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Abstract

Antioxidants play vital role in neutralizing / removing harmful oxidants 
produced in human body as well as they are utilized in food technology for 
applications such as food packaging by introduction into bio films. Plant (land 
and marine) based biomaterials such as cellulose, starch etc. has tremendous 
potential in food packaging and other food science applications to enhance food 
shelf life, protection from external factors and keeping quality intact. Addition 
of antioxidants; in bio films based on these biomaterials are advantageous as 
these biomaterials are natural, non toxic and easy availability. Plants are also a 
source of natural antioxidants and are utilized in dietary, medicinal applications 
in traditional medicine techniques such as Traditional Chinese medicine and 
Ayurveda. Present review summarizes recent developments and understanding 
of ‘antioxidant functionality of plant based biomaterials in food science’. An 
illustration on health and medicinal benefits of natural antioxidants included in 
Traditional Chinese Medicine (TCM) and Ayurvedic is incorporated.

Keywords: Antioxidants; Classification of Antioxidants; Mechanism; ROS; 
RNS; Biomaterials; Traditional Chinese Medicine; Ayurveda

have been used as biomaterials which are synthesized by plant [10]. 
For example - Cellulose is one the most abundant natural polymer 
existing on earth which is also a major constituent in plant cell wall. 
Cellulose is a source of fibers in fabrics and number of plastics have 
been made by replacing hydroxyl group present on glucose moiety 
of cellulose [11]. Various approaches have been developed and used 
to modify mechanical, structural and biochemical properties of 
biomaterials for their innovative applications [12]. 

Lack of antioxidants in food extinguishes ROS i.e. reactive 
oxygen species, clears the way for diseases (like cardiovascular 
diseases, cancers, neurodegenerative diseases and inflammatory 
diseases) as well as food spoilage [13, 14, 3-6]. Including natural 
antioxidants by means of natural plants that contains antioxidant 
compounds in diet can solve this problem. Natural antioxidants are 
helpful in biological functions as they can prevent diseases and also 
having dietary importance [15-17]. The natural plants or natural 
antioxidants therefore play an important role in nutritional as well 
as health benefits [18]. For thousands of years plants have been basis 
of Traditional Chinese Medicines and Ayurveda and continue to 
provide remedies with lesser or no side effects on health [19-21]. 

In this review antioxidant functionality of biomaterials deriving 
from land plants and marine algae is illustrated with respect to 
applications in food science. Introduction to antioxidants, free 
radicals, antioxidant mechanisms are explained in short. Plant 
based biomaterials are biodegradable, biocompatible and nontoxic 
and easily available. Some of these plants based biomaterials show 
antioxidant properties or may possess improved antioxidant 
functionalities with the addition of either antioxidants or extracts 
containing antioxidants. These modified biomaterials can be 
formulated into films, nanoparticles etc. for applications in food 
packaging. TCM (Traditional Chinese Medicines) and Ayurveda, 

Introduction
Plants containing antioxidant compounds and plant based 

biomaterials are abundantly available and highly potential for 
applications in Food science. They can play key roles not only in food 
packaging, food preservation but also in controlling diseases, diet 
and nutrition. With respect to food science PFA i.e. Prevention of 
Food Adulteration a instead a for ward act says that antioxidants are 
substances which when added to food retards or prevents oxidative 
deterioration food and does not include sugars, cereal oils, flours, 
herbs and spices [1]. Market value of food product decreases due 
to oxidation as it affects on organoleptic properties and destroying 
essential nutrient properties. Antioxidants help in slowing down 
oxidation in food as well as human systems. During decades 
antioxidants are being used in foods as a main strategy to prevent 
food spoilage [2]. Another approach to limit oxidation in food is 
active packaging. In this aspect an innovative alternative is the use of 
active antioxidant packaging systems [3]. Antioxidant agents added 
to films and edible coatings can modify their structure, functionality 
to improve chemical stability and protect ozidant sensitive food [4, 
5]. Recently, use of active food packaging has been shown prominent 
effects in controlling food deterioration and in enhancing shelf life at 
the same time keeping quality of food product intact [2]. Packaging 
not only play a key role in food supply chain but also acts as barrier to 
control food from external influences such as oxygen, light, moisture 
and both from chemical and microbiological contamination [3, 6]. 

A material with a natural or synthetic origin in contact with a bio 
system without affecting it can be considered as a Biomaterial. A wide 
range of biomaterials are in use for diverse applications in medicines 
and controlled drug delivery, tissue engineering, regenerative 
medicine, stem cells, biomedical engineering, bioengineering, 
biotechnology, and health supplements [7-10]. A variety of polymers 
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including plants that are having antioxidant compounds, make them 
useful in food supplements and medicine.

Antioxidants, free radicals and antioxidant mechanism
Antioxidants-as the name indicates (‘Anti’ meaning against; 

and ‘Oxidants’ meaning oxidation causing) – are the molecules 
which deactivates/neutralizes the oxidation preventing free radical 
production. Antioxidants are not different class of molecules by 
themselves (say acids, bases, alcohols, aldehydes, ketones, etc.) but 
represent the property and ability possessed by them to chemically 
neutralize free radicals so that they become harmless – particularly in 
living organisms and human beings [22, 23]. Oxidation is a chemical 
reaction in which one electron (unpaired electron) is transferred 
from one molecule to an oxidizing agent [24]. Oxidizing agent causes 
the oxidation of the neutral molecule. Thus, oxidizing agent gains 
electron while the molecule loses it (electron “leakage”). Converse 
is true for reduction reaction. A chemical reaction that involves 
both oxidation and reduction reactions is called as a redox reaction. 
Oxidation reactions are known to produce free radicals – containing 
unpaired electron in their outermost shells – (i.e. outermost shell 
is not completely filled by electrons) – having high chemical 
reactivity. Such radicals initiate chain reactions in an uncontrolled 
manner which is harmful and undesired by human/organism body. 
Antioxidants react with these free radicals thereby terminating the 
chain reaction and inhibiting other undesired oxidation reactions via 
oxidizing themselves [25, 26]. 

Antioxidants are classified according to whether they have been 
obtained from a natural source (Natural Antioxidants) or have been 
synthesized (Synthetic antioxidants) (Figure 1).

Free radicals reactions can produce deteriorating and adverse 
effects in body and number of degenerative diseases can occur such 
as diabetes, atherosclerosis, inflammatory diseases (rheumatoid 
arthritis, inflammatory bowel diseases and pancreatitis), Ischemia/
Reperfusion (l/R) injury, cancer, neurological diseases, hyper tension 
etc. [27, 28].

Causes for free radicals generation
•	 Radiations: UV radiations, X-rays, gamma rays and 

microwave.

•	 Initiation by inflammation.

•	 Pollutants (O2 free radicals).

•	 Electron transport reactions catalyzed in mitochondria.

•	 Platelets, macrophages, smooth muscles metabolism 
generates reactive oxygen species.

•	 Organic matter burning.

Free radicals are mainly described as ROS (reactive oxygen 
species) and RNS (reactive nitrogen species) also some other non-
reactive species. Apart from harmful effects free radicals have useful 
properties as released oxygen species are important in growth 
processes and White blood cells release can release free radicals as an 
immune response against pathogens [29, 30].

Figure 2 shows different types of ROS and RNS. Oxidation rates 
in a biological system slowed down by antioxidants by combining 

chelating pro-oxidative metals, quenching singlet oxygen, scavenging 
free radicals and by inactivating Lipoxygenase (LOX) [31]. Figure 3 
shows mechanisms related to antioxidants. Antioxidants have ability 
to slow down the oxidation rates or oxidising chain reactions are 
inhibited in different ways such as: free radical scavenging, by chelating 
agents (pro-oxidative metals), by quenching singlet oxygen and by 
lipoxygenase inactivation. Bendary et al. proposed two mechanisms 
of action for antioxidants which includes bond dissociation energy 
and one-electron transfer mechanisms [32].

Below (Figure 4) are some reaction schemes of antioxidants which 
represent basic action of antioxidants. Antioxidants can neutralize 

Figure 1: Synthetic and natural antioxidants: Types of antioxidants.

Figure 2: Types of ROS (Reactive Oxygen Species) and RNS (Reactive 
Nitrogen species).

Figure 3: Mechanisms of antioxidants.
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and terminate free radicals. An electron is donated to free radical 
hence it is neutralized before any damage to cell components occurs. 
Once electron is donated, free radical becomes paired and hence no 
more hazardous to cells. In case of phenolics antioxidant mechanism, 
primary antioxidants can react with peroxy free radicals (ROO•) to 
prevent this cycle. Amine antioxidant is another primary antioxidant. 
Amines have better reactivity with oxygen-centered free radicals than 
phenols. Peroxide reacts with thioester and by which nonreactive, free 
radicals are produced. Following are some schematic representations 
of antioxidant mechanisms [32-35].

Antioxidant functionality of biomaterials with Plant origin 
(land and marine)

Cellulose: Cellulose is a natural biopolymer which is versatile and 
abundant in nature. Figure 5 shows structure of cellulose. It possess 
desirable biological and mechanical properties, porocity, water 
absorbancy, unique surface chemistry, excellent biological activity 
is [36-38]. Structure of cellulose consists of a linear homopolymer 
of b-d-glucopyranose units linked together by (1/4)-glycosidic 
bonds. Due to hydroxyl groups present largely on the surface, it has 
advantage to incorporate with biomaterials for magnified antioxidant 
properties [39].

However cellulose has very low antioxidant property and it 
limits its direct use as antioxidant or bio films. But incorporation 
of synthetic and chemical antioxidants in cellulose based films is an 

alternative to enable its use in food technology [37]. Production of 
cellulose packaging films with strong antioxidant capability can be 
a good choice in global health market as cellulose is a cheap and 
abundant source in nature [37, 41]. 

Cellulose biopolymers exist as Carboxymethylcellulose (CMC), 
Hydroxyethylcellulose (HEC), Hydroxypropylmethylcellulose 
(HPMC) and Methylcellulose (MC). Cellulose pure dispersions and 
films show very low antioxidant activity however when mixed with 
pomegranate seed extract results in potent antioxidant activity; it also 
decreased swelling and tensile strength, increased elongation at break. 
This combination could prove to be potent food packaging material 
[37]. Antioxidant property (free radical scavenging) can be improved 
by increasing the essential oil (such as Rosemery and Aloe Vera oil) 
content in cellulose based membranes [41]. Also cellulose based 
membranes incorporated by essential oils can inhibit lipid oxidation, 
growth of pH and chemical spoilage and this provides a platform for 
potential food packaging films production [39, 41].

Velasquez et al. reported a biodegradable antioxidant system 
for food packaging applications with enhanced physical-mechanical 
properties. Cellulose along with quercetin and Poly(Lactic Acid) (PLA) 
were utilized to form a bilayer structure and their characterization 
was done in this work. Bilayer with 30 μm thickness obtained 
with good permeability [42]. Criado et al. reported antioxidant 
functionalized cellulose nanocrystals after intercalation treatment 
with a redox pair hydrogen peroxide (H2O2) [43]. Davoodbasha et 
al. reported nanoceria coated with cellulose which showed strong 
hydroxyl, DPPH, superoxide and H2O2 radicals scavenging activity in 
a pH-depended manner. This material provides potential antioxidant 
material for targeted therapy so as to inhibit the intracellular ROS and 
oxidative stress [44].

Starch: Starch a storage polysaccharide derived from tuber 
and cereals plants such as potato also abundant in nature. A starch 
molecule is typically made up of 30 % amylase and 70 % amylopectin, 
this overall content varies with source of extraction.

Chen et al. reported functionalized starch derivatives using “click” 
reaction and N-alkylation in order to achieve chemical modification 
to improve antioxidant property. Chemical modifications in starch 
are feasible due to Anhydro Glucose Unit (AGU) providing three 
active hydroxyl groups, including one primary and two secondary 
hydroxyl groups. Chemically modified starch derivatives show 
enhanced antioxidant properties when compared to pure starch and 
they are reactive against superoxide radicals. These functionalized 
starch derivatives are highly potential antioxidant material and 
can be applied in food science applications as well as biomedicines 
[45]. Azmi et al. reported polyaniline loaded starch films produced 
by solution casting method, which showed that incorporation of 
polyaniline significantly affects antioxidant properties of starch 
film with an increased free radical scavenging capacity (a measure 
of antioxidant activity). Free radical scavenging capacity of this 
material is directly proportional to polyaniline loading irrespective 
of its size. Starch/polyaniline films could prevent deterioration in 
food constituents [46]. Navarro et al. fabricated starch-chitosan films 
further modified by adding aqueous extracts of cranberry, blueberry, 
beetroot, pomegranate, oregano, pitaya and resveratrol. This addition 
not only makes it more potential for food packaging applications 

Figure 4: Basic antioxidant reactions.

Figure 5: Structure of Cellulose [40].
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but also natural antioxidants such as anthocyanins (from cranberry; 
blueberry and pomegranate); betalains (from beetroot and pitaya); 
resveratrol (from grape); and thymol and carvacrol (from oregano) 
were added to the films. This shows a positive impact and makes 
suitable for food packaging applications [47]. 

Pectin: Pectins are complex carbohydrate molecules and can 
be used as gelling agents in food applications [48]. Pectin has high 
molecular weight and hydrophilicity; a natural constituent of plant 
call wall is ideal material (Figure 6 shows structure of pectin) for 
hydrogel formation and subsequently 3D bio-printing. Pectins are 
complex carbohydrate molecules that are used in numerous food 
applications as a gelling agent [48, 49].

Smirnov et al. isolated pectin fractions or pectin polysaccharides 
from vegetables. They show antioxidant activity due to against the 
hydroxyl and 1, 1-diphenyl-2-picrylhydrazyl radicals due to presence 
of protein (2–9%) and phenolics (0.5–0.7%) as contaminants. The 
antioxidant activity of pectin gets enhanced due to the presence of 
non-pectin contaminants. This research represents possible new 
approaches in food analysis and supports dietary guidelines using 
beneficial pectic polysaccharides [50]. In case of pectin fraction 
isolated from onion shows inhibition to production of superoxide 
radical by means of inhibiting XO i.e. Xanthine Oxidase [50]. Being 
a primary plant metabolite, pectins in plant are able to react on 
ecophysiological conditions.

Despite a lot of research has been carried out to extract pectin 
with high antioxidant properties, lacks study on its applications in 
food technology. Significant differences in structure are not reported 
although yield affected by extraction method and conditions as 
compared to commercial pectin. 

Edible and biodegradable pectin films with antioxidant properties 
can be used to extend shelf life of perishable food items [51, 52]. Pectin 
films incorporated with food extracts are having higher antioxidant 
capabilities and they are cheap, renewable and sustainable. Acerola 
(fruit similar to cherry) incorporated pectin films possess highest 
antioxidant capabilities so as to use in many food applications [53]. 
Pectin based films incorporated with plant extracts are potential 
to be used in extending food shelf life. Pectin film fabricated after 
pectin extracted from tejocote (species of hawthorn) shows higher 
antioxidant activity than commercial pectin. In this work pectin was 
extracted by an acid hydrolysis process with citric acid [54]. Zaidel et 

al. reported that low methoxyl pectin extracted from dragon fruit has 
high antioxidant activity [48]. 

Yang et al. did a comparative study between PHA i.e. pectin 
hydroxamic acids and among various commercial pectins with 
different Degrees of Estarification (DE). Result expressed that pectin 
hydroxamic acids shows antioxidant properties also higher DE pectin 
derivatives show higher antioxidant properties. Biological activities 
of pectin hydroxamic acids need to be investigated not only for food 
industry of jams and jellies but also for other aspects [55].

Alginate: It is sourced from brown algae such as Laminaria 
hyperborean, Laminaria digitate, Laminaria japonica, Ascophyllum 
nodosum, and Macrocystis pyrifera and its one of the common material 
used in 3D bioprinting. Figure 7 shows structure of alginate. The co-
polymer structure is based on polysaccharides (b-D-Mannuronicacid 
(M) and a-L-Gluloronic acid (G) with blocks of G and M residues and 
alternating M, G residues [9]. In brown seaweeds exists as a cationic 
salts mixture in cell wall and matrix. Sodium alginate extracted from 
Cystoseira barbata (Tunisian seaweed) has interesting antioxidant 
nature also can be used as a food additive [57]. Alginate/gelatin 
hydrogels are potential carrier for natural antioxidants and suitable 
for biomedical applications as hydrogel based on natural polymers 
are advantageous over synthetic once. Alginate/gelatin hydrogels 
has potential application to be used in controlled release of bioactive 
agents in a matrix type system [58]. Kokilam et al. reports that alginate 
yielding seaweeds (Sargassum wightii Greville, Padina tetrastromatica 
Hauck, Chnoospora minima, and Hormophysa triquetra) can be 
used as a source of natural antioxidants and their crude extracts bares 
good antioxidant properties. This gives their potential applications as 
natural antioxidants in food and pharmaceutical products [59].

Hadiyanto et al. encapsulated alginate with phycocyanin (a blue 
light pigment in cyanobacteria, Rhodophyta and Crytophyta) and 
reported that encapsulated phycocyanin-alginate possess higher 
antioxidant activity and has more stability at high temperature than 
phycocyanin alone (without encapsulation). Encapsulation at 2.5% 
of phycocyanin showed higher antioxidant activity [60]. Also edible 
films by incorporating lipids in alginate possess strong antioxidant 
properties. Another advantage of adding lipid to alginate films is 
that it enhances water vapour permeability. Alginate lipid edible film 
added with natural antimicrobial agents is of great use in food science 
[61].

Fucodian: A polysaccharide, ROS scavenger, consists of 
L-fructose and sulphate group has attracted attention from food 
and pharmaceutical industries for its antioxidant and therapeutic 
properties. Structure of fucodian is represented in Figure 8. Fucodian 
extracted from Laminaria japonica has a potential to treat diseases 
by free radical damage capability because of antioxidant nature 
[9]. Parallely it is reported that extracted from U. pinnatifida 
possess strong antioxidant properties which can reduce amyloid 

Figure 6: Structure of Pectin [49].

Figure 7: Structure of Alginate [56].
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accumulation and ROS. In skin care products fucodian is used as 
neuro health foods due to its natural antioxidant properties. Factors 
affecting antioxidant property in fucodian are concentration, Mw, the 
degree of sulphation, substitution groups and their positions, type of 
sugar, glycosidation branching, substituent’s. Chemical modifications 
in fucodian can enhance its antioxidant properties. Fucodian has a 
potential applications in neutraceuticals, ROS-related diseases to 
promote health [62-64].

Wang et al. reported that antioxidant fucodian can regulate 
the expression and activity of Matrixmetalloproteinase-9 (MMP-
9) in human fibrosarcoma cells. Other positive benefits of fucodian 
such as: antitumor, antiviral, immunoregulator, anti-inflammatory, 
anticoagulant are mentioned. [64]. Kordjazi et al. extracted fucodian 
from Sargassum ilicifolium and Sargassum angustifolium and it 
showed strong antioxidant properties with DPPH, superoxide-
hydroxyl radical scavenging, chelating ability and reducing power. 
Results suggest that fucodian extracted from S. ilicifolium and S. 
angustifolium had more than 80% of scavenging effect on hydroxyl 
radicals therefore proven as natural and safe antioxidant agents in 
nutraceuticals [65].

Fucodian exhibits comparable antioxidant property with that 
of synthetic antioxidants such as Butylated Hydroxyanisole (BHA) 
and Butylatedhydroxytoluene (BHT). Extracted fucodian from 
Undaria pinnatifida grown in New Zealand possess nearly equal 
antioxidant property however low molecular fucodian shows higher 
antioxidant nature when compared with Butylated Hydroxyanisole 
(BHA). Focodian isolated from Undaria pinnatifida has potential 
applications in food industry as a functional ingrediant [66]. When 
compared with ascorbic acid and pure fucodian standards fucodian 
extracted from sea mustard sporophylls (Tongyeong and Gijang 
City) expressed low scavenging activity on DPPH, superoxide, and 
hydroxyl radicals. This in concluded because of impurities present in 
the crude fucoidan extracted supported by protein present more than 

0.1%. The studies show possible utilization of sea mustard sporophylls 
which are a byproduct in sea weed industry; as a source of fucodian 
for various applications in food industry [67].

Bushra et al. reported that oxidative status in kidney tissue 
improvement and histological protectionagainst Cyclosporine 
A -induced kidney injury resulted due to fucodian. Fucodian 
administration with Cyclosporine A (an immune suppressive drug) 
enhanced renal function. Results highlights renoprotective effects 
of fucodian by means of controlling oxidative stress conditions and 
improves kidney injuries [68].

Carrageenan: Carrageenans (structure denoted in Figure 9) 
are complex family of water soluble, linear, sulfated galactans of 
red seaweeds [70]. Carrageenan is a relatively under researched 
polygalacton derived from the Rhodophyceae members of red algae 
seaweeds. The material is composed of alternating long chains of a-1, 
3 D-galactose, and b-1, 4 3, 6-anhydro-galactose with ester sulfates 
which emulate the structure of mammalian glycosaminoglycans 
[9]. Comparative study among different molecular weights of 
k-carrageenan, highest antioxidant activity is observed at low 
molecular weight [71].

The results indicated that carrageenans possess antioxidant 
capacity in vitro, and this action notably depends on the structure 
of the polysaccharide itself than the reducing capacity of the 
polysaccharides. Antioxidant actions (based on hydrogen atom 
transfer) of carrageenans depends on polysaccharide concentration, 
medium pH value and the polysaccharide fine structural 
characteristics [70]. 

The chemical modification of carrageenan oligosaccharides 
could enhance their antioxidant activity and different derivatives of 
carrageenan oligosaccharides exhibited higher antioxidant activity 
than the carrageenan oligosaccharides in certain antioxidant systems 
in vitro [71]. Carrageenan-SEO (SEO- Satureja hortensis) composite 
films obtained by emulsification as a natural antibacterial agent can 
potentially be used in packaging a wide range of food products, 
particularly those that are highly oxidative and microbial sensitive 
[72].

A multilayer coating based on carrageenan and quercetin loaded 
lecithin/chitosan Nanoparticles (Np) by the layer-by-layer technique 
is biocompatible with good antioxidant property so as to scavenge free 
radicals to form biocompatible thin films in food science applications 
[73]. Table 1 represents antioxidant potentials in biomaterials derived 
from marine and terrestrial plants.

TCM and Ayurvedic plants as natural antioxidant
Traditional Chinese Medicines (TCM): Since thousands of years 

TCMs are being used to treat diseases in China. They are also known 
as inflammatory modulators and clinically safe. This is because of 
their low toxicity and therapeutic effects. Modern Biological assays 
and phytochemical tests reveal that TCM possess high antioxidant 
properties also due to phenolic and flavonoid components. Table 2 
explains different uses of TCM.

Ayurvedic: Ayurveda (Indian Traditional Medicine Science) 
is a science dealing with physical and mental health. Several plants, 
animal, and natural sources of materials are used in Ayurvedic 

Figure 8: Structure of Fucodian [62].

Figure 9: Structure of Carrageenans [69].



Austin J Nutr Metab 7(3): id1081 (2020)  - Page - 06

Nene AG Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

medicines. Ayurveda is an oldest medical system which is approved 
by WHO (World Health Organization) in 1974. An Ayurveda 
approach consists of both prevention and treatment of various 
diseases. Ayurvedic herbs possess various health benefits as well as 
strong antioxidant activity [89-92]. Table 3 explains sources and uses 
of Ayurvedic herbs.

Concluding Remarks
Present article briefly reviews antioxidants, plant (land and 

marine) based biomaterials, antioxidant functionalities of these 
biomaterials, applications in food science/technology and their 
recent developments. Significant work has already been done on 
antioxidants and their role in keeping the oxidative stress low and 

No. Antioxidant Source Usefulness/application Reference

1 Cellulose Plant-derived storage polysaccharide
Low antioxidant property, bio-films of cellulose 
incorporated with other antioxidants in food 
technology 

[37,41,9]

2 Starch Plant-derived storage polysaccharide biomedicine, pharmaceutical, food, textile, 
environmental protection [45,46,9]

4 Alginate Brown algae, commonly Laminaria hyperborean, Laminaria digitate, 
Laminaria japonica, Ascophyllum nodosum, and Macrocystis Pyrifera etc. Natural additive in food applications, antioxidant [9]

12 Pectin
Primary cell wall and intracellular substance of higher plants, vegetables 
(Brassicaoleracea convar, Daucuscarota subsp. Sativus, Allium cepa var. 
cepa (yellow onion), Capsicumannum var. annum (red bell pepper)

Possess ROS scavenging Activity, extend shelf 
life of food [50-52]

13 Fucoidan Brown seaweeds (Sargassum ilicifolium, Sargassum angustifolium). Antioxidant and Anti-tumor properties. [63,65]

14 Red algae Carrageenan Strong antioxidants [70,71]

Table 1: Antioxidant functionalities in biomaterials: Marine and terrestrial plants.

TCM Use Reference

Shanzha (fruit of Crataegus pinnatifida) To treat cardiovascular diseases, prevents thrombosis, promotes digestion [74,75]

Danshen (the root of SalviaMiltiorrhiza) To treat cardiovascular diseases, promotes blood circulation, tissue regeneration [74]

Salvia miltiorrhiza Scavenge free radicals, treatment of angina pectoris, chest tightness [76]

Rhizoma ligustici Anginal pain, stroke, abdominal pain, irregular menstruation, dysmenorrhea and amenorrhea [76,77]

Camellia sinensis (Chinese green tea) Antioxidant with positive health effects [76,78,79]

Terminalia catappa L. Scavenging free radical, total antioxidant activity of 28800 ± 9600 (μg/g dry weight) [80]

Chrysanthemum
Highest phenolic content, radical scavenging activity [81]

 

Artemisiavulgaris Potential effective source of antioxidants, radical scavenging [82,83]

Sanguisorba officinalis Potential effective source of antioxidants, treatment of hemostasis and inflammation, [82,84]

Paeonia suffruticosa Inhibits antibiotic resistant pathogens, high free radical scavenging capacity, ion-chelating ability, anti-photo-
aging [82,85,86]

Cinnamomum cassia Inhibits antibiotic resistant pathogens, radical scavenging abilities [82,87]

Lypocodium serratum (Jin Bu Huan), Mild sedation [81]

Ephedra sp. (Ma–Huang), Weight loss [81]

Angelica dahurica Anti-tumor, antibacterial, analgesic [88]

Table 2: TCM: sources and uses.

Ayurvedic herb Use Reference

Desmodium gangeticum Active scavenging abilities, febrifuge, digestive, anticatarrhal, antiemetic [93,89]

Glycyrrhiza glabra Scavenging abilities, antioxidant, cytotoxic, and antimicrobial [94,95]

Picrorhiza kurroa Reduceslipid peroxidation, antioxidant, antiinflammatory and immunomodulatory activities [96,97]

Psoralea corylifolia Treatment of various skin diseases, laxative, aphrodisiac, anthelminitic, diuretic and diaphoretic in febrile conditions [98,99]

Emblica officinalis Antiatherogenic, antitussive, immunemodulator [100,101]

Withania somnifera Rejuvenating effect, promotes growth in children, anti-aging [91]

Glycerrhiza glabra Therapeutic and antioxidant [91]

Mangifera indica Protection against oxygen-derived species, protection from oxidative stress-related diseases [102,103]

Curcuma longa Cytotoxicity, antioxidant and anti-inflammatory, anticancer [104,105]

Momordica charantia Blood glucose level reliever, antioxidant, antimicrobial, antiviral, antihepatotoxic and antiulcerogenic activities [106,107]

Table 3: Ayurvedic: sources and uses.
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preventing various diseases and combining them with plant based 
biomaterials for applications such as food packaging, edible bio-films 
etc.. TCM and Ayurvedic methods reveals that our ancestors might 
be knowing indirectly about these compounds (i.e. antioxidants) – 
although modern experimentation and characterization tools were 
not available. These methods include use of plant based natural 
antioxidant for medicinal, dietary/nutritional purpose in betterment 
of health aspects. This highlights the need for regular day-to-day 
intake of sufficient quantity of antioxidants. Developing processes for 
extraction of antioxidants from the natural sources, their long time 
preservation, and making them available at low cost is still a challenge 
to be tackled.
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