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Abstract

Antioxidant is any substance that delays, prevents or removes oxidative damage to a target molecule. It
can be found in many foods, including fruits and vegetables. The role of antioxidants in foods is to retard
or control oxidation. The process of autoxidation and development of rancidity in foods involves a free
radical chain mechanism via initiation, propagation and termination steps. While radicals are produced in
the ‘initiation’ step, they react with unsaturated fatty acids by abstracting a hydrogen atom from a site
which requires the least energy that is the allylic or diallylic position in the ‘propagation’ steps. The
reactions in the propagation step make up a chain reaction until a ‘termination’ reaction occurs. Due to
high stability and low volatility, it helps to maintain the level of nutrients, the texture, colour, taste,
freshness, functionality, aroma, and appeal to consumers such as the older person. Various antioxidants
found in food viz. natural antioxidants, synthetic antioxidants, dietary antioxidant, endogenous
antioxidant play an important role in preservation of food. Vitamin C, Vitamin E, a-carotene, Lycopene,
Polyphenol etc. is main sources of antioxidants. They may be present in foods as endogenous factors or
may be added to preserve their lipid components from quality deterioration. The most widely used
antioxidants in foods include butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT),
propyl gallate (PG) and tertiary butyl hydrogquinone (TBHQ). These antioxidants may be used at 200 ppm
in bulk oils and at 200 ppm, based on the lipid content of other foods. The benefits of antioxidants
include whole foods and beverages (e.g., acai berry, gogi berry, green tea) as well as isolated substances
sold primarily as dietary supplements (e.g., vitamin C, lycopene, selenium) or added to foods (e.g.,
vitamin E). It reduces the risk of developing certain diseases such as; cancer, heart disease, stroke, and
arthritis etc.

Keywords: Antioxidant, free radicals, autoxidation, termination, nutritional value

Introduction

Antioxidants in foods are important for our health and eating five to seven serves each day of
fresh fruit and vegetables has been show to help protect against heart disease, cancers, and
other disease. Consumed large amount of fresh fruits and vegetables is the best source of
antioxidants. Antioxidant is “any substance that delays, prevents or removes oxidative damage
to a target molecule” (Halliwell et al., 2007) 81, Antioxidants are compound or substances that
prevent deterioration of lipids during processed or in the processed food by scavenging the free
radicals. It increases the oxidative stability of food, control free radicals, control the pro-
oxidants & other oxidative intermediates. Antioxidants are phytochemicals, vitamins and
nutrients that protect our cells from damage caused by free radicals. It is capable of stabilizing
or deactivating, free radicals before they attack cells.

These are termed reactive oxygen species (ROS) and they exhibit two unpaired electrons in
different orbitals at their highest energy level, which makes them susceptible to the formation
of radicals (Pham-Huy et al., 2008) %, ROS is a collective term that describes free radicals
derived from oxygen, such as superoxide anion (Oz¢), hydroxyl radical (HO*), peroxyl radical
(RO3¢) and alkoxy radical (RO¢), as well as hydrogen peroxide, a non-radical species resulting
from oxygen metabolism (H, O,) (Circu et al., 2010) 8],

Antioxidants prevent oxidation of stable compounds by neutralizing free radicals. Antioxidants
significantly delay or inhibit oxidation of oxidizable substrates at low concentration, compared
to the higher contents of lipids and proteins in foods (Halliwell and Gutteridge 2001) [*7]. The
antioxidants are naturally present in foods during processing. Antioxidants may be present in
foods as endogenous factors or may be added to preserve their lipid components from
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quality deterioration. Synthetic antioxidants such as butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
propy! gallate (PG) and tertiary-butylhydroquinone (TBHQ)
are commonly used in food formulations. Food manufacturers
have used food-grade antioxidants to prevent quality
deterioration of products and to maintain their nutritional
value (Shahidi, et al., 1997) B3, Antioxidants are not only in
food additives but are also to be found in food supplements
and levels should be measured, as such, in body tissues and
fluids (Franco et al., 2017) [13],

In the 20th century, antioxidants entered in the widely
emerging food industry as an important means to limit the
degradation of stored foods as a result of oxidation process.
The most widely used antioxidants in foods include butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
propyl gallate (PG) and tertiary-butylhydroquinone (TBHQ).
In 1940’s, the use of synthetic antioxidants in foods and BHA
was found to retard oxidation and the effectiveness of several
alkyl esters of gallic acid was unravelled. Later, in 1954, BHT
was also approved for food use in the USA and TBHQ was
commercialized in 1972 (Barlow et al., 1992) 2,
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The role of antioxidants in foods is to retard or control
oxidation. The process of autoxidation and development of
rancidity in foods involves a free radical chain mechanism via
initiation, propagation and termination steps. While radicals
are produced in the ‘initiation’ step, they react with
unsaturated fatty acids by abstracting a hydrogen atom from a
site which requires the least energy, that is the allylic or
diallylic position in the ‘propagation’ step (Wagner et al.,
1990) 9. The reactions in the propagation step make up a
chain reaction until a ‘termination’ reaction occurs. In
addition to autoxidation, lipid quality deterioration in foods
may occur under photooxidative conditions, oxidation via a
lipoxygenase-assisted process, or oxidation under thermal
conditions as experienced under high temperatures such as
those endured during frying of foods. Many of the products
formed as a result of oxidation of foods, regardless of the
conditions experienced, are similar in nature. Thus, all
oxidation processes should be controlled in order to protect
food lipids from deterioration and off-flavour formation
(Shahidi, 1997) 31,

CHx

il e
IIOx

PG

Mechanism of Antioxidants on action

The possible mechanisms of action of antioxidants were first
explored when it was recognized that substance with anti-
oxidative activity is likely to be the one that itself readily
oxidized. An antioxidant can be defined as: “any substance
that, when present in low concentrations compared to that of
an oxidizable substrate, delays or inhibits the oxidation of that
substrate” (Rosenblat M, et al., 2006) 2. A free radical can
be defined as, “any molecular species capable of independent
existence that contains an unpaired electron in an atomic
orbital and capture electrons from other substances in order to
neutralize themselves” (Halliwell et al.,1999). The existence
of an unpaired electron results in certain common properties
shared by most of the radicals (Anbudhasan et al., 2014) 4,
There are two principal mechanisms of action have been
proposed for antioxidants. The first is a chain-breaking
mechanism by which the primary antioxidants donate
electrons to the free radicals present in the system, example
lipid radicals (Mahantesh SP et al., 2012) 31, Chainbreaking
antioxidants act by scavenging free radicals and donating
hydrogen atoms (Beer D, et al., 2002) ™. The second
mechanism involves removal of ROS and RNS initiator by
quenching chain initiator catalyst (Terefe 2016) [,
Preventative antioxidants are generally metal chelators and
reductants capable of sparing other antioxidants in vivo (Beer
et al., 2002) . These reactive species are capable of causing
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damage to the vital biological molecules such as
deoxyribonucleic acid (DNA), proteins, carbohydrates, and
lipids (Young IS and Woodside JV, 2001) [“11,

Chain Reactions of Free Radicals

The mechanism of chain reactions can be divided into the
three stages: initiation, propagation and termination
(Polumbryk et al., 2013) (281,

On the first stage of oxidation reaction from biological
systems RH are formed radicals R- as a result of abstraction
of a hydrogen atom H- :

Initiation Stage:

1) RH— R+H

2) R"—>R'+02 —» ROO’

3) 2ROOH — ROO'+RO'+H2 O

After initiation, propagation of the free radical chain occurs,
in which molecule of oxygen from environment react with
reactive radical species, resulting in formation of peroxides
and peroxyl radical ROO-. These intermediates may further
propagate free radical reactions.

Propagation Stage

1) R'+02 — ROO’

2) ROO+RH — ROOH+R’
3) RO'+RH — ROH+R’

In the last stages, interaction of two radicals may lead to
formation of non-radical adduct and termination of free
radical chain.

http://www.chemijournal.com

Termination Stage

() R'+R" > R-R

(2) R'+ROO" — ROOR

(3) ROO'+ROO" — ROOR+02

(4) Antioxidants+O2 — Oxidized antioxidants (Ingold KU,
1996) [201

Antioxidants can slow lipid oxidation by inactivating or
scavenging free radicals, thus inhibiting initiation and
propagation reactions (Rosenblat et al., 2006) [, The
antioxidants function by the very simple and effective method
of donating hydrogen atom to free radicals and thus
terminating their life (Hamid et al., 2010) (81,

Various types of antioxidants:

In present time various types of antioxidant found in food viz.
natural  antioxidants, synthetic antioxidants, dietary
antioxidant, endogenous antioxidant which plays important
role in preservation of food.

Natural Antioxidants: Natural antioxidants are those
oxidants that are found in natural sources, such as fruits,
vegetables and meats (Grozea, 2012) [*°l. There are several
common natural antioxidants which are found in everyday
foods, the most common of which being vitamin C (ascorbic
acid), vitamin E (tocopherols), vitamin A (carotenoids),
various polyphenols including flavonoids, anthocyanins,
lycopene (a type of carotenoid), and coenzyme Q10, also
known as Ubiquitin, which is a type of protein (Yadav, et al.,
2016) (491, Natural antioxidants are found in most fresh foods.

Table 1: Sources of some natural antioxidants

Compounds Natural Sources
Ascorbic acid Citrus fruits, green peppers, leafy green vegetables, etc.
Tocopherol Vegetable oils, walnuts, peanuts, almonds, seeds, etc.
B- carotene Mangoes, papaya, pumpkin, peppers, etc.
Anthocyanin Berries, cherries, red onion, red breans, etc.
Lycopene Carrots, pumpkin, grapes, watermelon, etc.
Extracts Extract from green tea, rosemary, sage, clove, oregano, thyme, oat, rice bran, etc.

Synthetic  Antioxidants:  Synthetic  antioxidants are

chemically synthesized since they do not occur in nature and

are added to food as preservatives to help prevent lipid
oxidation (Shahidi et al., 1992) . Some of the synthetic
antioxidants currently permitted for use in foods include

BHT, BHA, propyl gallate (PG) and tertiary

butylhydroquinone (TBHQ).

+ BHA: Butylated hydroxy anisole is a mixture of two
isomers. Referred to as a 'hindered phenol' because of the
proximity of the tertiary butyl group to the hydroxyl
group. This may hinder the effectiveness in vegetable

oils, but increase the ‘carry through' potency for which
BHA is known.

» Propyl Gallate: Three hydroxyl groups make it very
reactive. Lower solubility. Tend to chelate trace minerals
such as iron and form colored complexes. They are heat
labile, especially under alkaline conditions.

+ BHT: Butylated hydroxy toluene is also a 'sterically
hindered" phenol Susceptible to loss through
volatilization in high temperature applications.

- TBHQ: Tertiary-butylated hydroquinone is an extremely
potent antioxidant. It had been used extensively in non
food applications prior to gaining approval in food.

Table 2: Sources of some Synthetic Antioxidants

Compounds Sources
BHA Bakery products, Meat products, Spices, Cereals, Yeast, Vegetable oils, Beverage mixes, Dessert mixes, Nuts, etc
PG Lard, shortening, vegetable oils, cereals, package liners, animal feeds, etc.
BHT Breakfast cereals, baked goods, Potato chips, Veg?table Oils, Snack foods, Butter, Margarine, Frozen seafoods,
Chewing gum base, etc
TBHQ Dry cereals, Edible fats, Pizza toppings Potato chips, Poultry, meat, etc.
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Dietary Antioxidants: The dietary antioxidants such as
ascorbates, tocopherols and carotenoids are well known and
there is a surplus of publications related to their role in health
(Boskou et al., 2005) Bl. The health benefits of fruits and
vegetables are largely due to the antioxidant vitamins
supported by the large number of phytochemicals, some with
greater antioxidant properties (Dimitrios, 2006) 201, Vitamin
C, vitamin E, R-carotene and other carotenoids and
oxycarotenoids, e.g., lycopene and lutein are among the most
widely studied dietary antioxidants.

R-carotene and other carotenoids are also believed to provide
antioxidant protection to lipid-rich tissues. Research suggests
that R-carotene may work synergistically with other vitamins
(Percival 1996) 7. In plants, flavonoids serve as protectors
against a wide variety of environmental stresses while, in
humans, flavonoids appear to function as “biological response
modifiers”. Flavonoids have been demonstrated to have anti-
inflammatory, antiallergenic, anti-viral, anti-aging, and anti-
carcinogenic activity (Yadav et al., 2016) 49,

Endogenous Antioxidants: In addition to dietary
antioxidants, the body relies on several endogenous defense
mechanisms to help protect against free radical-induced cell
damage. The antioxidant enzymes-glutathione peroxidase,
catalase, and superoxide dismutase (SOD)-metabolize
oxidative toxic intermediates and require micronutrient
cofactors such as selenium, iron, copper, zinc, and manganese
for optimum catalytic activity. It has been suggested that an
inadequate dietary intake of these trace minerals may
compromise the effectiveness of these antioxidant defence
mechanisms. (Percival, 1996) [?7]. Glutathione, an important
water-soluble antioxidant, is synthesized from the aminoacids
glycine, glutamate, and cysteine. Glutathione directly
quenches ROS such as lipid peroxides, and also plays a major
role in xenobiotic metabolism (Jacob, 1995) 24,

Lipoic acid, yet another important endogenous antioxidant,
categorized as a “thiol” or “biothiol,” is a sulfur-containing
molecule that is known for its involvement in the reaction that
catalyzes the oxidative decarboxylation of alpha-keto acids,
such as pyruvate and alpha ketoglutarate, in the Krebs cycle
(Yadav et al., 2016) [,

Functions of antioxidants

* Antioxidants such as vit- C & vit- E boost our immune
system.

«  Certain phytochemicals have beneficial effect on heart
diseases.

« Antioxidants lower the level of LDL cholesterol, thus
preventing plaque deposition in the blood vessels.

« Itis beneficial in cancer prevention.

« Antioxidants neutralize substances that can damage the
genetic material by oxidation.

» It reduces the free radicals.

»  Protects cells against premature and abnormal ageing.

» It helps to fight age related molecular degeneration.

http://www.chemijournal.com

Antioxidants components in food

There are many food components with antioxidant properties,
such as a-tocopherol, y-tocopherol, tocotrienol, ascorbic acid,
[-carotene, and other substances like ubiquinol, and phenolic
compounds (Mataix-Verdi et al., 2009) [P4. Therefore,
nutrition plays a very important role in the maintenance of
antioxidant enzymes because some micronutrients such as
selenium, copper, iron, manganese and zinc function as
cofactors or are included as part of their prosthetic groups. If
micronutrient is insufficient, the enzyme defense system can
be impaired (Fang et al., 2002) [*l. Phenolic compounds and
ascorbic acid are the most important natural antioxidants.
Carotenoids, protein-related compounds, Maillard reaction
products, phospholipids, and sterols also show natural
antioxidant activities in foods.

Antioxidants obtained through diet can act in different ways:
first, preventing the excess of free radicals, thus avoiding
oxidative damage to the cell. Secondly, after damage has
occurred, antioxidants can control free radical levels
preventing further damage thereby alleviating some
symptoms caused by oxidative stress (Delgado et al., 2010)
(9]

Polyphenols are a heterogeneous group of molecules
consisting of aromatic rings substituted with a hydroxyl
group. Phenolic compounds are classified in several types
depending on their structure. The most important are:
phenolic acids and flavonoids (mainly found in vegetables),
are found in the surface layers of vegetables, fruits, cereals
and other seeds. Their function is to protect the lower layers
from oxidation (Zavaleta et al., 2005) 421,

These compounds are secondary metabolites produced by
plants and they are part of a defense mechanism against
ultraviolet radiation and aggression by pathogens. The
longterm consumption of plants rich in polyphenols provides
protection against cancer, cardiovascular disease, diabetes,
osteoporosis and neurodegenerative diseases according to
epidemiology studies and meta-analysis. In food, polyphenols
contribute to acidity, astringency, color, flavor, odor and
oxidative stability. There are also substances with estrogenic
activity (phytoestrogens) like isoflavones, lignans and the
stilbene resveratrol, whereas others, like tanins, are able to
bind to metals and proteins, affecting their bioavailability and
leading to some unspecific effects such as antimicrobials or
the prevention of neurodegenerative diseases (Scalbert et al.,
2005) B3I,
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Application of non-conventional techniques in the extraction of antioxidants from some foods

Food and medicinal planis

Hydrosoluble antioxidants: phenolics,
flavanoids, anthocyanins, stilbene, and
lignan etc.

Extraction solvents:
waler, ethanol,
methanol, propanol,

acctonc and their

<

Liposoluble antioxidanis:
B-carotene, lycopene,
zeaxanthin etc.

o-carotene,
lutein and

Extraction solvents:
hcxane, cthyl acctatc,
benrzene, petroleum
ether, methanol, ethanol,

and acelone

TONIRIXS PAISISSE-PUNOSER]() |—
UOHOBIIX3 JUBISISSE SABM-OIOTA |
TOTOBDXA PaIsIsse-ewAzuyg ||
uonoenxa pmbiy pezimssarg ||

UOBILDXS

UONORIIXS PIngJ [eonIIoAdNg [ |
sadreyosp [eormoere aeoa Yy

UONORDXA Pl L@ PAsfg |

uonoenxa amnssaid anesoxpAy ySiy || <

Mulii-tech
nologies
combincd
exiraction

-

o Pulsed ultrasound-assisied extraction

Envyme-based ulirasonic/microwave-assisied extraction
Enzyme-based high hydrostatic pressure extraction
Enzyme-assisted supercritical fluid extraction
Pressurised solvent-free microwave assisted extraction

Ulirosound-assisted supercritical fluid extraction

Fig. 1: The outline of extraction of antioxidants from foods and medicinal plants.

Ultrasound-Assisted Extraction (UAE)

Ultrasound assisted extraction (UAE) has been applied widely
in the last three decades as an efficient extraction method in
the food and pharmaceutical industries (Esclapez et al., 2011)
11, During the ultrasound assisted extraction of bioactive
components from plant materials, the high temperature and
pressure would be destroy the cell walls, to facilitate the
release of bioactive compounds from plant cell walls and
enhance the mass transport. The heat transfer of UAE is from

outside of the plant cell to the inside, which is in the opposite
direction of microwave assisted extraction. Ultrasound
frequency, intensity, temperature, and time can directly affect
both extraction efficiency and yields. In addition, types of
solvent, solvent volume, as well as sample characteristics
such as moisture content of the sample and particle size are
also the important factors for effective extraction (Talmaciu et
al., 2015) 37,
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Microwave-Assisted Extraction (MAE)

Microwave is an electromagnetic radiation. During MAE,
microwave can deliver energy to solvent and plant matrix and
the energy can be absorbed by molecules inside plants,
particularly the polar molecules. The severe thermal, localized
pressures and mechanical stress caused by microwave
significantly change the physical properties of the cell walls
and finally result in rupture of cell walls and release of target
components (Zhang et al., 2011) 431,

Enzyme-Assisted Extraction (EAE)

Enzymes have the properties of high specificity and high
efficiency. Enzyme-assisted extraction (EAE) is a potential
green extraction method because of the mild extraction
conditions and barely any effect on the environment (Cheng
et al., 2015) . The enzymes could degrade the compositions
and destroy the structural integrity of plant cell wall, which
enhance the release of bioactive compounds. Cellulase,
pectinase, hemicellulase and B-glucosidase are extensively
used in the EAE. These enzymes can be obtained from
various materials such as bacteria, fungi, vegetable and fruit
extracts, or animal organs (Liu et al., 2014) 22,

Pressurized Liquid Extraction (PLE)

PLE is based on the use of solvents at elevated temperature
and pressure to extract target components from various
matrices (Mustafa et al., 2011) [?1. By elevating the pressure,
the temperature of solvent under liquid state can be above its
boiling point at normal temperature, which can enhance mass-
transfer rate and promote the solubility of the analytes. The
wide ranges of temperature from room temperature to 200 °C
and pressure from 35 to 200 bar can be applied in PLE. When
the extraction solvent is water, PLE is also called sub-critical
water extraction (SWE). When the water is heated to 200-250
°C in SWE, it can be maintained in liquid state, while the
dielectric constant (g) of water is decreased from 80 to 3025,
which is close to the dielectric constant of some organic
solvents such as ethanol or methanol. The closed dielectric
constants mean the similar polarity of the organic solvent.
Although not viable for every application, the use of SWE can
be regarded as an effective alternative to organic solvents in
some applications. Due to free of organic solvents, SWE is

perceived as the “greenest” of the PLEs (Herrero et al., 2015)
[19]

Supercritical Fluid Extraction (SFE)

Supercritical fluid extraction (SFE) as a sustainable green
technology has been extensively applied since the past
decades. Over the critical pressure and temperature, the
solvent can be transformed into the supercritical state, which
shows liquid-like (solvent power, negligible surface tension)
and gas-like (elevated diffusivity and low viscosity)
properties (Radzali et al., 2014) B4, Even though PLE and
SFE have in common that they conduct under medium-to-
high pressures, SFE operate using solvents at temperatures
and pressures above their critical points, whereas PLE is
based on the use of liquids at temperatures above their normal
boiling points (Talmaciu et al., 2015) B, Compared with
normal liquids, supercritical fluids could enhance transport
properties, which can diffuse easily through solid materials
and therefore obtain faster extraction rates (Silva et al., 2016)
1361, SFE utilizes the outstanding physicochemical properties
of supercritical fluids (SF) to extract targets components from
various matrices. SFE basically contains two major steps:
firstly, the soluble compounds from the plant material are

http://www.chemijournal.com

extracted by the supercritical solvent, then these compounds
are separated from the supercritical solvent by rapidly
reducing the pressure, increasing the temperature, or both
(Pereira et al., 2016) [%81,

Antioxidant Activity Determination

Radical scavenging activity (RSA %) assay:

Free radical scavenging activity (RSA) of the sample was
measured using the method described by El-Hamzy and
Yaseen (2014). An aliquot of the sample solution (40 pl) was
mixed with 2.9 ml of 0.1 mM DPPH in methanol solution,
incubated for 30 min at 25°C in dark; the decrease in the
absorbance at 517 nm was measured. Methanol was used as
blank. Antioxidant activity was expressed as percentage
inhibition of the DPPH radical and was determined by the
following equation:

Scavenging activity (%) =1 — (As/Ao) x 100.

Where: is the Absorbance of sample and is the Absorbance of
control.

Control: 40 pl of methanol mixed with 2.9 ml of DPPH
methanol solution.

The ferric antioxidant
measurement:

Antioxidant activity was measured using the ferric reducing
antioxidant power reported by Benzie and Strain, (1996) [l.
The FRAP assay reduces ferric ion (Fe+3) to ferrous ion
(Fe+2). (Fe+2/TPTZ) forms a blue complex color, which
increases the absorption at 593 nm. The FRAP reagent
contained 2.5 ml of a 10 mmol/l TPTZ (2,4,6-tripyridyl-s-
triazine) solution in 40 mmol/L HCL plus 2.5 ml of 20
mmol/L FeCI3.6H20 and 25 ml of 0.3 mol/L acetate buffer
(pH 3.6) and was freshly prepared and warmed at 37°C prior
to use. Aliquots of 0.1 ml sample solution were mixed with 3
ml FRAP reagent and the absorbance of reaction mixture at
593 nm was measured spectrophotometrically at 593 nm after
incubation at 37 °C for 10 min. A standard calibration curve
was prepared using freshly prepared ammonium ferrous
sulphate (25-1600 pM Fe+3).

reducing power (FRAP)

Uses in technology

Food preservatives:

Antioxidants used as food additives to help guard against food
deterioration. Exposure to oxygen & sunlight are the 2 main
factors in the oxidation of food. Vitamin C and Vitamin E are
natural preservatives.

Synthetic antioxidants such as Propyl gallate, Tertiary butyl
hydro quinone (TBHQ), Butylated hydroxy anisole (BHA),
Butylated hydroxy toluene (BHT). Unsaturated fats are used
by drying, smoking, salting or fermenting.

Industrial uses:

Antioxidants are frequently added to industrial products. The
common uses in industries are stabilizers in fuels & lubricants
to prevent oxidation.

Risk of Antioxidants

Even though there are many benefits to using antioxidants,
too much can also cause harm.

- Increase the risk of mortality

- Increase the risk of cardiovascular disease

- increased risk of hemorrhagic stroke
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Because the body produces its own antioxidants so adding too
many external antioxidants can disrupt the homeostatic

balance your body tries to maintain which

leads to

complications (Coila et al., 2011) [,

Benefits of Antioxidants

1. Reduce the amount of free radicals in our body.

2. Reduce the risk of developing certain diseases such as;
cancer, heart disease, stroke, cataracts, Parkinson's,
Alzheimer's and arthritis (Phillip, 2012) 2,

3. Prevent direct cell damage caused by the chain reaction
that free radicals initiate.

4. Reduce the signs of aging by preventing the oxidation of
skin cells.

5. Itimproves our digestion.

Conclusion

Antioxidant plays an important role to reduce the amount of
free radicals and to prevent cancer, and other disease. They
also have role in slowing ageing process and preventing heart
disease. It derived from food and medicinal plants have been
increasingly investigated for their various nutritional function
and health benefits. It increasing intake of dietary antioxidants
may help to maintain an adequate antioxidant status. So
antioxidants are very much necessary for our body. But our
body can’t manufacture these chemicals, so they must be
supplied through diet.

References

1.

10.

11.

12.

Anbudhasan P, Surendraraj A, Karkuzhali S,
Sathishkumaran P. Natural antioxidants and its benefits.
International Journal of Food and Nutritional Sciences.
2014; 3(6):225-232.

Barlow SM. Food Antioxidants. Journal of Food Science,
1992, 253-307.

Benzie IFF, JJ, Strain. The Ferric Reducing Ability of
Plasma (FRAP) as a Measure of "Antioxidant Power":
The FRAP Assay. Journal of Biochemistry and
Analytical Biochemistry. 1996; 239:70-76.

Beer D, Joubert E, Gelderblom WCA, Manley M.
Phenolic compounds: A review of their possible role as in
vivo antioxidants of wine. South African Journal for
Enology and Viticulture. 2002; 23(2):48-61.

Boskou D, Blekas G, Tsimidou M. Phenolic compounds
in olive and olives. Current Topics in Nutraceutical
Research. 2005; 3(2):125-136.

Cheng X, Bi LW, Zhao ZD, Chen YX. Advances in
enzyme assisted extraction of natural products. Journal of
advance Engineering Research. 2015; 27:371-375.

Coila B. The Effects of Too Much Antioxidants, 2011.
Circu ML, Aw TY. Reactive oxygen species, cellular
redox systems, and apoptosis. Free Radical Biology
Medicine. 2010; 48(6):749-62.

Delgado OL, Betanzos CG, Sumaya MMT. Importancia
de los antioxidantes dietarios en la disminucion del estrés
oxidativo. Investig Cienc. 2010; 50(1):10-5.

Dimitrios B. Sources of natural phenolic antioxidants.
Trends in Food Science & Technology. 2006; 17(9):505-
512.

Esclapez MD, Garcia-Perez JV, Mulet A, Carcel JA.

Ultrasound-assisted extraction of natural products.
Journal of Food Engineering. 2011; 3:108-120.
El-Hamzy EMA, Yaseen AA. A study on

characterization of onion (Allium cepa L.) wastes as
natural food ingredients and their inhibitory effect on

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

~ 2360~

http://www.chemijournal.com

polyphenol oxidase and enzymatic browning of apricot
puree. Journal of Applied Sciences Research. 2014;
10(13):59-71.

Franco R, Martinez-Pinilla E. Chemical rules on the
assessment of antioxidant potential in food and food
additives aimed at reducing oxidative stress and neurode
generation. Food Chemistry, 2017, 318-323.

Fang YZ, Yang S, Wu G. Free radicals, antioxidants, and
nutrition. Journal of Nutrition. 2002; 18(10):872-9.
Grozeac MB. Antioxidant (Antiradical) Compounds.
Journal of Bioequivalence & Bioavailability, 2012.
Halliwell B. Biochemistry of Oxidative
Biochemistry-chemical Society Transactions.
35(5):1147-1150.

Halliwell B, Gutteridge JMC. Free radicals in biology
and medicine, 2001.

Hamid AA, Aiyelaaghe OO, Usman LA, Ameen OM,
Lawal A. Antioxidants: Its  medicinal and
pharmacological applications. African Journal of Pure
and Applied Chemistry. 2010; 49(8):142-151.

Herrero M, del Pilar Sanchez-Camargo A, Cifuentes A,
Ibanez E. Plants, seaweeds, microalgae and food by-
products as natural sources of functional ingredients
obtained using pressurized liquid extraction and
supercritical fluid extraction. TRAC - Trends in
Analytical Chemistry. 2015; 71:26-38.

Ingold KU. Inhibition of the autoxidation of organic
substances in the liquid phase. Chemical Reviews. 1996;
61:563-584.

Jacob RA. The integrated antioxidant system. Journal of
Food and Nutrition Research. 1995; 15(5):755-766.

Liu X, Hu Y, Wei D. Optimization of enzyme-based
ultrasonic/microwave-assisted extraction and evaluation
of antioxidant activity of orcinol glucoside from the
rhizomes of Curculigo orchioides Gaertn. Journal of
Medical Chemistry Research. 2014; 23:2360-2367.
Mahantesh SP, Gangawane AK, Patil CS. Free radicals,
antioxidants, diseases and phytomedicines in human
health: Future prospects. World Research Journal of
Medicinal & Aromatic Plants. 2012; 1:6-10.

Mataix VJ, Ramirez TMC. Estrés Oxidativo. Il.
Antioxidantes y alimentacidn, 2009.

Mustafa A, Turner C. Pressurized liquid extraction as a
green approach in food and herbal plants extraction: A
review. Analytica Chimica Acta. 2011; 703:8-18.
Polumbryk M, Ivanov S, Polumbryk O. Antioxidants in
food systems. Mechanism of action. Ukrainian Journal of
Food Science. 2013; 1(1):15-40.

Percival M. Antioxidants. Clinical Nutrition Insights,
1996.

Pereira P, Cebola MJ, Oliveira MC, Bernardo-Gil MG.
Supercritical fluid extraction vs. conventional extraction
of myrtle leaves and berries: Comparison of antioxidant
activity and identification of bioactive compounds.
Journal of Supercritical Fluids. 2016; 113:1-9.

Phillip J. Diet high in antioxidants slashes heart disease
risk in women, 2012.

Pham HLA, He H, Pham HC. Free Radical, Antioxidants
in Disease and Health. Journal of Biomedical Science.
2008; 4(2):89-96.

Radzali SA, Baharin BS, Othman R, Markom M,
Rahman RA. Co-solvent selection for supercritical fluid
extraction of astaxanthin and other carotenoids from
Penaeus monodon Waste. Journal of Oleo Science. 2014;
63:769-777.

Stress.
2007;


http://www.chemijournal.com/

International Journal of Chemical Studies http://www.chemijournal.com

32. Rosenblat M, Aviram M. Antioxidative properties of
pomegranate: in vitro studies. In: Seeram NP, Schulman
RN, Heber D (eds). Pomegranates: Ancient Roots to
Modern Medicine, 2006, 31-43.

33. Shahidi F. Natural Antioxidants: Chemistry, Health
Effects and Applications, 1997, 1-11.

34. Shahidi F, Wanasundara PK. Phenolic antioxidants.
Critical Reviews in Food Science and Nutrition. 1992;
32(1):67-103.

35. Scalbert A, Johnson IT, Saltmarsh M. Polyphenols:
antioxidants and beyond. American Journal of Clinical
Nutrition. 2005; 8:215S-7.

36. Silva RPFF, Santos TAP, Duarte AC. Supercritical fluid
extraction of bioactive compounds. TRAC - Trends in
Analytical Chemistry. 2016; 76:40-51.

37. Talmaciu Al, Volf I, Popa VI. A comparative analysis of
the “green” techniques supplied for polyphenols
extraction from bio resources. Chemistry and
Biodiversity Journal. 2015; 12:1635-1651.

38. Terefe AA. Extraction and Characterization of
Antioxidant from Orange Peels, 2016.

39. Wagner BA, Buettner GR, Burns CP. Biochemistry.
1990; 33:49-4453.

40. Yadav A, Kumari R, Ashwani M, Srivatva, Prabha.
Antioxidants and its functions in human body. Research
in Environment and Life Science. 2016; 9(11):1328-
1331

41. Young IS, Woodside JV. Antioxidants in health and
diseases. Journal of Clinical Pathology. 2001; 54:176-
186.

42. Zavaleta J, Mufioz AM, Blanco T, Alvarado OC, Loja B.
Capacidad antioxidante y principales acidos fendlicos y
flavonoides de algunos alimentos. Acta Maédica
Sanimartiniana. 2005; 1(1):81-5.

43. Zhang HF, Yang XH, Wang Y. Microwave assisted
extraction of secondary metabolites from plants: Current
status and future directions. Trends in Food Science and
Technology. 2011; 22:672-688.

~ 2361~


http://www.chemijournal.com/

