-E)-B-carotene (Fig. 5) (Etzbach et al., 2018).

Fig. 5. (all-E)-B-carotene is the main phytochemical present in goldenberry.
This SM plays an important role in human vision.

(all-E)-B-Carotene

Source: Own authorship. The molecular structure was obtained from the National Center for Biotechnology
Information (https:/pubchem.ncbi.nlm.nih.gov/compound/All-E_-beta-Carotene#section=2D-Structure).

Other SM also detected in goldenberry include: (-)-caryophyllene oxide, (54)-pregnane-3,204-
diol, (9Z)-B-carotene, all-trans-B-carotene, 9-cis-B-carotene, (all-E)-lutein, (all-E)-lutein
3’-O-palmitate, (all-E)-lutein 3-O-myristate, (all-E)-lutein 3-O-palmitate-3’-O-myristate, (all-
E)-lutein dimyristate, (all-E)-lutein dipalmitate, (all-E)-neoxanthin, (all-E)-neoxanthin dipal-
mitate, (all-E)-neoxanthin myristate, (all-E)-neoxanthin palmitate, (all-E)-taraxanthin, (all-E)-
taraxanthin ester, (all-E)-violaxanthin, (all-E)-violaxanthin dimyristate, (all-E)-violaxanthin
dipalmitate, (all-E)-violaxanthin myristate-palmitate, (all-E)-zeaxanthin dimyristate, (all-E)-
zeaxanthin dipalmitate, (all-E)-zeaxanthin myristate-palmitate, (all-E)-zeinoxanthin, (all-E)-
a-carotene, (all-E)-a-cryptoxanthin, (all-E)-a-cryptoxanthin myristate, (all-E)-a-cryptoxanthin
palmitate, quercetin dihydrate, catechin, rutin, epicatechin, myricetin and kaempferol (Oli-
vares-Tenorio et al., 2017; Etzbach et al., 2018).

The literature reports that there are specific bioactive phytochemicals in goldenberry.
Among them are withanolides, which are C28 ergostane-type steroids with oxygenation in
the steroid skeleton in which C-26 and C-22, or C-26 and C-23, are oxidized to produce 6- or
y-lactone. These compounds possess antimicrobial, anticancer, anti-inflammatory, antidia-
betic, hypocholesterolemic, and immunomodulatory activity (Yamika et al., 2019). Withanolide
E and 4B-hydroxywithanolide E, specifically, have anticancer effects. In addition to withano-
lides, phthalins are pseudosteroids isolated and characterized from the Physalis genus, for
example phthalin A, B, D, F and glycoside present in P. peruviana, which play anticancer,
antioxidant and anti-inflammatory activities (Zhang, Deng et al., 2013).
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3.3. Raspberry

Raspberry contains numerous bioactive compounds, such as phenolics, organic acids and
minerals (Chen et al., 2013). In addition to being rich in vitamin C and dietary antioxidants,
raspberry has a high ellagitannin content, which results in the release of free ellagic acid
during hydrolysis (Rao & Snyder, 2010). In addition, raspberry has a unique anthocyanin pro-
file, with cyanidin-3-O-soforoside being the main SM present in this berry (Fig. 6) (Burton-
Freeman et al., 2016). Although all berries have cyanidin-based anthocyanins, not all share
similar glycosidic units. The soforoside unit, for example, is a cyanidine glycoside unique to
raspberries (Torre & Barritt, 1977).

Fig. 6. Cyanidin-3-O-soforoside is the major phytochemical present in raspberry.

Cyanidin-3-O-sophoroside

Source: Own authorship. The molecular structure was obtained from the National Center for Biotechnology
Information (https:/pubchem.ncbi.nlm.nih.gov/compound/Cyanidin-3-O-sophoroside#section=2D-Structure).

Other SM also detected in raspberries include: ellagic acid (and its glycosides), ellagitannins,
sanguiin H-6, lambertianin C, caffeic acid, ferulic acid, p-coumaric acid, p-hydroxybenzoic
acid, sinapic acid, cinnamic acid, vanillic acid, coumaroyl glycosides, cyanidin-3,5-diglucoside,
cyanidin-3-(26-glucosylrutinoside), cyanidin-3-0-glucoside, cyanidin-3-O-rutinoside, pelargo-
nidin-3-0-sophoroside, pelargonidin-3-(2G-glucosylrutinoside), pelargonidin-3-O-glucoside,
pelargonidin-3-O-rutinoside, kaempferol-glucuronide, kaempferol-hexoside, quercetin-3-gluc-
uronide, quercetin-3-rutinoside, quercetin-3-hexoside, quercetin-3-ramnoside, quercetin-3-glu-
coslde, apigenin, chrysin and naringenin (Rao & Snyder, 2010; Chen et al., 2013; Maksimovi¢
et al., 2013; Diaconeasa et al., 2014).

The literature reports that raspberry extracts had anticoagulant and fibrinolytic action
in an in vitro assay (Torres-Urrutia et al., 2011). In in vivo mouse studies, Ding et al. (2014)
suggested that the use of ellagitannin-rich fractions provides improvements in endothelial
function, which could reduce the risk of hypertension and atherosclerotic development. In
parts this is due to reduced oxidative stress and inflammation in vascular tissue after feed-
ing mice with ellagic acid, since the effects of ellagic acid stem from activation of erythroid
nuclear factor 2 and increased endothelial nitric oxide synthase activity.
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Ellagic acid, present in raspberries, is an inhibitor of melanin production (Draelos et al.,
2013), due to inhibition of melanocyte proliferation and melanin synthesis by the enzyme
tyrosinase (Yoshimura et al., 2005), presenting great potential as a cosmetic in the treatment
of hyperchromia. Other studies with raspberry extracts/fractions evidenced antioxidant and
anti-inflammatory activity in vitro, lipid peroxidation (Kdhkonen et al., 2012), and increased
activity of antioxidant enzymes, such as catalase and superoxide dismutase (Sangiovanni et
al., 2013). In addition, Liu et al. (2010) showed that a raspberry-rich diet can suppress dieth-
ylnitrosamine-induced liver lesions in rats and reduce the definitive diagnostic features of
the neoplasm.

3.4. Blueberry

The blueberry is widely studied for its high phytonutrient content, mainly phenolic com-
pounds (Felgus-Lavefve et al., 2022), biomolecules responsible for popularizing this berry as
a “superfruit” due to its antioxidant capacity (Kalt et al., 2020). This antioxidant capacity
depends on anthocyanins, procyanidins, chlorogenic acid, and flavonoids (Wang et al., 2022).
Among SM, anthocyanins are the most important subclass of antioxidant substances and
are linked to the fruit coloration, which plays a role in its acceptance by consumers. In all, 15
types of anthocyanins have been identified in blueberries, including delphinidin, petunidin,
peonidin, cyanidin, and malvidin (Chai et al., 2021). Of these, malvidin-3-O-glycoside is the
major SM present in blueberry (Fig. 7) (Wang et al., 2022).

Fig. 7. Malvidin-3-0O-glycoside is the major blueberry secondary metabolite.

Malvidin-3-0O-glucoside

Source: Own authorship. The molecular structure was obtained from the National Center for Biotechnology
Information (https:/pubchem.ncbi.nlm.nih.gov/compound/Malvidin-3-Glucoside#section=2D-Structure).

Others SM also found in blueberry include: cyanidin-3-0O-galactoside, cyanidin-3-0-glu-
coside, cyanidin-3-O-arabinoside, delphinidin-3-O-galactoside, delphinidin-3-O-arabinoside,
delphinidin-3-O-glucoside, malvidin-3-0O-galactoside, malvidin-3-O-arabinoside, petuni-
din-3-0-galactoside, petunidin-3-O-arabinoside, petunidin-3-0-(6"-acetyl-glucoside), peon-
1din-3-0-galactoside, peonidin-3-O-arabinoside, myricetin-3-0O-glucoside, myricetin-3-O-
rhamnoside, quercetin-3-D-galactoside, quercetin-3-O-glucoside and quercetin-3-O-rutinoside
(Buran et al., 2014; Correa-Betanzo et al., 2015).

19


https://pubchem.ncbi.nlm.nih.gov/compound/Malvidin-3-Glucoside#section=2D-Structure

PHYTOCHEMICAL POTENTIAL OF BERRIES: AN OVERVIEW

Among the benefits of blueberry consumption are its anti-inflammatory and antioxidant
actions and its effects on vascular and glucoregulatory function. The literature reports that
blueberry consumption (approximately one-third cup) decreases the risk of type 2 diabetes
mellitus, retinal stress, inflammation, and cardiovascular and neurological diseases. These
positive effects are linked to the daily consumption of anthocyanins (50 mg) present in the
fruit (Kalt et al., 2020).

For example, anthocyanins present in blueberries inhibited IFN-y receptor 2, which is
responsible for signal transduction transmitted by pro-inflammatory cytokines (Roth et al.,
2016). Blueberry extracts conferred protection against DNA damage induced by hydroxide per-
oxide and tert-butylhydroperoxide (Van Breda et al., 2018). Blueberry consumption decreases
Low-Density Lipoprotein (LDL-C), triglycerides, and adiponectin and increases High-Density
Lipoprotein (HDL-C) (L1 et al., 2015), due to modulation of glucose metabolism (Reis et al.,
2016), and effects on endothelium composition (Kalea et al., 2006). Anthocyanins constituents
of blueberries increase the viability and differentiation of human corneal epithelial cells (Song
et al., 2010).

3.5. Strawberry

Appreciated for its characteristic aroma and flavor and distributed in various agroecosystems,
strawberry 1s the main cultivated species among small fruits (Chiomento et al., 2023). In addi-
tion to palatable properties, strawberries have high antioxidant activity that is attributed to
phenolic compounds, mainly anthocyanins. Besides being responsible for the typical straw-
berry red coloration, anthocyanins have beneficial effects on human health (Chiomento, Lima
Junior et al., 2021). No wonder that the main SM constituent of strawberry is an anthocyanin,
pelargonidin-3-0-glycoside (Fig. 8) (Duarte et al., 2018).

Fig. 8. Pelargonidin-3-0-glycoside is the major strawberry phytochemical.

Pelargonidin-3-0O-glucoside

Source: Own authorship. The molecular structure was obtained from the National Center for Biotechnology
Information (https://pubchem.ncbi.nlm.nih.gov/compound/Pelargonidin-3-glucoside#section=2D-Structure).

Others detected strawberry’s SM include: cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside,
cyanidin-3-0-galactoside, cyanidin-3-malonylglucoside, pelargonidin-3-O-rutinoside, pelargo-
nidin-3-0-galactoside, pelargonidin-3-0O-arabinoside, pelargonidin-3-malonylglucoside, pelar-
gonidin-3-malylglucoside, peonidin-3-0O-glucoside, kaempferol-3-glucoside, kaempferol-3-gluc-
uronide, kaempferol-3-malonylglucoside, kaempferol 3-O-(3”,6”-O-di-p-coumaroyl)-glucoside,
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quercetin-3-glucuronide, quercetin-3-malonylglucoside, quercetin-3-rutinoside, quercetin-3-glu-
coside, ellagic acid, gallic acid, ellagitannin, galotannin, caffeic acid, p-coumaric acid, agrimo-
niin and lambertianin (Giampieri et al., 2014; Howard et al., 2014; Chaves et al., 2017).

Due to its constituent biomolecules, this berry presents anti-inflammatory activity (Duarte
et al., 2018), antihypertensive action (Giampieri et al., 2015), and anticancer (Folmer et al.,
2014). In addition, strawberry intake promotes protection against Alzheimer’s dementia
(Agarwal et al., 2019). Literature showed that strawberry methanolic extract had anti-obesity
action by promoting mitochondrial biogenesis, since the extract stimulated AMP-activated pro-

tein kinase, sirtuin 1 and peroxisome proliferator-activated receptor gamma 1-alpha (Forbes-
Hernandez et al., 2020).

3.6. Grape

The phytochemical diversity of grapevine includes alkaloids, terpenes, antibiotics, volatile
oils, resins, cardiac glycosides, tannins, sterols, saponins and mainly phenolic compounds.
Phenolic compounds are synthesized by the General Phenylpropanoid Pathway (GPP) and its
downstream reactions (Rienth et al., 2021). The GPP starting point is phenylalanine, a product
of the shikimate pathway that represents the fundamental link between primary and second-
ary metabolism in vascular plants.

The phenolic compounds present in grapes can be divided into flavonoids and non-flavonoids.
The main constituent of grapes is resveratrol (Fig. 9), a non-flavonoid also known as stilbene
(Al et al., 2010). Resveratrol, which exists as a trans or cis 1somer (Kiselev et al., 2017), 1s
associated with the “French paradox” because the lower risk of cardiovascular disease in the
French population was attributed to the higher intake of resveratrol through wine consumption
(Renaud & De Lorgeril, 1992). Resveratrol is a compound that serves as a precursor to other
stilbenoids such as piceiids, trans- and cis-resveratrol-3-O-8-D-glucopyranoside, and astring-
ine. The oxidation of resveratrol produces oligomers called viniferins. The most important

viniferines are a-, B-, y-, 6- and e-viniferine, consisting mainly of cyclic oligomers of resveratrol
(Rienth et al., 2021).

Fig. 9. Resveratrol is the main phytochemical present in grapes.

Resveratrol

Source: Own authorship. The molecular structure was obtained from the National Center for Biotechnology
Information (https://pubchem.ncbi.nlm.nih.gov/compound/Resveratrol).
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Others SM detected in grape include: p-coumaric acid, ellagic acid, caffeic acid, ferulic
acid, coutaric acid, caftaric acid, fertaric acid, syringic acid, protocatechuic acid, gallic acid,
vanillic acid, kaempferol, quercetin, myricetin, rutin, isorhamnetin, laricitrin, syringetin,
catechin, epicatechin, epicatechin-3-0O-gallate, gallocatechin, epigallocatechin, naringenin,
cyanidin-3-0-glucoside, cyanidin-3-(6”-coumaroyl)-glucoside, cyanidin-3,5-diglucoside,
peonidin-3-0-glucoside, peonidin-3,5-diglucoside, delfinidin-3-0O-glucoside, delphinidin-
3,5-diglucoside, delphinidin-3-(6"-acetyl)-glucoside, delphinidin-3-(6”-coumaroyl)-glucoside,
petunidin-3-0-glucoside, petunidin-3,5-diglucoside, petunidin-3-(6”-acetyl)-glucoside, mal-
vidin-3-0-glucoside, malvidin-3,5-diglucoside, linalool, geraniol, nerol, citronellol, (E)-hot-
rienol, a-terpineol, rose oxides and rotundone (Matarese et al., 2014; Zhang, Wang et al.,
2013).

The biological effect of SM in grapes is conditioned to consumption in sufficient amounts,
in raw or prepared foods, and it is also necessary that these biomolecules are bioaccessible
and bioavailable (Sabra et al., 2021). Human health roles from phenolic acids include anti-
diabetic, anti-inflammatory, anticancer, and anti-aging activities, and radioprotective and
neuroprotective actions (Kumar et al., 2018).

Resveratrol, for example, is a potent antioxidant with an important role in protecting
against cardiovascular disease. The literature reports that this stilbene present in grapes
affects four cardiovascular disease risk factors: platelet aggregation, hypertension, dysfunc-
tion, and hyperlipidemia (Chong et al., 2010). Use of grape seed extract (300 mg per day) and
a calorie-restricted diet increases lipid levels, visceral fat index, and plasma atherosclerotic
index in obese or overweight adults, thereby reducing cardiovascular risk factors (Yousefi
et al., 2021). In human clinical trials, Asbaghi et al. (2021) evidenced that consumption of
grape products reduced systolic and diastolic blood pressure.

4. Final considerations and future prospects

This narrative review examined the phytochemical profile of the six main small fruits and
demonstrated that each of them has significant therapeutic potential when included in the
daily consumption diet. All edible forms of these six berries (fresh fruit, juice, pulp and wine)
are rich sources of biomolecules with health-promoting activities, particularly anthocyanins,
especially in blackberries, raspberries, blueberries and strawberries.

All SM reported here perform an antioxidant action in the consumers’ body. This makes
these biomolecules have high potential to fight various diseases, such as diabetes, obesity,
cancer, inflammation, hypertension, neurological diseases, cardiovascular diseases, degen-
erative diseases and many related complications. These discoveries were possible thanks
to numerous in vitro and in vivo studies, in animals and humans, from the concern of sci-
entists, who believed that the inclusion of small fruits in diets rich in ultra-processed foods
would improve the health of patients through the benefits of ingesting a complex network of
phytochemicals.

Despite scientific and clinical evidence on the positive effects of eating small fruits on
human health, their consumption is still low. Therefore, efforts must be made to increase the
inclusion of these berries in daily diets, starting with the creation of public policies that look
not only at consumers, but also at producers, scientists and industries. These initiatives will
involve the totalitarian of the small fruit production chain: scientists, who develop studies to
establish adequate management for the production of SM by plants and who demonstrate the
benefits of these biomolecules; the producers, who envision ways to add value to the products
sold and who also meet the demand of the demanding consumer market in terms of quality;
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the food and pharmaceutical industries, which can originate pharmaceutical products, nutra-
ceuticals and dietary supplements from small fruits; and consumers, who are increasingly
concerned about their health and thoughtful when structuring their diets.
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