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Abstract
Antioxidants are gaining tremendous importance in our daily lives. These components intent to neutralize the free radicals
formed in the body which are capable of damaging the body. Natural antioxidants added to foods may have a physiological
impact on human health, particularly because they may reduce the risk of illnesses or they promote the delay of damaging free
radicals effect, like cardiovascular diseases, intestinal cancer or infections symptoms. Synthetic antioxidants are often added to
foods to retard oxidation and extend a helping hand in increasing shelf life. A variety of methods are used for determination of
antioxidant activity. With the technological advances, identification of antioxidants is not a big deal. In the present article the
various methods for antioxidant activity determination and for identification of antioxidants are discussed.
Keywords: antioxidants, free radicals, antioxidant activity, identification, oxidation
1. Introduction
Human body can be regarded as a complex system composed
of natural enzymatic and non-enzymatic antioxidant defenses
that strive to protect the body against damage caused due to
free radicals or reactive oxygen species (ROS) and other
oxidants. Free radicals are found to be major causative factors
for the occurrences of many diseases like cancer and also for
aging. Antioxidants provide protection against the damage
caused by free radicals [1]. Antioxidants are compounds that
are capable of delaying or inhibiting the oxidation processes
which occur under the influence of atmospheric oxygen or
reactive oxygen species. Oxidation process normally occur in
foods as well as in human body and the antioxidants serve as
a defense mechanism against damage caused due to oxidation
process They are used for the stabilization of polymeric
products, of petrochemicals, foodstuffs, cosmetics and
pharmaceuticals.
There is a growing interest of scientists in the concept of
‘synergism’ ie: A combination of antioxidants may be more
effective rather than providing single entities. Antioxidants
may contribute on a greater scale in improving the quality of
life by preventing or postponing the occurrences of diseases.
Due to this contribution incorporation and intake of
antioxidants is considered to be of significance today and thus
they are gaining a lot of importance in the field of healthcare
and food industries [2].
Antioxidant activity can be termed as the ability to inhibit the
process of oxidation. A good number of abstracts and
research articles published, so far, for evaluating antioxidant
activity of various samples of research interest were studied
where 407 methods were come across, which were repeated
from 29 different methods. These were classified as In vitro
and In vivo methods and those are described and discussed
below in this review article. Various methods are used to
investigate the antioxidant property of samples (diets, plant
extracts, commercial antioxidants etc.) [3]. This review article

aims to accumulate commonly used methods that are used to
evaluate the antioxidant property of various samples.
Antioxidant activity should not be concluded based on a
single antioxidant test model. Several In vitro test procedures
are carried out for evaluating antioxidant activities with the
samples of interest. Another factor is that antioxidant test
models vary in different respects. Therefore, it is difficult to
compare fully one method to other one. Researcher has to
critically verify methods of analysis before adopting them for
his/her research purpose. Method for determining
antioxidants should be adopted as per the suitability of
researcher and availability of the materials [3].
2. Antioxidants
The basic concepts regarding antioxidants, free radicals and
oxidative stress are discussed in our article, (Antioxidants:
Extraction and application in food industry) [4]. Antioxidants
are compounds of many different chemical forms, grouped
together as they are capable of compensating the ill effects of
free radicals and oxidation reactions in the food system and
the human body. 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”. Antioxidants were found
attractive by the researchers as they were capable of
inhibiting rancidity in oils and fats. Dietary sources like
fruits, vegetables, tea, etc. are rich in antioxidants [4]. As the
food industry, today is very much concerned with the
incorporation of antioxidants in various food products newer
techniques for the extraction, identification, purification, and
recovery of antioxidants continue to emerge. With the
development of these techniques, antioxidants have found
many applications in the food industry today. The methods of
antioxidant activity determination and identification are
discussed further.
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3. Methods for evaluating total antioxidant activity
Antioxidant activity is a parameter which cannot be estimated
accurately on the basis of a single activity determination
method. Many different methods have been developed for

measuring the antioxidant activity of a sample. Figure 1
shows a flowchart representing the generalized methods to
determine total antioxidant activity.

Fig 1: Methods of evaluating total antioxidant activity

3.1 In vitro and In vivo methods for determining
antioxidant activity
a) In vitro methods: Generally In vitro antioxidant tests
using free radical traps are relatively straightforward to
perform. All the In vitro methods used in the quantification
of total antioxidant activity involve the reactions of the
reactive oxygen species with some reagents and the complex
formed is VIS spectrometrically detected at a different
wavelength in the case of color complex or is measured using
a flour metrical detection [5].
b) In vivo methods: The In vivo action of antioxidants is due
to the inhibition generation of the reactive oxygen species or
by direct scavenging of free radicals [6]. In the case of In vivo
methods, the antioxidants should be absorbed, transported,
distributed and retained properly in the biological fluids, cells
and tissues. The In vivo methods involve testing the
antioxidant administration to animals at a specified dosage
regimen. After a period of time, the animal blood or tissues
are used for the assay. The In vivo antioxidant capacity may
be measured using biological fluids and tissues (erythrocytes,
urine, plasma, cerebrospinal fluids, saliva or tear) from
humans or animals [7]. Some of the commonly used methods
for determining antioxidant activity are listed in Table 1:
Table 1: In vitro and In vivo methods for determining antioxidant
activity
In vitro Methods
In vivo Methods
DPPH scavenging activity
Ferric reducing ability of plasma
H2O2 scavenging activity
GSH estimation
Nitric oxide scavenging assay
GSHPx estimation
TEAC/ABTS
GSt
TRAP
SOD
FRAP
CAT
SOD
GR
ORAC
LPO
Metal chelating activity
LDL

A) In vitro Methods
i) DPPH scavenging activity
The molecule 1, 1-diphenyl-2-picrylhydrazyl (DPPH) is
characterized as a stable free radical by virtue of the
delocalization of the spare electron over the molecule as a
whole, so that the molecule does not dimerize. This
delocalization of electron gives rise to the deep violet color,
characterized by an absorption band in ethanol solution
centered at about 517 nm. When a solution of DPPH is mixed

with that of a substrate (AH) that can donate a hydrogen atom,
then this gives rise to the reduced form with the loss of this
violet color. In order to evaluate the antioxidant potential
through free radical scavenging by the test samples, the
change in optical density of DPPH radicals is monitored.
According to the sample extract (0.2 mL) is diluted with
methanol and 2 mL of DPPH solution (0.5 mM) is added.
After 30 min, the absorbance is measured at 517 nm. The
percentage of the DPPH radical scavenging is calculated
using the equation as given below % inhibition of DPPH.
DPPH radical = [(Abr- Aar/ Abr) x 100]
Where Abr is the absorbance before reaction and Aar is the
absorbance after reaction has taken place [8].
ii) Hydrogen peroxide scavenging (H2O2) assay
Hydrogen peroxide is rapidly decomposed into oxygen and
water and this may produce hydroxyl radicals (OH) that can
initiate lipid peroxidation and cause DNA damage in the
body. The ability of plant extracts to scavenge hydrogen
peroxide can be estimated according to the method of A
solution of hydrogen peroxide (40 mM) is prepared in
phosphate buffer (50 mM pH 7.4). The concentration of
hydrogen peroxide is determined by absorption at 230 nm
using a spectrophotometer. Extract (20–60 microgram/mL)
in distilled water is added to hydrogen peroxide and
absorbance at 230 nm is determined after 10 min against a
blank solution containing phosphate buffer without hydrogen
peroxide. The percentage of hydrogen peroxide scavenging
is calculated as follows:
% scavenged (H2O2) = (Ai-At/Ai) x100
Where Ai is the absorbance of control and at is the
absorbance of test [9].
iii) Nitric oxide scavenging activity
The compound sodium nitroprusside is known to decompose
in aqueous solution at physiological pH (7.2) producing NO.
Under aerobic conditions, NO reacts with oxygen to produce
stable products (nitrate and nitrite), the quantities of which
can be determined using Griess reagent. Two (2) mL of 10
mM sodium nitroprusside dissolved in 0.5 mL phosphate
buffer saline (pH 7.4) is mixed with 0.5 mL of sample at
various concentrations (0.2–0.8 mg/mL). The mixture is then
incubated at 250C. After 150 min of incubation, 0.5 mL of the
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incubated solution is withdrawn and mixed with 0.5 mL of
Griess reagent [(1.0 mL sulfanilic acid reagent (0.33% in
20% glacial acetic acid at room temperature for 5 min with 1
mL of naphthyl ethylenediamine dichloride (0.1% w/v)]. The
mixture is then incubated at room temperature for 30 min and
its absorbance pouring into a cuvette is measured at 546 nm.
The amount of nitric oxide radical inhibition is calculated
following this equation:
% inhibition of NO radical = [(A0 - A1/ A1) x 100]
Where A0 is the absorbance before reaction and A1is the
absorbance after reaction has taken place with Griess reagent
[10]
.
iv) Trolox equivalent antioxidant capacity (TEAC)
method/ABTS radical cation decolorization assay
This method, uses a diode-array spectrophotometer to
measure the loss of color when an antioxidant is added to the
blue–green chromophore ABTS + (2,2-azino-bis(3ethylbenzthiazoline-6-sulfonic acid)). ABTS radical cations
are prepared by adding solid manganese dioxide (80 mg) to a
5 mM aqueous stock solution of ABTS (20 mL using a 75
mM Na/K buffer of pH 7). Trolox (6-hydroxy-2, 5, 7, 8tetramethylchroman-2-carboxylic acid), a water-soluble
analog of vitamin E, can be used as an antioxidant standard.
A standard calibration curve is constructed for Trolox at 0,
50,100, 150, 200, 250, 300, and 35 micromolar
concentrations. Samples are diluted appropriately according
to antioxidant activity in Na/K buffer pH, 7. Diluted samples
are mixed with 200 microliter of ABTS+ radical cation
solution in 96-well plates, and absorbance is read (at 750 nm)
after 5 min in a microplate reader. TEAC values can be
calculated from the Trolox standard curve and expressed as
Trolox equivalents (in mM) [11].
v) Total radical-trapping antioxidant parameter (TRAP)
method
This method is based on the protection provided by
antioxidants on the fluorescence decay of R-phycoerythrin
(R-pE) during a controlled peroxidation reaction. The
fluorescence of R-phycoerythrin is quenched by ABAP (2,
2’-azo–bis (2-amidino-propane) hydrochloride) as a radical
generator. This quenching reaction is measured in the
presence of antioxidants. The antioxidative potential is
evaluated by measuring the decay in decoloration.120
microliter of diluted sample is added to 2.4 mL of phosphate
buffer (pH 7.4), 375 microliter of distilled water, 30
microliter of diluted R-pE and 75 microliter of ABAP; the
reaction kinetics at 380C is recorded for 45 min by a
luminescence spectrometer. TRAP values are calculated from
the length of the lag-phase due to the sample compared with
standard [12].
vi) Ferric reducing-antioxidant power (FRAP) assay
This method measures the ability of antioxidants to reduce
ferric iron. It is based on the reduction of the complex of
ferric iron and 2, 3, 5-triphenyl-1, 3, 4-triaza-2azoniacyclopenta-1, 4-diene chloride (TPTZ) to the ferrous
form at low pH. This reduction is monitored by measuring
the change in absorption at 593 nm, using a diode-array
spectrophotometer. Three milliliter of prepared FRAP
reagent is mixed with 100 microliter of diluted sample; the
absorbance at 593 nm is recorded after a 30 min incubation

at 370C. FRAP values can be obtained by comparing the
absorption change in the test mixture with those obtained
from increasing concentrations of Fe3+ and expressed as mM
of Fe2+ equivalents per kg (solid food) or per L (beverages)
of sample [13].
vii) Superoxide radical scavenging activity (SOD)
The superoxide anion radicals are generated in 3.0 mL of
Tris–HCl buffer (16 mM, pH 8.0), containing 0.5 mL of
nitroblue tetrazolium (NBT) (0.3 mM), 0.5 mL NADH (0.936
mM) solution, 1.0 mL extract and 0.5 mL Tris–HCl buffer
(16 mM, pH 8.0). The reaction is initiated by adding 0.5 mL
phenazine methosulfate (PMS) solution (0.12 mM) to the
mixture, incubated at 250C for 5 min and then the absorbance
is measured at 560 nm against a blank sample [14].
viii) Oxygen radical absorbance capacity (ORAC) method
The test is performed using Trolox (a water-soluble analog of
Vitamin E) as a standard to determine the Trolox Equivalent
(TE). The ORAC value is then calculated from the Trolox
Equivalent and expressed as ORAC units or value and is
proportional to ‘‘Antioxidant Power’’.
This assay is based on generation of free radical using AAPH
(2, 2-azobis 2-amidopropane dihydrochloride) and
measurement of decrease in fluorescence in the presence of
free radical scavengers. In this assay b-phycoerythrin (b-PE)
was used as target free radical damage, AAPH as a peroxy
radical generator and Trolox as a standard control. After
addition of AAPH to the test solution, the fluorescence is
recorded and the antioxidant activity is expressed as Trolox
equivalent [15].The assay can be carried out in 96-well
polypropylene fluorescence plates with a final volume of 200
microliter. Assays are conducted at pH 7.0 with Trolox (6.25,
12.5, 25, and 50 mol/L for lipophilic assays; 12.5, 25, 50 and
100 micromol/L hydrophilic assays) as the standard and 75
mM/L phosphate buffer as the blank. After the addition of
AAPH, the plate is placed immediately in a multilabel
counter preheated to 370C. The plate is shaken in an orbital
manner for 10 s and the fluorescence is read at 1 min intervals
for 35 min at the excitation wavelength of 485 nm and
emission wavelength of 520 nm. Area-under-the-curve is
calculated for each sample using Wallac Workout 1.5
software. Final computation of results is made by taking the
difference of areas-under-the-decay curves between blank
and sample and/or standard (Trolox) and expressing this in
microliter of Trolox equivalents (TE) per g dry weight of
sample (lM TE/g) [16].
ix) Metal chelating activity
Ferrozine can form a complex with a red color by forming
chelates with Fe2+. This reaction is restricted in the presence
of other chelating agents and results in a decrease of the red
color of the ferrozine-Fe2+ complexes. Measurement of the
color reduction determines the chelating activity to compete
with ferrozine for the ferrous ions [17].0.1 mL of the extract is
added to a solution of 0.5 mL ferrous chloride (0.2 mM). The
reaction is started by the addition of 0.2 mL of ferrozine (5
mM) and incubated at room temperature for 10 min and then
the absorbance is measured at 562 nm. EDTA or citric acid
can be used as a positive control [18].
B) In vivo methods
i) Ferric reducing ability of plasma: The antioxidative
activity is estimated by measuring the increase in absorbance
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caused by the formation of ferrous ions from FRAP reagent
containing TPTZ (2, 4, 6-tripyridyl-s-triazine) and
FeCl2.6H2O.
The
absorbance
is
measured
spectrophotometrically at 593 nm. The method involves the
use of blood samples that are collected from the rat retroorbital venous plexus into heparinized glass tubes at 0, 7 and
14 days of treatment. Three mL of freshly prepared and warm
(370C) FRAP reagent [1 mL (10 mM) of 2,4,6 tripyridyl-sthiazine (TPTZ) solution in 40 mM HCl, 1 mL 20 mM
FeCl2.6-H2O, 10 mL of 0.3 M acetate buffer (pH 3.6)] is
mixed with 0.375 mL distilled water and 0.025 mL of test
samples. The absorbance of developed color in organic layer
is measured at 593 nm. The temperature is maintained at
370C. The readings at 180 s are selected for the calculation of
FRAP values [13].
ii) Reduced glutathione (GSH) estimation: GSH is an intracellular reductant and plays major role in catalysis,
metabolism and transport. Deficiency of GSH in the lens
leads to cataract formation. The tissue homogenate (in 0.1 M
phosphate buffer pH 7.4) is taken and added with equal
volume of 20% trichloroacetic acid (TCA) containing 1 mM
EDTA to precipitate the tissue proteins. The mixture is
allowed to stand for 5 min prior to centrifugation for 10 min
at 2000 rpm. The supernatant (200 microliter) is then
transferred to a new set of test tubes and added with 1.8 mL
of the Ellman’s reagent (5,5’-dithiobis-2-nitrobenzoic acid
(0.1 mM)) prepared in 0.3 M phosphate buffer with 1% of
sodium citrate solution). Then all the test tubes are made up
to the volume of 2 mL. After completion of the total reaction,
solutions are measured at 412 nm against blank. Absorbance
values were compared with a standard curve generated from
known GSH [19].
iii) Glutathione peroxidase (GSHPx) estimation: GSHPX
is a seleno-enzyme two third of which (in liver) is present in
the cytosol and one third in the mitochondria. GSHPx is
found throughout the tissues. GSHPx measurement is
considered in particular with patients who are under oxidative
stress for any reason, low activity of this enzyme is one of the
early consequences of a disturbance of the
prooxidant/antioxidant balance [20].Cytosolic GPx is assayed
via a 3-mL cuvette containing 2.0 mL of 75 mM/L phosphate
buffer, pH 7.0. The following solutions are then added: 50
microliter of 60 mM/L glutathione reductase solution (30
U/mL), 50 L of 0.12 M/L NaN3, 0.10 of 0.15 mM/L
Na2EDTA, 100 microliter of 3.0 mM/L NADPH, and 100
microliter of cytosolic fraction obtained after centrifugation
at 20,000 g for 25 min. Water is added to make a total volume
of 2.9 mL. The reaction is started by the addition of 100
microliter of 7.5 mM/L H2O2, and the conversion of NADPH
to NADP is monitored by a continuous recording of the
change of absorbance at 340 nm at 1 min interval for 5 min.
Enzyme activity of GSHPx was expressed in terms of mg of
proteins [21].
iv) Glutathione-S-transferase (GST): Glutathione-Stransferase is thought to play a physiological role in initiating
the detoxication of potential alkylating agents, including
pharmacologically active compounds. The reaction mixture
(1 mL) consisted of 0.1 N potassium phosphate (pH 6.5), 1
mM/L GSt, 1 M/L l-chloro-2, 4-dinitrobenzene as substrate
and a suitable amount of cytosol (6 mg protein/mL). The
reaction mixture is incubated at 370C for 5 min and the

reaction is initiated by the addition of the substrate. The
increase in absorbance at 340 nm was measured
spectrophotometrically [22].
v) Superoxide dismutase (SOD) method: It is estimated in
the erythrocyte lysate prepared from the 5% RBC suspension.
To 50 microliter of the lysate, 75 mM of Tris–HCl buffer (pH
8.2), 30 mM EDTA and 2 mM of pyrogallol are added. An
increase in absorbance is recorded at 420 nm for 3 min by
spectrophotometer. One unit of enzyme activity is 50%
inhibition of the rate of auto oxidation of pyrogallol as
determined by change in absorbance/min at 420 nm. The
activity of SOD is expressed as units/mg protein [23].
vi) Catalase (CAT): Fifty microliter of the lysate is added to
a cuvette containing 2 mL of phosphate buffer (pH 7.0) and
1 mL of 30 mM H2O2. Catalase activity is measured at 240
nm for 1 min using spectrophotometer. The molar extinction
coefficient of H2O2, 43.6 M cm-1 was used to determine the
catalase activity. One unit of activity is equal to 1 mmol of
H2O2 degraded per minute and is expressed as units per
milligram of protein [24].
vii) Glutathione reductase (GR) assay: The ubiquitous
tripeptide glutathione (GSH), which is the most abundant low
molecular weight thiol in almost all cells, is involved in a
wide range of enzymatic reactions. Livers (about 400 g) are
obtained from killed rats (200–250 g).The livers are cut into
small pieces and homogenized in 9 mL of 0.25 M ice-cold
sucrose per g of rat liver in a blender. The homogenate is
centrifuged for 45 min at 14,000 rpm. The pellets are
suspended in a small volume of 0.25 M sucrose and
centrifuged. The supernatants are combined with the previous
centrifugate. The pooled material is adjusted to pH 5.5 with
cold 0.2 M acetic acid and centrifuged again for 45 min at
14,000 rpm. The rate of oxidation of NADPH by GSSG at
300C is used as a standard measure of enzymatic activity. The
reaction system of 1 mL contained: 1.0 mM GSSG,0.1 mM
NADPH, 0.5 mM EDTA, 0.10 M sodium phosphate buffer
(pH 7.6), and a suitable amount of the glutathione reductase
sample to give a change in absorbance of 0.05–0.03/min. The
oxidation of 1 micromolar of NADPH/min under these
conditions is used as a unit of glutathione reductase activity.
The specific activity is expressed as units per mg of protein
[25]
.
viii) Lipid peroxidation (LPO) assay: LPO is an
autocatalytic process, which mainly occurs due to cell death.
Malondialdehyde (MDA) is one of the end products in the
lipid peroxidation process. Malondialdehyde (MDA) is
formed during oxidative degeneration as a product of free
oxygen radicals, which is an indicator of lipid peroxidation.
The tissues are homogenized in 0.1 M buffer pH 7.4 with a
Teflon glass homogenizer. LPO in this homogenate is
determined by measuring the amounts of Malondialdehyde
(MDA) produced primarily. Tissue homogenate (0.2 mL), 0.2
mL of 8.1% sodium dodecyl sulfate (SDS), 1.5 mL of 20%
acetic acid and 1.5 mL of 8% TBA are added. The volume of
the mixture is made up to 4 mL with distilled water and then
heated at 950C on a water bath for 60 min using glass balls as
condenser. After incubation the tubes are cooled to room
temperature and final volume was made to 5 mL in each tube.
Five mL of butanol: pyridine (15:1) mixture is added and the
contents are vortexed thoroughly for 2 min. After
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centrifugation at 3000 rpm for 10 min, the upper organic layer
is taken and its OD is taken at 532 nm against an appropriate
blank without the sample. The levels of lipid peroxides can
be expressed as n moles of thiobarbituric acid reactive
substances (TBARS)/mg protein using an extinction
coefficient of 1.56 x 10 5 ML cm-1[26].
ix) LDL assay: The isolated LDL is washed and dialyzed
against 150 mmol/L NaCl and 1 mmol/L Na2EDTA (pH 7.4)
at 40C. The LDL is then sterilized by filtration (0.45lM), kept
under nitrogen in the dark at 40C. LDL (100 microgram of
protein/mL) is incubated for 10 min at room temperature with
samples. Then, 5 micromole / L of CuSO4 is added, and the
tubes are incubated for 2 h at 370C. Cu2+-induced oxidation
is terminated by the addition of butylated hydroxytoluene
(BHT, 10 micro M). At the end of the incubation, the extent
of LDL oxidation is determined by measuring the generated
amount of lipid peroxides and also by the thiobarbituric acid

reactive substances (TBARS) assay at 532 nm, using
Malondialdehyde (MDA) for the standard curve [27].
3.2 Electrochemical methods
Electrochemical methods are highly active for investigation
of antioxidant compounds, assessment of antioxidant activity
and measurement of electrochemical index. Different types
of electrodes can be used for assay purposes. The devices
may be stationary or flow through, and based on cyclic or
differential pulse voltammetry as well as potentiostatic
analysis. The methods are suitable for food control and
monitoring the levels of antioxidant capacity in other
biological samples and matrices.
A) Voltammetric methods
Voltammetric techniques are considered the most effective
for studying antioxidant properties. Table 2 describes the
Voltammetric methods for determining antioxidant activity.

Table 2: Voltammetric methods for determining antioxidant activity
Method

Cyclic
voltammetry

Differential pulse
voltammetry

Square wave
voltammetry

Amperometric
measurement

Description
Cyclic voltammetry involves three electrodes: the working electrode (e.g., glassy carbon), the reference
electrode (Ag–AgCl), and the auxiliary electrode (platinum wire). The working electrode is subjected
to a constant potential rate of 100 mV/s and records the evolution curve called cyclic voltammogram.
The two parameters of reducing power of a sample are: the peak potential related with individual
compounds, and the anodic current related with the antioxidant concentration. Cyclic voltammetry has
been applied with success in the extraction of antioxidants
It is a selective and sensitive technique, where the potential is changing linearly with the time (potential
linear sweep) superimposed by the potential pulses of the amplitude between 10 and 100 mV for
several milliseconds. Voltage pulse is applied at the end of the drop time; the total time of the drop is
directed electronically by a drop knocker. The difference between the currents applied immediately
before the pulse application and at the end is registered. Dependence of the difference between these
two currents on the applied potential goes through maximum, so it has a peak shape. The position of
the peak on the potential axis is given by the quality of analyte, and its height depends on the
concentration of the analyte.
It uses a potential waveform. The advantage of SWV is that the entire scan can be performed on a
single mercury drop in about 10 seconds. SWV saves time, reduces the amount of mercury used per
scan by a factor of 100. SWV was found to be more sensitive in comparison with differential pulse
voltammetry and has more extend dynamic range and lower limit of detection in comparison with the
linear sweep voltammetry.
The amperometric method is based on measurement of electric current resulting from oxidation
of the substance (or the mixture) being studied on the surface of a working electrode at a certain
voltage potential. The nature of the working electrode as well as the voltage potential applied
determines the sensitivity of the amperometric method. The antioxidant activity may be measured by
using the value of oxidation of such compounds on the working electrode of the amperometric
detector. The signal is registered as differential dynamic curves. Amperometric method used for an
evaluation of antioxidant capacity had the same advantages and disadvantages as the compared
spectrophotometric methods.

B) Biosensors
(SOD) biosensor for the determination of the total and natural
antioxidant capacity of red and white wines. The biosensor
was obtained by coupling a transducer (an amperometric
electrode for hydrogen peroxide, with a platinum anode
maintained at a constant potential of +650 mV with respect
to an Ag/AgCl/Cl− cathode) and the superoxide dismutase
enzyme immobilized in a gel-like kappa-carrageenan
membrane and concluded that antioxidant activity has a
strong correlation with biosensor method [33]. The SOD
biosensor method is a valid method for measuring the
capacity of algae [34].A novel amperometric biosensor was
developed based on immobilizing tyrosinase on the surface
of an Mg–Al–CO3HTLc modified electrode for the detection
of polyphenols [35]. A laccase-based biosensor to evaluate the
antioxidant activity of wine [36].

Reference

28

29,30

31

32

3.3 Chemiluminescent methods
Chemiluminescence (CL) is a fast method for screening
antioxidant activity. A suitable reagent for CL is luminol, due
to its ability to scavenge the free radicals involved in the
sequence leading to an excited electron (3aminophtalatedianion), which emits light on return to its
ground state. CL-detection is advantageous due to its high
sensitivity, simplicity and based on stable and easy-to-handle
reagents. CL-detection is advantageous due to its high
sensitivity in comparison with the spectrophotometric assays
(DPPH), moreover, the luminol-I2detection system is simple
and based on stable and easy-to-handle reagents [37].
3.4 Electron spin resonance
Electron spin resonance (ESR) also called Electron
Paramagnetic Resonance (EPR) spectroscopy. It is the most
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promising technique for detecting and monitoring processes
involving radicals. ESR spectroscopy provides qualitative
and quantitative information about paramagnetic species
having one or more unpaired electrons. Since hydroxyl
radicals (OH) have a very short life-time, spin-trapping
techniques with DMPO (5, 5-dimethyl-1-pyrroline-1-oxide)
are used for its detection [38].This method is the only one that
detects free radicals involved in autoxidation. The ESR
method was applied to measure antioxidant activity of coffee
[39]
, aqueous and aroma extracts of squid miso prepared with
Aspergillus oryzae-inoculated koji [40].
4. Isolation, purification, recovery and fractionation:
4.1 Isolation
It is important to isolate the antioxidants after the extraction
process. Many methods were developed for the isolation of
antioxidants. The conventional methods used for the isolation
of antioxidants were laborious, time consuming, expensive
and if not performed with accuracy led to decomposition of
antioxidants [41]. High-speed counter-current chromatography
(HSCCC) is considered to be a suitable method with high
precision. A low risk of sample denaturation and low cost.
HSCCC is successfully applied for many bioactive
compounds (e.g., phenolics) from natural products [42]. High
performance liquid chromatography (HPLC) proves to be a
good method but it needs high precision, accuracy and
technical skills. It is of low resolution and sensitivity. Other
methods for antioxidant isolation and purification are butanol
fraction
extraction,
Ultrafiltration,
gel
filtration
chromatography and reversed phase HPLC.
4.2 Purification
Macroporous adsorption resins were used in the purification
of bioactive constituents from natural extracts due to their
high efficiency and have higher adsorption. Macroporous
resins (MARs) are durable polar, non-polar or slightly
hydrophilic polymers with high adsorption capacity.
Advantages of MARs are mechanical strength, diverse
structures, good performance, low costs and environmental
friendliness. This method is time-consuming, laborious and
requires large volumes of solvents [43].
4.3 Recovery
The food industry generates huge amounts of by-products

from the processing of foods of plant origin. The disposal of
these by-products is expensive and has a harmful effects on
the environment. Many of these by-products could serve as a
source of potentially valuable bio-active compounds [44].
1. A so called “5-Stages universal recovery processing” for
the recovery of antioxidants from natural sources. These
“5-stages” are: 1. Macroscopic pre-treatment, which
implies: a. wet milling, thermal and/or vacuum
concentration, b. mechanical pressing, freeze drying,
centrifugation and microfiltration
2. Macro
and
micro-molecules
separation–alcohol
precipitation, ultrafiltration, isoelectric solubilization–
precipitation and extrusion
3. Extraction—solvent, acid, alkali, microwave-assisted,
steam diffusion, hydrodystillation, supercritical fluids
4. Isolation and purification—adsorption, chromatography,
nanofiltration and electrodialysis
5. Product formation—spray- and freeze–drying emulsions
[44]
.
4.4 Fractionation
The fractionation steps may enhance antioxidant properties
of phenolic mixtures. One method used for the polyphenol
fractionation involves column chromatography of Sephadex
LH 20 or reversed C18 phase, where the phytochemicals are
fractioned into several fractions according to the phenolic
properties like weight, solubility and polarity. An
ultrafiltration method for the recovery and fractionation of
different phenolic classes from winery sludge. Ultrafiltration
is among the conventional technologies that are utilized prior
or after extraction [45].
5. Identification of antioxidants
Accurate identification of antioxidants in a particular fraction
is essential for the particular application. Many instrumental
techniques have been developed for the identification of
antioxidants. Many researches regarding determination of
antioxidant activity have been carried out till date and one or
more identification techniques have been applied for the
identification of antioxidants. The use of identification
techniques provide accurate information about the presence
of antioxidant compounds in a fraction. Table 2 summarizes
some of the techniques and application for identification of
antioxidants.

Table 3: Techniques and application for identification of antioxidants.
Technique
High Performance Liquid
Chromatography (HPLC)
Thin-layer chromatography (TLC)
Gas chromatography (GC)
Macroporous adsorption resins
combined with ultrafiltration
HSCCC
Mass spectrometry
Liquid Chromatography–Mass
Spectrometry (LC–MS)
Gas Chromatography–Mass
Spectrometry (GC–MS)
Capillary electrophoresis

Application


Analysis of carotenoids and phenolic compounds [46].




TLC has been applied for the detection of lignin in Oriental medicinal plants [47].
Presence of six lignans in Punicagranatum L fruit endocarp, pulp, seeds, wood knots and
commercial juices is reported by the use of this technique [48].
The absorption of flavonoids and phenolic acids on different resins has been studied [49].
Ginger polyphenol adsorption has been studied using an anion exchange resin,
AmberliteIR-400 [50].
HSCCC is used for the separation and isolation of tannins, anthocyanins and flavonoids [51].
Rapid identification of secondary metabolites from antioxidant extracts[52]
LC–MS allows the characterization of complex structures of grape polyphenols, such as
procyanidins, proanthocyanidins, prodelphinidins, and tannins, and provides experimental
evidence for structures that were previously only hypothesized [53].









Used to separate, identify and quantify cis-and trans resveratrol in red wine [54].



Capillary electrophoresis is excellent for the simultaneous separation of 16 phenolic
compounds (e.g.,rutin,myricetin,kaemppferol,quercetin,natitutin, morin,(−)-epicatechin,(+)catechin,cinnamic acid, trans-resveratrol, ferulic acid, vanillic acid, gallic acid, caffeic acid
74

International Journal of Food Science and Nutrition

Nuclear magnetic resonance (NMR)
IR spectrometry




and 3,4-dihydroxybenzoic acid) present in red, white and rosé wines [55].
A prediction of total phenolic content, total anthocyanin content and total antioxidant
capacity of sour cherries by applying multivariate data analysis to NMR data [56].
Infrared spectroscopy has been used to evaluate phenolic changes occurring during the
development of olive fruit [57].

6. References
1. Kinnula VL, Crapo JD. Superoxide dismutases in
malignant cells and human tumors. Free Radic. Biol.
Med. 2004; 36:718-744.
2. Watanabe A, Noguchi N, Fujisawa A, Kodama T,
Tamura K, Cynshi O, et al. Stability and reactivity of
aryloxyl radicals derived from a novel antioxidant BO653and related compounds. Effects of substituent and
side chain in solution and membranes. Journal of the
American Chemical Society. 2000; 122(23):5438-5442.
3. Badarinath AV, Rao KM, Chetty CMS, Ramkanth V,
Rajan TVS, Gnanaprakash K. A review on In vitro
antioxidant methods: comparisons, correlations and
considerations. Int. J.PharmTech Res. 2010; 2(2):12761285.
4. Sahurkar MR, Karadbhajne SV. Antioxidants:
Extraction and application in food industry. Int. J. Food
Science and Nutrition. 2018; 3(6):272-281.
5. Molyneux P. The use of the stable free radical
diphenylpicrylhydrazyl
(DPPH)
for
estimating
antioxidant activity. Songklanakarin Journal of Science
and Technology. 2004; 26(2):211-219.
6. Aruoma OI. Methodological considerations for
characterizing potential antioxidant actions of bioactive
components in plant foods. Mutation Research,
Fundamental and Molecular Mechanisms of
Mutagenesis. 2003; 523:9-20.
7. Liu EH, Zhao P, Duan L, Zheng GD, Guo L, Yang H, et
al. Simultaneous determination of six bioactive
flavonoids in Citri Reticulatae Pericarpium by rapid
resolution liquid chromatography coupled with triple
quadrupole electrospray tandemmass spectrometry.
Food Chemistry. 2013b; 141(4):3977-3983.
8. Manzocco L, Anese M, Nicoli MC. Antioxidant
properties of tea extracts as affected by processing.
Lebens-mittel-Wissenschaft Und-Technologies. 1998;
31(7-8):694-698.
9. Ruch RJ, Cheng SJ, Klaunig JE. Prevention of
cytotoxicity
and
inhibition
of
intercellular
communication by antioxidant catechins isolated from
Chinese green tea. Carcinogen. 1989; 10:1003-1008.
10. Marcocci I, Marguire JJ, Droy-lefaiz MT, Packer L. The
nitric oxide scavenging properties of Ginkgo biloba
extract. Biochem. Biophys. Res. Commun. 1994; 201:
748-755.
11. Seeram NP, Henning SM, Lee R, Niu Y, Scheuller HS,
Heber D. Catechin and caffeine contents of green tea
dietary supplements and correlation with antioxidant
activity. J. Agric. Food Chem. 2006; 54:1599-1603.
12. Ghiselli A, Serafini M, Maiani G, Azzini E, Ferro-Luzzi
A. A fluorescence-based method for measuring total
plasma antioxidant capability. Free Radic. Biol. Med.
1995; 18:29-36.
13. Benzie IFF, Strain JJ. Ferric reducing antioxidant power
assay: direct measure of total antioxidant activity of
biological fluids and modified version for simultaneous
measurement of total antioxidant power and ascorbic
acid concentration. Methods Enzymol. 1999; 299:15-27.

14. Robak J, Gryglewski RJ. Flavonoids are scavengers of
superoxide anions. Biochem. Pharmacol. 1988; 37:837841.
15. Cao G, Alessio HM, Culter RG. Oxygen radical
absorbance capacity assay for antioxidant free radicals.
Biol. Med. 1993; 14:303-311.
16. Prior RL, Hoang H, Gu L. Assays for hydrophilic and
lipophilic antioxidant capacity (oxygen radical
absorbance capacity (ORAC (FL)) of plasma and other
biological and food samples. J. Agric. Food Chem. 2003;
51:3273-3279.
17. Soler-Rivas C, Espin JC, Wichers HJ. An easy and fast
test to compare total free radical scavenger capacity of
foodstuffs. Phytochem. Anal. 2000; 11:330-338.
18. Dinis TCP, Madeira VMC, Almeida LM. Action of
phenolic derivatives (acetaminophen, salicylate and 5aminosalicylate) as inhibitors of membrane lipid
peroxidation and as peroxy radical scavengers. Arch.
Biochem. Biophy. 1994; 315:161-169.
19. Ellman GL. Tissue sulfhydryl groups. Arch. Biochem.
Biophys. 1959; 82:70-77.
20. Paglia DE, Valentin WN. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione
peroxidase. J Lab. Clin. Med. l967; 70:158-169.
21. Wood JL. In: Fishman, W.H. (Ed.). In: Metabolic
Conjugation and Metabolic Hydrolysis. Academic Press,
New York. 1970; 2:61-299.
22. Jocelyn PC. Biochemistry of the SH Group. Academic
Press, London. 1972; pp. 10.
23. McCord J, Fridovich I. Superoxide dismutase, an
enzymic function for erythrocuprin. J Biol. Chem. 1969;
244:6049-6055.
24. Aebi H, Catalase. Methods Enzymol. 1984; 105:121126.
25. Kakkar P, Das B, Viswanathan PN. A modified
spectrophotometric assay of superoxide dismutase. Ind.
J Biochem.Biophys. 1984; 21:131-132.
26. Okhawa H, Onishi N, Yagi K. Assay for lipid
peroxidation in animal tissue by thiobarbituric acid
reaction. Anal. Biochem. 1979; 95:351-358.
27. Buege JA, Aust SD. Microsomal lipid peroxidation.
Methods Enzymol. 1978; 52:302-310.
28. Cadenas E, Parker L. Handbook of antioxidants-Second
edition revised and expanded. Marcel Dekker Inc, 2001.
29. Dospivova D, Smerkova K, Ryvolova M, Hynek D,
Adam V, Kopel P, et al. Int. J Electrochem. Sci. 2012;
7:3072.
30. Hynek D, Prasek J, Pikula J, Adam V, Hajkova P,
Krejcova L, et al. International Journal of
Electrochemical Science. 2011; 6:5980.
31. O'Connor JJ, Lowry JP, European Journal of
Pharmacology. 2012; 68660.
32. Yashin YI, Nemzer BV, Ryzhnev VY, Yashin AY,
Chernousova NI, Fedina PA. Molecules. 2010; 15:7450.
33. Campanella L, Bonanni A, Finotti E, Tomassetti M.
Biosensors for determination of total and natural
antioxidant capacity of red and white wines: comparison
with other spectrophotometric and flourometrical
75

International Journal of Food Science and Nutrition

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

methods. Biosensors and Bioelectronics. 2004;
19(7):641-651.
Campanella L, Martini E, Tomassetti M. Antioxidant
capacity of the algae using a biosensor method. Talanta.
2005; 66(4):902-911.
Han R, Cui L, Ai S, Yin H, Liu X, Qiu Y. Amperometric
biosensor based on tyrosinase immobilized in
hydrotalcite-like compounds film for the determination
of polyphenols. Journal of Solid State Electrochemistry.
2012; 16(2):449-456.
Gil DM, Rebelo MJ. Evaluating the antioxidant capacity
of wines: A laccase based biosensor approach. European
Food Research and Technology. 2010; 231(2):303-308.
Barni F, Lewis SW, Berti A, Miskelly GM, Lago G.
Forensic application of the luminol reaction as a
presumptive test for latent blood detection. 2007;
72(3):896-913.
Elia P, Azoulay A, Zeiri Y. On the efficiency of water
soluble antioxidants. Ultrasonics Sonochemistry. 2012;
19(2):314-324.
Ludwig IA, Sanchez L, Caemmerer B, Kroh LW, De
Peña MP, Cid C. Extraction of coffee antioxidants:
Impact of brewing time and method. Food Research
International. 2012; 48(1):57-64.
Giri A, Osako K, Okamoto A, Ohshima T. Olfactometric
characterization of aroma active compounds in
fermented fish paste in comparison with fish sauce,
fermented soy paste and sauce products. Food Research
International. 2010; 43(4):1027-1040.
Dai X, Huang Q, Zhou B, Gong Z, Liu Z, Shi S.
Preparative isolation and purification of seven main
antioxidants from Eucommia ulmoides Oliv. (Du-zhong)
leaves using HSCCC guided by DPPH–HPLC
experiment. Food Chemistry. 2013; 139:563-570.
Ma FY, Luo M, Zhao CJ, Li CY, Wang W, Gu CB, et al.
Simple and efficient preparation of biochanin A and
genistein from Dalbergia odoriferaT. Chen leaves using
macroporous resin followed by flash chromatography.
Separation and Purification Technology. 2013; 120:310318.
Wijngaard H, Hossain MB, Rai DK, Brunton N.
Techniques to extract bioactive compounds from food
by-products of plant origin. Food Research International.
2012; 46(2):505-513.
Galanakis CM. Recovery of high added-value
components from food wastes: conventional, emerging
technologies and commercialized applications. Trends in
Food Science & Technology. 2012; 26(2):68-87.
Iacopini P, Baldi M, Storchi P, Sebastiani L. Catechin,
epicatechin, quercetin, rutin and resveratrol in red grape:
Content, In vitro antioxidant activity and interactions.
Journal of Food Composition and Analysis. 2008;
21(8):589-598.
Luthria DL. Optimization of extraction of phenolic acids
from a vegetable waste product using a pressurized
liquid extractor. Journal of Functional Foods. 2012;
4(4):842-850.
Slanina J, Glatz Z. Separation procedures applicable to
lignan analysis. Journal of Chromatography. 2004;
812(1):215-229.
Bonzanini F, Bruni R, Palla G, Serlataite N, Caligiani A.
Identification and distribution of lignans in
Punicagranatum fruit endocarp, pulp, seeds, wood knots
and commercial juices by GC–MS. Food Chemistry.

2009; 117(4):745-749.
49. Escriche I, Kadar M, Juan-Borrás M, Domenech E.
Suitability of antioxidant capacity, flavonoids and
phenolic acids for floral authentication of honey. Impact
of industrial thermal treatment. Food chemistry. 2014;
142:35-143.
50. Datta C, Dutta A, Dutta D, Chaudhuri S. Adsorption of
polyphenols from ginger rhizomes on an anion exchange
resin Amberlite IR-400—Study on effect of pH and
temperature. Procedia Food Science. 2011; 1:893-899.
51. Liu D, Su Z, Wang C, Gu M, Xing S. Separation and
purification of hydrolyzable tannin from Geranium
wilfordii Maxim by reversed‐phase and normal‐phase
high‐speed counter‐current chromatography. Journal of
Separation Science. 2010; 33(15):2266-2271.
52. Kenny O, Smyth TJ, Hewage CM, Brunton N.
Antioxidant properties and quantitative UPLC-MS
analysis of phenolic compounds from extracts of
fenugreek (Trigonella foenum-graecum) seeds and bitter
melon (Momordica charantia) fruit. Food Chemistry.
2013; 141(4):4295-4302.
53. Flamini R. Mass spectrometry in grape and wine
chemistry. Part I: Polyphenols. Mass Spectrometry
Reviews. 2003; 22:218-250.
54. Cai L, Koziel JA, Dharmadhikari M, Van Leeuwen JH.
Rapid determination of trans-resveratrol in red wine by
solid-phase micro extraction with on-fiber derivatization
and multidimensional gas chromatography–mass
spectrometry. Journal of Chromatography A. 2009;
1216(2):281-287.
55. Ballus CA, Meinhart AD, De Oliveira RG, Godoy HT.
Optimization of capillary zone electrophoresis
separation and on-line preconcentration of 16 phenolic
compounds from wines produced in South America.
Food Research International. 2012; 45(1):136-144.
56. Khoo GM, Clausen MR, Pedersen BH, Larsen E.
Bioactivity of sour cherry cultivars grown in Denmark.
Phytotherapy Research. 2012; 26(9):1348-1351.
57. Lopez-Sánchez M, Ayora-Cañada MJ, Molina-Diaz A.
Olive fruit growth and ripening as seen by vibrational
spectroscopy. Journal of Agricultural and Food
Chemistry. 2009; 58:82-87.

76

