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INTRODUCTION
Natural foods play an important role in maintaining 

human health, due to the contribution of compounds associated 

with functional properties that go beyond nutritional value. 

Berries are among the fruits with the highest amount of 

bioactive compounds, including minerals, vitamins, dietary 

fibers, and notably, phenolic phytochemicals, which have 

been reported to have various health benefits [1]. Grapes are 

recognized as one of the most important fruits within this select 

group of berries, which are considered one of the representative 

sources of phenolic compounds, and therefore, one of the main 

functional foods due to their contributions to health. Hence, in 

recent decades, phenolic compounds from grapes (Vitis) and 

their derived products have attracted great attention and have 

been extensively investigated due to their antioxidant properties 

and the role they play in promoting health, in the prevention 

of different diseases [2,3], and their potential use in the 

development of new dietary supplements or chemotherapeutic 

agents [4–8].

Phenolic compounds are secondary metabolites in 

plants. Although they are not nutritious, they have multiple 

bioactive properties and their consumption as part of the diet 

has protective effects on health. These compounds contain at 

least one aromatic ring with a hydroxyl group in its structure. 

There are more than 8,000 phenolic compounds from individual 

plants, and they show great structural variability [9]. In grapes 

and derivatives, the study of the total content of polyphenols 
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ABSTRACT
In the pursuit of potent antioxidant sources for potential health benefits, significant attention has been directed toward 

polyphenols. This research is especially relevant in the context of colorectal cancer (CRC), a widespread and deadly 

malignancy. The exploration of preventive strategies has led to a growing interest in grapes and their derivatives, such 

as juices and wines, which offer various consumption options based on grape type. This investigation encompasses 

a comprehensive analysis of multiple grape components: skin, pulp, seed, pomace, wine, juice, and extracts. These 

assessments serve as a critical reference for exploring functional ingredients from grapes and their potential as 

chemopreventive agents against colon cancer. This scientific literature review aims to provide an in-depth overview 

of advancements from 2012 to 2023. A systematic review reveals varying polyphenol concentrations in different 

grape components and their correlation with antioxidant capacities. In addition, the chemical profiles of these 

matrices are analyzed concerning their antioxidant properties, antiproliferative effects, and cytotoxicity, validated 

through in vitro and in vivo models simulating CRC scenarios. This research seeks to demonstrate grapes’ potential, 

in their diverse forms, as promising functional food options.
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highly relevant studies in this area considering different forms 

of grape consumption exist. The purpose of this systematic 

review of the studies published in the last 10 years in which 

the content of total phenols and the antioxidant capacity 

associated with these bioactive compounds present in grapes 

and their derivatives have been identified and quantified is to 

differentiate the contribution of the different matrices evaluated 

and the chemopreventive effect of these antioxidant phenolic 

compounds in different CRC models. Through this, it is sought 

to contribute to the identification of the chemical and biological 

profile of the different functional foods and ingredients available 

from grapes and their derivatives.

METHODOLOGY

Search strategy-identification
Systematic review of previously published research 

in the most comprehensive scientific databases in the fields of 

chemistry and biomedicine: Science Direct, Taylor & Francis, 

and Wiley, based on the refined search equation in the reference 

database Scopus, which resulted in the following terms 

included in the title, keywords, and the abstract: (“Vitis spp” 

OR “vitis labrusca”) AND (“colorectal cancer” OR “cancer”) 

AND “phenolic compounds” AND “antioxidant capacity” 

AND (antiproliferative OR “cytotoxic effect”) AND (“in-vitro” 

OR “in-vivo”). 

These criteria were selected to find studies that reported 

the content of total polyphenols and the antioxidant capacity 

in diverse matrices of grapes and their derivatives. The review 

resulted in a list of research papers related to the evaluation of 

the chemopreventive effect of grapes and their derivatives on 

colon cancer reported in in vitro and in vivo studies.

Screening process and exclusion criteria
The first phase of the review consisted of applying a 

filter from each of the databases consulted, which consisted of 

restricting the search to only: 1) original articles in English and 

2) papers published between 2012 and 2023.

The articles selected in the four databases were 

analyzed in Rayyan. In the first round of selection, articles were 

excluded if: 1) they were duplicates, 2) they corresponded to 

reviews, book chapters, or abstracts of papers, or 3) records 

with title, abstract, or keyword did not respond to the search 

equation. In the second round performed from the full article, 1) 

the exclusion criteria were those articles that were not performed 

in matrices other than grape, 2) the values of total polyphenols 

content, antioxidant capacity, and cytotoxic/apoptosis effect in 

colon cancer lines were not presented, and 3) the results and 

analysis are far from the objective of this review.

Eligibility and data analysis  
The review analyzed studies on grapes and their 

derivatives, dividing them into two categories: species and 

variety, based on polyphenol content and antioxidant capacity, 

and by part of the fruit and derivatives. The second category 

included results from in vitro, in vivo, and epidemiological 

studies, considering doses, specimens, and effects.

and the characterization of their antioxidant effect at an in-
vitro and in-vivo level has advanced to more specific studies 

of the scope of the biological effect of the different types of 

polyphenols, distinguished by the presence of: i) monomeric, 

dimeric, and oligomeric flavan-3-ols (proanthocyanidins), ii) 

anthocyanins, iii) flavonols, iv) stilbenesand, and v) phenolic 

acid or hidroxycinnamic acids and derivates. These studies 

have been widely documented and reviewed [10–14].

However, in recent years, studies have been published 

that aim to characterize the biological activity associated with 

the different parts of this fruit and its various preparations, for 

example, juices, extracts, and flours [15]. These compounds 

have been associated with biological functions, for example, 

antioxidant, antitumor, antisclerotic, and hypoglycemic activity 

[4,5,16–19].

Several studies have reported that the pulp, seeds, 

and skin of grapes, as well as the waste left over after grape 

processing, mainly wine production, contain phenolic 

components that can help prevent and treat various diseases, for 

example, cardiovascular disease, neurodegenerative conditions, 

metabolic syndromes, and cancer [7,8,20–22]. Gupta et al. 
[23] found that grape seed extracts (GSEs) prevent diseases 

such as atherosclerosis, reducing inflammation, and inhibiting 

platelet aggregation. Similarly, González et al. [24] reported the 

antihypertensive activity of compounds rich in phenols due to 

their action as suppressors of oxidative stress. Urquiaga et al. 
[25] demonstrated that the consumption of grape extract has 

beneficial effects on the health of people suffering from obesity 

and metabolic disorders. In their study, patients (30–65 years 

old) with metabolic syndrome were given flour prepared from 

waste generated from wine production. At the end of the study 

period, a considerable reduction in blood pressure was observed 

in the test group. 

In addition to the above, the antitumor capacity of 

various genera and varieties of grapes has been reported in 

different studies [6,26,27], as has their effect as enhancers of the 

cytotoxicity of commonly used chemotherapeutic agents [28]. 

Specifically, the studies show the protection they confer against 

different types of cancer, such as esophageal, lung, liver, breast, 

skin, and colon cancer [29]. The protective effect on colorectal 

cancer (CRC) is of great interest, given the incidence of this type 

of cancer and its high risk of triggering death. In 2020, CRC was 

the cancer with the third highest incidence and the second most 

important cancer as a cause of death worldwide [30]. Although 

important advances have been made in the prevention of this 

disease through the adoption of healthy habits, functional foods 

(such as fruits and vegetables) have a more direct impact on 

the majority of the population. One of the most studied options 

for this purpose is the group of succulent berries, for example, 

grapes, due to their high anthocyanin content. These phenolic 

compounds have been associated with a biological function that 

can counteract the degenerative effects of CRC. Furthermore, 

despite its wide acceptance in current consumption, grapes 

can be a functional food or ingredient for pharmaceutical or 

nutritional purposes [31].

Consequently, studies of the protective effect of 

grapes and their derivatives on cancer, specifically colon 

cancer, are the main scope of this systematic review, since 
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Finally, the topics selected to address both scopes 

in depth were chosen for analysis through VOSviewer 1.6.15 

(Leiden University, Leiden, The Netherlands) and included the 

complete records and cited references of publications from 2012 

to 2023. These were imported for data analysis, co-occurrence 

(keyword repeated minimum twice), and visualization. This 

approach constructed keyword maps and visualized existing 

connections between publications, thus facilitating literature 

analysis across disciplines.

Descriptive analysis
The systematic review of studies on chemical and 

antioxidant characterization of grape matrices was analyzed to 

identify total polyphenol content values for each type of matrix 

and its derivatives, differentiated by gender, and grape variety. 

Data processing was done using R software version 4.1.3 (2022-

03-20), by determining nonparametric confidence intervals, in 

terms of an estimate for a P50 quantile that equals the median, 

given prior verification of the assumption of normality.

RESULTS AND ANALYSIS

Bibliometric analysis
The bibliometric analysis showed that the main 

contributors to studies associated with the scope of the 

chemopreventive effect of grapes and grape derivatives, as well 

as their composition, are concentrated in countries such as the 

United States, Italy, Brazil, Germany, and Poland. The compilation 

of the studies is mainly focused on biochemistry (25.9%), 

medicine (16%), pharmacology (14.8%), agriculture (12.3%), 

and chemistry (10.5%), among others. Hence, the studies are led 

not only by research groups from world-renowned universities, 

but also by research centers oriented to cancer studies and new 

sources of functional ingredients. These results have been the 

subject of scientific production that is mainly disseminated 

through articles (61.3%), reviews with different approaches 

(27.5%), book chapters (8.8%), and conference reports (2.5%). It 

is highlighted that reviews to date have evolved from description 

of the effect of antioxidants on cancer cells to analysis focused 

mainly on explaining the effect of polyphenolic compounds by 

groups (anthocyanins, flavones, flavanols, stilbenes, and phenolic 

acids) [32,33], on studying individual compounds extracted from 

specific parts of the grape, or on evaluating different varieties or 

wines, in in vitro or in vivo studies [34]. 

The above provides an opportunity to contribute 

by means of a systematic review that would allow a deeper 

analysis of original articles from the perspective of the 

synergistic effect of the total content of polyphenols present in 

the different parts of the fruit and its derivatives, associating it 

with the antioxidant capacity (Part 1), where the main aspects 

extracted were compiled (see item “Phenolic content and 

antioxidant capacity in different grape matrices”). The analysis 

of these selected matrices was followed by a presentation of 

the results of the chemopreventive studies (Part 2), reflected 

in the cytotoxic and apoptosis effects at the in vitro level, the 

decrease in tumor growth and the generation of oxidative stress 

at in vivo level summarized in Table 2. Both analyses made it 

possible to consolidate the information for the analysis of the 

last “inclusion” stage of the PRISMA protocol (Fig. 1)

718 keywords related to the selected articles were 

obtained via the clustering performed by VOSviewer’s network 

analysis. The result obtained with a co-occurrence of at least 2 

keywords left 174 words that met the threshold. This was followed 

by the filtering of words that were not related to the scope of the 

review, arriving finally at a consolidated 128 items grouped in 5 

clusters of research represented by different colors (Fig. 2).

Each of the clusters identified enabled the definition of 

the scope and relationship between the studies reported in the 

period analyzed. Consequently, clusters 1, 4, and 5 could be 

grouped to explain mainly Part 2 (biological analysis). Meanwhile, 

clusters 2 and 3 corresponded to the scope of Part 1, where the 

systematic review concentrated on the studies of the chemical 

composition in the various reported matrices derived from grapes 

from some representative varieties worldwide and their evolution 

over time to the more detailed characterization and relationship 

with antioxidant capacity, determined by different techniques.

Thus, Cluster 1 (31 items) is represented by the color 

red and highlights in vitro studies evaluating the antiproliferative 

and apoptosis effect on colon cancer cells from secondary 

metabolites (e.g., anthocyanins and some flavonoids) extracted 

and purified from various phenolic grape species. Cluster 2 (30 

items) is in green and has as a differentiator the studies where 

the antioxidant capacity [2,2’-azino-bis(3-ethylbenzothiazoline-

6-sulfonic acid), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 

ferric reducing antioxidant power (FRAP)] of the isolated and 

quantified compounds, mainly phenolic acids and flavonoids, 

were determined by different techniques, making it possible to 

include in Supplementary Table S1 reports of concentrations of 

this type of specific phenolic compounds. Cluster 3 (24 items), in 

blue, includes specific topics on the analysis in different matrices 

and grape derivatives (seed, grape pomace, and wine), which 

were subjected to chemical characterization of total phenolic 

content (TPC) and antioxidant capacity, as well as the evaluation 

of the bioactivity of these unpurified extracts on cancer cell lines 

in general. Cluster 4 (23 items), in yellow, is a complement to 

cluster 1, and consolidates the information and analysis of 

Part 2 (See item “In vitro studies”) since it is associated with 

animal experiments associated with studies of controlled murine 

models (dietary supplements) that show a decrease in cancer 

risk with antioxidant capacity of the purified extracts used to 

obtain resveratrol and myricetin, among other substances, from 

various matrices. Cluster 5 (20 items) is identified with purple 

and completes the scope of Part 2, since it associates the studies 

in humans of complete and purified extracts (stilbenes), which 

are cross-checked with chromatography techniques such as ultra-

high performance liquid chromatography with tandem mass 

spectrometry for more robust identification and quantification. 

Therefore, each cluster identified in the systematic 

review was defined taking into account different aspects of 

interest that encompass recent advances in different parts of 

the grape, its various derivatives, and different species and 

varieties, as will be detailed below.

Phenolic content and antioxidant capacity in different grape 
matrices

The text discusses the search for natural sources of 

antioxidants and bioactive compounds for promoting health, 
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Table 1. Outstanding values of the main polyphenols present in grapes (skin, pulp and seed), derivatives (juice, wine, extract) and grape pomace.

Matrix Criteria
Flavan-3-ols  

(monomeric (proanthocyanidins)
Anthocyanins 

(cyanidin-3-O-glucoside)
Flavonol 

(quercitin and kaempferol)
Stilbenes  

(resveratrol)

Highest Lowest Highest Lowest Highest Lowest Highest Lowest

Sk
in

Specie
Vitis vinifera x 
Vitis labrusca Vitis vinifera Vitis vinifera Vitis vinifera Vitis vinifera Vitis vinifera Vitis 

vinifera Vitis vinifera 

Variety Kyoho Red Bharati
Cabernet 

sauvignon
Pinot Noir Negro Amaro Moldova

Baladi 

black
Baladi Black

Phenolic 

compounds

Catechin 0.500 

mg/g (a)
Epicatechin 

0.012 mg/g (a)
9.3467 mg/g 

(b) 2.85 mg/g (b)
Quercitin 

0.4003 mg/g 

(b)

Kaempferol 

0.1766 mg/g 
(a)

0.012 mg/g 

(c)
0.00021 mg/g 
(c)

Pu
lp

Specie Vitis vinifera Vitis vinifera -- -- Vitis vinifera Vitis vinifera Vitis 
labrusca --

Variety Moldova Musca Kyoho -- -- Musca kyoho Moldova Moldova --

Phenolic 

compounds

Catechin 18.2 

mg/g (a)

Epicatechin 

0.0045 mg/g 

(a)
-- --

Quercitin 

0.0075 mg/g 

(a)

Kaempferol 

0.0018 mg/g 

(a)

0.0019 

mg/g (a) --

Se
ed

Specie Vitis vinifera Vitis vinifera -- -- Vitis vinifera Vitis vinifera Vitis 
labrusca Vitis vinifera 

Variety Negro Amaro Pinot Noir -- -- Negro Amaro Primitivo Isabel Baladi black

Phenolic 

compounds

Catechin 2.17 

mg/g (j)
Catechin 0.47 

mg/g  (b) -- --

Quercitin 

0.0368 mg/g 

(b)

Quercitin 

0.0235 mg/g 
(b)

0.03 mg/g 

(c)

0.00002 mg/g 
(c)

E
xt

ra
ct

Specie Vitis labrusca Vitis vinifera Vitis labrusca Vitis labrusca Vitis labrusca Vitis labrusca -- --

Variety -- -- -- -- -- -- -- --

Phenolic 

compounds
4.40 mg/g (e) Epicatechin 

0.064 mg/g (f)
15.92 mg/g 

(e)
0.012 mg/g 

(e) 2.96 mg/g (e)
0.02514 ± 

0.00016 mg/g 

(e)
-- --

Ju
ic

e

Specie Vitis labrusca Vitis vinifera Vitis labrusca Vitis labrusca Vitis labrusca Vitis labrusca Vitis 
labrusca Vitis labrusca

Variety Bordo Merlot
Bordo-Isabel 

(organic)

Bordo-Isabel 

(convencional)

Bordo-Isabel 

(convencional)

Bordo-Isabel 

(organic)

Bordo-

Isabel 

(organic)

Bordo-Isabel 

(convencional)

Phenolic 

compounds

Catechin 

0.0088813 mg/g

Epicatechin 

0.004308 mg/g 

(h)

Catechin 

0.000742 mg/g

Epicatechin 

0.003892 mg/g 

(h)

1,592.33 mg/l 
(i)

420.01 mg/l 
(i)

Quercetin 4.28 

mg/l (i)
Quercetin 3.91 

mg/l (i)
3.73 mg/l 

(i) 2.24 mg/l (i)

W
in

e

Specie Vitis labrusca Vitis labrusca Vitis labrusca Vitis labrusca Vitis labrusca Vitis labrusca Vitis 
labrusca Vitis labrusca

Variety
Isabella and 

Ives

Isabella-Ives-

Seibel-Concord

Isabella and 

Ives

Isabella-

Ives-Seibel-

Concord

Isabella and 

Ives

Isabella-Ives-

Seibel-Concord

Isabella 

and Ives

Isabella-

Ives-Seibel-

Concord

Phenolic 

compounds

Catechin 236.03 

mg/l (g)
Catechin 

145.17 mg/l (g)
258.88 mg/l 

(g)
malvidin 

88.76 mg/l (g)
Quercetin 

11.82 mg/l (g)
Quercetin 8.15 

mg/l (g)
6.7 mg/l 

(g) 2.30 mg/l (g)

Po
m

ac
e

Specie -- -- Vitis vinifera Vitis vinifera Vitis vinifera Vitis vinifera -- --

Variety -- -- Tempranillo Tempranillo Tempranillo Tempranillo -- --

Phenolic 

compounds
-- --

Malvidin-3-

O-glucoside 

0.01233 mg/g 

(d)

Cyanidin-3-

O-glucoside 

0.00199 (d)

Quercetin 

0.08753 mg/g 

(d)

Miricetin-3-

O-glucoside 

0.0019 mg/g 

(d)

-- --

Highest value reported in mg/g.

Lowest value reported in mg/g.

Highest value reported in mg/l.

Lowest value reported in mg/l.

(a) [19], (b) [35], (c) [36], (d) [37], (e) [38], (f) [39], (g) [40], (h) [41], (i) [12], (j) [42].
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Table 2. Experimental evidence of the antiproliferative and cytotoxic capacity of phenolic compounds derived from grapes (Vitis).

Compound Dose Cell line or model Effects Reference

In
- v

itr
o 

st
ud

ie
s

Grape seeds 200 μg/ml Caco2-HT29 40% and 50% apoptosis in the cell lines. [43]

Grape seeds 30 μg/ml W480, SW620, 

HT116

Apoptosis induced the death of up to 60% of the cell 

population.

[44]

GSE 25–100 μg/ml HT29, LoVo, SW480 The percentage of cell death increased in a dose-dependent 

manner.

[45]

Extract from white (Italia) 

and red grapes (Palieri and 

Red Globe)

25–100 mg/ml Caco-2 The cytotoxic effect depends on dose and treatment time. [46]

GSP 12.5–50 mg/ml HT29, LoVo, SW480, 

colo320DM

Cell viability decreased up to 50% with a concentration of 50 

mg/ml.

[47]

White and red grape extracts 20 ng GAE
a
/ml Caco-2 White grape extracts increased cell viability by 9.8% 

compared to cells exposed to H
2
O

2
 only. White wines 

increased said viability by 10.6%.

[48]

Proanthocyanidins (grape 

seeds)

1 g GSE Caco-2 The GSE improved the impact of 5-FU on the induction of 

death of Caco-2 cells.

[49]

Red wine and GSEs 5–500 μg/ml HT29 The dose-dependent cell growth inhibition reached 75% and 

60% with grape seed extracts and red wine, respectively.

[50]

GSEs from three varieties: 

Italia, Palieri, and Red 

Globe

50 and 100 μg/ml Caco-2, HCT-8 The inhibition of cell growth was significantly higher in the 

treatment with GSEs from the varieties Italia and Palieri than 

that observed with epigallocatechin and procyanidins.

[51]

Vinifera Cabernet Franc, 

Chardonnay Pinot Noir, 

Riesling Hybrid, Baco 

Noir, Catawba, Cayuga 

White Chancellor, Concord, 

DeChaunac, Marechal Foch, 

Niagara, Sheridan, Vidal 

Blanc

2–100 mg/ml Caco-2 There was a reduction in cell proliferation percentage, with a 

more significant effect of the treatment with extracts of Pinot 

Noir grapes.

 [52]

Purified grape waste 

extracts 

10–100 mg/ml Caco-2 The extracts produced inhibitions of cell growth and viability 

of up to 52.1% and 29%, respectively.

[81]

Grape waste extract 0.5–100 ml/l Caco-2 The extracts exhibited antiproliferative effects and protection 

against reactive oxygen species (ROC) production.

[83]

Grape waste extract 750 μg/ml Caco-2 A pro-oxidant effect was observed after 24 hours of treatment. 

The death of tumor cells was induced by apoptosis.

[53]

Pomace (extract) 0.1–1,000 μg/ml SW480 The extract induced a significant reduction of SW-480 

cell viability (70%), related to an increase in BAX/BCL-2 

radio, and inhibition of VEGFA, HIF1α, and TRPM8 gene 

expression.

[54]

Nonpomace sediment of 

grape juice

200–500 μg/ml Caco-2 Treatment resulted in the inhibition of cell proliferation and 

protective effect on inflammation before and after in vitro 
digestion.

[6]

Stilbene extract from 

grapevine

0–100 μg/ml Caco-2 The extract reduced cell viability to 10% at higher 

concentrations. 

[10] 

Digested Aglianico grape 

pomace extract

25–200 μg/ml HT29, SW480 After 24 hours of treatment, an antiproliferative effect and 

induction of the mitochondrial apoptotic pathway were 

observed.

[55]

Pomace (extract) 1–100 μg Isolated mouse colon 

from adult C57/BL6 

male mice

A reduction in inflammation and oxidative stress was observed 

in the isolated colon specimens.

[54]

(Continued)
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Compound Dose Cell line or model Effects Reference

In
-v

iv
o 

st
ud

ie
s

GSE 25–100 mg/ml Athymic male nu/

nu mice

Decrease in tumor growth. [56]

Increase in cell death by apoptosis.

Increased expression of p21 and poly(ADP-ribose) polymerase 

cleavage.

Bordo grape marc Standard chow 

enriched with 

0.2%–0.6% of 

grape marc.

Wistar male rats Acceleration in intestinal transit. [57]

Lower weight gain in the rats that consumed a higher amount 

of grape marc. Reduction in non-HDL cholesterol levels.

Resveratrol (V. vinifera) 20 mg/kg White outbred male 

rats

Decrease in the markers of oxidative stress. [58]

Deceleration of tumor development.

GSEs 0.5% p/p GSE + 

AIN-76 dietª

APC
min/+

 mice Decrease in size and number of intestinal polyps. [59]

Decrease in cell proliferation.

Decrease in protein levels of COX-2, iNOS, and β-catenin.

Increase in Cip1/p21–positive cells.

Anthocyanin-rich extracts 

from three types of berries 

(Vaccinium myrtillus L., 

Aronia meloncarpa E., and 

V. vinifera).

Diet enriched with 

3.85 g/kg for 14 

days

Fischer 344 rats 

treated with 

azoxymethane

Decrease in the formation of ACF in the colon. [60]

Decrease in the expression of COX-2.

GSE 0.25 and 0.5% 

(p/p) for two weeks

A/J mice Decrease in the size of tumors induced by azoxymethane. [44]

The GSE exhibits antiproliferative and pro-apoptotic activity.

Grape pomace AIN-95G purified 

diet supplemented 

with 5% grape 

pomace

(AMPK)α1-floxed 

mice crossed with 

Lgr5Cre mice

Suppression of colonic expression of inflammatory cytokines 

nterleukin-1 beta (IL-1β) and tumor necrosis factor-alpha 

(TNF-α), inhibition of nuclear factor-kappa B (NF-κB) 

inflammatory signaling, decrease in ALDH1 expression, and 

concurrent increase in Cdx2 expression.

[61]

Grape juice 1% and 2% 

concentrations of 

grape

Wistar rats Possible antioxidant action of the grape juice components 

associated with increased expression of CAT and Mn-SOD.

[62]

juice for 15 days

Grape pomace 5% grape pomace+ 

AIN-93G diet

Not specified There was an increase in the expression of downstream 

genes of the FXR, leading to a reduction in fecal urease 

activity. Furthermore, the administration of GP resulted in an 

upregulated DNA repair enzyme, MSH2, and a decrease in 

γ-H2AX

[63]

E
pi

de
m

io
lo

gi
ca

l s
tu

di
es

Grapes (unspecified) 0.15, 0.30, and 

0.45 kg of daily 

consumption for 

30 days
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Figure 1. PRISMA 2020 diagram: methods and filters adopted in bibliographic-searches and selection criteria according to PRISMA 2020 

protocol [65].
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species V. vinifera. The researchers discovered that the skin of 

the specimen had the highest TPC of the varieties studied, at 18 

± 1 mg GAE/g, while the skin of the Harawani, belonging to the 

same species, displayed the lowest TPC at 5.2 ± 0.4 mg GAE/g. 

Based on this 71.1% difference in TPC, one could infer that skin 

color exerts a stronger influence on TPC than grape variety.

Geographical origin is another factor associated with 

TPC differences. In the study mentioned above, El-Elimat et al. 
[38] used grapes from different places: Darawishi Black from 

Jordan and Harawani from Turkey. Similarly, Han et al. [68], 

Fernández López et al. [66], and Unterkofler et al. [67] have 

found that factors such as climate, altitude, and planting method 

cause variabilities in the final phenolic composition of these 

berries.

The higher the TPC of grape skin, the higher its 

antioxidant capacity, as seen in Supplementary Table S1. 

According to Rockenbach et al. [35], there are differences 

in this respect even among species of the genus Vitis. More 

specifically, they showed that V. labrusca grapes have a higher 

concentration of phenolic compounds in their skin—which 

also means greater antioxidant capacity (measured by DPPH 

and FRAP assays)—than their V. vinifera counterparts (8.978 ± 

0.086 mg CE/g). The latter also presented a lower antioxidant 

capacity (DPPH: 176.26 ± 4.72; FRAP: 215.62 ± 0.94 mmol 

Fe/g). Research articles by other authors (e.g., Li et al. [19] and 

El-Elimat et al. [36]) include graphs that show that, in the skin 

of grapes, the higher the concentration of phenolic compounds, 

the greater the antioxidant capacity.

with a specific focus on berries from the Vitis genus, known 

for their role in wine production. Various research efforts have 

examined the antioxidative potential and TPC of different Vitis 

berry varieties, and Supplementary Table S1 summarizes these 

findings. The goal is to provide an overview of how these 

berries can benefit human health and potentially influence the 

food and nutraceutical industry. 

Skin
Fernández López et al. [66] established that the skin 

of the grape is the part with the second highest phenolic content 

(after the seeds), which can be confirmed in the studies reviewed 

in Supplementary Table 1. However, the TPC values observed 

in the studies are different due to other parameters that also 

affect seed composition (discussed above). The results show 

differences in TPC of up to ~50%, which is the case with the 

Primitivo and Pinot Noir varieties, the latter having the lower 

TPC [35]. Similar results have been reported by Unterkofler et 
al. [67], which is evidence of the influence of the variety on the 

TPC of the fruit.

In addition, skin color intensity is decisive in the 

functional differentiation of grapes. For instance, Li et al. [19] 

found that two varieties (Summer Black and Muscat Kyoho) of 

the species Vitis vinifera x Vitis labrusca presented an 85.4% 

difference in TPC. This variation was not only associated with 

the variety of the fruit but also with the color: Muscat Kyoho 

(red) had a higher TPC than Summer Black (black). Likewise, 

El-Elimat et al. [36] analyzed the Darawishi Black variety of the 

Figure 2. Analysis of hotspot occurrence was based on bibliographical data for polyphenols and biological properties in different 

matrices of grape (Vitis) and its derivates from 2012 to 2023. Data analysis used fractional counting for co-occurrence of all 

keywords (minimum number of occurrences set at two). Visualization via fractionalization used a minimum clustering size of 

five and a resolution of one. Network visualization with five clusters used different colors.
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30% are in the skin, and the remaining 6% are present in the 

pulp [19,75,76]. The pulp segment of the market is experiencing 

growth due to its direct involvement in the preparation of 

dairy products, making it increasingly popular because of its 

convenience and associated health benefits [77]. 

In Supplementary Table S1, the values of total phenolic 

compounds (TCP) are maintained within a range, which is 

presented as the lowest among the other mentioned parts 

(0.33 mg GAE/g) [19]. In addition, the antioxidant capacity is 

directly proportional to this phenolic content, as demonstrated 

by Li et al. [19], who reported TCP of the pulp (Species: V. 
vinifera, Variety: Red bharati) to be 0.701 ± 0.193 mg GAE/g 

fw, along with antioxidant capacity measured by DPPH and 

oxygen radical absorbance capacity (ORAC) assays (0.03 mg/

ml and 0.008 mmol TE/g, respectively). These values were 

lower in comparison to the other studied matrices. In contrast 

to the seeds and skin, this matrix primarily consists of water 

(comprising 70%–85% of its composition). Moreover, it also 

exhibits a notable concentration of sugars, potentially exerting 

an additional influence on the accessibility of the limited 

polyphenolic content, thereby impacting its antioxidative 

potential [78,79].

Pomace
During the grape juice production process, grape 

polyphenols are efficiently transferred into the juice. However, 

a significant portion remains concentrated in the solid residue 

known as pomace, which is generated during processing [6]. 

Pomace, consisting of skins, leftover pulp, seeds, and stalks, 

contains valuable components such as health-promoting 

compounds, a substantial fiber content, and polyphenols that 

endure even after the winemaking process [80,81].

Supplementary Table S1 confirms what was stated 

by Haas et al. [6] mentioned, since, as reported by Wang et 
al. [63], pomace of the Tempranillo variety (V. vinifera) has 

a high phenolic content in comparison with other parts of the 

Vitis species (TPC 1,967.52 mg GAE/g), which leads to high 

antioxidant capacity as demonstrated by FRAP methods: 

4,020.7.40 ± 0.1025 mg TE/g and ORAC: 19,236 ± 1.9612 

mg TE/g DM. On the other hand, the place of origin of the 

pomace analyzed must also be considered to elucidate these 

characteristics. This is because, as shown by Recinella et al. 
[54], the pomace of the Montepulciano variety, which comes 

from Italy, has a lower TPC than that of Tempranillo, [25.9 ± 

0.18 (mg GAE/g)], which comes from China, although the two 

come from the same species (V. vinifera). This latter region has 

been considered to have a high impact in terms of production 

and analysis of this type of berries, which has led to increased 

modifications that probably increase the phenolic compounds 

of the grape [82].

Juice, wine, and extract
Supplementary Table S1 displays variations in TPC 

based on factors such as grape species, variety, and matrix (e.g., 

seeds, skin, pulp, pomace, extract, wine, or juice). Notably, in 

the case of juice, there is a TPC difference of up to approximately 

38% between V. labrusca (with higher content) and V. vinifera. 

Among V. labrusca varieties, Bordo has the highest TPC, while 

In the big family of phenolic compounds, it has been 

established that anthocyanins found in grapes present their highest 

concentration in the skin. Therefore, they are associated with the 

color of this fruit, and their content is higher in purple, black, and 

red grapes. Likewise, an association has been found between higher 

color intensities and higher TPC because anthocyanins (as colored 

compounds) tend to accumulate during the maturation process of 

darker grapes. Their accumulation can also be reflected in some 

cultivars in which the pulp is pigmented as well [69]. Rockenbach et 
al. [35] conducted a study focused on demonstrating the relationship 

between anthocyanin content and grape variety. They evaluated 

five varieties of V. vinifera and Isabella grape (which belongs to V. 
labrusca), finding that the Cabernet Sauvignon variety exhibited 

the highest content of anthocyanins (expressed as cyanidin-3-

rutinoside equivalents), followed by Primitivo, Isabel, Pinot Noir, 

Sangiovese, and Negro Amaro. The characterization of TPC—and 

specifically anthocyanins—in grapes is important because this fruit 

can be a functional food, as it has been demonstrated, in vitro, that 

anthocyanins contribute to the promotion of human health [68]. 

However, grape byproducts should be obtained carefully because 

anthocyanins are highly thermolabile compounds and are sensitive 

to light and pH changes, which affects the antioxidant capacity of 

the final product [70,71].

Seeds
Ordoñez et al. [72] found grapes have the highest total 

polyphenol content in their seeds and skin, surpassing prickly 

pear, cocoa, and Amazon tree grapes.

Vitis vinifera has been reported to have, on average, 

a higher polyphenol content (97.30 ± 0.76 mg CE/g) than Vitis 
labrusca (21.28 ± 0.19 mg CE/g), also known as Isabella grape 

[35]. Nevertheless, the latter has been gaining ground because 

of an increase in its direct consumption (e.g., in juice), which 

has therefore boosted its production. For instance, in Colombia, 

the annual production of Isabella grapes is approximately 

25,600 tons [73].

Another factor that influences the phenolic content of 

grape seeds is variety. For instance, Pinot Noir black grapes were 

reported to have the highest TPC, followed by their Primitivo 

counterparts, which are widely used for grape-derived products, 

mainly wine [35]. A different study compared several varieties of 

V. vinifera grapes cultivated in Jordan, as shown in Supplementary 

Table S1. In the paper by El-Elimat et al. [36], the variety with 

the highest phenolic content was Golden Scatt, followed by Red 

Globe, two types of grapes grown for fruit processing. In turn, 

varieties such as Baladi exhibited lower phenolic content and are 

mainly used for commercialization in the fresh market.

The findings discussed above corroborate the special 

importance of grape seeds due to their properties associated 

with antioxidant capacity and as sources of anti-inflammatory 

and antineoplastic compounds, among others [74]. This is 

particularly relevant at the present time because grape seeds—

which are considered waste in the winemaking industry—can 

have potential in other sectors: pharma, foods, and cosmetics.

Pulp
Although approximately 64% of the overall free 

phenolic compounds in grapes are found in the seeds, around 
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(70–97 mg GAE/l), which means that the use, consumption, 

and production of grapes should be further encouraged because 

of this advantage as a functional food.

Finally, TPC values in wine are comparable to those 

found in grape juice macerated with enzymes (830–847 

mg GAE/l). However, the TPC results for wine, juices, and 

extracts, vary depending on the grape variety used. In contrast, 

there is no significant evidence of wide variations in average 

TPC values for different grape varieties in skin, pulp, or seeds. 

The values reported in various studies tend to remain consistent 

depending on the grape variety. Overall, when it comes to grape 

pulp and its derivatives (wine, juices, and extract), V. labrusca, 

either individually or mixed with other Vitis varieties, exhibits 

the highest TPC. For skin and seeds, Golden Scatt of the V. 
vinifera species and Pinot Noir stand out [35,36]. 

The variability in the type and concentration of 

polyphenolic compounds in different parts of the grape, as well 

as the various treatments used to produce derivatives such as 

wines, juices, extracts, and residues, likely accounts for the 

observed results.

Consequently, for a more effective analysis of the 

contribution of the most representative phenolic compounds 

associated with grapes in each matrix evaluated, they were 

classified in Table 1 according to: i) the highest or lowest 

concentration present in the pulp, seed, or skin and in the 

derivatives studied; and ii) the species and variety. The 

transformation options that can be derived from the grape in 

its different varieties represent an important opportunity to 

enhance the concentration of phenolic compounds and their 

antioxidant activity.

In juices and wines, physical transformations such 

as maceration or blending facilitate the solubilization of the 

anthocyanins present mainly in the skin. This is favored by 

extending the process, which can be corroborated by the 

results of the evaluation of the juice obtained by maceration 

with temperature and light control, as these metabolites are 

thermolabile [12]. The extraction of anthocyanins in wines 

is added to the previously described stage since maceration 

before fermentation is contemplated [40]. This action is further 

favored by biochemical reactions such as exposure to enzymatic 

pretreatments, which differentiate the juice obtained only by 

maceration [41] and that which was additionally subjected to 

hydrolase enzymes. This is because the extraction of polyphenols 

is favored by promoting mechanisms, including: i) hydrolysis 

of macromolecules such as sugars, proteins, and pectin, which 

interfere with the formation of tannin-anthocyanin adducts; and 

ii) diffusion mechanism from the wall cells both in the skin 

and in the seed and, to a lesser extent in the pulp of the grape, 

which increases the availability of both free anthocyanins and 

proanthocyanidins, mainly concentrated in the seed, hence their 

release throughout the fermentation of the wine or pretreatment 

with enzymes.

According to what is described in Table 1, the part of 

the grape where the highest anthocyanin content is reported is 

the skin, which is consistent with numerous previous studies. For 

this review, it was possible to identify from the analysis carried 

out on V. vinifera that the highest anthocyanin content was found 

in Cabernet Sauvignon [35], but when the treatments described 

Isabel has the lowest. Preliminary treatments to obtain grape 

juice, as mentioned by Cosme et al. [83], significantly affect 

polyphenol content, resulting in lower values in juice compared 

to seeds and skin. The use of pasteurization, especially at 

temperatures above 80°C to ensure microbiological quality, 

can largely account for the reduction in TPC, particularly in 

anthocyanins, which are highly sensitive to heat [70,71,83].

In grape extracts, TPC values vary according to 

obtention method, species, variety, and cultivation practices, 

among other factors [83,84]. Supplementary Table S1 shows 

that Corrales et al. [85] compared extracts from conventional 

and organic grapes. The former presented a TPC ~73% higher 

than the latter, which they related to the kind of pesticides used 

to grow the organic grapes. Such pesticides could significantly 

reduce the production of phenolic compounds; as a result, 

the antioxidant capacity of said extracts was reduced by 

approximately ~77%, which is related to the TPC. The TPC 

and AC of extracts also depend on the extraction method. 

Ultrasound-assisted methanolic extraction is more efficient 

than percolation in an acidic medium [38,85,86].

TPC reference values according to matrix and variety
Based on the values reported in the studies reviewed 

above, Figure 3 presents the TPC ranges of different grape 

varieties classified by type of matrix.

The text discusses variations in reporting TPC in 

different studies. In some cases (Fig. 3A and D), TPC is reported 

as mg CE/g of the sample, while for juices and wine (Fig. 3B 

and C), it is reported as mg CE/l. This difference in units results 

in varying ranges of TPC values, making comparisons and 

establishing reference points for plant materials challenging. To 

improve clarity, it is suggested to standardize the unit, preferably 

using weight on a dry basis to prevent overestimations. 

However, categorizing data by the type of matrix (e.g., juices 

and wine) can help identify ranges of polyphenolic content for 

biological relevance, as discussed further.

In Figure 3A, seeds reached values between 21.28 and 

165.18 mg CE/g of sample approximately. This wide range is 

associated with grape variety or species. In terms of TPC, seeds are 

followed by the skin (5.15–18.39 mg CE/g) and pulp (0.33–1.57 

mg CE/g). In comparison, bananas have TPC values between 0.5 

and 1.35 mg GAE/g in their skin and between 0.40 and 1.30 mg 

GAE/g in their pulp. This means that the consumption, export, 

and/or production of grapes could grow further [87]. Figure 3A 

corroborates the results reported in Supplementary Table S1, 

that is, the highest TPC values in grapes are found in the seeds, 

followed by the skin and the pulp, in that order.

The results in Figure 3D indicate that grape extracts 

can have a higher TPC (0.46–43.14 mg GAE/g) than grape skin. 

A comparison between different juices and wine (Fig. 3B and 

C, respectively) indicates that the juices obtained from crops 

treated with different methods varied widely (0.57–3,378.33 

mg GAE/l), and the juice with the highest TPC content was 

that obtained from the whole grape without mixing with water, 

but subjected to a blender, with previous enzymatic treatment 

and temperature optimization [12]. The results in Figure 3B 

and C can be compared to those of other fruits. For instance, 

Wang et al. [88] reported much lower TPC values in mango 
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their concentrations are lower compared to anthocyanins and 

proanthocyanins, their potential effects on cancer prevention 

are of interest, as discussed later in this review. 

The main stilbene recognized in grapes is resveratrol 

and its glycoside, the resveratrol-3-glucoside isomer known 

as Piced. These are recognized for their antifungal properties, 

in addition to their preventive and therapeutic effect in the 

treatment of various types of human cancers, including CRC 

[58]. These stilbenes are found in low concentrations compared 

to the other polyphenols. According to the studies evaluated, 

the matrix where trans-resveratrol and Piced [89] were most 

reported was in the seed [36] and in wine [40], with V. labrusca 

being the variety with the greatest contribution, although there 

are reports on other studies in V. vinifera where comparable 

values are reported [89]. As it is so sensitive to light, this 

above are carried out, it is the juice subjected to maceration 

and enzymatic treatment with heating, from an organic grape 

of the V. labrusca variety, that has the highest content [12]. In 

the same sense, it was evidenced that procyanidins stand out in 

wine and juice in the presence of catechin and epicatechin [40].

Flavonols play a crucial role in characterizing the 

chemical profile of grape varieties. However, only a few of the 

reviewed studies reported the total flavonoid content, which is 

a more specific parameter than total polyphenol content and 

not the focus of this review. Nevertheless, the quantification 

of reported flavonols aligns with previous findings, indicating 

that the highest content is typically found in the skin, with 

quercetin in V. vinifera (Negro amaro) [35] being notable. In 

addition, extracts and wines from V. labrusca stand out due 

to their higher flavonol yield with acid extractions. Although 

Figure 3. TPC ranges of different grape varieties classified by type of matrix: (A) pulp, seed, and skin; (B) juice; (C) wine; and (D) extract.
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and Red Globe) at concentrations of 25, 50, and 100 μg/ml for 

a treatment time of 24–96 hours. Their results show induction 

of apoptosis with the activation of caspases in a dose- and time-

dependent manner. 

Hsu et al. [47] evaluated the mechanism by which 

grape seed procyanidins (GSPs) induce apoptosis. After treating 

CRC cells (i.e., SW480, HT-29, LoVo, and Colo 320DM lines) 

with GSP between 12.5 and 50 mg/ml, they found that GSP 

has a differential pro-apoptotic effect. GSP had no significant 

pro-apoptotic effect on the Colo 320DM cell line. In contrast, 

in the other cell lines (i.e., HT-29, SW-480, and LoVo), GSP 

inhibited cell proliferation in a dose- and cell line-dependent 

manner. The treatment with GSP increased the depolarization 

of the mitochondrial membrane, raised the number of annexin 

V-positive cells, and revealed increased levels of the apoptosis 

activation protein, caspase-3, and the cleavage fragment of 

PARP.

Some studies have employed pure phenolic 

compounds that had been previously identified in grapes. San 

Hipólito-Luengo et al. [94] evaluated resveratrol and its role 

as a modulator of growth and death in CRC-derived cells. 

Employing the HT-29 and HCT116 cell lines and different 

resveratrol concentrations, their results show that, at 50–100 

μM of polyphenol, the number of cells was reduced, while 

the percentage of apoptotic or necrotic cells was increased. 

In addition, they reported that the cytotoxicity induced by 

resveratrol in HT-29 cells was associated with the activation of 

NADPH oxidase and an increase in DNA damage (quantified 

by phosphorylation of histone γH2AX).

Lingua et al. [48] evaluated the percentage of cell 

viability in the Caco-2 cell line after it was exposed to extracts of 

white grapes (V. vinifera) and wine. Their study was conducted 

in a simulated digestion system with H
2
O

2
-induced oxidative 

stress. Their results show that white grape extracts increased 

cell viability by 9.8% compared to H
2
O

2
 only, and wines 

improved it by 10.6%, without significant differences regarding 

the variety of grapes that were employed. Cheah et al. [28] 

evaluated the biological effect of different individual fractions 

of procyanidins isolated from grape seeds and combined with 

the chemotherapeutical agent 5-fluorouracil (5-FU). They 

tested the effects of different isolated fractions (at several 

concentrations) on the viability of Caco-2 cells. Their results 

indicate a significant decrease in cell viability, in addition to a 

boost in the cytotoxic effect of 5-FU on carcinogenic cells.

Another study evaluated the effects of (crude and 

purified) grape seed and waste extracts from white and red 

grapes on Caco-2 and HT-29 CRC cells and nonmalignant 

fibroblasts. Employing concentrations between 75 and 225 

_g/ml, the crude and purified extracts of seeds produced the 

greatest reduction in the viability of CRC-derived cells, as well 

as a selective effect compared to nontumor cells [43]. These 

authors also evaluated the fractions rich in anthocyanin and 

those rich in nonanthocyanin compounds and found a higher 

cytotoxicity in the latter, with 30%–40% cytotoxicity at all the 

concentrations under study. 

Grape extracts have shown antiproliferative activity as 

well. Leifert and Abeywardena [49] treated the HT29 cell line 

with phenolic compounds of red wine and GSEs at concentrations 

bioactive compound is subjected to protective treatments such 

as microencapsulation or liposomal nanoemulsions, among 

others, for pharmaceutical applications [90]. Hence, the use of 

seeds as a source of resveratrol is an industrial alternative.

The reported values in defined intervals for various 

matrices (Fig. 2) and the concentrations of key bioactive 

compounds linked to different types of polyphenols (Table 1) 

serve as a valuable reference for identifying methods to obtain 

functional ingredients or grape-based foods. This compilation 

of data supports the food, pharmaceutical, and health industries 

by providing information for assessing the impact of specific 

bioactive compounds and their synergistic effects. It aids 

stakeholders in these fields in considering how the presence 

of these compounds, along with the TPC value and the dose-

response relationship, can influence outcomes, as further 

discussed in item 4.

Antiproliferative and cytotoxic activities of grape-derived 
phenolic compounds evaluated in CRC 

According to the Global Cancer Observatory 

(GLOBOCAN), in 2020, CRC was the neoplasm with the third 

highest incidence and the second most significant cause of death 

by cancer in men and women worldwide [91]. Epidemiological 

studies show that—in addition to the nonmodifiable causes of 

this disease, e.g., age, hereditary factors, and inflammatory 

syndromes—diet and lifestyle can lead to an increase in the 

development of CRC [92].

Phenolic compounds from grapes have been widely 

reported as potential chemopreventive agents due to their 

antiproliferative and cytotoxic effects on different kinds of 

cancer [62,92,93]. Table 2 summarizes several in vitro, in 
vivo, and clinical studies that have demonstrated that grape 

consumption (in different forms) can fight oxidative stress, 

inhibit the proliferation of malignant cells, induce apoptosis, 

and modulate signaling pathways involved in the development 

of CRC. 

In vitro studies
In vitro studies that employ cell cultures derived 

from CRC have demonstrated the biological effect of grapes 

and their extracts. Ortiz et al. [43] showed that administering a 

concentration of 200 _g/ml of GSE for 24 hours induced apoptosis 

close to 50% and 40% in Caco-2 and HT29 cells, respectively. 

In turn, Derry et al. [44] used GSEs (in low concentrations of 

up to 30 _g/ml) in SW480, SW620, and HT116 cells. After 12 

hours of treatment, they observed that the apoptosis percentage 

increased in a dose-dependent manner, thus inducing the death of 

up to 60% of the cell population. Therefore, it can be concluded 

that, even at low concentrations, grape extracts show an apoptotic 

effect on CRC-derived cell lines.

Kaur et al. [45] studied the effect of GSE on the 

apoptosis of human colon carcinoma cells. They treated 

HT29, LoVo, and SW480 cells with GSE at concentrations of 

25, 50, and 100 μg/ml. The results showed an increase in the 

percentage of apoptotic cells in a dose-dependent manner and 

a stronger effect on SW480 cells. Dinicola et al. [46] evaluated 

cell death by apoptosis induced by grape extracts in Caco-2 

cells. They used extracts of white (Italia) and red grapes (Palieri 
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Their results indicate that the extracts have a prooxidant effect 

after 24 hours of treatment in the presence or absence of H
2
O

2
. 

This effect is due to the fact that the extract treatments induced 

a decrease in the antioxidant enzyme TrxR1, which produced 

an increase in cellular ROS levels, modified the potential of the 

mitochondrial membrane, and caused the death of tumor cells 

by apoptosis.

The results from other studies showcase the diverse 

effects of grape-derived compounds on different cell lines 

and experimental setups. The nonpomace sediment of grape 

juice demonstrated inhibitory effects on cell proliferation 

and anti-inflammatory properties both pre and postdigestion, 

as assessed in Caco-2 cells [6]. In contrast, the stilbene 

extract from grapevine exhibited a remarkable reduction in 

cell viability to 10% at higher concentrations in Caco-2 cells 

[10]. The digested Aglianico grape pomace extract displayed 

an antiproliferative impact and initiated the mitochondrial 

apoptotic pathway in HT29 and SW480 cells after 24 hours of 

treatment [55]. Finally, a pomace extract exhibited significant 

anti-cancer potential with a notable reduction in SW-480 cell 

viability by 70%, correlated with altered BAX/BCL-2 ratio, 

and suppression of gene expression related to angiogenesis and 

calcium channel regulation. These results were contrasted in 

an ex vivo study, where pomace extract showcased its potential 

to reduce inflammation and oxidative stress in isolated mouse 

colon specimens [54]. These findings underscore the varied 

and promising effects of grape-derived compounds in different 

cellular contexts and models.

In vivo studies
Several in vivo studies have reported the preventive 

and therapeutic effects of grape extracts. In one of these, Kaur et 
al. [56] administered HT-29 human colorectal adenocarcinoma 

cells to athymic male nu/nu mice to induce tumor formation. 

They observed that parallel feeding with 200 mg/kg of GSE 

significantly decreased tumor growth. In addition, in the tumors 

treated with GSE, apoptotic cell death was higher, and there 

was an increase in the levels of p21 and poly (ADP-ribose) 

polymerase cleavage. In a recent study, Pertuzatti et al. [57] 

evaluated the effects of grape marc consumption on healthy 

Wistar male rats. After 30 days of grape marc ingestion as a 

dietary supplement, the rats exhibited acceleration of their 

intestinal transit, which resulted in a lower weight gain in the rats 

that consumed the highest amounts of grape marc. In addition, 

the non-HDL cholesterol levels of the rats were reduced after 

they ingested the grape marc-enriched chow. This demonstrates 

the benefits of grapes for metabolic and gastrointestinal health 

and represents a strategy to prevent cancer.

Rytsyk et al. [58] evaluated the effect of pure resveratrol 

against the development of CRC. For that purpose, they 

administered a subcutaneous injection with a chemical compound 

that induces CRC, specifically, 1,2-dimethylhydrazine (DMH), 

to white outbred male rats. An additional daily dose of 20 mg/

kg of resveratrol was administered to the treated group for 30 

days. The results indicate that the individuals treated with DMH 

+ resveratrol presented a reduction in the markers of oxidative 

stress and deceleration of tumor development compared to the 

control group (which only received the carcinogenic agent).

between 5 and 500 _g/ml. They found that said wine and extracts 

increased the percentage of cell growth inhibition by 60% and 

75%, respectively, in a dose-dependent manner. Dinicola et al. 
[26] evaluated growth inhibition in the Caco-2 and HCT-8 cell 

lines after being exposed to GSEs from three varieties (Italia, 

Palieri, and Red Globe) for a period of 0–96 hours. They obtained 

their most relevant results after 96 hours of treatment with two 

concentrations (i.e., 50 and 100 μg/ml) of the three extracts in 

both cell lines. The increase in cell proliferation inhibition was 

directly proportional to the increase in concentration—reaching 

inhibition percentages of up to 80%.

Yang et al. [50] compared extracts from 14 different 

kinds of grapes in terms of their effect on three cell lines: Caco-

2 (CRC), HepG2 (liver cancer), and MCF-7 (breast cancer). 

The treatments for 96 hours at concentrations between 2 and 

100 mg/ml of grape extract showed a reduction in proliferation 

percentage in all the cell lines they employed—obtaining a 

stronger inhibition (15%) with Pinot Noir extracts. Importantly, 

all the extracts inhibited the proliferation of CRC cells better 

than that of their breast and liver cancer counterparts. Similarly, 

Jara-Palacios et al. [51] determined the antiproliferative effect 

of purified grape waste extracts on CRC cells (Caco-2). They 

used concentrations from 10 to 100 _g/ml of the extract and 

treatment times from 24 to 72 hours. Their results show a dose-

dependent effect, with a cell growth inhibition of up to 52.1% at 

48 hours with the maximum extract concentration (100 _g/ml).

The byproducts of grapes and the wastes generated 

in their production have also been studied for their preventive 

and therapeutical properties against CRC. Signorelli et al. 
[95] evaluated a lyophilized wine extract called Liofenol™ 

in HCT116 cells and analyzed its biological activity. They 

demonstrated that HCT116 cells responded to the Liofenol™ 

treatment, reducing their proliferation, which was associated 

with an increase in the p53 and p21 cell cycle regulators. 

They also observed the induction of the antioxidant response 

with the activation of the transcription factor Nrf2, which is 

involved in homeostasis and redox regulation. In addition, they 

reported the inhibition of the migration and downregulation of 

E-cadherin, which are related to the epithelial–mesenchymal 

transition of malignant cells. Lazze et al. [52] reported the 

biological effect of a grape waste extract on Caco-2 cells. They 

employed concentrations between 0.5 and 100 ml/l to evaluate 

the antioxidant and antiproliferative activity of the extract. The 

results showed that grape extract presents antioxidant activity 

and protects against ROS production, but it does not protect 

against lipidic preoxidation in human colorectal adenocarcinoma 

cells. In addition, their clonogenic assay showed a significant 

antiproliferative effect.

Another study evaluated the antiproliferative and pro-

apoptotic effects of pure trans-resveratrol on HT-29 cells. Its 

results showed antiproliferative activity with an EC50 value 

of 78.9 μM, activation of caspase-3, and dose-dependent DNA 

fragmentation. In addition, mitochondrial ROS production was 

found after the treatments with polyphenol [96]. Other authors 

have evaluated the modulation of ROS production in CRC 

cells treated with grape-derived compounds. Quero et al. [53] 

quantified ROS levels in Caco-2 cells that were treated with 750 

µg/ml of grape stem extract in the presence or absence of H
2
O

2
. 
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evaluated, in 30 healthy patients, the effect of grape consumption 

and examined biological biomarkers of proliferation and Wnt 

signaling in the colonic mucosa. After 2 weeks of daily ingestion 

of 0.15–0.45 kg of grapes, the results show a reduction in Wnt 

signaling and mucosal proliferation, which would eventually 

reduce the risk of mutational events that can facilitate colon 

carcinogenesis.

CONCLUSIONS AND PERSPECTIVES
This systematic literature review has shown that 

demonstrating the functional properties of grape matrices is 

important for science and industry. Nevertheless, the evaluation 

of these compounds should consider multiple aspects (i.e., 

material origin, species, variety, agroclimatic conditions, and 

postharvest and industrialization treatments) because they have 

a significant influence on the results—as seen above in the 

case of grapes in the genus Vitis. Each of the studies reviewed 

here contributes (in the form of incremental innovation) to the 

chemopreventive profile of berries in the genus Vitis. Although 

they are commonly cultivated, said berries present TPC values 

that range widely due to the fact that the agronomic performance 

of traditional varieties changes from place to place. In addition, 

this review has established that TPC differences in grapes have 

a direct influence on their antioxidant capacity. 

The phenolic composition of grapes varies across 

different matrices, species, and varieties. The diversity of 

flavan-3-ols, anthocyanins, flavonols, and stilbenes underscores 

the complexity of grape-derived compounds. This diversity is a 

key factor in harnessing these bioactive components for dietary 

supplements and functional foods, emphasizing the need for 

matrix-specific analyses to maximize their potential benefits.

At the biological level, several studies using in vitro 

models of CRC have reported the protective effect of grape-

derived phenolic compounds. Some of the main mechanisms 

associated with the biological effect of these compounds include 

apoptosis induction, reduction in cell proliferation, and decrease 

in the markers of oxidative stress. In turn, in vivo studies have 

shown the inhibition of tumor growth and the modulation of 

several signaling pathways involved in the carcinogenic process 

of CRC. Furthermore, the epidemiological evidence presented 

aligns with the notion that regular grape consumption may 

play a role in CRC prevention. The reduction in the expression 

of key molecules associated with cancer progression among 

diverse patient groups suggests a potential real-world benefit 

of grape intake.

The effects observed emphasize the need for 

comprehensive research to fully uncover the mechanisms 

through which grape compounds exert their health benefits. This 

integrated understanding paves the way for the development of 

novel preventive and therapeutic interventions for CRC, driven 

by the intricate interactions between grape-derived compounds 

and their matrices. As we continue to reveal these relationships, 

the potential to harness grapes as a source of functional 

ingredients for CRC management becomes increasingly 

promising.

Future studies in this field should further explore 

particular species. For instance, V. labrusca is one of the most 

widely consumed species in South America, and its high content 

Velmurugan et al. [59] evaluated the prevention of 

intestinal tumors in APC
min/+ 

mice, which are commonly used 

as animal models of familial adenomatous polyposis and 

sporadic CRC. In their study, mice in the treated group were 

administered feed enriched with 0.5% of GSE ad libitum for 

6 weeks. The data obtained show that GSE supplementation 

reduced polyp growth, and the immunohistochemical analyses 

of small intestinal tissue samples revealed a decrease in cell 

proliferation and an increase in apoptosis. GSE feeding also 

showed decreased protein levels of cyclooxygenase-2 (COX-

2), inducible nitric oxide synthase (iNOS), and β-catenin but an 

increase in Cip1/p21-positive cells. 

Lala et al. [60] evaluated the chemopreventive activity 

of anthocyanin-rich extracts from three types of berries: 

Vaccinium myrtillus L., Aronia meloncarpa E., and V. vinifera. 

They treated Fischer 344 male rats with azoxymethane, a 

carcinogen, and fed them (for 14 weeks) with a diet enriched 

with berry extracts at a concentration of 3.85 g/kg. The results 

of the supplementation with grape extracts showed a significant 

decrease in the formation of aberrant crypt foci (ACF) in the 

colon and a reduction in the expression of COX-2. Derry et 
al. [93] employed azoxymethane to investigate the efficiency 

of GSE against colon tumorigenesis in A/J mice. Their results 

show that feeding the mice with a diet enriched with 0.25% and 

0.5% GSE reduced tumor multiplicity in the colon, decreased 

tumor size, and exhibited antiproliferative and pro-apoptotic 

activities.

Other findings also highlight the potential health 

benefits of grape-derived components in various biological 

contexts. In AMPKα1-floxed mice crossed with Lgr5Cre mice 

and fed a diet supplemented with 5% grape pomace within 

the AIN-95G purified diet, noteworthy effects were observed. 

This regimen led to the suppression of colonic expression of 

inflammatory cytokines IL-1β and TNF-α, along with the 

inhibition of NF-κB inflammatory signaling. In addition, a 

decrease in ALDH1 expression was noted, while an increase 

in Cdx2 expression was concurrently observed, suggesting 

a potential role in modulating colonic inflammation and 

differentiation [61]. In a study involving Wistar rats exposed 

to grape juice concentrations of 1% and 2% for 15 days, the 

grape juice components exhibited possible antioxidant effects, 

as indicated by an increase in the expression of catalase (CAT) 

and manganese superoxide dismutase (Mn-SOD), thereby 

suggesting a potential protective mechanism against oxidative 

stress [62]. Furthermore, the incorporation of 5% grape 

pomace into the AIN-93G diet demonstrated multifaceted 

effects. It upregulated downstream genes of the farnesoid X 

receptor (FXR), leading to a reduction in fecal urease activity, 

and induced the upregulation of DNA repair enzyme MutS 

Homolog 2 (MSH2) while decreasing γ-H2AX levels, implying 

potential roles in regulating gut health and DNA integrity [62]. 

These diverse outcomes underscore the promising and intricate 

ways in which grape-related compounds may impact various 

physiological aspects.

Clinical studies
Some studies have also reported the chemopreventive 

effect of grape consumption in humans. Holcombe et al. [64] 
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2014. 
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of phenolic compounds has been identified in multiple research 

articles. However, not enough studies have shown its protective 

and inhibiting effect against CRC progression.
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