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Natural bioflavonoids are an essential component of dietary supplements possessing antimicrobial prop-
erties. Many of the bioflavonoids have resulted in positive antitumor, anticancer, antibacterial, antifungal,
anti-inflammatory properties, but the efficacy remains low due to toxicity at the molecular level whereas
antiviral property limits to negative. The synergistic link between nanoscience and flavonoid chemistry
enhances the epidemiological properties of flavonoid and also diminish the antimicrobial resistivity
(AMR) by forming their hybrid nanocomposites. Nanochemistry uses various nanocomposite and nano-
materials for biosensing the flavonoids and their delivery as a drug. The quercetin flavonoid and its
derivatives such as rutin, and myricetin are used for sensing and drug delivery. Quercetin with
15Carbon-5Hydroxyl chemical scaffold has been explored for a few decades for the development of
hybrid nanocomposite and nanomaterial with metallic as well as organic nano co-composites. This quer-
cetin flavonoid based hybrid nanocomposites seemed to show a significant effect on In vitro and some
animal model processes along with attenuating lipid peroxidation, platelet aggregation, and capillary
permeability actions. This review mainly focused on the hybrid nanoscience of quercetin bioflavonoid
and its application in numerous biological, material fields with a future perspective.
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Flavonoids are an important class of bioactive compounds with
effective antimicrobial activities (Berkessel, n.d.). These flavonoids
are commonly known as bioflavonoids because these are extracted
from natural dietary sources like onions, grapes, orange, celery
(Panche et al., 2016; Boots et al., 2008). The first bioflavonoid is iso-
lated and identified by Szent-Gyorgyi (de la Rosa et al., 2018). Out
of more than 6000 flavonoids, experimental science has been
explored for few for the determination of epidemiological proper-
ties (Docheva et al., 2012).

Bioflavonoids are mainly classified into five subgroups namely
anthocyanidins, flavans, flavonols, anthoxanthins, and, flavanones.
Fig. 1 represents the classification of bioflavonoids. The major fla-
vonols found from numerous natural sources are quercetin
(QCN), myricetin, morin, kaempferol, galangin. Chemically flavo-
Fig. 1. Classification of bio

1720
nols are polyphenolic compounds with two phenolic rings attached
to a pyranone ring with a total of five hydroxyl groups along with
fifteen carbon atoms.

Initially, nanotechnology has been used for sensing flavonols
and their derivatives like quercetin, myricetin, rutin, morin due
to their high antioxidant, anti-inflammatory (Gomes et al.,
2008), and, antiproliferative properties (Bello et al., 2018; Saha
et al., 2016; Lozano et al., 2019; Zhang et al., 2019; Rosas et al.,
2019). The name of the polyphenolic compound quercetin is
derived from quercetum which means the ‘‘oak forest”. The natu-
ral flavonol quercetin is found in many leafy vegetables, fruits,
vegetables, herbs. The examples are radish leaves, fennel leaves,
pear, apple, cranberry, grapes, onions, tomato, kale, capers, and
red wine. Among all, capers contain a high amount of quercetin
up to 234 mg per 100 gm (Bhagwat et al., 2011). Out of all avail-
able natural sources, the culinary vegetable onion with quercetin
flavonoid backbones.
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30 mg/100 g is self-sufficient to fulfill the average daily consump-
tion limit of quercetin i.e. 25–50 mg. Even in the crude form
along with other components, onion has shown a high range of
medicinal value. Research has proven that the extract of onion
peel (OPE) is a great source of antioxidants. It is tested for the
storage of animal meat with the inhibition of microorganism
growth in the medium (Ifesan, 2017). In 2016, Kim et al. have
reported OPE, which is a rich source of quercetin significantly
decrease obesity in women (Kim and Yim, 2016). Since ancient,
it has been used in Chinese medicine (Li et al., 2019). The influen-
tial properties of such flavonoids based composites on hormone
levels, resistivity against bacterial and cancer cell lines are the
key steps to overcome the challenges of the nano biotechnogy
research field. Such technology has proven its essentiality for
developed medical care at the nanoscale level. Literature also
gave an idea of such bio-based nanomaterials in the medical
areas via many processes like stents, drugs, tablets and acces-
sories. The chemical structure of quercetin is represented in
Scheme 1. In 2006, Leopoldini et al. have demonstrated the active
binding site of quercetin flavonol. The two binding sites 3-
hydroxyl-Carbonyl and 5-hydroxyl-Carbonyl are more active than
the catechol part. Mira et al. reported the antioxidant properties
of flavonoids like quercetin through the reducing activity towards
copper and iron ions (Mira et al., 2002; Leopoldini et al., 2006).

In this review, we focused on the applications of quercetin
based nanocomposite through different techniques along with
brief characterization and uses of quercetin in different perspec-
tives including sensing, drug delivery through a different medium
(oral, skin-based), encapsulation, anti-bacterial, anti-cancer,
antioxidant, and anti-inflammatory properties. We will be dis-
cussing the quercetin base NPs, nanocomposites for such applica-
tive purposes in detail in Section 3. In 2014, Nikita et al. have
extracted and isolated the quercetin particles by reverse-phase
high performance liquid chromatographic (RP-HPLC) method from
Tridaxprocumbens L (Tridax daisy, a plant family) simply and cost-
effectively. The reverse-phase HPLC technique is found to be more
precise for the determination of quercetin (Sanghavi et al., 2014).
We will be discussing the sensitive and selective determination
of quercetin based materials via different techniques in a detailed
way in the later section. The understanding of the presence of
quercetin in nanomaterials is very important due to the sensitive
application processes. In 2015, Yun et al. have demonstrated the
alginate-based quercetin NPs for heavy metal Pb(II) ionic adsorp-
tion in the aqueous solution. These particles have shown a better
recyclability property with a maximum adsorption capacity of
140.37 mg L�1 with 0.2 g adsorbents in 1000 mg L�1of Pb(II) at
pH 7 due to a partial inducement by the presence of few metal ions
like Mn(II), Co(II), and Cd(II) (Qi et al., 2015). Lauren et al. have
developed a newly designed nano dispersed quercetin NPs by dif-
ferent nanoformulations. The study had revealed the potential
bioavailability of quercetin NPs due to the external parameters of
Scheme 1. Active sites of
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surfactant type, surfactant amount, and stirring speed (Lefevre
et al., 2016).

In 2018, Sunoqrot et al. have performed a unique approach for
the development of surface-modified quercetin NPs for drug deliv-
ery approach. In that study, they revealed the synthesis of polyphe-
nol quercetin NPs functionalized with ligands and drugs.
Spherically modified NPs sized 30–40 nm has shown a drug load-
ing of 35.6 ± 4.9% w/w with a loading efficiency of 88.9 ± 12.4%
which is remarkably good for cell susceptibility tests. Hence, the
modified NPs seem to be nontoxic in nature (Sunoqrot et al.,
2018). Several reports about quercetin have been established with
a new pathway to inhibit the microbial, cancer growth in the ani-
mal models. Quercetin and its composites have many potential
applications in the treatment of a variety of diseases. The simple,
eco-friendly, green synthetic methods for the development of
quercetin based composites with less time consuming and cost-
effective ways those possess higher therapeutic efficacy in terms
of antioxidant (Mittal et al., 2014), antimicrobial and anticancer
activities (Milanezi et al., 2019) has attracted many scientists to
work on such biologically active materials (Kumari et al., 2012).

Recent years witnessed the use of quercetin bioflavonoids to
develop hybrid nanocomposite (HNC) for biomedical applications.
The major challenge to design HNC using quercetin with other
nanomaterials is the toxicity of quercetin at the molecular level.
Synergistic effect between nanochemistry and flavonol chemistry
triggers the rapid growth in this particular area. Irrespective of
rapid globalization with modern medical facilities, the present
mortality rate per annum caused due to microorganisms like bac-
teria, viruses, fungi, the amoeba is too high. The major reason for
this high death is the antimicrobial resistivity (AMR). 21st-
century world mainly suffers from antibiotic resistivity (ABR)
which is more synonymously used for antibacterial resistivity.
The age for this period may be regarded as ‘‘the age of superbugs”.
Lack of awareness for low use of antibiotics in animal husbandry,
plant growth, and misuse of antibiotics in humans without a
proper diagnosis is the main cause for the growth of antibacterial
resistivity. The world health organization (WHO) reports suggest-
ing that in 2050, the death due to AMR will be 10 million each year.
The main concern for science and technology is to inhibit the AMR
before it rules nature by endangering other lives. In this regard,
nanotechnology researchers have been working with their com-
plete effort for contributing the best. Few reports have been
explored in this field in a particular direction to deal with anti-
bacterial resistivity (ABR). Quercetin flavonol based hybrid
nanocomposite has been the most focused case due to the broad
range of antimicrobial properties (Abdellah et al., 2018; Sun
et al., 2016). Several useful applications of quercetin based hybrid
nanocomposite and their initiative journey towards suppressing
antimicrobial resistivity have been well discussed in this review
(Lee and Park, 2019; Sathishkumar et al., 2021; Din et al., 2017;
Verma et al., 2013).
bioflavonol quercetin.



Fig. 2. illustrates the SEM image for quercetin NPs at two different magnification range [31]. [Reproduced with the permission from Elsevier].
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2. Characterizations

2.1. Physical, chemical, and biological experiments

Earlier research on quercetin has developed the knowledge of
such scaffold for the betterment of human purpose. But the signif-
icance of such flavonol is proved by several characterization tech-
niques. Such techniques are involved in FTIR, XRD, TEM, SEM, TGA,
Antioxidant behaviour, Antibacterial susceptibility, anticancer
property, and many more which we will be exploring in the later
section of the discussion.

In general, dynamic scattering light measurement is performed
to observe the particle size in a solution of the suspended matrix at
different solvent. Rahmanand et al. have developed the quercetin
nanomaterial in ethanol–water mixture by using a very simple
nanoprecipitation technique. The observed particle size analysis
for quercetin is revealed with an average hydrodynamic diameter
of 16–17 nm (Soheir N. Abd El-Rahmanand Suhailah, 2014; Fang
et al., 2011). Previous research suggested the hydrodynamic radius
and f potential of flavonoid-based Ag-Se NPs in aqueous solution
are observed to be 40 nm and �19 mV, respectively. This report
has mentioned the uniform dispersion of capped QCN phytochem-
icals by negatively charged metallic group nanocomposites (Mittal
Fig. 3. Illustrates the XRD of original quercetin (a), and quercetin nanocrystals at
different concentration of 2 wt% (b), 5 wt% (c), 10 wt% (d), and 2 wt% after 90 days
(e) respectively [34]. [Reproduced with permission from Elsevier].
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et al., 2014). The capping mechanism of QCN phytochemical is the
prime reason for the hindrance towards the formation of aggrega-
tion. Saha et al. performed the f potential and DLS measurements
for quercetin loaded PLGA NPs. The f potential and the hydrody-
namic radius are observed of �10.0 mv and 180 nm respectively
for such NPs which proved to be very much potential for the
biomedical purpose (Saha et al., 2016).

The scanning electron microscopic analysis is an ideal tech-
nique for the quantitative morphological study of the macro and
nanometric dimensional surface structure of the desired synthe-
sized particles. SEM micrograph of original QCN particles showed
the lack of uniformity in size than newly developed quercetin with
less crystallinity and agglomeration of bigger particles (see Fig. 2).
The particle diameter of the QCN NPs is significantly smaller and
more uniform than that of the virgin quercetin. The controlled
environmental parameters like stirring rate, time, and the concen-
tration of the quercetin led to a beautiful morphology which is
described by Rahmanand et al. (Soheir N. Abd El-Rahmanand
Suhailah, 2014; Fang et al., 2011).

The transmission electron microscopic is the best technique to
analyze fringes, the d-spacing pattern on the surface of the synthe-
sized nanoparticles at the minimal range. Qi et al. have discussed
the surface morphology of quercetin loaded alginate (Q-AN) NPs.
In this work, Q-AN NPs showed a spherical diametre of only 1–
2 nm with the hydroxyl group interaction and intermolecular
bonding between quercetin and alginate NPs (Qi et al. 2015). The
TEM images (Alam et al.) revealed the successful synthesis of
QCN NPs at the nano range. The particles seemed to be rod-like
structure with the diameter ranges from 50 to 500 nm and length
to be in some micron size. The similar morphological structures of
QCN NPs hence described the uniform behaviour of such particles
at different dimensions. The arranged and uniform structure of
QCN based biomaterial could be used as a potential candidate for
drug delivery and other biological therapy in the future study.
Sunoqrot et al. have reported the particle size of pQCT@PEG and
pQCT@FITC-PEG based nanocomposites with an average diameter
of 30 and 40 nm with the spherical shape. Both the nanocompos-
ites have seemed to possess the unchanged and uniform morphol-
ogy. Mittal et al. also have suggested about the capping
morphology formation by quercetin on the surface of bimetallic
(Ag-Se) nanoparticles make the nanomaterial a potential candidate
for antitumor and antimicrobial application (Mittal et al., 2014).
Depending on the morphological behaviour of such composites
seems to act as a smart candidate for numerous application in
biotechnology.

XRD is a technique to describe the crystallinity, size of the
formed crystallites along with the d-spacing patterns of the sam-



Fig. 4. represents the thermal state of QCN at (A) room temperature (RT), (B) 125 �C, (C) 314 �C, and (D) TG/DSC curve of the quercetin under nitrogen atmosphere [33].
[Reproduced with the permission from Elsevier].

Fig. 5. illustrates the FTIR spectra of the monomer (quercetin) and the polyuercetin
[37]. [Reproduced with the permission from Elsevier].
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ples in a precise manner. Performing physical characterizations
like XRD and TG-DTA, scientists have preferred to study the crys-
tallinity and thermal behaviour of quercetin. XRD is performed at
2h between 10 and 80�. X-ray diffraction analysis for quercetin
showed peaks at 2h of 12.6803�, 14.6068�, 16.0944�, 16.6714�,
18.6049�, 20.1795�, 20.9740�, 23.2009�, 25.5010�, 27.9646�, and
28.9808�. The quercetin also showed peaks at 5.2�, 10.06�, 11.76�,
13.52�, 26.38�, and 27.38� which are very similar to virgin querce-
tin material (Soheir N. Abd El-Rahmanand Suhailah, 2014; Moreira
da Costa et al., 2002; Sahoo et al., 2011). Fig. 3 represents the XRD
of original quercetin (a) and quercetin nanocrystals at different
concentrations (b–e).

The thermogravimetric analysis is an ideal technique for study-
ing the thermal stability, heat flow, and the structural deformation
of the all-dimensional synthesized particles in an inert environ-
ment. TGA study of quercetin at 116 �C, has shown the decompo-
sition of water molecules from the system. Picture A, B and C
have shown the quercetin thermal visual study at room tempera-
ture, 125 �C and 314 �C respectively. The DSC curve for quercetin
presented three-phase transition peaks. The third peak at 344 �C,
an exothermal peak, corresponds to the initial decomposition pro-
cess for the quercetin (Fig. 4) (Moreira da Costa et al., 2002; Sahoo
et al., 2011; Rodríguez-Félix et al., 2019; Bruno et al., 2010). Qi et al.
have discussed the thermal stability of quercetin based alginate
NPs to be stable up 540.9 �C range (Qi et al. 2015).

FTIR measurement is used to identify the chemical structure
and the functional group of the prepared materials from
400 cm�1 to 4000 cm�1. Bruno et al. have performed the FTIR
1723
experiment to know the functionality and chemical groups present
in the quercetin. They have mentioned about the two significant
peaks associated with quercetin. The FTIR spectra suggested a sig-
nificant OH stretch band of at 3400 cm�1 due to the presence of H-
bonded OH groups. The large presence of OH groups accounts for
the solubility of the polymer in the ethanol/water solvent system.
Another prominent peak is observed in the 1550–1650 cm�1

regions due to the quinone molecule stretching spectra (see
Fig. 5) (Bruno et al., 2010; Catauro et al., 2015). Milanezi et al. in
his report suggested the presence of significant functional groups
like at 3248 cm�1 (OAH stretching), 1670 cm�1 (C@O stretching),
and 1500 cm�1 (CAC stretching) which belong to capped QCN
based Au NPs with the most important absorption bands in
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between lower region of 650 and 1000 cm�1 (aromatic com-
pounds) (Milanezi et al., 2019).

The position of carbon and hydrogen environment can be easily
observed by NMR analysis of any organic-based material in the
required solvents. Slimestal et al. have described a detailed NMR
study of bioflavonoids including quercetin (Slimestad et al.,
2007). The predicted NMR report of is suggested by Fossen et al.
in 1998. They have reported the 1H NMR and 13C NMR of quercetin
isolated from red onion. The 1H chemical shifts of quercetin taken
in deuterated methanol (CD3OD) are 6.27, 6.47, 7.82, 6.97,
7.72 ppm for 6, 8, 20, 50, 60 position respectively. The 13C NMR
chemical shifts of quercetin in deuterated methanol are 148.00,
137.21, 177.33, 162.50, 99.25, 165.34, 94.40, 158.22, 104.52,
124.15, 115.99, 148.75, 146.21, 116.22, 121.67 ppm for 2, 3, 4, 5,
6, 7, 8, 9, 10, 10, 20, 30, 40, 50, 60 position respectively.

The percentage of viable cells is determined by MTT assay and it
helps to find the cytotoxicity of the material against cancerous and
noncarcinoma cells in a particular environment. The Hela cells are
cultured for 24 h in DMEM medium. In vitro cytotoxicity assay is
performed for quercetin. Saraswat et al. have reported the incorpo-
ration of quercetin in stealth liposomal formulations for the treat-
ment of cervical cancer. It has been found that liposomal
formulations enhanced the solubility of quercetin NPs than the vir-
gin quercetin NPs by 44-fold and increased the liposomal encapsu-
lation. Hence, it is concluded that quercetin NPs are great
biocompatible agents for cytotoxicity and acted as a promising
drug carrier (Slimestad et al., 2007; Michalski et al., 2020;
Saraswat and Maher, 2020). Milanezi et al. in his work have men-
tioned about the excellent anticancer, antioxidant and antimicro-
bial activity possessed by Au based quercetin NPs. The
cytotoxicity experiment is performed against L929 fibroblasts cells
at a concentration of 7 � 105 cells/. The physiochemical and biolog-
ical application of quercetin based nanocomposites are very much
useful for biomedical applications.

2.2. Sensitive and selective determination of quercetin based materials
via different techniques

To check the superfluity of these components for the benefit of
mankind, various techniques have been used for sensing purposes.
These components can be broadly classified into two sections
namely inorganic, and organic components for sensing. Another
component section which rarely considers for sensing purposes
can be categorized as complex of these two. The minerals like
the ions of sodium, magnesium, iron, potassium, fluoride, mercury,
arsenic have a tremendous impact on human health (Alva-
Ensastegui et al., 2018). The lack and over-accumulation of these
minerals cannot be ignored due to its involvement in physiological
processes. Both can be fatal if the concentration does not fall under
the normal range. Each country has its normal range for these min-
erals which can be found from different sources. WHO also recom-
mends the normal range for such minerals especially the minerals
from a water source as water is the most abundant requirement for
humans. For sensing these minerals many reports have been pro-
duced in the past by using different techniques (Hsu and Lin,
2016). The last decade witnessed the rapid need for sensing heavy
minerals like arsenic, mercury. In this regard, many publications
came, out of which the sensing using fluorescence technique
remains a preferred choice due to its cost-effective broad range
sensing. Recently, our group also report the sensing of mercury
using silver-based nanocomposite via fluorescence technique
(Sahu et al., 2019a, 2019b).

Similarly, the bioactive molecules and drugs have their normal
beneficial range for human wellbeing, and over range can lead to
various health problems. Out of all the flavonoids molecules, the
penta hydroxy polyphenol quercetin which plentily available from
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dietary source possesses a wide range of medicinal properties as it
scavenges the radical species. But with high concentration when
the dose is high with quercetin drug, it shows nephrotoxicity lead-
ing to kidney cancer (Liu et al., 2017a). To know the concentration
of such flavonoid based QCN especially the threshold concentration
which is beneficial for medical use, various techniques have been
used for the detection of this miraculous phytochemical. These
techniques involve spectrophotometry, capillary electrophoresis,
high-performance liquid chromatography (HPLC), pulse, and wave
voltammetry.

2.2.1. Derivative spectrophotometric method
The derivative spectra of UV spectrometric analysis mainly fol-

low two measurements ‘‘graphical” and ‘‘zero crossing”. It pos-
sesses several gains including precise determination of maximum
k, quantitative separation of merged absorption peaks, turbidity
determination, and minor spectral increment observed on a broad
background. Graphical measurements include ‘peak to peak’ and
‘peak to baseline’ measurement. As far as the literature concern,
the first report for sensing the quercetin is published by Nikolovska
et al. in 1996 using first and second derivative spectrophotometric
methods for chrysin and quercetin (Nikolovska-Čoleska et al.,
1996). The advantage of this method is that without the interfer-
ence of primary purification theory, the mixture can be used for
the analysis. The derivative spectrophotometric technique has
been used for the dose analysis and determination of pharmaceu-
tical drugs like quercetin due to its simple, sensitive, and rapid
technology.

2.2.2. Capillary electrophoresis (CE)
The capillary electrophoresis method is useful for the separa-

tion of samples which are electroactive. The detector used in this
case uses UV or UV–Vis range of absorbance for the spectral out-
comes. Quercetin being one of the electroactive flavonoids at mod-
erate oxidation potential has been used for sensing purposes using
the CE method. In 2000, Jiannong Ye group have reported the cap-
illary electrophoresis with electrochemical detection of quercetin
and rutin in plants (Chen et al., 2000). The quantitative detection
of quercetin is reported by Sun et al. in 2003 using the elec-
trophoresis method (Sun et al., 2003).

2.2.3. High performance liquid chromatography
High performance liquid chromatographic technique is the

most sophisticated technology which provides high-quality analy-
sis with absolute precision. The analytes are determined by observ-
ing the retention time with the amplitude. This method separates
samples as well as identifies them quantitatively using a solid sta-
tionary phase column with the mobile liquid phase. Generally, the
detectors used in this technique are IR and UV. The first publication
for the determination of quercetin like flavonoids using HPLC is
reported by Ward et al. (Ward, 1974). But the fractionation and
preliminary purification of analyte make this analysis technique
less appreciable. The first report of the detection of quercetin in
human plasma and urine using the HPLC technique is reported
by Ishii et al. (Ishii et al., 2003). Berrueta team has published online
characterization of QCN using HPLC coupled UV and mass spec-
trometry (Alonso-Salces et al., 2004). The reversed-phase HPLC
method with diode array detection is introduced for the detection
quercetin by Zu et al. (Zu et al., 2006). Simultaneous detection of
quercetin along with rutin is reported by Lin et al. by reversing
differential pulse voltammetry (Lin et al., 2006). Another report
came by Wu et al. for the detection of quercetin using capillary
electrophoresis (Wu et al., 2012). A tandem technique using
ionic liquid-based pressurized liquid extraction-liquid
chromatography-chemiluminescence is reported by Zhu group
for detection of trace amount of quercetin, rutin in Chinese herbal



Table 1
List of reports associated with the sensing applications of quercetins based materials.

Material type Loaded with
composition

Sensing Application Reference

Nanoparticles CNT/PS@quercetin Flos Sophorae
Immaturus.

Wen et al.

Polymer PMMA@quercetin Drug delivery Lee et al.
3+
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medicine (Xu et al., 2007). Solak and Shen teams have reported the
detection of quercetin using the square wave voltammetry method
[(Yola et al., 2013). Solak et al. used a novel voltammetric sensor
based on p-Aminophenol functionalized graphene oxide/gold
nanoparticles for the detection of quercetin whereas Shen group
used a novel graphene oxide-ionic liquid modified electrode for
such purpose (Guo et al., 2013; lawrence et al., 1984).
Nanocomposite QACF based AIEgen
quercetin

Al along with
antioxidant property

He et al.

Natural querecetin Cu+2 and fluorescent
sensor

Yang
et al.

Nanocomposite RGO-Ag@quercetin Electrochemical Yao et al.
Nanocomposite Bismuth@quercetin dihydroxybenzene

isomers and nitrite
Tohidina
et al.

NPs Fe3O4@quercetin Cu+2 and Pb+2 in
biological samples

Jiang
et al.
3. Applications of quercetin and quercetin based nanomaterials

The abundant dietary flavonol quercetin possesses many phar-
macological properties like anti-oxidant, anti-inflammatory, anti-
cancer, anti-proliferative, anti-bacterial, and anti-allergic. It has
been used for the treatment of cardio-protective diseases, osteo-
porosis, and obesity. Due to the above mentioned bioactive proper-
ties, quercetin has been widely used in the field of science and
technology for a range of applications. The prominent applications
in which quercetin has been used for sensing, drug delivery pur-
pose, as an enhancer. Other than these applications, the recent area
of interest is to design quercetin based hybrid nanocomposite for
biomedical applications.

3.1. As a sensing parameter

The need for the concept of sensing arises to counter the conse-
quences of the quote ‘‘Excess of everything is bad”. The necessity of
minerals, vitamins, proteins as well as bioactive molecules to living
healthy is highly commendable. But the excess of these compo-
nents can change the physiological health condition drastically
which can lead to various fatal diseases. He et al. have studied
the in situ sensing behaviour of Al3+ residues in food by natural
quercetin-based AIEgen composite film with significant antibacte-
rial and antioxidant properties (He et al., 2018). Being an
aggregation-induced emission (AIE) active organic compound,
quercetin has also indicated the food quality and enhanced the life
span of the storage capacity of food material by novel sensing
parameter. Yang et al. in his report mentioned quercetin as a fluo-
rescent sensor to detect the presence of excess Cu2+ ions in aque-
ous media. In this report, the binding stoichiometry of the
quercetin based Cu(II) the complex is found to be a very stable
value of 3.56 � 107 at pH 7.4 (Yang et al., 2015). Literature is also
proven the quercetin based materials as very good fluorescence
promoters to study the spectrofluorometric quantification in the
water medium using several surfactants and similar flavonoids
(Alva-Ensastegui et al., 2018). Yao et al. have discussed the querce-
tin sensor-based RGO/Ag nanocomposite designed electrochemi-
cally. The quercetin-based modified electrode has shown its
sensor efficiency by measuring the drug and food residue in medic-
inal tablets practically (Yao et al., 2018). This sensor application
seemed to be quite useful for the biomedical industry. In a recent
study, it is found that the quercetin-based bismuth nanocomposite
has been effectively used as a sensor for the detection of dihydrox-
ybenzene isomers in the sea and tap water (Patel et al., 2020;
Tohidinia et al., 2018). Quercetin coated Fe3O4 nanomaterials also
acted as a sensor detector to remove the excess of Pb2+ and Cu2+

ions in a low-filed NMR phase by coordination reaction mechanism
(Jiang et al., 2018a). Table 1 represents a list of useful work based
on quercetin materials and its numerous sensing applications.

3.2. Drug delivery

Drugs are bioactive compounds used for healing diseases in ani-
mals and humans. Synthetic as well as naturally isolated drug pos-
sesses numerous pharmacological properties to deal with various
medical conditions. Naturally, isolated drugs have proven to be
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safer than synthetic drugs due to a lack of hazardous synthetic site
(Sarkar et al., 2018). But the complication remains with most of the
synthetic and naturally isolated drugs because of the bioavailabil-
ity at the molecular level. Bioavailability data relay on different
parameters like solubility, pH, and stability along with other phys-
iological conditions. For resolving the complication of bioavailabil-
ity, drug modifications, prodrug enhancers, and suitable drug
carriers especially nanocarriers for delivery have been imple-
mented for different classes of drugs. Last decades witness, the
rapid growth of drug delivery in nanoscience. Drugs like doxoru-
bicin, ofloxacin, taxol, iloprost, dopamine, chlorpromazine being
selected mostly for drug delivery. Nanocarriers such as hybrid
nanocomposite hydrogel (Jain and Mehata, 2017) and hybrid
nanocomposites (Prusty and Swain, 2018, 2019; Prusty et al.,
2019) are proven to be most suitable for such drugs.

Quercetin with numerous wondering pharmacological proper-
ties has moderate bioavailability due to its poor water solubility
(Gugler et al., 1975). To solve the issue of solubility, quercetin
has first interacted with DMSO for the improvement of solubility
but the process remains unsuccessful due to the toxicity of DMSO
(Gugler et al., 1975). Previous research suggested the excellent sol-
ubility of quercetin in ethanol than other organic polar as well as
non-polar solvents (Sunoqrot et al. 2018); (Mulholland et al.,
2001) have also designed a water-soluble prodrug of quercetin
by a derivatizing three –OH group of quercetin with a (N-
Carboxymethyl) carbamoyl group to increase the solubility
(Muther and Bennett, 1980). But the bioavailability also remains
low 20–25% after hydrolysis. Kale et al. tried the cyclodextrin-
quercetin complex system to increase bioavailability for in-vivo
anticancer activity (Kale et al., 2006). Danihelova et al. have
reported various derivatives of quercetin for the enhancement of
bioavailability of quercetin to check the antioxidant activity and
cytotoxicity on HeLa and NIH 3T3 cells (Danihelová et al., 2013).
To interpret the drug delivery method and biological applications
in a wide range, various methods with numerous drugs have been
used. The techniques include skin-based drug delivery, oral drug
delivery, antioxidant study, antitumor and microbial performance,
and drug encapsulation theory.
3.2.1. Drug delivery application of quercetin based nanomaterials
through the skin

Focusing on the drug delivery behaviour of quercetin, a lot of
research has been performed for the betterment of humans. Lee
et al. have discussed the quercetin loaded polymethyl methacrylate
(PMMA) microcapsules (Lee et al., 2007). They even mentioned the
smooth morphology of such spherical microcapsules with a diam-
eter of 1.03 ± 0.12 mm to 2.39 ± 0.42 mm, and the encapsulation
efficiency from 12.7% to 26.9%. With the attachment of PMMA, free
uercetin has developed controlled diffusion behaviour towards the
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in-vitro study. There are also reports available with quercetin
loaded material shown promising bacterial degradation in the
large intestine of the rat by improving the biocompatibility
(Matsukawa et al., 2009) and antioxidant property by microemul-
sion method for skin (Kitagawa et al., 2009; Sangai and Verma,
2011). Kitagawa et al. have discussed the enhanced intradermal
delivery by microemulsion of quercetin/polyoxyethylene sorbitan
monooleate /isopropyl myristate via micropig skin. The breaking
of emulsified vesicles while approaching the surface of the skin is
the prime reason for the stimulation of quercetin from the emul-
sion into the surface of the stratum corneum (Kitagawa et al.,
2009). Abhijit et al. have mentioned in his work about the thera-
peutic efficacy of quercetin by the interaction of novel phospho-
lipid based cationic nanocarriers (LeciPlex) (Date et al., 2011)
quercetin-based LeciPlex nanocarriers have shown a prominent
role by improving oral delivery of hydrophobic drugs including
those with poor solubility in oils and solid lipids.

3.2.2. Antioxidant and antibacterial study of quercetin based
nanomaterial in drug delivery

Being a phenolic aromatic compound, quercetin possesses nat-
ural antioxidant properties due to which the use of quercetin based
materials has been extensively reported previously. The quercetin
loaded chitosan NPs have shown a promising drug delivery and
antioxidant pathway. Zhang et al. have evaluated the in vitro exper-
iment by two different methods of free radical scavenging activity
test and reducing power test to show the inclusion of quercetin in
chitosan NPs and the usefulness of bioavailability (Zhang et al.,
2008). Barbosa et al. have mentioned the strong antioxidant prop-
erty and controlled release study of quercetin-loaded fucoidan@-
chitosan NPs under a simulated gastrointestinal environment,
which has prevented the quercetin degradation by increasing the
oral drug (Barbosa et al., 2019). There are also many reports asso-
ciated with quercetin related to a different type of drug delivery
which includes the encapsulation of quercetin based silicon quan-
tum dots for monitored delivery (Wang et al., 2013b), protective
effects of quercetin on rats due to potent antioxidant properties
(Aktoz et al., 2010), PLGA based co-encapsulated/tamoxifen@quer
cetin (QT) polymeric nanocomposite (Jain et al., 2013) encapsula-
tion and release of hydrophobic bioactive components in
nanoemulsion-based delivery systems impact on quercetin bioac-
cessibility (Pool et al., 2013). Jain et al. have reported PLGA based
co-encapsulated/tamoxifen@quercetin polymeric nanocomposite
and its encapsulation formation which enhanced the drug delivery
efficacy in the medium with the particle diameter of 185 nm and
entrapment efficiency of drugs 67%. The encapsulation theory of
drug-loaded quercetin nanomaterials improved the solubility of
quercetin particles and maximized the stability with significant
biocompatible properties. The study confirmed the smart beha-
viour of quercetin based nanomaterials found to be more remark-
able along with polymeric nanomaterials compared to metal oxide
composites. The encapsulation mechanism has signified numerous
paths for drug delivery of quercetin based materials. Sun et al. in
his work have discussed the significant antibacterial activity along
with the insertion of PLGA/quercetin (PQTs) composites with sev-
eral incubation periods. He gave a solid foundation that novel PQTs
biomaterials are very much suitable for disinfection in vivo (Sun
et al. 2016).

3.2.3. Oral drug delivery by quercetin based materials
Oral drug delivery has remained a suitable and easy technique

in the practice of drug delivery of numerous nanomaterials. Tran
et al. have mentioned about the flavonoid quercetin with its useful
chemoprotective effect and low bioavailability because of low sol-
ubility in aqueous solution (Tran et al., 2014). They have demon-
strated that Q-SNEDDS formulation increased the transport of
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quercetin across the Caco-2 cell monolayer and enhanced the sur-
face absorption and oral bioavailability of quercetin in rats. Piyasi
et al. have discussed the encapsulation efficiency of quercetin
loaded NSC/alginate microparticles (MPs) which is found to be
94% (Mukhopadhyay et al., 2016). The loaded MPs have shown a
significant hypoglycemic response following oral delivery in dia-
betic rats. Wang et al. have discussed the oral drug delivery of
quercetin particles in very detail. They developed a non-aqueous
self-double-emulsifying drug delivery system (SDEDDS) for the
enhancement of oral bioavailability of low water-soluble quercetin
and formulated for both in vitro and in vivo. The pharmacokinetic
studies have mentioned an increased relative bioavailability about
5 times of QT-SDEDDS compared to quercetin suspension in rats
after oral administration of 26.67% (Wang et al., 2016). The signif-
icant oral drug delivery system remained a great scope for querce-
tin in future use.

3.2.4. Antitumour and microbial performance of materials composed
of quercetin in drug delivery

Though quercetin has many prominent biological applications,
the study of different NPs, metal oxides, and polymer embedded
quercetin materials have shown a better scope in the practical
applications. Here the discussion will be based on the drug delivery
application of such materials embedded with quercetin. Polyethy-
lene Glycol has been used for numerous applications and very good
for the bowel movement. Wang et al. in his work, suggested about
the PEG 2000-DPSE-coated quercetin NPs and its glioma C6 cells
tumor cell killing efficiency. His team also mentioned the dose-
dependent cytotoxicity to C6 glioma cells and enhanced ROS (Reac-
tive Oxygen Species) accumulation with an increase in cytochrome
c and caspase-3 protein level proving enhanced anticancer effect
on C6 glioma cells (Wang et al., 2013a). Another report has also
mentioned about the liposomal formulation acted as a suitable car-
rier for co-delivery of chemotherapeutic drugs to overcome
multidrug-resistant effect (MDR) of PEG-based quercetin and suit-
able to use for in vitro and in vivo applications (Zhang et al., 2016;
El-Gogary et al., 2014). Zhang et al. in his report have mentioned
the worldwide problem of multidrug resistance (MDR) property
against cancer therapy. The development of Biotin based PEG@-
quercetin loaded polymeric composites easily addressed these
issues with the highest cytotoxicity against MCF-7/adr cell lines
and this is due to the liposomal formation of a polymer with the
natural quercetin. Sunoqrot et al. have followed a greener synthetic
route for the plant polyphenol quercetin loading with a hydropho-
bic anticancer drug, curcumin, and functionalized with PEG for
drug delivery application against a cancer cell line with higher
antiproliferative properties (Sunoqrot et al., 2019). It is reported
that many factors are depending on which the designed materials
showed its efficacy against bacterial, viral, and cancer cell lines.
The factors are including of the morphology, nature of the synthe-
sized material, solution behaviour, and solubility. In this discus-
sion, we have observed that the quercetin based nanomaterials
are seemed to be well soluble in aqueous medium with a spherical
morphology in most of the cases.

But here we will discuss different forms of quercetin based
nanomaterials and its response towards the anticancer activity.
Hydrogels (Quagliariello et al., 2017), lipid NPs (Liu et al., 2015),
biopolymer (Zhang et al., 2018), Germanium NPs (Guo et al.,
2014), hyaluronic acid (Barbarisi et al., 2018), CuS@MOF (Jiang
et al., 2018b), Ag NPs (Sun et al., 2017), Au NPs (Yilmaz et al.,
2019) and many more polymeric gels(Yu et al., 2020; Xu et al.,
2018) loaded quercetin nanomaterials are responsible for drug
delivery therapy for anti-ovarian cancer, articulate cartilage repair,
antibacterial molecular mechanism. Liu et al. have reported that
the nanoemulsion of quercetin/Laden lipid particles protects eye
cells from oxidative damage by encapsulation theory. Possessing
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a higher cytotoxicity value also, this material helps the eye to suf-
fer from cancer attacks (Liu et al. 2015). Zhang et al. also have
reported about a pH-sensitive and biocompatible quercetin/GO/
poly-ether amine /hyaluronic acid nanocarrier to inhibit the
growth of cancer cell line from an infected tumor (Zhang et al.
2018). Multifunctional nanoplatform of quercetin/CuS@ZIF/ folic
acid-bovine serum albumin has actively targeted both in vivo and
in vitro cancer therapy by near-infrared (NIR) fluorescent imaging.
Following the literature study, it is clear that quercetin based
nanomaterials are found to be the most efficient flavonoids for
the treatment of various cancers with virtually no toxic side effects.
3.2.5. Drug encapsulation and anti-inflammatory study of quercetin
based nanomaterials

The encapsulation study of quercetin in surfactant polymeric
micelles in aqueous media (Fraile et al., 2014) has improved the
solubility via non-covalent interaction in the organic network
(Vyas et al., 2016; Park et al., 2017). The schematic diagram of
the encapsulation process has been attached in Fig. 6. Pedro et al.
have demonstrated the pH-responsive amphiphilic chitosan loaded
NPs to encapsulate quercetin (QCN) for sustained drug release in
cancer therapy. The spherical sized micelles ranged from 140 to
300 nm have inhibited MCF-7 cell growth with a good hemocom-
patibility resulted as a very good carrier for hydrophobic drugs in
cancer therapy (Pedro et al., 2017), Huang et al. (Huang et al.,
2017) and Wen et al. (Wen et al., 2018b) in their work also stated
Fig. 6. represents a schematic for a general representation of the encapsulation
process.

Table 2
List of detailed reports of quercetins and its composites with several drug delivery and ot

Material type Loaded with composition Application

Nanoparticle PTX@Chitosan Pulmonary drug
Nanocomposite quercetin @Cyclodextrin Cytotoxicity aga
Derivative quercetin Antioxidant acti
Emulsion quercetin -pMMA Model Falvonid
Natural quercetin aglycon Bacreial degrada
Synthetic LeciPlex@QCN Improve therape
Nanoparticle Chitosan- quercetin Antioxidant
Polymer PEG-quercetin Oral drug delive
Polymeric nanocapsules PEG@quercetin Folate expressin
Polymer PEG-quercetin In vivo cancer a
Nanoparticle Ag@ quercetin Antibacterial
pH responsive Chitosan@quercetin Drug delivery
Liposomes quercetin Encapsulation o
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the encapsulation of flavonoids in liposomes and antiproliferative
effects on cancer cells. Pedro et al. also reported that the quercetin
based NPs can encapsulate up to 78% of the drug in it for biological
purposes.

There are many reports associated with quercetin based encap-
sulation drug delivery in in-vitro digestion model (Masrul et al.,
2018; Salehi et al., 2020; Ni et al., 2017; Marcolin et al., 2012)
against few cancer cells including HeLa cell lines (Ni et al., 2017)
and its encapsulation efficacy for anti-inflammatory and antioxi-
dant behaviour (Guazelli et al., 2013; Rodriguez et al., 2019; Wen
et al., 2018a). Table 2 represents a detailed list of significant work
based on quercetin based materials and its wide drug delivery
application
3.2.6. Quercetin and its nanomaterials as an enhancer
Kim et al. have reported about the novel quercetin Flavonoids

and its effect on bone metabolism. Previous literature involved
the controversial statement toward the effect of these flavonoids
on osteoblastogenesis (Kim et al., 2006). The differentiation and
proliferation of quercetin on human adipose tissue-derived stro-
mal cells (hADSC) are discussed and observed to increase osteo-
genic differentiation in a dose-dependent manner. To satisfy the
enhancing and stimulating property of quercetins, his team also
focused on a few other flavonoids like chrysin, kaempferol, etc.
and studied the increased osteogenic differentiation of hADSC.
But surprisingly, the stimulatory effect of quercetin is higher than
the above-mentioned flavonoids. Even it is also confirmed that
the quercetin helped to inhibit the proliferation of hADSC, but
is not that much reproducible for the survival of cells. The pre-
treatment of quercetin, in hADSC enhanced in vitro osteogenic dif-
ferentiation, and the transplantation of such cells also helped in
bone regeneration in a skull defect model of nude mice
efficiently.

Following his work, many works have been established but
among them, Zhou et al. reported the overall effect of quercetin
on proliferation and osteogenic differentiation of mouse adipose
stem cells (mASCs) in vitro system (Zhou and Lin, 2014). A sim-
ilar result is also obtained by this team with the less active pro-
liferation study and enhanced osteogenesis processes by up-
regulating gene expression. Anti-inflammatory and anti-cancer
properties of quercetin are performed on mice model by Chen
and his team in 2017 by using A549 cells. These findings
demonstrated that a diet containing 0.1% or 1% quercetin
enhances the antitumor effect of TSA and prevents TSA-
induced muscle isting (Chan et al., 2018). There are limitless
research is going on the natural vitamins, flavonoids, steroids
carbohydrates, etc. for their naturally inbuilt antimicrobial and
anticancer properties (Zhou et al., 2017). Table 3 represented a
her biomedical applications.

Reference

delivery Liu et al.
inst human erythroleukaemia and cervix cancer cells Kale et al.
on and cytotoxicity on HeLa and NIH-3T3 Danihelova et al.
Drug Lee et al.
tion in large intenstine and loss of glucoside in rats Mastukawa et al.
utic efficacy on oral administatrion Date et al.

Zhang et al.
ry Tran et al.
g anticancer drugs Riham et al.
ctivity Sunoqrot et al.

Sun et al.
Pedro et al.

f Drugs Huang et al.



Table 4
List of detailed reports of quercetins based composites and other applications.

Material type Loaded with
composition

Application Reference

Microparticles Chitosan/
alginate @
quercetin

Oral delivery to
diabetic animals

Mukhopadhyay
et al.

Nanocomposites DOX/QUE BPL
@quercetin

Multi drug
resistant breast
cancer

Zhang et al.

Polymer
composite

PEG- quercetin
@Curcumin

Invivo fate Sunoqrot et al.

Composite CNT@ quercetin Antioxidant Arrigo et al.
Composite Au@ quercetin

NPs
Catalytic behaviour Osongaet al.

Composite MMA-CNT-
quercetin

Anticancer against
neuroblastoma

Orazioet al.

Composite GO-PEG-
quercetin

Diabetic Wound
Healing

Chu et al.

Composite PCL@ quercetin biomimetic
bacterial S-layer
coatings

Eva et al.

Composite quercetin
@zein@chitosan
NPs

Antioxidant Zuan et al.

Table 3
List of detailed reports of quercetins and its nanomaterials role in enhancing
properties.

Material type Loaded with
composition

Application Reference

Liposome quercetin 44 fold cytotoxicity against
Cervical cancer

Saraswat
et al.

Microemulsion QCN Enhanced Skin delivery Kitagawa
et al.

Nanoparticle Chitosan-
quercetin

Amplified oxidant property Zhang
et al.

Nanoparticle Au@
quercetin

Enhanced Tumor targeting
tendency

Yilmaz
et al.

Derivative Pluronic@
quercetin

Enhanced Delivery in
Poloxamers by Antisolvent
Process

Fraile
et al.

Free quercetin Quercetin Inhibit Proliferation and acts
as an enhancer

Kim et al.

Free quercetin quercetin
with protein

Anti tumor and anticancer
(enhancer)

Chen
et al.
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detailed list of outstanding work based on quercetin and its
enhanced property application.
Fig. 7. represents the schematic view for the use of quercetin hybrid nanocom-
posites to inhibit AMR.
3.3. New aspects of quercetin in nanoscience: quercetin based hybrid
composite and its applications

There are few reports available particularly with the quercetin
based hybrid nanocomposites concerning the application towards
sensing, drug delivery, etc. In this report, we have mentioned a
detailed list of nanocomposites associated with quercetin particles
and showed the applicative proforma for a better understanding of
future research. The current time is dependent on composite mate-
rials due to the stability, durability, strengthening behaviour, low
cost with multipurpose use. Although, quercetin is a naturally
occurring material it has shown its great effect on the non-
biological application due to the stabilizing property (Arrigo
et al., 2015). Arrigo et al. have proved that quercetin is an excellent
anti-oxidant (Arrigo et al., 2016) for polyethylene with a very
stable thermo-oxidation behaviour with a good radical scavenging
activity (Lu et al., 2018). Fabricated Au NPs@quercetin is synthe-
sized by green and environmentally safe reducing and capping
agents by Osonga et al. (Osonga et al., 2019). The team has per-
formed and calculated a very good catalytic activity for
quercetin-loaded triangular AuNPs of kinetic rate constants (k) of
3.44 � 10�2 s�1 whereas, spherical NPs possessed of k,
1.11 � 10�2 s�1 respectively. Silica has been acted as a very smart
material. Silica@quercetin NPs also resembled their smartness in
dental transplants (Jadeja and Devkar, 2013), drug loading, and
anticancer property (Liu et al., 2017b). Quercetin nanocomposites
also act as a very novel anticancer therapeutic which improved
anticancer efficiency and reduced toxicity in the last decade
(Cirillo et al., 2013). Orazio et al. have mentioned that
CNTs@PMMAlaoded quercetin NPs acted as a very good candidate
for CP synergistic treatment against neuroblastoma (Vittorio et al.,
2014) In the last decade, many works have been performed for
quercetin loaded composites and its usefulness against chronic dis-
eases (Alban et al., 2020; Chu et al., 2018; Rajkumar et al., 2019;
Sanchez-Rexach et al., 2019; Ma et al., 2018). Table 4 represented
a detailed list of good work based on quercetin-based composite
and its numerous applications. In a very recent study, Satishkumar
group has developed ZnO-quercetin nanocomposite by fabricated
technology. They have mentioned about the successful loading of
quercetin into ZnO NPs with 210 lg mg�1. They also observed an
excellent anticancer activity against MCF-7 cancer cells with the
protection of ZnO NPs cytotoxicity effect after uercetin attachment.
Hence the literature suggests that quercetin based nanocomposite
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has been proving itself as an essential medium between materials
science and biotechnology (Sathishkumar et al. 2021).
4. Significance of future work

After all the heat and trial methods, it is thought to design a bio-
compatible carrier that can deliver the precious drug. Many reports
have been successfully established for such but the efficacy
remains less prominent which is troubleshot with the introduction
of hybrid nanocomposites. Few reports have been explored with a
moderate selection of matrices which could be used for the better-
ment of human health but the betterment can be questionable
with the adventurous growth of AMR. To overcome this issue,
the selection of matrices for the design of new hybrid nanocom-
posites through the biological study will be the key. Understanding
the biology along with nanochemistry can resolve this issue by
inhibiting the AMR. We are strongly working in this area for resolv-
ing the issue of AMR growth. Fig. 7 represents the potential appli-
cation of quercetin based materials.
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5. Conclusions

In conclusion to this review, quercetin the natural bioflavonoid
with multi-pharmacological properties has been widely used in
drug delivery applications. As the concentration of quercetin based
nanomaterials has a greater role in the physiological impact of life,
sensing for quercetin also been explored with a similar frequency.
Nanoscience which is the most dynamic field of research uses
quercetin in different matrices for the development of composites
with bio-importance. These composites have been used for various
biomedical and sensing applications. Towards the end of this
review, recent works including nanoscience of quercetin have been
discussed along with the most vital issue for human health. The
issue of antimicrobial resistance more often known for antibacte-
rial resistance (ABR) will be the leading killing devil shortly as
mentioned by WHO. This issue can be resolved with continuous
research in science especially in the field of nanoscience. In this
regard, we are working regularly for designing composites with
different matrices of quercetin for the inhibition of AMR which
could be used to service mankind. Presently, few composites have
been under examination for Antibacterial study along with AMR
study and other interesting compositions are with the characteri-
zation units.
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