International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 5, Sep-Oct 2026
Available at www.ijsred.com

REVIEW ARTICLE OPEN ACCESS

A Review on Grape Seed: Phytochemical Composition and
Biological Activities

Santhi Ramalingam®, Monicka Merlin Vincent Devaraj**, Esakkiammal Mariappan**,

Nandhini Priya Jayabal**, Jaishri Chandrasekar®*
*Assistant Professor, Department of Biochemistry, PSG College of Arts & Science, Coimbatore — 641 014
Email: santhi@psgcas.ac.in
** Department of Biochemistry, PSG College of Arts & Science, Coimbatore — 641 014
Email: monickamerlin01@gmail.com, indhuesai437@gmail.com, nandhinipriya405@gmail.com,
jaishichandrasekar@gmail.com

st sk sk skoske st st s skt sk s skoskeosieo st s skeoskoskeste sk sk sk

Abstract:

Grape seeds, one of the major by-products from the industrial processing of grapes, are a source of
numerous bioactive compounds that could have biological and therapeutic significance. Grape seeds
contain phytochemicals like polyphenols, flavonoids, phenolic acids, catechin, epicatechin, tannins, and
proanthocyanidins. The review will focus on exploring the major bioactive compounds in grape seeds and
their biological activities, which include antioxidant, antibacterial, antimicrobial, anti-inflammatory, and
anticancer properties. Antioxidant activity in grape seeds is due to high levels of polyphenols that help in
scavenging the free radicals and oxidative stress in the body. The antimicrobial property may be
responsible for inhibiting microbial activity, while anti-inflammatory activities result from the ability to
regulate inflammatory mediators and cellular pathways. Additionally, grape seed proanthocyanidins have
been shown to exhibit anticancer effects through oxidative damage, cellular signalling, and apoptosis in
experimental studies. Besides having biological significance, there is a lot of scope of sustainable usage of
agricultural waste as grape seeds in pharmaceutical, nutraceutical, cosmetic, and food industries.

Keywords — Grape seed extract, bioactive compounds, proanthocyanidins, antioxidant activity,
antimicrobial activity, anti-inflammatory activity, anticancer activity.
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million tons in 7.3 million hectares of vineyards

I. INTRODUCTION in 2022. About 50 % of grapes are directed to

Grapes are one of the most widely cultivated wine and juice production. Grape pomace or marc
fruits and have been used for winemaking since is the major by-product of the wine and juice
the ancient Greek and Roman civilizations.The industry and accounts for 20 %-30 % of the
root, vine, leaf and seed of grape tree can be used harvested grape by weight [2, 3]. Grape pomace
in medicinal applications. Grape seeds are rich in consists of skins, residual pulp, stems, and seeds.
nutrients and proanthocyanidins, which have Grape seeds represent 38 9%-52 % of grape
strong  free radical scavenging properties, pomace on a dry matter basis [4, 5]. In addition
contributing to their high nutritional and to flavonoids, grape seeds contain numerous
therapeutic value. Grape seeds are a complex phenolic chemicals such as phenolic acids,
matrix containing 40% fiber, 16% oil, 11% carotenoids, stilbenes, tannins, and catechins [6].
proteins, and 7% complex phenols such as tannins Grape pomace, as the primary by-product of
[1]. Grape is one of the most cultivated fruit winemaking, accounts for approximately 30 % of
crops worldwide, with a global production of 80 the total material weight [7], its yield is
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corresponding to the trend of increasing wine
production.

GSE extract and its biological activity have
attracted more attention with respect to the reuse
of grape seed resources [8]. Grape seed
proanthocyanidin (GSPE), one of the most
dispersed  polyphenols, has free radical
scavenging, antioxidative, and anti-inflammatory
properties [9].  Grapevine seeds have high
antioxidant potential; their beneficial effects
include modulation of antioxidant enzyme
expression, protection against oxidative damage
in cells, anti-atherosclerotic  and  anti-
inflammatory effects, and protection against
certain types of cancer in both humans and
animals [10]. Besides, the therapeutic
components from grape pomace can be beneficial
to the pharmaceutical and medicinal industry [11].
The polysaccharides such as pectin, cellulose, and
lignin present in grape pomace are biopolymers
that are compatible with food applications as
emulsifiers, gelling agent, and carriers for
encapsulating small bioactive compounds [12].
This review aims to investigate theBioactive
Compounds, Antioxidant Activity and Health
Benefits of the Grapes.

I1. BIOACTIVE COMPOUNDS

Phytochemicals are  minor  organic
substances naturally present in plants, and they
can be classified based on different chemical
configuration such as terpenoids, alkaloids,
polyphenols and carotenoids [13, 14]. Grape
pomace is characterized by the abundance of
polyphenolic compounds, such as flavonoids,
phenolic acids, and stilbenes [15]. Grape seeds
comprise around 7% polyphenols (including
tannins), 11% protein, 16% oil, and 40% fiber.
They also contain various other substances, such
as minerals and carbohydrates [16].

The polyphenolic components of GSE
consist of monomeric and polymeric polyphenols.
Monomeric polyphenols, which account for
approximately 10% of the total polyphenols,
include catechin and epicatechin. Meanwhile, the
majority of GSE polyphenols are polymeric
polyphenols, primarily proanthocyanidins, which
constitute 75-85% of the total polyphenols.
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Proanthocyanidins are polymers formed by
monomeric polyphenols linked via C4-C6 or C4-
C8 bonds [17, 18]. Phenolic acids are
characterized by the presence of a carboxylic acid
functional group and are classified into
hydroxycinnamic acids and hydroxybenzoic acids.
The former includes ferulic, chlorogenic, gallic,
caffeic and sinapic  acids, while the
hydroxybenzoic acids contain protocatechuic,
syringic and vanillic acids [15].

As the most prevalent phenolics in grape
pomace, flavonoids can be extracted in all pomace
components including seeds, skins and stem, such
as anthocyanins and catechins. From the
perspective of the structural configuration,
flavonoids are composed by a 15-carbon skeleton
(C6-C3-C6) including two aromatic rings, which
supports various substitutions and chemical
modifications, conferring their antioxidant
capacity [19]. Stilbenes are another class of
natural polyphenol compounds, mainly existing in
grape skins [20]. Similar to other phenolics,
stilbenes also exhibit crucial antioxidant and
anticancer properties [21]. The main stilbene in
grape pomace garnering much attention is
resveratrol. Even after undergoing the traditional
brewing process, the majority of the resveratrol
are retained in the grape pomace [22].

Condensed tannins have a complex
chemical structure of flavanols. They may contain
(epi)catechin, (epi)afzelechin, and
(epi)gallocatechin wunits and they are named
procyanidins, propelargonidins, and
prodelphinidins respectively. Single linkages i.e.,
C4-C6 or C4-C8 bonds give rise to B type
proanthocyanidins whereas A-type
proanthocyanidins show additional C2-O-C7 or
C2-O-C5 bonds. Grape proanthocyanidins are
essentially of B-type, with C4-C8 linkages being
much more abundant than C4-C6 bonds [23].

Proanthocyanidins as antinutrients inhibit
digestive enzymes. Some in vitro studies indicate
that smaller proanthocyanidin polymers and
oligomers are consumed in limited amounts using
models of the intestinal epithelium, although this
uptake is largely constrained to cleaved monomer
units [24].  Generally, proanthocyanidins are
absorbed through passive diffusion [25]. Some of
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the essential constituents present in GSE are
shown in table 1.

TABLEI
MAIN COMPOUNDS IN GSE [26]

SL. No. Compounds Chemical formula

1 Catechin CisH140s° (H20)
2 Epicatechin CisH1406

3 Epicatechin gallate C22His010

4 Proanthocyanidin B1 C30H26012

5 Proanthocyanidin B2 C30H26012

6 Proanthocyanidin B3 C30H26012

7 Proanthocyanidin B4 C30H26012

8 Gallic acid C7HsOs

IIT BIOLOGICAL ACTIVITY
1) ANTIOXIDANT ACTIVITY

GSE, a natural antioxidant, derives its
antioxidant properties primarily from its high
content of polyphenolic compounds. These
compounds effectively inhibit lipid oxidation and
prevent food spoilage through multiple
mechanisms [27]. Lipid oxidation is a complex
free radical chain reaction comprising three main
stages: initiation, propagation, and termination.
During the initiation stage, free radicals are
generated through environmental exposure or
endogenous oxidative reactions. The antioxidant
capacity of GSE polyphenols, particularly
flavonoids like catechin, epicatechin, and their
polymers (proanthocyanidins), is fundamentally
linked to their molecular structure. The key
feature is the o-dihydroxy (catechol) group on the

B-ring, which acts as an excellent hydrogen donor.

In the propagation stage, these phenolic hydroxyl
groups can donate a hydrogen atom (He) to a lipid
peroxyl radical (ROQOs¢), a primary carrier of the
oxidation chain, thus terminating the radical and
forming a stable lipid hydroperoxide (ROOH)
[28]. Proanthocyanidins (GSPE) in grape seeds
possess a comprehensive antioxidant mechanism,
including free radical scavenging, chelation and
inhibition  of  polyphenol oxidase [29].
Antioxidants in grape seeds play a critical role in
neutralizing free radicals and reducing oxidative
stress [30, 31]. For instance, black grape seeds
generally exhibit higher antioxidant potential due
to their elevated anthocyanin content compared to
green grape seeds [32, 33]. This is consistent
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with findings that darker-coloured seeds tend to
have stronger radicalscavenging capabilities and
ferric-reducing antioxidant power [34].

2) ANTIBACTERIALACTIVITY

The antibacterial activity of grape seeds is
attributed to bioactive compounds such as
proanthocyanidins, which disrupt microbial cell
membranes. Iranian varieties, including black and
green seeds, show promise due to their unique
polyphenolic profiles [35, 36, 37, 38]. One of the
best medical practices at the moment is
antimicrobial therapy. Antimicrobial medicines
are essential for invasive surgery as a prophylactic
measure against infectious illnesses, and their use
has reduced mortality in certain patient
populations [39]. Antibiotics of over a hundred
varieties are currently administered in therapeutic
settings.  Antibiotics have been found to be an
effective treatment for a wide range of illnesses;
however, the discovery and spread of drug
resistance has presented a new challenge for
healthcare facilities [40]. Antibiotic resistance
has increased, and the failure to recognize all
resistance  mechanisms has slowed the
development of new antibiotics. It is evident that
the management of antibiotic resistance requires
an appropriate substitute. It has been discovered
that plants manufacture a wide range of chemicals
to defend themselves against infections.
Phytochemicals have been viewed as promising
sources of novel antibacterial medicines in this
context.

3) ANTIMICROBIALACTIVITY

As rich sources of proanthocyanidins,
grape seeds are regarded as novel microbial
agents. The high number of hydroxyl groups in
proanthocyanidins inhibits bacterial adhesion and
coaggregation, reducing biofilm formation and
decreasing inflammation. Tannins possess metal
ions complexation properties [41], especially iron
and zinc, which are essential mineral
micronutrients for most microorganisms [42]. A-
type proanthocyanidins contain an interflavan
linkage, which is steadier than B-type linkages
[43], and thus correlate most robustly with
reduced bacterial virulence [44]. Defatted grape
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seed extracts could completely inhibit Gram-
positive (Bacillus cereus, Bacillus coagulans,
Bacillus subtilis) and Gram-negative
(Pseudomonas aeruginosa, Escherichia coli)
bacteria at 850-1000 and 1250-1500 ppm
respectively [45]. Grape seed extract further
demonstrated antimicrobial activity against E. coli,
P. aeruginosa, Microccocus luteus, S. aureus,
Aspergillus niger, and Fusarium oxysporum with
an inhibition growth zone diameter ranging from
15 to 20 mm [46]. Studies have shown that
phenolic compounds influence microbial growth
and reproduction, although the specific
mechanisms remain unclear. The structural
diversity of these compounds allows various
interactions with microorganisms, resulting in
varying antimicrobial effects [47].

4) ANTI-INFLAMMATORY ACTIVITY

Inflammation is a defensive response of
living tissue with vascular system against damage
factors. In the rat model of ulcerative colitis (UC),
grape seed polyphenols (GSP) exhibited
protective effect on UC induced by dextran
sodium sulfate (DSS) by alleviating inflammation
and apoptosis [48]. The activation of signal
transduction and transcriptional activator (STAT3)
might be involved in the acceleration of
inflammation by promoting the production of
inflammatory cytokines, and the inhibition of
STAT3 activity may be essential to reduce
colonic inflammation [49]. In addition, it was
found that GSP could downregulate the mRNA
expression of inflammatory cytokines (IL-6, IL-
1B and TNF-a) and the phosphorylation of signal
transduction and  transcriptional  activator
(STAT3), improving the apoptosis of intestinal
epithelial cells (IECs) {49]. GSE extract may be
developed as a potential new therapeutic and
preventive agent for inflammatory reactions and
diseases. It has been demonstrated that GSPs
extract exhibited potent anti-inflammatory activity,
which was indicated by transcriptional inhibition
of COX-2 and inflammatory cytokines expression
in macrophages. These effectswere mediated by
the blockade of MAPKs and NF-kBsignaling
transduction pathways. In this context, GSE may
be an ideal natural product with strong anti-
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inflammatory activity [50]. GSPE exhibited
positive effects on liver cancer, lung cancer,
esophageal cancer, tongue squamous cell
carcinoma, breast cancer and colon cancer.

5) ANTI-CANCER ACTIVITY

Grape seed proanthocyanidins can prevent
the formation of H»O», protein oxidation, lipid
peroxidation, and DNA damage in cells, along
with scavenging superoxide anions and hydroxyl
radicals, and enhancing the antioxidant defense
compounds glutathione peroxidase, superoxide
dismutase, catalase, and glutathione [51].
Proanthocyanidins can bind directly with
signaling molecules involved in many cellular
processes and  regulate  their  activity.
Proanthocyanidins produce both cytotoxic and
proapoptotic effects by regulating MAPK and NF-
kB-targeted gene expression and antimetastatic
impacts by inhibiting genes for cell migration [52].
Additionally, lipid nanocarriers containing 25%
grape seed oil and 2% laurel leaf oil reached 98%
antioxidant activity, evidencing their potential to
reduce delivery system toxicity and significantly
improve various cellular events and mechanisms;
1.e., antioxidant activity, cell cycle arrest and
apoptosis induction, and antioxidant enzyme
modulation [53].

REFERENCES

[1]  Jebur, A. B., El-Sayed, R. A., & El-Demerdash, F. M. (2026). Grape
seeds: Nutritional value, health advantages, and industrial
applications. Food & Medicine Homology, 3(2), Article 9420100.
https://doi.org/10.26599/FMH.2026.9420100

[2]  Almanza-Oliveros, A., Bautista-Hernandez, 1., Castro-Lopez, C.,
Aguilar-Zarate, P., Meza-Carranco, Z., Rojas, R., Michel, M. R., &
Martinez-Avila, G. C. G. (2024). Grape pomace—Advances in its
bioactivity, health benefits, and food applications. Foods, 13(4),
Article 580. https://doi.org/10.3390/foods13040580

[3] Venkitasamy, C., Zhao, L., Zhang, R., & Pan, Z. (2019). Grapes. In
Z. Pan, R. Zhang, & S. Zicari (Eds.), Integrated processing
technologies for food and agricultural by-products (pp. 133-163).
Academic Press. https://doi.org/10.1016/B978-0-12-814138-
0.00006-X

[4] Bordiga, M., Travaglia, F., & Locatelli, M. (2019). Valorisation of
grape pomace: An approach that is increasingly reaching its
maturity—A review. International Journal of Food Science &
Technology, 54(4), 933-942. https://doi.org/10.1111/ijfs.14118

[5] Brenes, A., Viveros, A., Chamorro, S., & Arija, 1. (2016). Use of
polyphenol-rich grape by-products in monogastric nutrition. A
review. Animal Feed Science and Technology, 211, 1-17.
https://doi.org/10.1016/j.anifeedsci.2015.09.016

[6] de Souza, R. C., Machado, B. A. S., Barreto, G. A., et al. (2020).
Effect of experimental parameters on the extraction of grape seed oil
obtained by low pressure and supercritical fluid extraction.
Molecules, 25(7), Article 1634.
https://doi.org/10.3390/molecules25071634

ISSN : 2581-7175

O©IJSRED: All Rights are Reserved

Page 1997



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 5, Sep-Oct 2026

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Machado, N. F. L., & Dominguez-Perles, R. (2017). Addressing
facts and gaps in the phenolics chemistry of winery by-products.
Molecules, 22(2), Article 286
https://doi.org/10.3390/molecules22020286

Unusan, N. (2020). Proanthocyanidins in grape seeds: An updated

review of their health benefits and potential uses in the food industry.

Journal of  Functional Foods, 67, Artticle 103861.
https://doi.org/10.1016/}.jff.2020.103861

Li, H., Zhang, H., Wang, T., Zhang, L., Wang, H., Lu, H., Yang, R.,
& Ding, Y. (2024). Grape seed proanthocyanidins protect pancreatic
B cells against ferroptosis via the Nrf2 pathway in type 2 diabetes.
Biological Trace Element Research, 202(12), 5531-5544.
https://doi.org/10.1007/s12011-024-04093-9

Melov, S. (2002). Animal models of oxidative stress, aging, and
therapeutic antioxidant interventions. The International Journal of
Biochemistry &  Cell  Biology, 34(11), 1395-1400.
https://doi.org/10.1016/S1357-2725(02)00086-9

Han, Z., & Luo, X. (2026). Insights into grape pomace as a
sustainable source for active and intelligent packaging: Functional
components, processing methods, and applications. Applied Food
Research, 6(1), Article 101776.
https://doi.org/10.1016/j.afres.2026.101776

Ozcan, B. E., Tetik, N., & Aloglu, H. S. (2024). Polysaccharides
from fruit and vegetable wastes and their food applications: A
review. International Journal of Biological Macromolecules, 276,
Article 134007. https://doi.org/10.1016/].ijbiomac.2024.134007
Allaw, M., Perra, M., Parekh, P., Serra, M., Marongiu, J., Castangia,
1., Fulgheri, F., Caboni, P., Tolle, G., Corrias, F., Asunis, F., Giua,
G., Mohammad, F., Ghavam, M., Morelli, M., Manconi, M., &
Manca, M. L. (2025). Antioxidant and neuroprotective effects of
nutriosomes and grape pomace phytochemicals in a cell model of
oxidative stress and mouse model of Parkinson disease. Scientific
Reports, 15(1), Article 11947. https://doi.org/10.1038/s41598-025-
95060-4

Onache, P. A., Geana, E.-1., Ciucure, C. T., Florea, A., Sumedrea, D.
I, Ionete, R. E., & Tita, O. (2022). Bioactive phytochemical
composition of grape pomace resulted from different white and red
grape cultivars. Separations, 9(12), Article 395.
https://doi.org/10.3390/separations9120395

Beres, C., Costa, G. N. S., Cabezudo, 1., da Silva-James, N. K.,
Teles, A. S. C., Cruz, A. P. G., Mellinger-Silva, C., Tonon, R. V.,
Cabral, L. M. C., & Freitas, S. P. (2017). Towards integral
utilization of grape pomace from winemaking process: A review.
Waste Management, 68, 581-594.
https://doi.org/10.1016/j.wasman.2017.07.017

Garcia-Jares, C., Vazquez, A., Lamas, J. P., P4jaro, M., Alvarez-
Casas, M., & Lores, M. (2015). Antioxidant white grape seed
phenolics: Pressurized liquid extracts from different varieties.
Antioxidants, 4(4), 737-749.

Chedea, V. S., Braicu, C., & Socaciu, C. (2010).
Antioxidant/prooxidant activity of a polyphenolic grape seed extract.
Food Chemistry, 121(1), 132-139.
https://doi.org/10.1016/j.foodchem.2009.12.020

Nakamura, Y., Tsuji, S., & Tonogai, Y. (2003). Analysis of
proanthocyanidins in grape seed extracts, health foods and grape
seed oils. Journal of Health Science, 49(1), 45-54.
https://doi.org/10.1248/jhs.49.45

Siller-Sanchez, A., Aguilar, C. N., Chavez-Gonzilez, M. L.,
Ascacio-Valdés, J. A., Kumar Verma, D., & Aguilar-Gonzélez, M.
(2024). Solid-state fermentation-assisted extraction of flavonoids

from grape pomace using co-cultures. Processes, 12(9), Article 2027.

https://doi.org/10.3390/pr12092027

Karastergiou, A., Gancel, A.-L., Jourdes, M., & Teissedre, P.-L.
(2024). Valorization of grape pomace: A review of phenolic
composition, bioactivity, and therapeutic potential. Antioxidants,
13(9), Article 1131. https://doi.org/10.3390/antiox 13091131
Huaman-Castilla, N. L., Martinez-Cifuentes, M., Camilo, C.,
Pedreschi, F., Mariotti-Celis, M., & Pérez-Correa, J. R. (2019). The
impact of temperature and ethanol concentration on the global
recovery of specific polyphenols in an integrated HPLE/RP process
on Carménére pomace extracts. Molecules, 24(17), Article 3145.
https://doi.org/10.3390/molecules24173145

(22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(311

(321

[33]

[34]

[35]

[36]

[37]

Available at www.ijsred.com

Yang, C., Han, Y., Tian, X., Sajid, M., Mehmood, S., Wang, H., &
Li, H. (2024). Phenolic composition of grape pomace and its
metabolism. Critical Reviews in Food Science and Nutrition, 64(15),
4865-4881. https://doi.org/10.1080/10408398.2022.2146048
Monagas, M., Quintanilla-Lopez, J. E., Gomez-Cordovés, C.,
Bartolomé, B., & Lebron-Aguilar, R. (2010). MALDI-TOF MS
analysis of plant proanthocyanidins. Journal of Pharmaceutical and
Biomedical Analysis, 51Q2), 358-372.
https://doi.org/10.1016/1.jpba.2009.03.035

Pappas, E., & Schaich, K. M. (2009). Phytochemicals of cranberries
and cranberry products: Characterization, potential health effects,
and processing stability. Critical Reviews in Food Science and
Nutrition, 49(9), 741-781.
https://doi.org/10.1080/10408390802145377

Déprez, S., Mila, 1., & Scalbert, A. (1999). Carbon-14 biolabeling of
(+)-catechin and proanthocyanidin oligomers in willow tree cuttings.
Journal of Agricultural and Food Chemistry, 47(10), 4219-4230.
https://doi.org/10.1021/j1981380z

Li, Z., Zhang, X., Xie, N., Pan, Z., Zhang, T., Zhang, L., Yang, N.,
Qi, S., & Zhen, Z. (2026). Advancements in prolonging meat
product shelf life with grape seed extract. Journal of Agriculture and
Food Research, 28, Article 102953.
https://doi.org/10.1016/j.jafr.2026.102953

Garcia-Lafuente, A., Guillamoén, E., Villares, A., Rostagno, M. A.,
& Martinez, J. A. (2009). Flavonoids as anti-inflammatory agents:
Implications in cancer and cardiovascular disease. Inflammation
Research, 58(9), 537-552. https://doi.org/10.1007/s00011-009-
0037-3

Rice-Evans, C., Miller, N., & Paganga, G. (1997). Antioxidant
properties of phenolic compounds. Trends in Plant Science, 2(4),
152-159. https://doi.org/10.1016/S1360-1385(97)01018-2

Ariga, T. (2004). The antioxidative function, preventive action on
disease and utilization of proanthocyanidins. BioFactors, 21(1-4),
197-201. https://doi.org/10.1002/biof.552210140

Sochorova, L., Prasova, B., Cebova, M., Jurikova, T., Mlcek, J.,
Adamkova, A., Nedomova, S., Baroii, M., & Sochor, J. (2020).
Health effects of grape seed and skin extracts and their influence on
biochemical markers. Molecules, 25(22), Article 5311.
https://doi.org/10.3390/molecules25225311

Chedea, V. S., Tomoiaga, L. L., Macovei, $. O., Magureanu, D. C.,
Iliescu, M. L., Bocsan, 1. C., Buzoianu, A. D., Vosloban, C. M., &
Pop, R. M. (2021). Antioxidant/pro-oxidant actions of polyphenols
from grapevine and wine by-products—Base for complementary
therapy in ischemic heart diseases. Frontiers in Cardiovascular
Medicine, 8, Article 750508.
https://doi.org/10.3389/fcvm.2021.750508

Hassanpour, H., & Khoshamad, R. (2017). Antioxidant capacity,
phenolic compounds and antioxidant enzymes of wild grape seeds
from different accessions grown in Iran. Erwerbs-Obstbau, 59(4),
281-290. https://doi.org/10.1007/s10341-017-0323-0

Mirbagheri, V. S., Alizadeh, E., Yousef Elahi, M., & Esmaeilzadeh
Bahabadi, S. (2018). Phenolic content and antioxidant properties of
seeds from different grape cultivars grown in Iran. Natural Product
Research, 32(4), 425-429.
https://doi.org/10.1080/14786419.2017.1306705

Yang, C., Zhu, X., Liu, W., Huang, J., Xie, Z., Yang, F., Shang, Q.,
Yang, F., & Wei, Y. (2024). Quantitative analysis of the phenolic
compounds and antioxidant activities of six quinoa seed grains with
different colors. LWT, 203, Article 116384.
https://doi.org/10.1016/j.1wt.2024.116384

Rodriguez-Pérez, C., Garcia-Villanova, B., Guerra-Hernandez, E., &
Verardo, V. (2019). Grape seeds proanthocyanidins: An overview of
in vivo bioactivity in animal models. Nutrients, 11(10), Article 2435.
https://doi.org/10.3390/nul11102435

Nicolosi, R. M., Bonincontro, G., Imperia, E., Badiali, C., De Vita,
D., Sciubba, F., Dugo, L., Guarino, M. P. L., Altomare, A.,
Simonetti, G., & Pasqua, G. (2023). Protective effect of procyanidin-
rich grape seed extract against Gram-negative virulence factors.
Antibiotics, 12(11), Article 1615.
https://doi.org/10.3390/antibiotics 12111615

Salih, H. M., Amachawadi, R. G., Kang, Q., Li, Y., & Nagaraja, T.
G. (2024). In-vitro antimicrobial activities of grape seed, green tea,
and rosemary phenolic extracts against liver abscess causing

ISSN : 2581-7175

O©IJSRED: All Rights are Reserved

Page 1998



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 5, Sep-Oct 2026

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

bacterial pathogens in cattle. Microorganisms, 12(11), Article 2291.
https://doi.org/10.3390/microorganisms 12112291

Felemban, S., & Hamouda, A. F. (2024). Investigating grape seed
extract as a natural antibacterial agent for water disinfection in Saudi
Arabia: A pilot chemical, phytochemical, heavy-metal, mineral, and
CB-Dock study employing water and urine samples. Chemistry, 6(5),
852-898. https://doi.org/10.3390/chemistry6050051

Blair, J. M. A., Webber, M. A., Baylay, A. J., Ogbolu, D. O., &
Piddock, L. J. V. (2015). Molecular mechanisms of antibiotic
resistance. Nature Reviews Microbiology, 13(1), 42-51.
https://doi.org/10.1038/nrmicro3380

Memar, M. Y., et al. (2019). Multidrug-resistant bacteria and
alternative methods to control them: An overview.

Cos, P., De Bruyne, T., Hermans, N., Apers, S., Vanden Berghe, D.,
& Vlietinck, A. J. (2004). Proanthocyanidins in health care: Current
and new trends. Current Medicinal Chemistry, 11(10), 1345-1359.
https://doi.org/10.2174/0929867043365288

Daglia, M. (2012). Polyphenols as antimicrobial agents. Current
Opinion in Biotechnology, 23(2), 174-181.
https://doi.org/10.1016/j.copbio.2011.08.007

Jing, S.-X., McDermott, C. M., Flanders, P. L., Reis-Havlat, M.,
Chen, S.-N., Bedran-Russo, A. K., McAlpine, J. B., Ambrose, E. A.,
& Pauli, G. F. (2024). Chemical transformation of B- to A-type
proanthocyanidins and 3D structural implications. Journal of Natural
Products, 87(5), 1416-1425.
https://doi.org/10.1021/acs.jnatprod.4c00231

Sanchez-Patan, F., Barroso, E., Van de Wiele, T., Jiménez-Giron, A.,
Martin-Alvarez, P. J., Moreno-Arribas, M. V., Martinez-Cuesta, M.
C., Pelaez, C., Requena, T., & Bartolomé, B. (2015). Comparative in
vitro fermentations of cranberry and grape seed polyphenols with
colonic  microbiota.  Food  Chemistry, 183,  273-282.
https://doi.org/10.1016/j.foodchem.2015.03.061

Jayaprakasha, G. K., Singh, R. P., & Sakariah, K. K. (2001).
Antioxidant activity of grape seed (Vitis vinifera) extracts on
peroxidation models in vitro. Food Chemistry, 73(3), 285-290.
https://doi.org/10.1016/S0308-8146(00)00298-3

Subramanian, M., Goswami, M., Chakraborty, S., & Jawali, N.
(2014). Resveratrol induced inhibition of Escherichia coli proceeds

[47]

[48]

[49]

[50]

[51]

[52]

(53]

Available at www.ijsred.com

via membrane oxidation and independent of diffusible reactive
oxygen species generation. Redox Biology, 2, 865-872.
https://doi.org/10.1016/j.redox.2014.06.007

Ghouila, Z., Laurent, S., Boutry, S., Vander Elst, L., Nateche, F.,
Muller, R. N., & Baaliouamer, A. (2017). Antioxidant, antibacterial
and cell toxicity effects of polyphenols from Ahmeur Bouamer
grape seed extracts. Journal of Fundamental and Applied Sciences,
9(1), 392-410. https://doi.org/10.4314/jfas.v9il.24

Wang, Y., Wang, Y., Shen, W., Wang, Y., Cao, Y., Nuerbulati, N.,
Chen, W., Lu, G., Xiao, W., & Qi, R. (2020). Grape seed
polyphenols ameliorated dextran sulfate sodium-induced colitis via
suppression of inflammation and apoptosis. Pharmacology, 105(1-2),
9-18. https://doi.org/10.1159/000501897

Nguyen, A. V., Wu, Y.-Y.,, & Lin, E. Y. (2014). STAT3 and
sphingosine-1-phosphate in inflammation-associated colorectal
cancer. World Journal of Gastroenterology, 20(30), 10279-10287.
https://doi.org/10.3748/wjg.v20.i30.10279

Chu, H., Tang, Q., Huang, H., Hao, W., & Wei, X. (2016). Grape-
seed proanthocyanidins inhibit the lipopolysaccharide-induced
inflammatory mediator expression in RAW264.7 macrophages by
suppressing MAPK and NF-xB signal pathways. Environmental
Toxicology and Pharmacology, 41, 159-166.
https://doi.org/10.1016/j.etap.2015.11.018

Mantena, S. K., Baliga, M. S., & Katiyar, S. K. (2006). Grape seed
proanthocyanidins induce apoptosis and inhibit metastasis of highly
metastatic breast carcinoma cells. Carcinogenesis, 27(8), 1682-1691.
https://doi.org/10.1093/carcin/bgl030

Uchino, R., Madhyastha, R., Madhyastha, H., Dhungana, S.,
Nakajima, Y., Omura, S., & Maruyama, M. (2010). NFkB-
dependent regulation of urokinase plasminogen activator by
proanthocyanidin-rich grape seed extract: Effect on invasion by
prostate cancer cells. Blood Coagulation & Fibrinolysis, 21(6), 528—
533. https://doi.org/10.1097/MBC.0b013e32833a9b61

Lacatusu, 1., Badea, N., Badea, G., Oprea, O., Mihaila, M. A., Kaya,
D. A, Stan, R., & Meghea, A. (2015). Lipid nanocarriers based on
natural oils with high activity against oxygen free radicals and tumor
cell proliferation. Materials Science and Engineering: C, 56, 88-94.
https://doi.org/10.1016/j.msec.2015.06.019

ISSN : 2581-7175

O©IJSRED: All Rights are Reserved

Page 1999



