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ABSTRACT: One important class of natural compounds is flavonoids.  Flavonoids belong specifically to a group of 
secondary metabolites from plants with polyphenolic structures.  Fruits, vegetables, tea, wine, grains, bark, and stems are 
all primary sources of flavonoids.  The general molecular structure of flavonoids is defined by a 15-carbon skeleton 
composed of two benzene rings (A and B) connected by a heterocyclic ring (C), often a pyran ring.  The structure can be 
altered by the C ring's oxidation state and substitution patterns, as well as those of the A and B rings.  Methylated, 
glycoside, and aglycone derivatives are all forms of flavonoids.  The basic flavonoid molecule is aglycone. In addition to 
these flavonoid groups, there are also other subgroups such as bioflavonoids, flavonolignans, prenylflavonoids, chalcones, 
glycosidic ester flavonoids, and proanthocyanidins. Flavonoids' medicinal, pharmacological, and therapeutic properties, 
such as anti-ageing, anti-bacterial, anti-tumour, anti-viral, anti-inflammatory, cardiovascular, anti-cancer, neuroprotective, 
anti-microbial, and anti-diabetic activity have been investigated. The major classifications and replacements of flavonoids, 
such as hydrogenation, hydroxylation, methylation, malonylation, sulphation, and glycosylation, result in a wide range of 
structural variations.  Based on the location of the benzenoid substituent, the flavonoid class is divided into flavonoids (2-
position) and isoflavonoids (3-position).  Anthocyanidins, flavones, flavonols, flavan-3-ols, flavanones, and isoflavonoids 
are the different types of flavonoids. 
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INTRODUCTION  
 
Flavonoids, which have a basic 15-carbon flavone 
skeleton with two benzene rings (A and B) joined by a 
three-carbon pyran ring (C), which are chromene in 
structure, have been referred to by the more general term 
"C6-C3-C6′ compounds" since 1952. Flavonoids are 
composed of two types of compounds: a phenyl-
substituted propylbenzene derivative (rotenoids) 
compounds with a C16 skeleton, and compounds 
structurally based on derivatives of a phenyl-substituted 
propylbenzene with a C15 skeleton.  Flavonoids are 
therefore categorised as heterocyclic rings with oxygen 
contained in them (Liga et al., 2023). 

A significant family of natural products, flavonoids are 
specifically categorised as dietary flavonoids because they 

are a type of secondary metabolite from plants that have a 
polyphenolic structure and are frequently found in fruits, 
vegetables, tea, cocoa, wine, and some beverages. 
Chalcones, flavones, flavanols, anthocyanins, and 
isoflavones are some of the subgroups of flavonoids. The 
main sources of these subgroups are distinct.  For 
instance, two important food sources of flavonols and 
flavones are tea and onions (Panche et al., 2016).  Until 
recently, it was thought that the oldest plants that produced 
flavonoids were mosses and liverworts.  Flavonoids 
comprise more than 9,000 molecules and are one of the 
main classes of specialised metabolites (Bowman et al., 
2017). 

Flavonoids  serve  a  variety  of   biological   purposes  in  
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plants, animals, and microbes. Flavonoids, which are 
known to be synthesised in specific areas in plants, are 
responsible for the colour and aroma of flowers, the ability 
of fruits to attract pollinators and subsequently aid in fruit 
dispersal, seed germination, seedling growth and 
development. Flavonoids protect plants against a range of 
biotic and abiotic stresses by acting as unique UV filters, 
signal molecules, allopathic substances, phytoalexins, 
detoxifying agents, and antimicrobial defensive 
compounds. Plants are protected from cold and drought by 
flavonoids, and they may also play a crucial role in their 
capacity to adapt to cold and heat (Mutha et al., 2021). 

In animals, flavonoids possess antioxidant, anti-
inflammatory, and antimicrobial properties, which can 
promote health and enhance the quality of animal 
products. Flavonoids exhibit various biological activities 
against bacteria, including antibacterial effects through 
mechanisms like membrane disruption, inhibition of 
nucleic acid synthesis, and energy metabolism, as well as 
biofilm formation and pathogenicity reduction (Syed et al., 
2024; Kang et al., 2018). 
 
 

BASIC STRUCTURE AND CLASSIFICATION OF 
FLAVONOIDS 
 
Basic structure of flavonoids 
 
The basic structure of flavonoids is shown in Figure 1. 
 
 
C6-C3-C6 Skeleton 
 
Flavonoids are structurally made up of 15 carbon atoms 
arranged in two benzene rings, called the A and B rings, 
which are connected by an oxygen-containing pyrene ring 
(C). Most flavonoids have a fundamental structure made 
up of a carbon skeleton that is derived from the flavan 
system (C6-C3-C6) (Rauter et al., 2018). 
 
 
Polyphenols 
 
They are a subgroup of polyphenols, meaning they contain 
multiple phenolic (aromatic hydroxyl) groups (Rauter et al., 
2018) 
 
 
Variations 
 
The structure can vary depending on the oxidation state 
and substitution patterns of the C ring, as well as the A and 
B rings (Rauter et al., 2018). 
 
 
Classification of flavonoids 
 
The chemical structure, degree of oxidation, and chain- 

 
 
 
 

 
 

Figure 1. Structure of flavonoids. 
 
 
 

linked unsaturation of flavonoids allow for their 
classification into six major groups: flavonols, flavan-3-ols, 
flavones, flavanones, isoflavonoids, and anthocyanins. 
Flavones (e.g., rutin, chrysin, apigenin, and luteolin), 
flavonols (e.g., quercetin, kaempferol, myricetin, and 
fisetin), flavan-3-ols (e.g., proanthocyanidins, catechin, 
epicatechin, and epigallocatechin), flavanones (e.g., 
flavanone, hesperetin, naringin, and naringenin), 
isoflavonoids (e.g., genistein and daidzein), 
anthocyanidins (e.g., apigenidin, malvidin, cyaniding, and 
delphinidin) (Karak, 2019; Panche et al., 2016). Besides 
these flavonoid classes, there are more subgroups such 
as proanthocyanidins, glycosidic ester flavonoids, prenyl-
flavonoids, chalcones, bioflavonoids, and flavonolignans 
(Majewska and Czeczot, 2009; Shen et al., 2022). 
 
 
Flavanols (Flavan-3-Ols) 
 
Flavanols, commonly referred to as flavan-3-ols, have a 
simple 2-phenyl-3,4-dihydro-2-H-chromen-3-ol structure 
(Figure 2). Dihydroflavonols, sometimes referred to as 
flavanols, flavan-3-ols, or catechins, are a complex class 
of flavonoids.  (Kang et al., 2018).  

Pecans and hazelnuts are common foods high in 
flavanols, whereas almonds, cashews, roasted peanuts, 
and pistachios have moderate levels. Significant quantities 
of flavanols can also be found in a variety of fruits, beans, 
teas, red wines, dark chocolate, mint, sage, dill, and 
rosemary. Flavanols are responsible for certain food 
quality parameters such as sweetness, sourness, 
bitterness, astringency, colour formation, and scent. The 
inflammatory activities of flavanols are due to it's 
modulation of cell redox status and ability to inhibit 
activation of the NF-kB (Mena et al., 2014) 
 
 
Flavonols 
 
Flavonols are flavonoids with a ketone group at position 4 
of the C ring and a double bond between C-2 and C-3 
(Figure 3).  They are the proanthocyanins' building blocks. 
Flavonols are the most prevalent type of flavonoid found in 
fruits, leaves and vegetables. Apples, kale, onions, leeks,  



 
 
 
 

 
 

Figure 2. Structure of flavanol 
(Flavan-3-Ols). 

 
 
 

 
 

Figure 3. Structure of flavonol. 
 
 
 

grapes, berries, broccoli, red lettuce, tomatoes, tea and 
red wine are the predominant foods that contain flavonols 
(De Pascual et al., 2010). Flavonols possess a basic 
structure of 3-hydroxy-2-phenyl chromen-4-one. The 
major flavonols studied are quercetin, kaempferol, fisetin, 
myricetin, rhamnetin, isorhamnetin, azaleatin, and their 
respective glycosyl derivatives (Barreca et al., 2021). 

Because of flavonols' scavenging reactive oxygen 
species (ROS) and pro-oxidant activity due to auto-
oxidation, they have anti-inflammatory, anti-allergy, and 
anti-cancer properties. In addition to flavonols' ability to 
scavenge reactive oxygen species (ROS), flavonols 
exhibit a variety of therapeutic functions, such as 
antispasmodic, antiviral, and antibacterial properties, 
indicating a complicated mode of action (Barreca et al., 
2021; Brodowska, 2017). 

Numerous health advantages, such as antioxidant 
potential and a lower risk of vascular disease, have been 
linked to flavonol intake. Flavonol may be the most 
prevalent and sizable class of flavonoids found in fruits and 
vegetables as a result of their various glycosylation 
patterns. For example, many plant meals contain 
quercetin. (Panche et al., 2016; Iwashina, 2013). 
 
 
Flavones 
 
Flavones are a group of flavonoids that play several major 
therapeutic   roles and   are   mainly    distributed   in   higher  
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plants (Figure 4). The majority of fruit and vegetable 
flavones include a hydroxyl group at position 5 of the A 
ring. However, the taxonomic classification of the specific 
vegetable or fruit may affect the hydroxylation in other 
locations, primarily in positions 7 of the A ring or 3′ and 4′ 
of the B ring (Panche et al., 2016). The main pigments in 
flowers that are white or cream in colour are flavones.  
Flavones are differentiated from other flavonoid groups by 
a double bond between C2 and C3 in their basic flavonoid 
structure. Apigenin and luteolin are the widely studied 
flavones (Ganjare et al., 2011). Flavones have been 
shown in studies to have strong anti-inflammatory, anti-
cancer, antibacterial, anti-allergy, and antispasmodic 
properties (Brodowska, 2017; Kang et al., 2018). 
 
 
Flavanones 
 
One of the biggest subgroups of flavonoids is flavanones 
(Figure 5). This subgroup's fundamental structure is 2,3-
dihydro-2-phenyl chromen-4-one. Flavonones are found in 
the form of glycosides and are widely dispersed in fruits, 
flowers, and leaves, particularly in the citrus family. 
Aglycones such as hesperetin, sinensetin, nobiletin, 
tangeretin, eriodictyol, and isosakuranetin, together with 
their corresponding glycosides, are the most researched 
flavanones (Kang et al., 2018; Khan and Dangles, 2014). 
Flavonones like naringenin (5,7,4'-trihydroxy flavanone) 
are mostly found in sour oranges and grapefruit, while 
hesperetin (4'-methoxy-5,7,3'-trihydroxy flavanone) is 
prominently found in orange, lime, lemon, and tangelo. 
Flavonones are mostly recognised for their 
cardioprotective, antiviral, anticancer, and anti-
inflammatory effects. The amount and spatial distribution 
of phenolic OH groups determine the antioxidant 
properties of flavanones. Flavanones have a stronger 
antioxidant impact under a hydrophilic environment 
(Brodowska et al., 2017) 
 
 

Isoflavone 
 
Through a process known as aryl migration, the 3-phenyl 
chromen skeleton of isoflavone is chemically generated 
from the 2-phenyl chromene skeleton. Legumes, 
especially soybeans and soy products, are the main 
source of isoflavones (Figure 6). Among the many 
medicinal benefits of isoflavones are their lipid-lowering, 
antioxidant, and anticancer properties.  It is well known that 
isoflavones improve bone health (Poppy et al., 2024). 

Some isoflavones have also been reported to be present 
in microbes. Additionally, during plant-microbe 
interactions, they are discovered to be crucial precursors 
for the synthesis of phytoalexins. Because of their 
oestrogenic activity in specific animal models, isoflavones 
like genistein and daidzein are frequently considered 
phyto-oestrogens. Szkudelska and Nogowski (2017) 
reviewed the effect of genistein, which induces hormonal  
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Figure 4. Structure of flavone. 
 
 
 

 
 

Figure 5. Structure of flavonone. 
 
 
 

 
 

Figure 6. Structure of Isoflavone. 
 
 
 

 
 

Figure 7. Structure of anthocyanins. 

 
 
 
 
and metabolic changes which can influence various 
disease pathways. 
 
 

Anthocyanins 
 

A subgroup of the flavonoid family with a C3-C6-C3 carbon 
structure is called anthocyanins (Figure 7). Glycosylated 
substances called anthocyanins are polymethoxy and 
polyhydroxy derivatives of flavylium salts. Anthocyanins 
are predominantly present in tea, vegetables, fruits, honey, 
nuts, cocoa, olive oil, and cereals. Furthermore, berries 
like elderberries, blueberries, strawberries, blackcurrants, 
and red wine contain anthocyanins in different proportions, 
while Pelargonidin, cyanidin, delphinidin, petunidin, 
malvidin, and peonidin are the most common 
anthocyanins found in fruits and vegetables. The critical 
function of anthocyanins in cardiovascular health, visual 
acuity, cholesterol breakdown, and cytotoxicity has been 
validated by scientific research. Also, anthocyanins have 
been studied for their potential to improve cognitive 
function (Wallace, 2011; Poppy et al., 2024). Figure 8 
shows the full classes of flavonoids, examples and their 
chemical structures. 

Plants, flowers, and fruits get their colour from 
anthocyanin pigments. They occur predominantly in the 
outer cell layers of various fruits such as cranberries, black 
currants, red grapes, merlot grapes, raspberries, 
strawberries, blueberries, bilberries and blackberries. 
These compounds' stability and health advantages allow 
for a wide range of applications in the food industry. The 
pH and methylation or acylation at the hydroxyl groups on 
the A and B rings determine the anthocyanin's colour 
(Iwashina, 2013). 
 
 

DIETARY SOURCE OF FLAVONOIDS  
 

Flavonoids are widely distributed; physiologically active 
phytochemicals found in plants that have long been 
utilised in a variety of herbal remedies. They are a crucial 
part of our everyday nutrition and are mostly found in 
plants' edible portions (Luthra et al., 2021). Fruits and 
vegetables are significant sources of dietary flavonoids, 
along with several other potentially bioactive ingredients 
like potassium, fibre, folate, antioxidants and vitamins.  
Additionally, tea that is high in flavonoids and Cocoa 
(Camellia sinensis) represent relatively concentrated 
sources, and their impact on vascular function is becoming 
apparent. Due to their widespread occurrence, flavonoids 
are regularly ingested by humans (Kaur and Roy, 2021). 

The individual intake of flavonoids varies substantially 
depending on the type of diet consumed.  Raphanus 
sativus (radish) root and Lactuca sativa (salad) were 
shown to contain flavonoids (Sarah and Gerald, 2011; 
Rodriguez et al., 2019). Flavonoids can be found in a 
variety of foods and drinks, such as wine, beer, and tea. 
The largest concentrations of natural flavonoids are found 
in  fruits,  vegetables,  flowers,   and   seeds.   However,  a  
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Figure 8. Classes of flavonoids, examples and their chemical structures. 
 
 
 

number of variables, including plant cultivar or genotype, 
growing conditions, soil properties, harvest, and storage, 
affect the quantity of these chemical compounds present 
(Rodriguez et al., 2019).  

Flavonols that comprise, for example, quercetin, 
kaempferol, fisetin, isorhamnetin, and myricetin are 
abundant in green leaves, fruits, and grains, including 
lettuce, cranberries, apples, peaches, and red pepper are 
rich in quercetin and kaempferol. Spinach leaves have a 
high quantity of rutin, spinacetin glycosides, and patuletin 
glycosides, while broccoli, kale, endive, potatoes, onions, 
grapes, and tomatoes contain more kaempferol 3-O-
glycosides. Myricetin also, can also be gotten from nuts, 
berries, tea, and red wine (Panche et al., 2016; Terahara, 
2015). 

The flavones, which include luteolin, apigenin, 
sinensetin, isosinensetin, nobiletin, tangeretin, galangin, 
and chrysin, are among the most significant flavonoids. 
These compounds are mainly found in leaves, flowers, and 
fruits as glucosides of apigenin, luteolin, and diosmetin 
(Kozłowska and Szostak, 2017). For example, celery is 
rich in apigenin 7-O-glycoside; glycosides of luteolin and 

apigenin are abundant in several citrus fruits, green and 
red peppers, lettuce, broccoli, olive oil, cacao, oregano, 
thyme, rosemary, peppermint, and parsley (Terahara, 
2015). Flavones like Chrysin, apigenin, rutin, luteolin, and 
luteolin glucosides are found in Fruit skins, red wine, 
buckwheat, red pepper, and tomato skin. 

Flavanols, or flavan-3-ols, contain catechin, epicatechin, 
epicatechin gallate, gallocatechin, epigallocatechin, and 
epigallocatechin gallate (Bae et al., 2020). Flavanols are 
found in high quantities in Camellia sinensis, the tea plant, 
as (-)-epigallocatechin gallate, (-)-epicatechin gallate, (-)-
epigallocatechin, (-)-epigallocatechin, and (-)-epicatechin, 
tea consumption being one of the most important sources 
of these flavonoids. In addition, fruits like apples, red 
grapes, peaches, mangoes, pears, plums, nectarines, and 
raspberries are very rich in (+)-catechin, (-)-epicatechin, 
and (-)-epigallocatechin. Cocoa and red wine are good 
sources of catechins (Panche et al., 2016). Flavonols such 
as Naringin, naringenin, taxifolin, and hesperidin are found 
in Tea. 

Dihydroflavones, another name for flavanones, are a 
significant class of flavonoids that are frequently present in  
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citrus fruits. For example, flavanone glycosides, like 
naringin, naringenin, and naringenin 7-O-neohesperid-
oside, can be found in grapefruits, hesperidin, hesperetin, 
and hesperetin 7-O-rutinoside in oranges, mandarins, 
limes, lemons, eriocitrin, eriodictyol, and eriodictyol 7-O-
rutinoside in lemons (Terahara, 2015). Flavanones like 
Naringin, naringenin, taxifolin and hesperidin are found in 
Citrus fruits, grapefruits, lemons and oranges. 

Isoflavones are mostly generated in legumes and are 
less common in other plants. Isoflavones, particularly 
present in soybeans, are genistin, glycitin, daidzin, 
glycosides, and malonylated isoflavones. Soya bean 
contains, Lupin, fava beans, and kudzu roots also contain 
genistin. Small quantities of isoflavones like Genistin and 
daidzin are present in common beans, peanuts, and 
chickpeas (Panche et al., 2016). 

Many flowers, foliage, and fruits have blue, purple, red, 
and orange colours due to the presence of anthocyanins 
flavonoids. This group of substances is frequently found as 
anthocyanidin glycosides, such as cyanidin, pelargonidin, 
delphinidin, peonidin, petunidin, and malvidin.  For 
example, cranberries, blueberries, raspberries, bilberries, 
strawberries, blackberries, plums, grapes, cherries, and 
sweet potatoes have a high quantity of anthocyanins 
(Khoo et al., 2017). Vegetables such as red cabbage, red 
turnips, and purple sweet potatoes are rich in acylated 
anthocyanins.  Also, black beans and purple corn contain 
cyanidin 3-O-glucoside. The blue colour of some flowers is 
due to delphinidin, while the orange colour is associated 
with pelargonidin. Anthocyanidins like Apigenidin, cyanidin 
are found in cherry, raspberry, and strawberry. 
 
 
CHEMISTRY OF FLAVONOIDS 
 
The degree of oxidation and the pattern of heterocyclic 
pyrane substitution vary among the different classes of 
flavonoids, and the pattern of substitution of the two 
benzene rings varies among individual compounds within 
a class. Flavonoids can be found as methylated 
derivatives, glycosides, and aglycones.  Aglycone is the 
fundamental flavonoid structure. The flavonoid class is 
separated into flavonoids (2-position) and isoflavonoids (3-
position) by the location of the benzenoid substituent. 
(Zahra et al., 2017). Flavonoids often share a C6-C3-C6 
flavone skeleton, with oxygen typically enclosing the three-
carbon bridge connecting the phenyl groups.  Depending 
on how unsaturated and oxidised the three-carbon 
segment (C-ring) is, flavonoids are classified according to 
their chemical structure. The major flavonoid classes 
include flavonols, flavones, flavanones, catechins (or 
flavanols), anthocyanidins, isoflavones and chalcones 
(Rees et al., 2018; Yingxue et al., 2024; Kopustinskiene et 
al., 2020). 

Hydrogenation, hydroxylation, methylation, malonylation, 

sulphation, and glycosylation are among the substitutions 
that occur in the structure of flavonoids, which vary greatly 
among the major classifications of flavonoids. (Hardeep et    

 
 
 
 
al., 2023; Vauzour et al., 2008).   Many flavonoids occur 
naturally as flavonoid glycosides and carbohydrate 
substitutions, including D-glucose, L-rhamnose, 
glucorhamnose, galactose, lignin, and arabinose (Biswajit 
et al., 2025). The three most prevalent flavonoid 
glycosides in the diet are quercitrin, rutin, and robinin.  
Intestinal flora hydrolyses them to create the 
physiologically active aglycone. (sugar-free flavonoid) 
(Mohammad et al., 2023; Syed et al., 2021; Gorniak et al., 
2019).  
 
 
THERAPEUTIC AND PHARMACOLOGICAL APPLICA-
TIONS OF FLAVONOIDS  
 
The physiological and pharmacological activities of 
flavonoids have been studied extensively in recent years, 
such as antioxidant, anti-ageing, anti-bacterial, anti-
tumour and anti-viral (Shen et al., 2022; Sun et al., 2021). 
Flavonoids, naturally occurring compounds in plants, have 
diverse therapeutic uses, including antioxidants, anti-
inflammatory agents, and having anticancer, antiviral, and 
neuroprotective properties, making them potential 
treatments for various diseases. These therapeutic uses 
include; 
 
 

Anti-oxidant activity 
 
Flavonoids have the basic 15-carbon flavone skeleton C6-
C3-C6, which is connected by a three-carbon pyran ring (C) 
to two benzene rings (A and B). The antioxidant capacity 
of flavonoids is influenced by the quantity and location of 
hydroxy groups on the catechol B-ring as well as the 
position of the B-ring on the pyran C-ring (D’Amelia et al., 
2018). 

Free radicals can be scavenged by flavonoids, which 
lower inflammation and oxidative stress, two factors linked 
to a number of illnesses.  By scavenging dangerous free 
radicals and reactive oxygen species (ROS), flavonoids 
function as antioxidants, averting oxidative stress and cell 
damage.  By stabilising free radicals with electrons or 
hydrogen atoms, flavonoids can successfully stop chain 
reactions that harm tissues and cells. Well-known 
flavonoids with potent antioxidant properties include 
quercetin, kaempferol, and apigenin (Samec et al., 2024). 
Flavonoids' antioxidative qualities have made them 
promising in the fight against cancer.  As signalling 
molecules, flavonoids control cell division, initiate 
apoptosis, and reduce reactive oxygen species 
generation. These capabilities present viable substitute 
approaches to cancer prevention and treatment. 
Numerous fruits and vegetables naturally contain 
quercetin, a flavonoid that has demonstrated a range of 
biological benefits in experimental models. One of its 
noted benefits is the reduction of major asthma symptoms, 
such as airway inflammation, mucus production, and 
bronchial hyperactivity (Goulas and Manganaris, 2012). 



 
 
 
 
Anti-inflammatory activity 
 
Flavonoids can stop the production of inflammatory 
mediators such as cytokines (including IL-1β, TNF-α, and 
IL-6) and enzymes linked to inflammation (lipoxygenase 
and cyclooxygenase-2). Flavonoids can help treat 
inflammatory conditions, including arthritis and irritable 
bowel syndrome, as well as chronic pain. Naringenin is 
one of the flavonoids that can help with neurological 
diseases, neurotoxicity, and neuroinflammation.  The 
activity of immune cells and immunological systems 
involved in inflammatory processes can be modulated by 
flavonoids. Examples of substances with known anti-
inflammatory properties include quercetin, genistein, 
apigenin, kaempferol, and epigallocatechin 3-gallate (Al-
Khayri et al., 2022; Brodowska, 2017). 
 
 

Cardiovascular health activity 
 
Research indicates that a higher dietary flavonoid 
consumption is linked to a decreased risk of Atheros-
clerotic cardiovascular illnesses, including coronary heart 
disease and stroke.  The therapeutic benefits of flavonoids 
for atherosclerosis, hypertension, and other conditions are 
becoming more and clearer.  There has been much 
research done on the possible therapeutic benefits of 
flavonoids for cardiovascular disorders.  For instance, 
studies have assessed the functions of flavonoids in 
controlling blood pressure through both endothelium-
dependent and non-endothelium-dependent pathways, as 
well as in controlling the systolic and diastolic functions of 
the heart by affecting calcium homeostasis and the 
expression of proteins related to smooth muscle. 

In order to maintain healthy blood flow and stop 
atherosclerosis from developing, flavonoids can improve 
the function of the endothelium, the inner lining of blood 
vessels. According to research, dietary flavonoids found in 
foods like cocoa, apples, tea, citrus fruits, and berries have 
several beneficial impacts on cardiovascular risk factors, 
such as high blood pressure and endothelial dysfunction. 
They are thought to have a significant effect on both 
vascular and cerebrovascular health, and ultimately, they 
may help avoid neurological and cardiovascular disorders 
that have a vascular component, such as vascular 
dementia (Rees et al., 2018).  
 
 
Anti-cancer activity 
 
Flavonoids have shown anticancer properties through 
controlling reactive oxygen species (ROS), halting the cell 
cycle, inducing apoptosis, and lowering the proliferation 
and invasiveness of cancer cells. In cancer pharmacology 
and drug screens, they are regarded as significant 
anticancer prospects. Important enzymes involved in 
angiogenesis (the development of new blood vessels that 
supply  tumours)   and   tumour   promotion   may  also  be    
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disrupted by them. flavonoids can stop cancer cells from 
surviving by inducing apoptosis, a natural mechanism in 
which damaged or undesired cells destroy themselves. By 
stopping the cancer cell cycle at particular stages, 
flavonoids can stop unchecked cell division. They can 
reduce a tumour's potential to metastasise by preventing 
the development of new blood vessels, which are 
necessary for the tumour to grow and spread, and 
suppress angiogenesis as a result.  Additionally, 
flavonoids help lessen inflammation, which is a major 
contributor to the onset and spread of cancer (Hardeep et 
al., 2023; Hostetler et al., 2017). Examples of flavonoids 
with anticancer effects are Quercetin, Genistein, 
Epigallocatechin-3-gallate (EGCG), Luteolin, Myricetin, 
Apigenin and kaempferol. 
 
 
Neuroprotective effects 
 
One potential method for preventing or lessening the 
impact of neurodegenerative illnesses is the ability of 
flavonoids to shield neurones from harm caused by 
neurotoxins.  They can also slow the progression of 
Alzheimer's disease and reverse cognitive deficits.  Diets 
high in flavonoids may help prevent neurodegeneration, 
according to studies.  Certain flavonoids, like as 
naringenin, have demonstrated promise as a treatment for 
neurotrophic effects, depression, and amyloidogenesis. 
Flavonoids may also improve cognitive function, memory, 
and learning (Biswajit et al., 2025). 

In the brain, flavonoids have a number of neuroprotective 
properties, including the ability to lower neuroinflamma-
tion, protect neurones from harm caused by neurotoxins, 
and improve cognitive function, memory, and learning by 
encouraging synaptic plasticity and neuronal survival. Two 
common pathways seem to underlie these effects.  First of 
all, they interfere with important protein and lipid kinase 
signalling cascades in the brain, which promote synaptic 
plasticity and neuronal survival while inhibiting apoptosis 
brought on by neurotoxic species.  Second, they have 
positive effects on the vascular system, which alters the 
flow of blood throughout the brain and can lead to 
angiogenesis, neurogenesis, and morphological changes 
in neurones. By lowering oxidative damage and 
inflammation, flavonoids may delay the onset and 
progression of age-related illnesses like Parkinson's and 
Alzheimer's. (Kumar and Pandey, 2013). 
Eating foods rich in flavonoids throughout life may reduce 
neurodegeneration and prevent or repair age-dependent 
decreases in cognitive function through this mechanism. 
Flavonoids may be significant precursor chemicals in the 
pursuit of creating a new generation of brain-enhancing 
medications, given the strong interest in creating 
medications that can improve brain function. (Vauzour et 
al., 2008). 

Flavonoids included in foods and diets can also prevent 
ageing and enhance cognitive performance. Flavonoids 
prevent   neuronal    death    from    neurotoxic   substances, 
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enhance vascular blood flow, and encourage 
neurogenesis. Flavonoids rich in neuroprotective 
properties include Quercetin, Epicatechin, Naringin, 
Myricetin, Kaempferol and Luteolin. 
 
 

Antiviral and antimicrobial activity 
 
Flavonoids have the potential to be antiviral agents 
because they can prevent viruses from replicating and 
entering cells. They also have antibacterial and antifungal 
properties by potentially breaking down cell membranes, 
inhibiting the development of cell walls, or interfering with 
essential metabolic processes. Flavonoids have the ability 
to connect to particular extracellular areas of viruses, 
prevent them from attaching or entering host cells, and 
disrupt viral infections.  Certain flavonoids have 
demonstrated antifungal and antibiofilm properties.  By 
disrupting host components necessary for infection or 
controlling the immune system to lower the viral content, 
flavonoids can be utilised to treat viral infections 
(Kozłowska and Szostak, 2019). 

Flavonoids have the ability to decrease viral protease 
activity, prevent viral replication (DNA/RNA synthesis), 
and obstruct viral entry into cells.  (Syed et al., 2021).  
According to numerous studies, flavonoids have antiviral 
properties against enteroviruses through a variety of 
mechanisms, such as preventing viral entry, preventing 
viral reproduction, and reducing viral protease activity 
(Jing et al., 2025).  Flavonoids have the ability to target the 
attachment, entrance, replication, and release phases of 
viral infection.  Their antiviral effects can be strengthened 
by combining various flavonoid mixtures or by combining 
them with synthetic antiviral medications.  Certain 
flavonoids, such as apigenin, vitexin, quercetin, rutin, and 
naringenin, have demonstrated antiviral properties against 
a variety of viruses. 

Flavonoids have the ability to inhibit bacterial energy 
metabolism, cytoplasmic membrane function, and nucleic 
acid production.  Numerous bacteria have been 
demonstrated to be susceptible to the antibacterial 
properties of flavonoids such as rutin, quercetin, and 
morin.  Certain flavonoids have the ability to reverse 
antibiotic resistance, suppress viral factors, and 
specifically target bacterial cells.  Biofilm development, a 
key component of bacterial persistence and antibiotic 
resistance, can be inhibited by certain flavonoids. 
Additionally, some flavonoids have antifungal properties. 
(Arpita et al., 2022) 

Notably, plants produce flavonoids in response to 
microbial infection, and in vitro studies have shown that 
these chemicals are effective antimicrobials against a 
variety of pathogenic bacteria.  Flavonoids' diverse 
biological activities, which may not initially appear to be 
highly specific, are what give them their antimicrobial  
effect.  Nonetheless, there are promising antibacterial 
flavonoids that can decrease virulence factors and other 
microbial  dangers, such  as  the  formation  of  biofilms, in  

 
 
 
 
addition to specifically targeting bacterial cells.  
Additionally, several plant flavonoids show promise in 
reversing antibiotic resistance and improving the 
effectiveness of existing antibiotic medications. Creating 
and using medications based on flavonoids may be a 
potential strategy for treating illnesses that are resistant to 
antibiotics (Gorniak et al., 2019). 
 
 
Antidiabetic activity 
 

Considering the potential for flavonoids to shield the body 
from pro-oxidative substances like free radicals, and the 
proposed link between diabetes and inflammation. Eating 
foods high in flavonoids or flavonoids themselves could 
lower the chance of developing diabetes.  This movement 
has given rise to new ideas, including nutritional treatment, 
phytonutrients, nutraceuticals, and phytotherapy.  In order 
to prevent certain types of diabetes, these functional foods 
and phytomedicines help to manage blood glucose levels, 
insulin secretion, glucose uptake, and immunological 
function.  Many strategies have been developed recently 
to use flavonoids in vitro and in vivo models, adding a few 
new techniques to enhance their antidiabetic action 
(Vinayagam, 2015) 

By shielding pancreatic β-cells, triggering insulin 
signalling, and blocking enzymes involved in carbohydrate 
metabolism, flavonoids can reduce blood glucose levels. 
Flavonoids have been acknowledged as potential diabetes 
mellitus treatment agents due to their antidiabetic and anti-
inflammatory qualities (Proenca et al., 2021). 
 
 

CONCLUSION 
 

Flavonoids are secondary metabolites which are readily 
available in different parts and classes of plants. 
Flavonoids can be found as methylated derivatives, 
glycosides, and aglycones. The major flavonoid classes 
include flavonols, flavones, flavanones, catechins, 
anthocyanidins, isoflavones and chalcones. Flavonoids' 
therapeutic and pharmacological properties, such as anti-
ageing, anti-bacterial, anti-tumour, anti-viral, anti-
inflammatory, cardiovascular, anti-cancer, 
neuroprotective, anti-microbial, and anti-diabetic activities, 
are investigated for the treatment of diseases and future 
trends on further medicinal uses. 
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