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Abstract α, α-diphenyl-β-picrylhydrazyl (DPPH) free
radical scavenging method offers the first approach for
evaluating the antioxidant potential of a compound, an
extract or other biological sources. This is the simplest
method, wherein the prospective compound or extract is
mixed with DPPH solution and absorbance is recorded after
a defined period. However, with the advancement and
sophistication in instrumental techniques, the method has
undergone various modifications to suit the requirements,
even though the basic approach remains same in all of
them. This article presents a critical review on various
developments to the DPPH method.
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Free radicals are inevitably produced in biological systems and
also encountered exogenously, and are known to cause various
degenerative disorders, like mutagenesis, carcinogenesis,
cardiovascular disturbances and ageing (Singh and Singh
2008). Antioxidants are the compounds, which combat the
free radicals by intervening at any one of the three major
steps of the free radical mediated oxidative process, viz.,
initiation, propagation and termination (Cui et al. 2004).
These antioxidants are also produced by biological system
and occur naturally in many foods and the balance between
oxidants and antioxidants decides the health and vigor
(Halliwell 1996).

Methods for antioxidant activity determination

Thus it is important to know the antioxidant content and
their efficacy in foods, for preservation or protection against
oxidative damage, to avoid deleterious changes and loss of
commercial and nutritional value (Halliwell 1997). This
necessitates the development of a rapid method for
determining the potential antioxidant capacity in various
foods.

DPPH assay

This method was developed by Blois (1958) with the
viewpoint to determine the antioxidant activity in a like
manner by using a stable free radical α, α-diphenyl-β-
picrylhydrazyl (DPPH; C18H12N5O6, M=394.33). The
assay is based on the measurement of the scavenging
capacity of antioxidants towards it. The odd electron of
nitrogen atom in DPPH is reduced by receiving a hydrogen
atom from antioxidants to the corresponding hydrazine
(Contreras-Guzman and Srong 1982).

DPPH is characterized as a stable free radical by virtue
of the delocalisation of the spare electron over the molecule
as a whole (Fig. 1), so that the molecules do not dimerise,
like most other free radicals. The delocalisation also gives
rise to the deep violet colour, with an absorption in ethanol
solution at around 520 nm. On mixing DPPH solution with
a substance that can donate a hydrogen atom, it gives rise to
the reduced form with the loss of violet colour. Represent-
ing the DPPH radical by Z• and the donor molecule by AH,
the primary reaction is

Z
» þ AH ¼ ZHþA

» ð1Þ
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Where ZH is the reduced form and A• is free radical
produced in the first step. The latter radical will then
undergo further reactions which control the overall stoichi-
ometry The reaction (1) is therefore intended to provide the
link with the reactions taking place in an oxidising system,
such as the autoxidation of a lipid or other unsaturated
substance; the DPPH molecule Z• is thus intended to
represent the free radicals formed in the system whose
activity is to be suppressed by the substance AH.

While DPPH can accept an electron or hydrogen radical
to become a stable, diamagnetic molecule, it can be
oxidized only with difficulty, and then irreversibly. DPPH
shows a strong absorption band at 517 nm due to its odd
electron and solution appears a deep violet colour, the
absorption vanishes as the electron pairs off. The resulting
decolorization is stoichiometric with respect to the number
of electrons taken up. The alcoholic solutions of 0.5 mM
are densely colored and at this concentration, the Lambert-
Beer law is obeyed over the useful range of absorption
(Blois 1958).

It is a rapid, simple, inexpensive and widely used
method to measure the ability of compounds to act as free
radical scavengers or hydrogen donors, and to evaluate
antioxidant activity of foods. It can also be used to quantify
antioxidants in complex biological systems, for solid or
liquid samples. This method is easy and applies to measure
the overall antioxidant capacity (Prakash 2001) and the free
radical scavenging activity of fruit and vegetable juices
(Sendra et al. 2006). This assay has been successfully utilized
for investigating antioxidant properties of wheat grain and
bran, vegetables, conjugated linoleic acids, herbs, edible
seed oils, and flours in several different solvent systems
including ethanol, aqueous acetone, methanol, aqueous
alcohol and benzene (Yu 2001; Parry et al. 2005). It is a
convenient method for the antioxidant assay of cysteine,
glutathione, ascorbic acid, tocopherol and polyhydroxy
aromatic compounds (Masahiro et al. 2005), for olive oil,
fruits, juices and wines (Sanchez-Moreno 2002).

The method is unique in carrying out the reaction of the
sample with DPPH in methanol/water, which facilitates the
extraction of antioxidant compounds from the sample.
Determination of antioxidant activity of various types of

foods using DPPH is comparable to other methods. Antiox-
idant analysis by other methods may be limited to those
compounds soluble in the selected solvents. The advantage of
this method is that DPPH is allowed to react with the whole
sample and sufficient time given in the method allows DPPH
to react slowly even with weak antioxidants (Prakash 2001).
DPPH method may be utilized in aqueous and nonpolar
organic solvents and can be used to examine both
hydrophilic and lipophilic antioxidants (Prior et al. 2005).

DPPH assay is considered a valid accurate, easy and
economic method to evaluate radical scavenging activity of
antioxidants, since the radical compound is stable and need
not be generated. Sanchez-Moreno et al. (1998, 1999a, b)
proposed a new methodology for the evaluation of
antiradical efficiency towards DPPH, which is advanta-
geous over other methods. It considers not only the
antioxidant concentration but also the reaction time of
scavenging reaction to reach the plateau. The results are
highly reproducible and comparable to other free radical
scavenging methods Gil et al. 2000). The antioxidant
efficiency is measured at ambient temperature so that the
risk of thermal degradation of the molecules tested is
eliminated (Bondet et al. 1997). In optothermal window
mode, the method can also be utilized for the evaluation of
antioxidant efficiency of the compounds, which form
opaque solution. It can also be used for online monitoring
of changes in food containing natural antioxidants.

This method is limited because DPPH radical interacts
with other radicals and the time response curve to reach the
steady state is not linear with different ratios of antioxidant/
DPPH (Brand-Williams et al. 1995; Sanchez-Moreno et al.
1998). DPPH is sensitive to some Lewis bases and solvent
types as well as oxygen (Ancerewicz et al. 1998). DPPH
can only be soluble in organic solvent and the interference
of absorbance from the sample compounds could be a
problem for the quantitative analysis (Arnao 2000). The
absorbance of DPPH in methanol and acetone decreases
under light (Min 1998). DPPH method has limitations in
reflecting the partitioning of antioxidants in the emulsion
systems and is not useful for measuring the antioxidant
activity of plasma, because proteins are precipitated in the
alcoholic reaction medium.

Fig. 1 DPPH radical and
its stable form
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Original method

The DPPH method was introduced by Marsden Blois
(1958), using cysteine as model antioxidant. Representing
the DPPH radical by Z• and the cysteine molecule by RSH,
the initial reaction is

Z � þRSH ¼ ZHþ RS� ð2Þ

The free radical RS• reacts with another molecule, produced
by a parallel reaction to (2)

RS � þRS � ¼ RS� SR ð3Þ

This leads to the observed reduction of twomolecules of DPPH
by two molecules of cysteine, that is, a 1:1 stoichiometry.
However, if the molecule has two adjacent internally connected
sites for hydrogen abstraction (eg., ascorbic acid), then there
may be a further hydrogen abstraction reaction after the first
one:

Z� þ R�C
j

HO

¼ C
j

OH

�R0 ! ZHþ R�C
j

HO

¼ C
j
O�

�R0 ð4Þ

Z� þ R�C
j

HO

¼ C
j
O�

�R0 ! ZHþ R�C
jj
O

¼ C
jj
O

�R0 ð5Þ

This leads to a 2:1 stoichiometry for DPPH and ascorbic
acid. Similar pattern is shown with hydroquinone (1,4-
dihydoxybenzene) forming quinine (1,4-benzoquinone) by a
similar two-step mechanism. Other compounds actively
participating in this reaction are glutathione, aromatic amines,
α-tocopherol and polyhydroxy aromatic compounds. Inorganic
ions in lower valence states (particularly Fe+2) may interfere in
this reaction (Blois 1958).

The modified method introduced of Brand-Williams et al.
(1995) has been extensively used (Gomez-Alonso et al. 2003;
Yepez et al. 2002). This suggested the oversimplification of
the interpretation by Blois (1958) and that because of the
complexity of the reactions that follow the Eq. 1, the overall
stoichiometry need not necessarily be a whole integer
(Molyneux 2004). Furthermore, the initial step Eq. 1 may
be reversible, as can be demonstrated by adding the reduced
form ZH at the end of the reaction (Bondet et al. 1997).

Brand-Williams et al. (1995) and Bondet et al. (1997) used
the term “EC50 (efficient concentration) for the interpretation
of the results from DPPH method. This is defined as the
concentration of substrate that causes 50% reduction in the
DPPH colour. This parameter was subsequently used by
several groups for presenting their results (Kim et al. 2002;
Lebeau et al. 2000; Lu and Foo 2000). However, the
parameter has the drawback that higher the antioxidant
activity, lower is the value of EC50. Molyneux (2004)

suggested that presentation of the results of antioxidant
efficiency should involve the use of ascorbic acid as the
standard due to doubts concerning the direct determination of
DPPH obtained from calibration curve (Leitao et al. 2002).

This is a disadvantage particularly when results are
presented graphically as a bar chart even if the same data
are available in numerical form (Sanchez-Moreno et al.
1998). Brand-Williams et al. (1995) used the term ‘anti-
radical power’ (ARP) which is the inverse of EC50; hence,
larger the ARP, the more efficient is the antioxidant.
Sanchez-Moreno et al. (1998) introduced the term “anti-
radical efficacy” (AE), to describe the DPPH scavenging
capacity, with higher AE value indicates higher antioxidant
activity.

Recommended methods of measurement and interpretation

The common practice of using smaller volumes than as
described reduces the accuracy of the relative volumes. The
use of cheap plastic “disposable” cuvettes, which are not
attacked by methanol or ethanol, are commonly used for the
assay (Bondet et al. 1997). The method works equally well
with methanol or ethanol. However, the use of other solvent
systems, such as almost neat extracts in water or acetone,
seems to give low values for the extent of reduction (Guo et
al. 2001). The system should be maintained at a pH in the
range 5.0 to 6.5 however; there is great uncertainty in the
meaning of pH values for methanol or ethanol used as a
media (Blois 1958).

The initial DPPH concentration should give absorbance
values less than 1.0 (50 to 100 μM). The stock solution of
DPPH slowly deteriorates; thus an automatic burette with a
nitrogen atmosphere could be a choice to minimize the loss
of free radical activity (Blois 1958).

For substrates of known molar mass, working in terms of
molar units completely obscures the interpretation of the
data on a molecular basis; it is more appropriate to use the
relative molar mass for DPPH (Sanchez-Moreno et al.
1998). Use of only a single mass-in-volume concentration
does not help to elucidate the structural basis of antioxidant
activity, since it provides only two points on the titration
curve (Yepez et al. 2002). Working in terms of numbers of
free radicals necessitates the use of the Avogadro number to
bring the values on to a mole basis (Schwarz et al. 2001).
However, in case of complex mixtures such as plant
extracts, the results should be expressed as DPPH equiv-
alents per gram of material. Suitable standards, like
ascorbic acid and α-tocopherol could also be used to check
the correctness of the procedures (Kim et al. 2002; Lu and
Foo 2000; Guo et al. 2001).

The 1max, used for the absorbance measurements are
515 nm (Gomez-Alonso et al. 2003; Lebeau et al. 2000),
516 nm (Schwarz et al. 2001), 517 nm (Lu and Foo 2000;
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Zhu et al. 2002), 518 nm (Leitao et al. 2002) and 520 nm
(Kim et al. 2002). A reaction time of 30 min was followed
by Kim et al. (2002). However, shorter reaction time of 5
and 10 min has also been reported (Lebeau et al. 2000;
Schwarz et al. 2001). As the rate of reaction varies widely
among substrates (Bondet et al. 1997), the best practice is
to follow the reaction till completion (“plateau”, Fig. 2)
(Yepez et al. 2002; Lu and Foo 2000).

The simplest approach in interpreting the data is to plot
absorbance against substrate concentration, extending the
concentration range beyond the end-point to define the
subsequent section of the plot so that the intersection point
may be defined most accurately (Fig. 2); this would allow
for any residual colour from the reduced DPPH, as well as
any inherent absorbance from the substrate itself at the
working wavelength. Alternatively, the commonly used
method is to work in terms of the percentage reduction of
the DPPH, Q (also referred as “inhibition” or “quenching”).
The value of molar extinction coefficient for DPPH (in
methanol or ethanol at 515 nm) is given as 1.09×104 (27),
1.16×104 (16) and 1.25×104 (Kim et al. 2002).

Prakash (2001) proposed the quantity of sample necessary
to react with 50% DPPH to be expressed in terms of the
relative amount of Trolox reacted. Antioxidants in food may
be water soluble, fat soluble, insoluble being bound to cell
walls and hence may not be free to react with DPPH, hence
they react at different rates and follow differing kinetics, and
the reaction will often not reach completion in a reasonable
assay time. Therefore, the sample size that can lower the
initial absorbance of DPPH solution by 50% has been

chosen as the endpoint for measuring the antioxidant activity.
This change is compared with the change induced by Trolox
and the antioxidant activity of the sample is expressed in
micromoles of Trolox equivalents TE (Molyneux 2004).

Ozcelik et al. (2003) showed that the absorbance of DPPH
at 517 nm in methanol and acetone decreased by 20 and
35% for 120 min at 25 °C under light, respectively; however,
it did not change significantly for 150 min in the dark. The
absorbance of DPPH in pH 4.0 buffer solution in methanol,
and in pH 10 buffer solution in acetone, decreased by 55 and
80%, respectively, under light for 120 min. The evaluation of
antioxidant activity by the changes of DPPH absorbance
should be carefully interpreted since the absorbance of
DPPH at 517 nm is decreased by light, oxygen, pH, and type
of solvent in addition to the antioxidant

Developments in DPPH method

The original DPPH method Blois 1958) has undergone
developments and improvements (Bondet et al. 1997;
Brand-Williams et al. 1995) related to operating conditions
in order to adapt the DPPH• method to each kinetic case.
Electrochemical methods for the determination of antioxi-
dant activity based on the application of biosensors (Ruiz et
al. 1996) to measure antioxidant properties of tert-butylhy-
droxyanisole and the cyclic voltammetry (Chevion et al.
1997) to study the efficiency of some low molecular weight
antioxidants are reported. DPPH method has been used to
evaluate the antioxidant ability of phenol compounds
(Sanchez-Moreno et al. 1998). Sung-Kun et al. (2004)
developed a continuous spectrophotometric assay for the
reduction of DPPH by NADPH-cytochrome P450 reductase
(CPR) in mixed ethanol–water solution.

Uric acid reaction with micelle-incorporated DPPH was
explained by Abuin et al. (2002), while Bandoniene et al.
(2002) detected the activity of radical scavenging compounds
in mixed methanol–water solution using DPPH and HPLC–
DPPH method. Ionita et al. (2000) used water-soluble derivate
of DPPH for the study of oxidation kinetics of amino acid.

Buijnster et al. (2001) evaluated the antioxidant activity of
some antioxidants using both DPPH colorimetry and
optothermal window (OW) detection at 514 nm. The OW-
DPPH approach for assessing antioxidant activity is based
on a direct proportionality between magnitude of OW signal
and the optical absorbance. The aliquots of antioxidant were
added to the methanolic solution of DPPH. An aliquot of
mixture was pipetted directly on the OW and the magnitude
of OW signal was online monitored until the steady state is
reached. The OW signal (and the absorbance) of the solution
decreases depending upon the intrinsic antioxidant activity
of antioxidant as well as on the speed of the reaction
between DPPH and the antioxidant.

Fig. 2 Idealised plots of absorbance A (left hand scale and filled
circles), and percentage reduction Q (right hand scale and open
squares), vs. amount of reductant added, for the constant-volume
colorimetric titration of DPPH with cysteine hydrochloride(5)
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The antioxidant activity is calculated by determining the
decrease in the absorbance at different concentration by
using the equation.

%Antioxidant activity ¼ E radicalð Þ � E standardð Þ=E radicalð Þ
� �

;

where E is the extinction coefficient of DPPH.

a. Inclusion of automation
Several automation in the original DPPH assay,

based on flow injection analysis (FIA) (Ukeda et al.
2002; Ukeda 2004), sequential injection analysis (SIA)
(Polasek et al. 2004) and HPLC-FIA (Yamaguchi et al.
1998) have been implemented in recent years. These
methods were applied for screening and evaluation of
scavenging capacity of several pure compounds and
complex matrices, such as plant extracts and beverages.

In HPLC-FIA method, the separated analytes react
postcolumn with DPPH• (Koleva et al. 2000) and the
induced scavenging is detected as a negative peak.
These methods have an advantage over batch methods,
as bioassay-guided fractionation of natural or food
samples is a time consuming and labour-intensive
process and the loss of activity of antioxidants due to
decomposition during the isolation and purification
procedures is avoided (Luıs et al. 2006).

Novel computer controlled techniques, namely
multi-syringe flow injection analysis (MSFIA, Fig. 3)
for automatic flow analysis was reported by Cerda et al.
(1999)) to combine the multi-channel operation of FIA
and the flexibility of multi-commutation flow systems

(Rocha et al. 2002). MSFIA was developed for the
determination of total antioxidant capacity, measured as
the cumulative capacity of the compounds present in
the sample to scavenge free radicals, using DPPH•
reaction at 517 nm. The amount of DPPH• consumed
by antioxidant standards (ascorbic and caffeic acids) was
shown to be independent of the initial concentration of
radical, except for situations where DPPH•/antioxidant
molar ratio was lower than the stoichiometric value.
Furthermore, the sample dilution factor plays an important
role since the exhaustion of scavenging ability of the
sample should take place during the period of absorbance
measurement. The proposed method was applied to
several food products and the total antioxidant capacity
was expressed as Vitamin C equivalent antioxidant
capacity (VCEAC). The results obtained by this method
were statistically comparable to those provided by batch
method (Luıs et al. 2006).

The configuration of the MSFIA system was designed
to allow the determination of total antioxidant capacity of
several samples with stopped flow approach, as the
reaction kinetics is strongly influenced by the type of
antioxidant compound. The DPPH• consumption was
assessed from the difference between the absorbance of
DPPH• in the absence (A0) and presence of antioxidant
compounds after a fixed period of time (Af). With slight
modification in the system, it is possible to allow the
sample exchange (standard or sample) without disturbing
the content of the flow cell and make adjustments of the
samples, which have intrinsic absorption at the wave-
length of detection.

b. Sequential Injection Analysis (SIA)
A PC-controlled sequential injection analysis (SIA)

system equipped with a spectrophotometric diode array
detector is used for rapid evaluation of antioxidation/
radical scavenging activity of biological samples
(Fig. 4) (Polasek et al. 2004). The method is based on
the reaction of DPPH with antioxidants in organic or
aqueous-organic media resulting in bleaching of DPPH
due to its “quenching” by the interaction with the
analytes and measured at 525 nm. With the optimised
SIA procedure, micromolar concentrations of 45
antioxidant samples could be determined in one hour
(Vít et al. 2007) which may not be possible in the batch
version of the DPPH quenching method, since it is
rather time consuming, the standard reaction time being
16–30 min (Guo et al. 2001). The development of an
automated DPPH method, based on SIA technique was
supposed to be suitable for rapid testing of anti-
oxidation activity in large series of plant extracts
(Polasek et al. 2004).

SIA is the modification of FIA technique to automate
assays which is achieved by carrying out analyses in a

Fig. 3 MSFIA manifold used for the determination of total
antioxidant capacity using DPPH• assay: MS, multi-syringe; Si,
syringes; Vi, commutation valves (Solid and dotted lines represent
the position on and off, respectively); B1 and B2, confluences; HC,
holding coil (200 cm); RC, reaction coil (120 cm); D, detector; C,
carrier (ethanol solution 50%, v/v); R, 2,2-diphenyl-1-picrylhydrazyl
reagent prepared in C; AO, antioxidant standard solution or sample;
PC, personal computer; W, waste
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flow system where a pump is used to continuously draw
sample and reagent solutions into different lines or
segments of plastic tubing, as well as push them forward
through the system. Aliquots of the sample solution are
dispensed into the carrier stream by an injection valve.
Bringing solutions from different lines together, or
including a reagent in the carrier stream enables seamless,
automated reagent addition. Connecting a detector at the
end of the sample's flow path ensures automated
detection of the processed sample.

The major advantage of the SIA assay compared to the
standard DPPH batch or HPLC-post column detection
methods lies in its relatively high productivity and
comparable reproducibility. The proposed method is
suitable for rapid screening of large series of natural
samples for their anti-oxidation/radical scavenging activity
(Polasek et al. 2004).

c. Biamperometric determination of antioxidant activity
A novel electrochemical method for selective determi-

nation of antioxidant activity based on DPPH ·/DPPH
redox couple and biamperometric technique is proposed
by Milardovic et al. (Fig. 5) (Milardovic et al. 2005). In
this method, two identical glassy carbon disk electrodes
were mounted in an electrochemical cell. The DPPH·/
DPPH redox couple exhibited a high degree of revers-
ibility. Selectivity of detector was tested by different
antioxidant compounds in ethanol-phosphate buffer
solution (pH 7.4). The results of antioxidant activity of

pure antioxidant compounds and actual samples of
beverages, and determined by biamperometric and
spectroscopic measurements, were found in good corre-
lation (R=0.9959).

In the biamperometric method, current intensity is
proportional to the residual concentration of DPPH· after
reaction with the antioxidant. If the analyzed solution
contains an appropriate ratio of reduced/oxidized form of
indicating redox pair, interferences from the analytically
undesirable oxidized or reduced species present in the
solution would be minimized.

d. High Throughput RDSC
A high-throughput relative DPPH radical scavenging

capacity (RDSC) assay was developed and validated by
Zhihong et al. (2006). This assay is easy to perform and
has acceptable accuracy, precision and reproducibility.
The RDSC assay may be conducted in aqueous alcohol
and acetone for hydrophilic antioxidants or in the organic
solvents for lipophilic antioxidants without solubilizing
agents, which makes it possible to directly compare the
radical scavenging capacities of hydrophilic and lipophilic
antioxidants. In addition, the high-throughput RDSC
assay could be utilized for EC50 value estimation. The
high-throughput assays use area under the curve (AUC)
for RSC estimation, expressed as trolox equivalents (TEs)
in μmol on a per sample weight basis. These approaches
take into account both the kinetic and the thermodynamic
measurements of the radical-antioxidant reactions and
make it possible to compare data between laboratories.

The development and application of a highthroughput
RDSC assay using a microplate reader with spectrophoto-
metric detector and 96 well plates was described and
validated (Zhihong et al. 2006). This assay may be
conducted in aqueous alcohol and acetone for hydrophilic
antioxidants or in the organic solvents for lipophilic
antioxidants without solubilizing agents. The assay for
evaluating lipophilic antioxidants is in high demand. This
RDSC assay is easy to perform and has acceptable
accuracy, precision, and reproducibility. The high-
throughput RDSC assay may be used for screening and
investigating the potential natural antioxidants.

e. On-line HPLC-DPPH methods
The colorimetric method of antioxidant activity by

scavenging DPPH• free radical possesses certain short-
comings, like failure to indicate antioxidant activity of
certain drugs and interference from color pigments of
natural products. It is also observed that activity of natural
antioxidants often decreases during their isolation and
purification due to decomposition (Yamaguchi et al. 1998).

Several online HPLC methods (Fig. 6), based on
online detection of antioxidants by postcolumn reaction
of eluates with free radicals, have been successfully
utilized to screen antioxidants in some plant extracts.

Fig. 4 Schematic view of SIA set-up for the assay of antioxidants
based on DPPH radical bleaching. SP syringe pump, SV selector
valve, FC flow cell, SPM spectrophotometer, HC holding coil, CS(2)
carrier ethanol-water 1:1 (v/v), S(1) sample, DPPH(3) 0.1 mM DPPH
in ethanol-water 1:1, W(6) waste from detector. The numbers in
parentheses refer to valve port numbers indicated in Table 1 extract in
10 mL of aqueous 50% (v/v) ethanol under 10-min sonication in
Sonorex Super 10P (Bandelin) ultrasound bath (sonication level 10);
the same solvent was used for appropriate dilution of the extract stock
solutions. Ethanol-water 1:1 served also as the SIA carrier. All
solvents used for the dissolution of standards, extract samples and
dilution of stock solutions, DPPH reagent, and SIA carrier stream
were degassed by 10-min sonication in Sonorex Super 10P (Bandelin)
ultrasound bath (sonication level 10)
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Yamaguchi et al. (1998) developed a DPPH–HPLC
method and compared the antioxidant activities of
known standard antioxidants and commercial beverages
with that of colorimetric method. Koleva et al. (2000)
presented an on-line HPLC method whereby analytes
separated by HPLC, were reacted post-column with
DPPH. A specific HPLC method was developed by
Chandrasekar et al. (2006) for evaluating the DPPH free
radical scavenging activity of commercial polyherbal
formulations using a LiChrospher® 100 RP-18e column.
The HPLC method is sensitive and can be used as a
quality control tool for the rapid determination of free
radical scavenging activity of variety of products
including plant extracts, foods, drugs and polyherbal
formulations. The applicability of HPLC method was
extended to determine the antioxidant activity of crude
plant extracts and drugs (Dapkevicius et al. 1999;
Karunakar et al. 2003). The HPLC method developed

was specific for DPPH with an acceptable reproducibil-
ity and short run time allowing for rapid determination
of radical scavenging activity of several samples
(Chandrasekar et al. 2006).

This HPLC method is often used in combination with
other methods. Changqing et al. (2007) used combination
of HPLC-ESI-MS (Fig. 7) and NMR method for
determining antioxidant polyphenolic acids in the me-
dicinal herb. A reversed-phase HPLC coupled on-line to
a radical scavenging detection system and MS/MS was
developed by Nuengchamnong et al. (2005) in order to
combine separation, activity determination and structural
identification of anti-oxidants in complex mixtures in
one run. The sample was separated by HPLC and the
eluate split into two flows. The major portion was fed
into an electrospray ionisation MS/MS system, while the
minor part was mixed with a free radical DPPH, and the
reaction determined spectrophotometrically. The method

Fig. 5 Scheme of biamperometric measurement.WE: Working electrode, AE: Auxillary electrode, RE: Reference electrode, ΔE: Applied voltage

Fig. 6 Schematic view of
online HPLC-DPPH method(53)
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was applied to the identification of antioxidant compounds
in a fraction, obtained by solid-phase extraction, of an
extract of a Thai medicinal plant.

This method has been applied to evaluate antioxidant
compounds in fruit and vegetables (Pukalskas et al. 2002;
Kosar et al. 2003). This technique would permit the
rapid determination of antioxidant activity and provide
structural identification of the antioxidant compounds
involved (Nuengchamnong et al. (2005).

A rapid and simple method has been developed for the
screening and identification of natural antioxidants of
Flos Lonicerae Japonicae (FLJ). The hypothesis is that
upon reaction with DPPH, the peak areas (PAs) of
compounds with potential antioxidant effects in the
HPLC chromatograms will be significantly reduced or
disappeared, and the identity confirmation could be
achieved by HPLC-DAD-TOF/MS hyphenated technique
(Dan et al. 2008). However, these methods might not be
adopted widely because the online instrumental system
required was complex and not commercial.

Online HPLC method offers broad range of applica-
bility. The compounds of over a broad range of polarity
and pKa can be evaluated which exhibit different kinetic
behavior towards DPPH. It can employ both isocratic and
gradient runs with mobile phases of different composition
and pH can be carried out (Dapkevicius et al. 1999). The
major advantage of this method is that it is immediately
clear which constituent possesses radical scavenging
activity. Thus it is no longer necessary to purify every
single constituent for off-line assays, leading to very
significant reductions of cost and faster results.

f. Thin Layer Chromatography (TLC)-DPPH methods
TLC combined with DPPH radical detection (Glavind

andHolmer 1967) involved TLC separation of the analyte,
followed by detection of DPPH radical scavengers by
spraying the TLC plates with DPPH solution. The plates
were evaluated visually and a quantitative determination
could be achieved by eluting the spots with DPPH reagent
(Takao et al. 1994).

A method was developed to measure the radical
scavenging activity of compounds separated by
reversed-phase TLC (RP-TLC) using phenolic acids as
model analytes. The method is simple and fast, making it

suitable for automated systems in screening applications
where high throughput and cost efficiency are required
(Teijo et al. 2003).

TLC method for free radical scavenging activity by video
scanning technology

TLC separation combined with the detection of antioxi-
dants in situ by postchromatographic derivatization, was
introduced by Olga et al. (2007). However, the separation
ability of TLC was much lower than that of conventional
HPLC as several compounds might be co-eluted as single
spot in TLC. Moreover, TLC could not be interfaced with
MS analysis (Dan et al. 2008).

Li et al. (2005) developed a reversed phase TLC method
combined with video scanning detection for quantitative
evaluation of free radical scavenging activity of antioxida-
tive fractions from rapeseed meal by DPPH method. The
activity was evaluated by measuring the area of bright
yellow bands against the purple background by a CCD
video camera after dipping the plate in DPPH solution.
Comparison of the results showed good correlation between
the activities measured by TLC-DPPH and by the conven-
tional spectrophotometric assay. Also, no sample purifica-
tion is needed and both separation and the activity
measurement can be done in the same TLC-DPPH plate
simultaneously.

h. Hyphenated High Speed Counter Current
Chromatography (HSCCC)–DPPH Method

A method for rapid preparative isolation and screen-
ing of antioxidants has been developed by combining
preparative High Speed Counter Current Chromatogra-
phy (HSCCC) with on-line radical scavenging detection
by use of DPPH. radical. HSCCC is a liquid–liquid
chromatographic technique with no solid support
matrix; therefore eliminates the irreversible adsorption
of samples (Yoichiro 1981). This method has been
successfully used to separate and isolate many natural
products (David et al. 2007; Gutzeit et al. 2007.

Following preparative isolation and purification by
HSCCC, the activity of the collected fractions has been
evaluated by use of off-line methods which is a time-

Fig. 7 Diagrammatic scheme of
an HPLC coupled to an ESI-MS
together with an online
DPPH-based antioxidant assay.
(Y represents a Y connecter)
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consuming and labor-intensive process (Pukalskas and
van Beek 2005; Perez-Bonilla et al. 2006). Therefore,
HSCCC has been coupled on-line with radical scav-
enging detection (HSCCC–DPPH) for isolation and
screening of antioxidants (Shuyun et al. 2008).

Conclusion

There are various methods for the determination of antioxidant
potential of different biological samples. However, a single
method is not suitable for all and there is no shortcut approach
to determine antioxidant activity. Amongst all the available
methods, DPPH method has been widely applied for estimat-
ing antioxidant activity, however, its applications should to be
carried out bearing in mind the basis of the method, and the
need wherever possible to establish the stoichiometry for the
quenching reaction, so that the antioxidant activity may be
related to the structure of the substrate molecule. The method
offers advantages of being rapid, simple and inexpensive and
provides first hand information on the overall antioxidant
capacity of the test system. The trend in antioxidant activity
obtained by using the DPPH method is comparable to trends
found using other methods. For a better understanding of the
mechanisms involving the DPPH radical and potential
antioxidants, it would be interesting to characterize the reaction
intermediates and products. To do this, it is necessary to
separate these compounds by chromatography and to identify
them. It would also be very useful to build a plausible kinetic
model and determine the order of the different reactions and
their constants. Various modifications in DPPH method are
discussed for a wide range of applications based on the
requirement and more importantly, the affordable inputs.
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