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Abstract
Medicinal plants are used for health care either directly or indirectly as they are rich source of several ingredients. Ethno-
medical traditions prove that they have a great therapeutic value and are important bioresources. Phytochemicals are naturally 
occurring compounds having immense antioxidant potential and are of great interest in securing health benefits of consumers. 
Each portion of the plant has its own medicinal properties possessing different types of secondary metabolites which plays 
important role in treatment of different types of diseases and for manufacturing of drugs. The phytopharmaceutical prepara-
tions should be safely assessed and well established before their usage. In spite of medicinal uses, phytochemicals have also 
been used in cosmetics, fragrance and as food supplements. Global research is recently focusing on search of new medicines 
or active compounds with proven significant scientific output. This review focusses on the metabolic fingerprint and bio-
logical properties of various plants which play a major role in antioxidant activity along with their mechanisms of action.
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Introduction

Importance of medicinal plants and their 
application in healthcare

Medicinal plants have amazing health benefits as they are 
natural healers and are used for healthcare in both devel-
oped and developing countries. Herbal medicine is tradition-
ally known to be harmless and is generally used for long-
standing diseases. A number of drugs of plant origin are 
included in modern pharmacotherapy (Welz et al. 2018). 
The preventive role of medicinal plants is known since pre-
historic period and that information has been passed over 
generations within human communities (Inoue et al. 2019). 

Texts of Ayurveda, Sidda, homeopathy and Unani guided 
medical practitioners and made them experts in treating 
patients using medicinal herbs. Richness in bio-diversity of 
Indian flora was well recognized all over the world which 
helped in documentation of natural resources in the form of 
books, treaties and research papers etc. It is very interest-
ing to know that even in 21st century, 70% of the popula-
tion in villages use herbal therapy for health problems and 
Ayurvedic system is still proving itself to the needy people. 
Drug authentication is done by experts after studying each 
component of herbal medicine critically to raise Ayurvedic 
system of medicine to world standard. Tribal people were 
well acquainted with wild plants and their healing properties 
(Logesh et al. 2017). These properties were well studied by 
urban scholars for chronic disease treatment which reveals 
the invaluable knowledge of medicinal herbs. The chief 
criterion for any medicine is safety, quality, and effective-
ness. The synergistic effects of herbal medicine contribute 
to greater potential in curing diseases compared to synthetic 
drugs (Farooq and Ngaini 2021). Herbs are easily absorbed 
by our body as they are natural and get assimilated quickly 
without any side-effects. Synthetic drug assimilation by our 
body is not complete and remnants of them lead to harm-
ful interactions causing various side-effects such as allergic 
reactions. Plants adapt to many physical and physiological 
defense mechanisms by production of secondary metabolites 
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such as environmental stress, stress against pathogens etc. 
Until the 18th century, method of treatment using therapeu-
tic properties of many plants and their effect on the human 
organism was known but the active compound responsible 
for cure was unknown (Salmerón-Manzano and Manzano-
Agugliaro 2020). Researchers recognized the importance of 
exact identification of medicinal plants based on morpho-
logical characters for proper diagnosis. Advances in instru-
mental technology helps in identification and quantification 
of chemical components and in easy detection of adulter-
ants (Fitzgerald et al. 2020). Contribution of technological 
development in various fields of science helped in acquiring 
valuable knowledge for treatment of various diseases using 
medicinal plants to lead a healthy life. Advanced tools and 
analytical techniques of biotechnology and other plant sci-
ences help in extraction of these active principles for use 
in modern medicine (Krishnananda et al. 2017). Secondary 
metabolites are much diversified low molecular weight com-
pounds having wide range of biological properties which 
interact with proteins, nucleic acids and various biomem-
branes and are main targets of cells which were active and 
volatile (Wink 2015). They are metabolic intermediates of 
plant metabolism which are plant constituents having spe-
cific functions responsible for medicinal properties of a plant 
(Kabera et al. 2014). Various environment stress factors con-
tribute for expression of these secondary metabolites and 
researchers are now focusing on enhancement and upregula-
tion (Kennedy and Wightman 2011) of these pharmaceuti-
cally important compounds as the active constituents present 
in them are very effective and should be standardized (Raja 
and Sreenivasulu 2015).

Role of plants in anti‑oxidant activity

Numerous medicinal plants are widely used in Ayurveda for 
reducing the action of aging and supplementary disorders 
associated with them. Rasayana is a unique branch of Ayur-
veda where aging procedure is optimized by homeostasis 
mechanism (Scartezzeni and Speroni 2000). This is possible 
because of the phytochemicals which are present in plants. 
Plants manufacture considerable amount of diverse anti-
oxidants during biotic and abiotic stress conditions (Bailey 
et al. 2005). They include a variety of secondary metabolites 
which are natural antioxidants and avoid oxidative stress 
caused by reactive oxygen species, helping the plant in free 
radical scavenging activity. This shields plant cell from cell 
damage and cellular oxidation. In human beings, strong 
anti-oxidant nature of plants proved to have a positive effect 
when taken as diet or as medicine preventing cancer and age-
ing processes (Tan et al. 2018). Researchers are now focus-
ing on natural anti-oxidants in contrast to synthetic anti-oxi-
dants as they are more efficient than synthetic antioxidants 
(Rice-Evans et al. 1996; Anwar et al. 2018). India has huge 

diversity of plants where phytotherapy is involved in using 
active components of plants or plant extracts. The molecule 
which hampers oxidation of supplementary molecules is 
known as anti-oxidant. A chemical response which damages 
cells by chain reactions produced by free radicals is known 
as oxidation. Oxidative metabolism forms many byproducts 
called reactive oxygen intermediates. They are highly reac-
tive and form free radicals through chain reaction. Cells are 
in high risk of oxidative stress caused by these free radicals 
causing even neurodegenerative diseases and cardiovascular 
diseases (Kasote et al. 2013) as they affect biomolecules 
such as proteins, lipids and even DNA (Kasote et al. 2015; 
Sharifi-Rad et al. 2020). Anti-oxidants scavenge these free 
radicals protecting body from oxidative stress. Human body 
also has capable defense machinery against free radicals but 
disfunction of cellular organelles lead to production of free 
radicles (Schrader and Fahimi 2006). Hence there is a need 
to maintain free radicals in the body at a minimum level 
by constantly taking dietary antioxidants. A wide variety of 
anti-oxidants naturally occur in nature which differ in com-
position and properties such as enzymes, vitamins, minerals 
etc. (Gupta and Sharma 2006). Antioxidant activity is not 
restricted to specific plant part or specific families. Oxidative 
stress is caused by low levels of antioxidants or antioxidant 
enzymes which damage cell structure and function thereby 
causing many human diseases, including cancers. Natural 
antioxidants present in fruits, vegetables and plants decrease 
the effects of ageing and promote health. A range of oxida-
tive stress, leading cause of degenerative diseases may be 
prevented using these plant extracts. Innovative and effec-
tive natural antioxidants developed by researchers help in 
advancement of pharmaceutical industries (Atanasov et al. 
2021).

Mechanisms of anti‑oxidant action

Medicinal plants gained recognition in research of present 
times as they protect human body from damage of free radi-
cals obtained by various oxidative stress factors (Fig. 1). 
Medicinal plants contain blend of chemical compounds 
which may operate singly or in combination to heal dis-
eases and for improving health as they are a good source 
of anti-oxidants (Bhatt et al. 2013). Fruits of Phyllanthus 
acidus were found to have antibacterial, cytotoxic and anti-
oxidant properties using methanol as solvent. This was due 
to wide range of compounds such as glycoside, tannin and 
resins which were pharmaceutically important (Habib et al. 
2011). Leaves of Syzygium caryophyllatum has been evalu-
ated for anticancer, antioxidant and antimicrobial action for 
its possible use in pharma industry (Annadurai et al. 2012). 
Anti-Inflammatory, antioxidant and antimicrobial activi-
ties of Phyllanthus niruri, Ocimum sanctum, and Cadaba 
fruticosa have been evaluated in methanol, ethanol and 



Journal of Crop Science and Biotechnology 

1 3

aqueous solvents. GC–MS analysis in these plants revealed 
many compounds such as squalene, octadecenoic acids, 
farnesol, geranylgeraniol etc. which can be used for novel 
drug discovery (Saha et al. 2015). Lignans of Phyllanthus 
niruri were pharmacologically analyzed and were found to 
be a potential source of anti-hyper uricemic agents (Vikne-
swaran 2008). In vitro and in vivo grown plants of Phyllan-
thus niruri were analyzed for antioxidant and antimicrobial 
activity using various solvents. Methanolic extract of in vitro 
developed plants exhibited highest antioxidant and antimi-
crobial activity and this technology can be used for develop-
ment of quality medicine (Bharat and Kothari 2011). Metha-
nol and chloroform extracts of Phyllanthus niruri were used 
for evaluating antioxidant potential by isolating flavonoids 
using various assays such as DPPH free radical scaveng-
ing assay, β-carotene assay, Xanthine oxidase inhibition and 
Superoxide anions scavenging activity. Finally, this herb was 
found to be a good source of natural antioxidants, which 
can be used in food and pharmaceutical industries (Ahm-
eda et al. 2009). Phenolic content of plants was correlated 
with their antioxidant activity assayed by DPPH method, 
ABTS method, reducing power method and lipid peroxida-
tion assays. The results proved that there is an increase in 
antioxidant activity with increase in phenolic compounds 
such as ferulic acid and caffeic acid. This was proved by 
Chinese herbal system of medicine (Li et al. 2009). Ten 
medicinal plants were compared for their phytochemical 
constituents, which are responsible for antioxidant activity 
by DPPH free radical scavenging method. These plants were 
used in traditional medicine and were identified as hepato-
protective plants (Vivek Kumar et al. 2011). Phytochemicals 
were analyzed for in vitro and in vivo antioxidant potential 
and the limitations of antioxidant measurements along with 

their applications were identified for future research on plant 
antioxidants. In vivo results were influenced by many factors 
such as metabolism, gut absorption and bioavailability thus 
differing in in vitro action (Kasote et al. 2015). The reac-
tion mechanisms of medicinal plants, which act as natural 
antioxidants for free radical scavenging activity were evalu-
ated by various assays, which help in expansion of novel 
antioxidants (Nimse and Pal 2015). Six Indian medicinal 
plants which are used in traditional medicine having high 
antioxidant potential are reviewed by Katiyar et al. (2013). 
Plants and animals contain large amounts of antioxidants 
counteracting cell damage and repairing damaged cells (Hal-
eem et al. 2008). P. amarus in leaf extract revealed the pres-
ence of Fumaric acid which possess exceptional antioxidant 
properties and compound 1-Heptacosanol was reported to 
have anti-microbial, anti-oxidant and nematicidal proper-
ties in some marine algae (Sravanthi et al., 2016a, b, c, d). 
In-Silico Docking analysis was done in Phyllanthus amarus 
plant for recognition of antioxidant compounds viz. Fumaric 
acid, 1-Heptacosanol using AutoDock tools (Sravanthi et al. 
2017). Phyllanthus amarus have powerful antioxidant prop-
erty which is evident from the study in which phyllanthin 
evident by its low IC50 value (Sravanthi et al. 2016a, b, c, 
d). IC 50 value in Phyllanthus amarus leaf extracts are lower 
than stem and root extracts which indicates the high poten-
tiality of leaf compared to root and stem in its anti-oxidant 
properties which may be due to the presence of phenols and 
flavonoids (Sravanthi et al., 2016a, b, c, d). Ethanolic leaf 
extra of P. amarus found to exhibit 3,5-di-t-butyl phenol 
have antioxidant properties (Sravanthi et al. 2016a, b, c, d).

There were reports that anti-proliferative activity is 
always coupled with antioxidant activity (Sravanthi and 
Giri 2021a, b). Phytol, which is a diterpene compound, is 

Fig. 1  Root causes of oxidative 
stress (Na thalie et al. 2014)
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reported to have antioxidant and anticancer properties in 
ethanolic leaf extract of Cyperus rotundus (Sravanthi and 
Giri 2021a, b). An Isoprenoid compound named Squalene 
and 5-Hydroxymethyl furfural were found to exhibit antioxi-
dant and anticancer properties in methanolic leaf extract of 
Eupatorium triplinerve (Sravanthi and Giri 2021a, b). Tetra-
decanoic acid, which is a myristic acid, is found to have anti-
oxidant and anticancer properties in ethanol extract of bark 
of Hugonia mystax and in ethanolic leaf extracts of Hyptis 
lanceolata Poir. (Sravanthi and Giri 2021a, b). The pres-
ence of polyphenolics, genistein and other phytoestrogens 
were regarded as promising source of bioactive antioxidant 
compounds, which have been demonstrated for in vitro UV-
radiation-induced oxidative damage to DNA in Trifolium 
pretense for therapeutic purposes (Anil Kumar et al., 2017). 
Most of the flavonoids were found to exhibit antioxidant, 
anti-inflammatory and antitumor activities (Sravanthi and 
Giri 2021a, b). Chloroform extracts of Monochaetia kan-
sensis, a fungus reported presence of Hexadecane, a com-
pound with proven anti-oxidant and antibacterial activities 
(Yogeswari et al. 2012).

Dietary anti-oxidants are important for maintenance of 
good health by removal of free radicals (Fig. 2). This is pos-
sible by various mechanisms such as (Lu et al. 2010):

• Chelation of metal ions.
• Inhibition of free radical generating enzymes.
• Activation of internal anti-oxidant enzymes.

• Prevention of lipid peroxidation by maintaining structure 
and function of cell membranes.

• Prevention of DNA damage.
• Prevention of protein modification.

Antioxidant defense system in plants

Plants deal with oxidative stress with an endogenous defense 
mechanism. Various enzymes viz. superoxide dismutase, 
catalase, glutathione reductase, ascorbate peroxidase, glu-
tathione S transferase and many more are involved in the 
process. Nonenzymatic antioxidants are Ascorbic acid, Glu-
tathione, phenolics, alkaloids, flavonoids, carotenoids and 
non-protein amino acids.

Nonenzymatic antioxidants

Ascorbate plays a significant role in AsA-GSH (Asada—
Halliwell) cycle, the major antioxidant defense pathway to 
detoxify  H2O2. It scavenges ROS by its capacity to donate 
electrons and remain stable due to electron delocalization. 
GSH, plays a significant role in the regulation of AsA-GSH 
cycle towards scavenging cellular ROS and maintaining 
redox homeostasis. Carotenoids scavenge harmful free 
radicals, and protect light-harvesting complex proteins 
and are also responsible for thylakoid membrane stability. 
Flavonoids, flavones and flavanols scavenge free radicals 
and reduce cell damage from lipid peroxidation. Phenolic 

Fig. 2  Diagrammatic representation of a cell before and after anti-oxidant treatment (Paul spencer Hole et al. 2011)
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compounds viz. hydroxybenzoic and hydroxycinnamic acids, 
act as chelators and scavengers of free radicals. Alkaloids 
are free radical scavengers and inhibitors of  H2O2-induced 
oxidation (Hasanuzzaman et al. 2019, 2020).

Antioxidant enzymes

Superoxide dismutase (SOD) a leading antioxidant enzyme 
exerts its activity by dismutating free oxygen radical into 
 H2O2 and reducing the possibility of hydroxyl ion formation 
(Gill et al. 2015). Catalase converts  H2O2 molecules into 
 H2O. Peroxidase oxidizes Phenoxyl hydroxide for produc-
ing phenoxyl radical. The peroxiredoxins are thiol-depend-
ent enzymes (GSH or any other thiol), play a vital role in 
ROS regulation owing to their capability to reduce various 
organic and inorganic peroxides. Various types of reactive 
oxygen species were represented in Fig. 3.

The antioxidant defense system and ROS accumulation 
in plant cells holds a steady state balance. An optimum ROS 
level maintenance in cells leads to crucial redox biology 
reactions and regulation of plant growth and developmental 
process. This homeostasis is maintained by the ROS pro-
duction and scavenging balance. During stress conditions 
high levels of ROS production demolishes the equilibrium 
and causes programmed cell death. ROS also plays a crucial 
role as a signaling molecule responsible for signal trans-
port to the nucleus by MAPK (mitogen-activated protein 
kinase) pathway through redox reaction (transfer of elec-
trons between donor and acceptor) during abiotic stress 
conditions.

Redox homeostasis keeps a balance with the help of anti-
oxidant enzymes and nonenzymatic antioxidants. Redox 
signaling is an equilibrium between low levels of ROS 
(which functions as a signal to activate signaling cascade to 
maintain normal plant functions and high level of ROS (that 
causes oxidative cellular damage). A stable balance between 
ROS generation and scavenging is synchronized by cellular 
redox sensitive compounds. Antioxidants are responsible for 
scavenging ROS or control its production. This system con-
sists of non-enzymatic antioxidants and oxidant enzymes. 
Both work in a harmonized manner to control overproduc-
tion of ROS (Decros et al. 2019; Hasanuzzaman et al. 2020).

Excellent anti-oxidant activity has been exhibited by 
compounds namely amariin, phyllanthusiin D and repan-
dusinic acid belonging to ellagitannins group isolated from 
P. amarus (Meena et al. 2017). Aqueous extract of P. amarus 
has been evaluated for its anti-oxidant, anti-hyperglycemic 
and hypolipidemic activities using diabetic rats induced 
by streptozotocin. The activities of anti-oxidant enzymes 
viz. glutathione reductase, glutathione peroxidase and 
glutathione-S-transferase were increased in normal rats 
treated with plant extracts helping in scavenging of reac-
tive oxygen species. It was reported that this plant is used 
for herbal treatment for curing diabetes and renal oxidative 
stress (Karuna et al. 2011). When ethanolic leaf extracts of 
P. amarus were injected to mice, the defensive capacity was 
proven to be increased as the chemical constituents of this 
plant have antioxidant properties (Akporowhe and Onyesom 
2016). When whole plant of P. amarus was estimated for 
total phenolic content and antioxidant activity using various 
solvents, it was found that methanolic plant extract exhibited 

Fig. 3  Types of reactive oxygen species
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good antioxidant activity due to high phenolic content (Sen 
and Batra 2013).

There was a report on antioxidant activity of leaf extracts 
of Pimpinella tirupatiensis which were evaluated by DPPH 
(1, 1-diphenyl-2-picryl-hydrazyl), FRAP (Ferric Reducing 
Ability of Plasma), Nitric oxide scavenging, and Reduc-
ing power assays where there was a correlation of phenol 
and flavonoid content with antioxidant activity (Ranjit 
et al. 2016). Similar type of studies have been reported in 
Torilis leptophylla, where cytoprotective activity has been 
studied in vitro and in vivo to find novel antioxidants for 
development of food and pharmaceutical industries (Saeed 
et al. 2012). Veeru et al., (2009), screened various medici-
nal plants for their antioxidant activity using ascorbic acid 
as standard for knowing their beneficial effects in drug 
formulation.

P. amarus was found to be resistant against Ultra vio-
let–B radiations as there was an increase in anti-oxidant 
levels on exposure to UV-B radiation. But the growth and 
biochemical effects were found to be decreased due to the 
damage that is caused by UV-B radiation. This oxidative 
injury was overcome by induction of anti-oxidant enzymes 
and UV-B absorbing compounds which help in recovery 
of seedlings of P. amarus from growth and developmental 
defects (Indrajith and Ravindran 2009). Aqueous extract of 
P. amarus was analyzed for antioxidant potential in rats. Rats 
which consumed this aqueous extract exhibited decrease in 
plasma lipid peroxidation, increase in plasma glutathione 
and increase in anti-oxidant enzymes such as catalase and 
superoxide dismutase, which reduces the risk of oxidative 
stress (Karuna et al. 2009). P. amarus extracts decrease mus-
cle damage by decreasing the oxidative stress caused by high 
intensity exercises, which helps in reducing muscle pain and 
this phenomenon, helps sportsmen in keeping their body fit 
(Roengrit et al. 2014).

Flavonoids in plants are found to protect DNA from 
damage by chelation of metal ions such as copper or iron 
and carotenoid compounds of plants are found to protect 
cell membranes by prevention of lipid peroxidation (Nimse 
and Pal 2015). Secondary metabolites such as flavonoids 
and lignans proved to exhibit exogenous antioxidant activ-
ity which increases endogenous defense mechanisms of the 
body (Kasote et al. 2015). In vitro methods for estimation 
of antioxidant potential does not give predictable therapeu-
tic effects under in in vivo conditions as antioxidants are 
dependent on numerous physiological metabolisms such as 
absorption, storage and excretion before they exhibit thera-
peutic effect. Hence more strategies should be developed 
for setting up in vitro and in vivo conditions before anti-
oxidants are attributed to specific therapeutic effect. Most 
extensively used techniques for in vitro anti-oxidant evalua-
tion are by DPPH (2, 2-Diphenyl-1-picrylhydrazyl) and NOS 
(nitric oxide scavenging) methods. Research is in continuous 

progress to identify potential anti-oxidant compounds with 
little side-effects. Medicinal plants contain compounds like 
phenols, flavonoids, and tannins which act as natural anti-
oxidants and help in disease protection. As there is a thirst 
for novel natural anti-oxidants of plant origin, presence 
of high level of anti-oxidants in medicinal plants provide 
enormous scope for their application as pharmaceuticals 
products. Medicinal plants possessing anti-microbial, anti-
oxidant, and anti-cancer properties are listed in Table 1.

Antioxidant potential of medicinal plant in food 
industry

Fruits and vegetables provide a rich source of antioxidants. 
Extraction of natural antioxidants from natural resources is 
vital for good health. Hence efficient technologies with less 
processing time and production cost which require less mate-
rial consumption such as green technologies have emerged 
for efficient extraction of antioxidants from fruits and veg-
etables. Enzymatic cocktails or pulsed electric field usage 
in technology are showing prominent results for sustainable 
development in recent days as they are potential in extrac-
tion of antioxidants not only from edible parts but also from 
non-edible parts of fruits and vegetables which is a favorable 
aspect for inclusion in diet thereby contributing good health 
globally (Arias et al. 2022).

Tool and technics used for antioxidant 
extraction from medicinal plants and their use 
in pharmaceutical industry

Plant extracts are treasured sources of bioactive compounds 
which are used as functional products in food and pharma 
industries for prevention and treatment of various diseases. 
Presence of high content of tannins, phenolic acids, flavo-
noids, different types of phenolic compounds contribute to 
their high antioxidant potential for promoting human health 
and can be used for development of novel food-pharma 
ingredients for improving bio-valorization and environment 
(Manyou et al. 2021). Raw material movement of bioactive 
compounds from producer to consumer is shown in Fig. 4.

Extraction of bioactive compounds is very crucial step as 
inappropriate extraction method selection could change or 
damage the bioactive compound. Conventional extraction 
process involves collection of material, washing, drying and 
grinding. Solvent extraction involves maceration, soxhlet, 
and hydrodistillation (Zhang et al. 2018).

Aqueous-extraction methods are favorable as water is a 
cheap source. Compound extraction is high when heated but 
bioactive compounds are generally sensitive to heat (Lee 
et al. 2019). Hence extraction at low temperature under pres-
surized extraction mechanisms help to increase extraction 
efficiency (Masota et al. 2020).
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Bioactive compounds have a high demand and so various 
technologies that help in extraction for further encapsulation 
and delivery for evaluation of product need to be standard-
ized to match ground reality of consumers.

Conclusions

Imbalance and oxidative damage of Reactive oxygen species 
are the causes for chronic diseases leading to death and dis-
ability. Antioxidant phytochemicals are the potential agents 
to control overproduction of oxidants. These antioxidant 
phytochemicals should be identified, separated and their 
molecular mechanisms along with their modes of action 
that are responsible for pharmacological activity should be 
further analyzed for understanding their potential in health 
care or adverse effects if any. Substantial contributions for 
identifying the novel chemical structures guided by ethno-
pharmacological knowledge for Natural product research 
is highly essential for their role in pharmaceutical or food 
industry.

Funding This research received no external funding.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

References

Ahmed M, Phul AR, Bibi G, Mazhar K, Ur-Rehman T, Zia M, Mirza 
B (2016) Antioxidant, anticancer and antibacterial potential of 
Zakhm-e-hayat rhizomes crude extract and fractions. Pak J Phar-
maceut Sci 29(3):895–902

Ahmeda A, Amzad Hossain M, Ismail Z (2009) Antioxidant properties 
of the isolated flavonoids from the medicinal plant Phyllanthus 
niruri. Asian J Food and Agro-Ind 2(03):373–381

Akporowhe S, Onyesom I (2016) Phyllanthus amarus augments the 
serum antioxidant capacity and invigorates the blood in experi-
mental mice. Biosci Biotechnol Res Commun 9(1):15–18

Anil Kumar M, Pammi SSS, Archana G (2017) Establishment of sus-
pension cultures and production of isoflavones from red clover 
(Trifolium pratense L.). Int J Appl Biotechnol Biochem (IJABB) 
1(1):35–42

Annadurai G, Masilla BR, Jothiramshekar S, Palanisami E, Puthi-
yapurayil S, Parida AK (2012) Antimicrobial, antioxidant, anti-
cancer activities of Syzygium caryophyllatum (L.) Alston. Int J 
Green Pharm 6(4):285–288

Anwar H, Hussain G, Mustafa I (2018) Antioxidants from natural 
sources. In: Shalaby E, Azzam GM (eds) Antioxidants in foods 
and its applications. IntechOpen, London. https:// doi. org/ 10. 5772/ 
intec hopen. 75961

Arias A, Feijoo G, Moreira MT (2022) Exploring the potential of anti-
oxidants from fruits and vegetables and strategies for their recov-
ery. Innov Food Sci Emerg Technol 77(2022):102974. https:// doi. 
org/ 10. 1016/j. ifset. 2022. 102974

Asraoui F, Kounnoun A, Cadi HE, Cacciola F, Majdoub YO, Alibrando 
F, Mandolfino F, Dugo P, Mondello L, Louajri A (2021) Phy-
tochemical investigation and antioxidant activity of Globularia 
alypum L. Molecules 26(3):759. https:// doi. org/ 10. 3390/ molec 
ules2 60307 59

Atanasov AG, Zotchev SB, Dirsch VM (2021) Natural products in 
drug discovery: advances and opportunities. Nat Rev Drug Discov 
20:200–216. https:// doi. org/ 10. 1038/ s41573- 020- 00114-z

Fig. 4  Flow chart of raw material movement from producer to consumer (Kurek et al. 2022)

https://doi.org/10.5772/intechopen.75961
https://doi.org/10.5772/intechopen.75961
https://doi.org/10.1016/j.ifset.2022.102974
https://doi.org/10.1016/j.ifset.2022.102974
https://doi.org/10.3390/molecules26030759
https://doi.org/10.3390/molecules26030759
https://doi.org/10.1038/s41573-020-00114-z


 Journal of Crop Science and Biotechnology

1 3

Bailey BA, Strema MD, Bae H, Antunezde Mayolo G, Guiltinan MJ 
(2005) Gene expression in leaves of Theobroma cacao in response 
to mechanical wounding, ethylene, and/or methyl jasmonate. Plant 
Sci 168:1247–1258

Bardaweel SK, Khaled AT, Mohammad MH (2014) Antioxidant, anti-
microbial and antiproliferative activities of Anthemis palestina 
essential oil. BMC Complement Altern Med 14:297

Bari MW, Islam A, Islam MM, Sultana MJ, Afroz R, Khan MM, Parul 
SS, Swaraz AM, Hossain MI, Islam MA (2021) Determination 
of in vitro antioxidant activity and in vivo antineoplastic effects 
against Ehrlich ascites carcinoma of methanolic extract of Sphag-
neticola calendulacea (L.) Pruski. Heliyon 7(6):228. https:// doi. 
org/ 10. 1016/j. heliy on. 2021. e07228

Bhakya S, Muthukrishnan S, Sukumaran M, Grijalva M, Cumbal L, 
Franklin Benjamin JH, KumarT S, Rao MV (2016) Antimicrobial, 
antioxidant and anticancer activity of biogenic silver nanoparti-
cles – an experimental report. R Soc Chem Adv 6:81436–81446

Bharat G, Kothari IL (2011) Antioxidant and antimicrobial activity of 
in vivo and in vitro grown plants of Phyllanthus niruri. Int J Pharm 
Biol Sci 2(2):78–89

Bhatt ID, Rawat S, Rawal RS (2013) Antioxidants in medicinal plants. 
Biotechnol Med Plants 13:295–326

Braga TV, das Dores RG, Ramos CS, Evangelista FC, da Silva Tinoco 
LM, de Pilla Varotti F, das Graças Carvalho M, de Paula-Sabino 
A (2014) Antioxidant, antibacterial and antitumor activity of 
ethanolic extract of the Psidium guajava leaves. Am J Plant Sci 
5(23):3492

Brunet CJ, Gordana C, Sonja D, Vesna T, Gordana B, Anamarija M, 
Sinisa M, Dragoljub C, Vladimir C (2008) Radical scavenging, 
antibacterial, and antiproliferative activities of Melissa officinalis 
L. extracts. J Med Food 11(1):133–143

da Sarmento NC, Apilak W, Ratchanok P, Supaluk P, Somsak R, 
Virapong P (2015) Antimicrobial, antioxidant and anticancer 
activities of Strychnos lucida R.Br. Afr J Tradit Complement 
Altern Med 12(4):122–127

Decros G, Baldet P, Beauvoit B, Stevens R, Flandin A, Colombié S, 
Gibon Y, Pétriacq P (2019) Get the balance right: ROS homeosta-
sis and redox signalling in fruit. Front Plant Sci 10:1091

Farooq S, Ngaini Z (2021) Natural and synthetic drugs as potential 
treatment for coronavirus disease 2019 (COVID-2019). Chem Afr 
4:1–13. https:// doi. org/ 10. 1007/ s42250- 020- 00203-x

Fitzgerald M, Heinrich M, Booker A (2020) Medicinal plant analysis: 
a historical and regional discussion of emergent complex tech-
niques. Front Pharmacol 10:1480. https:// doi. org/ 10. 3389/ fphar. 
2019. 01480

Gill SS, Anjum NA, Gill R, Yadav S, Hasanuzzaman M, Fujita M, 
Mishra P, Sabat SC, Tuteja N (2015) Superoxide dismutase: men-
tor of abiotic stress tolerance in crop plants. Environ Sci Pollut 
Res 22:10375–10394

Gorai D, Jash SK, Singh RK, Gangopadhyay A (2014) Chemical and 
pharmacological aspects of Limnophila aromatica (Scrophulari-
aceae): an overview. Am J Phytomed Clin Ther 2(3):348–356

Gul MZ, Bhakshu LM, Ahmad F, Kondapi AK, Qureshi IA, Ghazi IA 
(2011) Evaluation of Abelmoschus moschatus extracts for antioxi-
dant, free radical scavenging, antimicrobial and antiproliferative 
activities using in vitro assays. BMC Complement Altern Med 
11:64

Gupta VK, Sharma SK (2006) Plants as natural antioxidants. Natl Prod 
Radiance 5(4):326–334

Haleem MA, Barton KL, Borges G, Crozier A, Anderson AS (2008) 
Increasing antioxidant intake from fruits and vegetables: prac-
tical strategies for the Scottish population. J Hum Nutr Diet 
21(6):539–546

Hasanuzzaman M, Bhuyan M, Anee TI, Parvin K, Nahar K, Mahmud 
JA, Fujita M (2019) Regulation of ascorbate-glutathione pathway 

in mitigating oxidative damage in plants under abiotic stress. Anti-
oxidants 8:384

Hasanuzzaman M, Bhuyan M, Zulfiqar F, Raza A, Mohsin SM, Mah-
mud J, Fujita M, Fotopoulos V (2020) Reactive oxygen species 
and antioxidant defense in plants under abiotic stress: revisiting 
the crucial role of a universal defense regulator. Antioxidants 
9:681. https:// doi. org/ 10. 3390/ antio x9080 681

Hole PS, Darley RL, Tonks A (2011) Do reactive oxygen species play 
a role in myeloid leukemias? Blood 117(22):5816–5826

Indrajith A, Ravindran KC (2009) Antioxidant potential of Indian 
medicinal plant Phyllanthus amarus under supplementary UV-B 
radiation. Recent Res Sci Technol 1(1):034–042

Inoue M, Hayashi S, Lyle E (2019) Role of medicinal and aromatic 
plants: past, present and future. In: Shagufta P, Areej A-T (eds) 
Pharmacognosy-medicinal plants. IntechOpen, London. https:// 
doi. org/ 10. 5772/ intec hopen. 82497

Ismael J, Dessalegn E, Fereja WM (2021) In vitro antioxidant and 
antibacterial activity of leaf extracts of Measa lanceolate. Int J 
Food Prop 24(1):702–712. https:// doi. org/ 10. 1080/ 10942 912. 
2021. 19176 08

Kabera JN, Semana E, Mussa AR, He X (2014) Plant secondary metab-
olites: biosynthesis, classification, function and pharmacological 
properties. J Pharm Pharmacol 2:377–392

Kamagaté M, Koffi C, Kouamé NM, Akoubet A, Yao NA, Die-Kakou 
HM (2014) Ethnobotany, phytochemistry, pharmacology and 
toxicology profiles of Cassia siamea Lam. J Phytopharmacol 
3(1):57–76

Karuna R, Reddy SS, Baskar R, Saralakumari D (2009) Antioxidant 
potential of aqueous extract of Phyllanthus amarus in rats. Indian 
J Pharmacol 41(2):64–67

Karuna R, Bharathi VG, Reddy SS, Ramesh B, Saralakumari D (2011) 
Protective effects of Phyllanthus amarus aqueous extract against 
renal oxidative stress in Streptozotocin-induced diabetic rats. 
Indian J Pharmacol 43(4):414–418

Kasote DM, Hegde MV, Katyare SS (2013) Mitochondrial dysfunction 
in psychiatric and neurological diseases: cause(s), consequence(s) 
and implications of antioxidant therapy. BioFactors 39(4):392–406

Kasote DM et  al (2015) Significance of antioxidant potential of 
plants and its relevance to therapeutic applications. Int J Biol Sci 
11(8):982–991

Katiyar S, Patidar D, Gupta S, Singh RK, Singh P (2013) Some indian 
traditional medicinal plants with antioxidant activity: a review. Int 
J Innov Res Sci Eng Technol 2(12):7303–7314

Kennedy DO, Wightman EL (2011) Herbal extracts and phytochemi-
cals: plant secondary metabolites and the enhancement of human 
brain function. Adv Nutr J 2:32–50

Krishnanada KI, Deshmukh AG, Padole DA, Dudhare MS, Moharil 
MP, Khelurkar VC (2017) Phytochemicals: Extraction methods, 
identification and detection of bioactive compounds from plant 
extracts. J Pharmacogn Phytochem 6(1):32–36

Kumar N (2014) Plant profile, phytochemistry and pharmacology of 
Avartani (Helicteres isora Linn.): a review. Asian Pac J Trop 
Biomed 4(1):S22–S26

Kurek M, Benaida-Debbache N, Elez Garofulic I, Galic K, Avallone 
S, Voilley A, Wache Y (2022) Antioxidants and bioactive com-
pounds in food: critical review of issues and prospects. Antioxi-
dants (basel) 11(4):742. https:// doi. org/ 10. 3390/ antio x1104 0742

Lee SW, Wee W, Julius FJ, Siong Y, Syamsumir DF (2011a) Charac-
terization of antioxidant, antimicrobial, anticancer property and 
chemical composition of Ficus deltoidea jack leaf extract. J Biol 
Active Prod Nat 1(1):1–6

Lee SW, Wendy W, Julius YFS, Desy FS (2011b) Characterization of 
antimicrobial, antioxidant, anticancer property and chemical com-
position of Michelia champaca seed and flower extracts. Stamford 
J Pharmaceut Sci 4(1):19–24

https://doi.org/10.1016/j.heliyon.2021.e07228
https://doi.org/10.1016/j.heliyon.2021.e07228
https://doi.org/10.1007/s42250-020-00203-x
https://doi.org/10.3389/fphar.2019.01480
https://doi.org/10.3389/fphar.2019.01480
https://doi.org/10.3390/antiox9080681
https://doi.org/10.5772/intechopen.82497
https://doi.org/10.5772/intechopen.82497
https://doi.org/10.1080/10942912.2021.1917608
https://doi.org/10.1080/10942912.2021.1917608
https://doi.org/10.3390/antiox11040742


Journal of Crop Science and Biotechnology 

1 3

Lee SW, Wee W, Julius FS, Fitrya SD (2011c) Characterization of 
anticancer, antimicrobial, antioxidant properties and chemical 
compositions of Peperomia pellucida leaf extract. Acta Med 
Iran 49(10):670–674

Lee J, Park G, Chang YH (2019) Nutraceuticals and antioxidant 
properties of Lonicera japonica Thunb. as affected by heat-
ing time. Int J Food Prop 22:630–645. https:// doi. org/ 10. 1080/ 
10942 912. 2019. 15993 89

Li X, Xiaoting W, Huang L (2009) Correlation between antioxidant 
activities and phenolic contents of Radix Angelicae sinensis 
(Danggui). Molecules 14(12):5349–5361

Ling-Tong Q, Wang S-C, Zhang J (2015) Chemical constituents from 
Polygonatum odoratum. Biochem Syst Ecol 58:281–284

Logesh R, Dhanabal SP, Duraiswamy B, Chaitanya MVNL (2017) 
Medicinal plants diversity and their folklore uses by the tribes 
of Nilgiri Hills, Tamil Nadu, India. Int J Pharmacogn Chin Med 
1(3):00

Lu J-M, Lin PH, Yao Q, Chen C (2010) Chemical and molecular 
mechanisms of antioxidants: experimental approaches and 
model systems. J Cell Mol Med 14(4):840–860

Madhuvanthi C, Santhosh Kumar K, Antony Ceasar S, Valivittan K, 
Srinivasan K, Tamilselvi A (2014) Antibacterial, antioxidant 
and antiproliferative activities of solvent extracts of Tiliacora 
acuminata. Int J Pharm Pharm Sci 6(9):398–403

Manyou Y, Irene G, Joao R, Ana IRNAB (2021) Phytochemical and 
antioxidant analysis of medicinal and food plants towards bio-
active food and pharmaceutical resources. Sci Rep 11:10041. 
https:// doi. org/ 10. 1038/ s41598- 021- 89437-4

Masota NE, Vogg G, Heller E, Holzgrabe U (2020) Comparison of 
extraction efficiency and selectivity between low-temperature 
pressurized microwave-assisted extraction and prolonged mac-
eration. Arch Pharmacal Res 353:2000147. https:// doi. org/ 10. 
1002/ ardp. 20200 0147

Md. Habib R, Md. Mominur R, Raquibul HSM, Mohammed AS, 
Sohel R (2011) Antibacterial, cytotoxic and antioxidant poten-
tial of methanolic extract of Phyllanthus acidus. Int J Drug Dev 
Res 3(2):154–161

Meena J, Sharma RA, Rolania R (2017) A review on phytochemical 
and pharmacological properties of Phyllanthus amarus schum. 
and thonn. Int J Pharmaceut Sci Res 9(4):1377–1386

Mothana RA, Lindequist U, Gruenert R, Bednarski PJ (2009) Stud-
ies of the in vitro anticancer, antimicrobial and antioxidant 
potentials of selected Yemeni medicinal plants from the island 
Soqotra. BMC Complement Altern Med 9:7

Na thalie SA, Karin K, Kristin E (2014). My life, my health, my 
community. Nutr Fit Workshop

Nanasombat S, Teckchuen N (2009) Antimicrobial, antioxidant and 
anticancer activities of Thai local vegetables. J Med Plants Res 
3(5):443–449

Naqvi SA, Khan ZA, Hussain Z, Shahzad SA, Yar M, Ghaffar A, 
Mahmood N, Kousar S (2013) Antioxidant, antibacterial and 
antiproliferative activities of areal parts of Swertia chirata 
(Bush Ham) plant extracts using in vitro models. Asian J Chem 
25(10):5448–5452

Nazir N, Zahoor M, Uddin F, Nisar M (2021) Chemical compo-
sition, in vitro antioxidant, anticholinesterase, and antidia-
betic potential of essential oil of Elaeagnus umbellata Thunb. 
BMC Complement Med Ther 21:73. https:// doi. org/ 10. 1186/ 
s12906- 021- 03228-y

Nimse SB, Pal DK (2015) Free radicals, natural antioxidants, and 
their reaction mechanisms. R Soc Chem Adv 5:27986–28006

Nunesa R, Pasko P, Tyszka-Czochara M, Szewczyk A, Szlosarc-
zyk M, Carvalho IS (2016) Antibacterial, antioxidant and anti-
proliferative properties and zinc content of five south Portugal 
herbs. Pharm Biol 55(1):114–123

Pushpa H, Ramya SN, Shetty SP, Ramesh DH (2015) Screening of anti-
microbial, antioxidant and anticancer activity of Ruta graveolens. 
Adv Biol Res 9(4):257–264

Raj KD, Giri A (2021) Analysis of root extracts of Polycarpaea aurea 
in various organic solvents for their total polyphenolic content, 
total flavonoid content, and free radical scavenging activity. Plant 
Cell Biotechnol Mol Biol 22(31–32):138–147

Raj R, Chandrashekar KS, Maheshwari R, Polu PR, Pai V (2016) Phar-
macognostical study of Syzygium caryophyllatum L. Res J Pharm 
Technol 9(10):1653–1657

Raja RR, Sreenivasulu M (2015) Medicinal plants secondary metabo-
lites used in pharmaceutical importance-an overview. World J 
Pharm Pharmaceut Sci 4(4):436–447

Ranjit P, Veneetha Ch, Archana G (2016) Evaluation of total phenolics, 
flavonoids, and antioxidant activity of leaf extracts of Pimpenella 
tirupatensis. Int J Pharmaceut Sci Rev Res 41(1):58–63

Rice-Evans C, Miller NJ, Paganga G (1996) Structure –antioxidant 
activity relationship of flavonoids and phenolic acids. Free Radic 
Biol Med 20(7):933–956

Ritthiwigrom T, Laphookhieo S, Stephen G (2013) Chemical constitu-
ents and biological activities of Garcinia cowa Roxb. Maejo. Int 
J Sci Technol 7(02):212–231

Roengrit T, Wannanon P, Prasertsri P, Kanpetta Y, Sripanidkulchai 
B-O, Leelayuwat N (2014) Antioxidant and anti-nociceptive 
effects of Phyllanthus amarus on improving exercise recovery in 
sedentary men: a randomized crossover (double-blind) design. J 
Int Soc Sports Nutr 11:9

Saeed N, Khan MR, Shabbir M (2012) Antioxidant activity, total phe-
nolic and total flavonoid contents of whole plant extracts Torilis 
leptophylla L. BMC Complement Altern Med 12:221

Saha H, Srikkanth A, Sikchi S, Devi Rajeswari V (2015) Comparative 
evaluation of antimicrobial and anti-inflammatory activities of 
Ocimum sanctum, Phyllanthus niruri and Cadaba fruticosa: an 
in vitro Approach with emphasis on detection of their bioactive 
compounds using GC-MS. Int J Biol Chem 9(5):235–248

Salmerón-Manzano E, Manzano-Agugliaro F (2020) Bibliometric stud-
ies and worldwide research trends on global health. Int J Envi-
ron Res Public Health 17(16):5748. https:// doi. org/ 10. 3390/ ijerp 
h1716 5748.

Scartezzeni P, Speroni E (2000) Review of some plants of Indian tra-
ditional medicine with anti-oxidant activity. J Ethnopharmacol 
71(1–2):23–43

Schrader M, Fahimi HD (2006) Peroxisomes and oxidative stress. Bio-
chem Biophys Acta 1763(12):1755–1766

Sen A, Batra A (2013) The study of in vitro and in vivo antioxidant 
activity and total phenolic content of Phyllanthus amarus schum. 
& Thonn. A medicinally important plant. Int J Pharm Pharmaceut 
Sci 5(3):942–947

Sharifi-Rad M, Anil Kumar NV, Zucca P, Varoni EM, Dini L, Panzarini 
E, Rajkovic J, Tsouh Fokou PV, Azzini E, Peluso I, Prakash MA, 
Nigam M, El Rayess Y, Beyrouthy ME, Polito L, Iriti M, Mar-
tins M, Martorell M, Docea AO, Setzer WN, Calina D, Cho WC, 
Sharifi-Rad J (2020) Lifestyle, oxidative stress, and antioxidants: 
back and forth in the pathophysiology of chronic diseases. Front 
Physiol 11:694. https:// doi. org/ 10. 3389/ fphys. 2020

Sravanthi PSS, Giri A (2021a) In vitro cytotoxic activity of Phyllan-
thus amarus Schum. & Thonn. World J Biol Pharm Health Sci 
06(02):034–042

Sravanthi PSS, Giri A (2021b) Phytochemicals and their antimicrobial 
activity: an update on their mode of action. Int J Clin Exp Med 
Res 5(1):41–69

Sravanthi PSS, Padmavathi TVS, Giri A (2016a) Metabolic finger-
printing of root, stem and leaf extracts of Phyllanthus amarus. J 
Phytol 8:17–21

Sravanthi PSS, Padmavathi TVS, Giri A (2016b) Pharmacologi-
cal potential of an important medicinal plant Phyllanthus 

https://doi.org/10.1080/10942912.2019.1599389
https://doi.org/10.1080/10942912.2019.1599389
https://doi.org/10.1038/s41598-021-89437-4
https://doi.org/10.1002/ardp.202000147
https://doi.org/10.1002/ardp.202000147
https://doi.org/10.1186/s12906-021-03228-y
https://doi.org/10.1186/s12906-021-03228-y
https://doi.org/10.3390/ijerph17165748
https://doi.org/10.3390/ijerph17165748
https://doi.org/10.3389/fphys.2020


 Journal of Crop Science and Biotechnology

1 3

amarus Schum. & Thonn. Int J Adv Res Sci Technol (IJARST) 
5(2):577–582

Sravanthi PSS, Padmavathi TVS, Giri A (2016c) Evaluation of anti-
oxidant potential of root, stem and leaf extracts of Phyllanthus 
amarus. Int J Adv Res Sci Technol (IJARST) 5(3):653–661

Sravanthi PSS, Padmavathi TVS, Giri A (2016d) Analysis of bio-
active compounds and antimicrobial screening of Phyllanthus 
amarus Schum. and Thonn. Int J Adv Res Sci Technol (IJARST) 
5(2):595–603

Sravanthi SSP, Giri A, Lakshmi MV, Chakravarth B (2017) In silico 
molecular docking approach for anticancer analysis of bioactive 
compounds from Phyllanthus amarus dimethyl formamide leaf 
extracts. Int J Res Cult Soc 2017:152–163

Tan BL, Norhaizan ME, Liew WPP, Sulaiman Rahman H (2018) Anti-
oxidant and oxidative stress: a mutual interplay in age-related 
diseases. Front Pharmacol 9:1162. https:// doi. org/ 10. 3389/ fphar. 
2018. 01162

Veeru P, Kishor MP, Meenakshi M (2009) Screening of medicinal plant 
extracts for antioxidant activity. J Med Plants Res 3(8):608–612

Vikneswaran M (2008) Phytochemical, pharmacological and pharma-
cokinetic studies of Phyllanthus niruri Linn. Lignans as potential 
anti-hyperuricemic agents. University Sains Malaysia, Penang

Vivek KR, Kumar S, Shashidhara S, Anitha S, Manjula A (2011) Com-
parison of the antioxidant capacity of an important hepatoprotec-
tive plants. Int J Pharmaceut Sci Drug Res 3(1):48–51

Welz AN, Emberger-Klein A, Menrad K (2018) Why people use 
herbal medicine: insights from a focus-group study in Germany. 
BMC Complement Altern Med 18:92. https:// doi. org/ 10. 1186/ 
s12906- 018- 2160-6

Wink M (2015) Modes of action of herbal medicines and plant second-
ary metabolites. Medicines 2(3):251–286

Yogeswari S, Ramalakshmi S, Neelavathy R, Muthumary J (2012) 
Identificationand comparative studies of different volatile frac-
tions from Monochaetia kansensis by GCMS. Glob J Pharmacol 
6(2):65–71

Zhang QW, Lin LG, Ye WC (2018) Techniques for extraction and iso-
lation of natural products: a comprehensive review. Chin Med 
13:e20. https:// doi. org/ 10. 1186/ s13020- 018- 0177-x

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3389/fphar.2018.01162
https://doi.org/10.3389/fphar.2018.01162
https://doi.org/10.1186/s12906-018-2160-6
https://doi.org/10.1186/s12906-018-2160-6
https://doi.org/10.1186/s13020-018-0177-x

	Antioxidant potential of medicinal plants
	Abstract
	Introduction
	Importance of medicinal plants and their application in healthcare
	Role of plants in anti-oxidant activity
	Mechanisms of anti-oxidant action
	Antioxidant defense system in plants
	Nonenzymatic antioxidants
	Antioxidant enzymes
	Antioxidant potential of medicinal plant in food industry
	Tool and technics used for antioxidant extraction from medicinal plants and their use in pharmaceutical industry

	Conclusions
	References




