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ABSTRACT 
 

Antioxidants are molecules involved in defense mechanisms against the deleterious effects of free 
radicals in most organisms. A number of methods are currently being used for the evaluation of the antioxidant 
and free-radical scavenging properties of natural and synthetic antioxidants, including the DPPH method. 
Numerous speculations about the stability of DPPH solution over a long period of time, at normal ambient 
temperature have been observed in previous studies but no definite information exists in literature in this 
regard. Using established protocols, the free-radical capability of DPPH methanolic solution (stored in dark at 
ambient temperature) was assessed using ascorbic acid as the antioxidant. Results revealed that DPPH 
methanolic solution gave comparable free-radical activity 24 hours post preparation compared with the freshly 
prepared solution. After 24 hours, activity was greatly reduced. We therefore recommend that freshly prepared 
DPPH solution should be used at all times; however for prolonged experimental schedules, the DPPH solution 
should be used within 24 hours post preparation, so as to give comparable results with the freshly prepared 
solution and avoid ambiguity in results interpretation. 
© 2014 International Formulae Group. All rights reserved. 
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INTRODUCTION 

The harmful effects of free radicals of 
reactive oxygen species (such as OH·, O2

·-, 
NO- and H2O2) to human health have been 
highlighted in the pathogenesis of many 
diseases and conditions including cancer, 
Alzheimer’s disease, diabetes, Parkinson’s 
disease, cardiovascular diseases, rapid ageing 
as well as many immune-compromised 
diseases (Rahman, 2007). This has brought 
increasing interest in the study of antioxidant 
drugs (such as butylhydroxytoluene, 

butylhydroxyanisole, quercetin rutinoside, 
gallates, etc.), and more importantly the 
naturally occurring phytochemicals such as 
alkaloids, phenolic acids, flavonoids, 
saponins, anthrocyanins, tannins,  terpenoids, 
etc. as well as vitamins with potent 
antioxidant and free radical scavenging 
properties such as vitamin C, vitamin E, β-
carotene and vitamin E (Fang et al., 2002; 
Gulcin, 2012).  

Although endogenous enzymes such as 
catalase, superoxide dismutase, glutathione 
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peroxidase etc., are often involved in 
scavenging free radicals (Chance et al., 1979), 
they often cannot provide complete protection 
to the cells against the deleterious effects of 
these reactive oxygen species, hence the need 
for exogenously supplied antioxidants which 
are derived from natural or synthetic sources.  

Among the many assays for determining 
antioxidant and free radical scavenging 
properties is the well-known 2,2 diphenyl 1- 
picrylhydrazyl (DPPH) assay, also known as 
the 1,1-Diphenyl-2-picrylhydrazyl assay 
(Molyneux, 2004; Pisoschi, 2011). DPPH is 
usually a dark-coloured, powdered organic 
compound composed of stable free-radical 
molecules with many crystalline forms (Kiers 
et al., 1976; Teruaki, 1981). The commercial 
DPPH powder has a melting point of 
approximately 130 oC (Kiers et al., 1976). 
Besides its free radical properties, DPPH has 
been used for the determination of the position 
and intensity of electron paramagnetic 
resonance signals, and its activity was shown 
to be concentration-dependent and to follow 
Beer Lambert’s law (Kiers et al., 1976; 
Teruaki, 1981; Meléndez et al., 2014). 

As it is the case with other free radical 
compounds which could dimerise, DPPH 
forms a stable free compound, mainly due to 
the delocalization of the free electron on the 
whole compound, which forms a deep violet 
colour in ethanol and gives maximum 
absorbance at about 520 nm (Thaipong et al., 
2006; Sharma and Bhat, 2009). The deep 
violet colour however becomes colourless or 
pale yellow after reacting with a hydrogen 
donor (Figure 1), thus the free radical 
potential of DPPH can be easily monitored 
spectrophotometrically at optical absorption 
of 520 nm. Consequently, a decrease in 
absorbance at 520 nm is a direct linear 
relationship to the free radical ability of 
DPPH. 

Blois (1958) showed that when DPPH 
radical (Z*) was reduced by hydrogen donated 
from the cysteine molecule (RSH); Z* + RSH 
= ZH + RS*, the free radical RS* reacted with 
an identical molecule to form a disulphide; 
RS* + RS* = RS – SR.  Thus two molecules 
of DPPH react with two free RS* to give a 
stoichiometry of 1:1. 

However, in the case of ascorbic acid 
that has two adjacent sites for hydrogen 
abstraction, 2 molecules of DPPH will reduce 
1 molecule of ascorbic acid, giving a 
stoichiometry of 2:1, as illustrated below: 
 

Z*+ R-COH=COH-R’�ZH+ R-COH=CO*-R’--(1) 
 
Z* + R-COH=CO*-R’� ZH + R-CO-CO-R’  -- (2) 

 

Although powdered DPPH stored at 
cold temperature in a dark bottle is generally 
believed to be stable, its stability in solution 
(in ethanol, methanol, etc.) has not, however, 
been fully established (Lin, 2012).  It is 
usually advised that fresh DPPH solution must 
be prepared at all times. However, during an 
experiment that may require prolonged assays 
which could expose the solution to ambient 
temperature or worse to higher temperature, 
how stable will the solution be, and how 
authentic will the ensuing result be? Many 
researchers wrap DPPH solutions with 
aluminum foil to mimic a dark environment; 
however, the solutions may become exposed 
to light by error, even for prolonged periods, 
with the possibility that the DPPH solution 
may adapt to the illuminated environment.  

Based on this information, we therefore 
carried out this study in order to determine the 
stability of DPPH solution stored in the dark 
at ambient temperature of about 23 oC – 27 
oC, for a period of 240 hours. The ability of 
the DPPH to act as a free radical, inspite of 
this treatment, was evaluated using ascorbic 
acid.  
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MATERIALS AND METHODS 
Methanol (analytical standard), 

DPPH and L-Ascorbic Acid powder (cell 

tested γ-irradiated) were all purchased from 

Sigma-Aldrich Chemie GMBH. The free 

radical activity of freshly prepared DPPH 

stored in dark bottle was assayed according to 

the method of Brand-Williams et al. (1995) 

using methanol as solvent. This solution was 

allowed to stand in dark at ambient 

temperature (23 oC – 27 oC) and aliquots taken 

at intervals (after 24, 48, 120 and 240 hours; 

post preparation) were also assayed for their 

residual free radical activity using the same 

method.  

The percent antioxidant activities 

(AA%) of three concentrations of ascorbic 

acids (10, 50, 100 mg/ml; prepared in 

methanol) were used to evaluate the free 

radical activity of the DPPH samples. To 1ml 

of each ascorbic acid concentration, 3 ml of 

0.1 mM DPPH methanolic solution was 

added; reaction mixtures were allowed to 

stand for 30 minutes in the dark. Change in 

the color from deep violet to pale yellow was 

read at an absorbance of 517 nm using 

DU®800 UV/VIS Spectrophotometer, 

Beckman Coulter® (Fullerton, CA, USA). The 

blank consisted of pure methanol solvent 

without ascorbic acid or DPPH, while the 

control was made of 0.1 mM DPPH 

methanolic solution without ascorbic acid. 

The antioxidant activity was determined 

according to Mensor et al. (2001) as shown 

below. 

 

 
The experiment was carried out in 

triplicates for the three ascorbic acid 

concentrations. Results obtained were 

expressed as percentage decrease with respect 

to DPPH control results. The means of the 

triplicate results and standard deviation were 

determined. Statistical analyses were 

performed by one-way analysis of variance 

(ANOVA). The coefficient of variation of the 

sample from the control was considered 

statistically significant at p ≤0.05. 

 

RESULTS 
Results obtained from ascorbic acid 

neutralization of freshly prepared DPPH 

solution were compared with ascorbic acid 

neutralization with DPPH solutions after 24, 

48, 120 and 240 hours post preparation 

respectively, stored at ambient temperature in 

dark (Figure 2). Our findings showed that at 

24 hours post preparation, the free radical 

activity of 0.1 mM DPPH methanolic solution 

was still very similar to that of the fresh 

preparation, as evaluated using ascorbic acid 

as the antioxidant. However about 20% 

activity was lost after about 120 hours, and 

over 80% after 240 hours post preparation. 

Furthermore, the stability of the 

untreated DPPH methanolic solution as 

adjudged by its absorbance at 517 nm, showed 

that the solution was still comparable with the 

freshly prepared solution up to 24 hours, with 

gradual decrease in absorbance over time 

(Figure 3). Although the absorbance reading 

at 240 hours post preparation  appears to be 

close to the reading for the  fresh preparation, 

it should however be noted that this does not 

translate into its free radical activity as 

evaluated using ascorbic acid as the 

antioxidant, shown in Figure 2, where over 

80% of the activity was lost during this 

period. Thus, having a remarkable absorbance 

reading does not necessarily infer that the 

DPPH solution is still active. 
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DPPH radical        DPPH non radical 

 
 

Figure 1: Neutralization reaction of DPPH with a free hydrogen (H*) donor. 
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Figure 2: The percent antioxidant activities (AA %) of ascorbic acid at different concentrations (10, 
50, 100 mg/ml) used in evaluating the free radical activity of 0.1 mM DPPH methanolic solution. 
Aliquots from freshly prepared, as well as 24, 48, 120 and 240 hours post preparation stored at ambient temperature in the 
dark were assayed according to the method of Brand-Williams et al., (1995). The experiment was performed in triplicates. 
Values were the average of means, and represented as mean ± standard deviation. Statistical analyses were performed by 
one-way analysis of variance (ANOVA). Coefficient of variation of the DPPH-ascorbic acid sample from DPPH control was 
considered statistically significant at p≤0.05. 
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Figure 3: The 517 nm absorbance reading of 0.1 mM DPPH methanolic solution stored at ambient 
(23 oC – 27 oC) and aliquots taken at 24, 48, 120 and 240 hrs post preparation. The experiment was done 
in triplicates. Values were the average of means, and represented as mean ± standard deviation. 

 
 
DISCUSSION 

This experiment should put to rest the 
controversies on the stability of the free 
radical activity of DPPH solution (Lin 2012), 
which currently no validated / published 
information exist as regards. This experiment 
has shown that DPPH methanolic solution 
when used within 24 hours post preparation 
and stored in the dark should give appreciable 
results like a freshly prepared stock. Although 
the use of regression analysis to ascertain the 
concentration of residual DPPH post 
preparation has been proposed (Marxen et al., 
2007), this may give contradictory results, as 
results may not be comparable with the 
freshly prepared solution. It is therefore 
advisable to stick to the limit by which the 
DPPH solution may seem effective. Although 
DPPH absorbance value was adjudged to be 
related to its concentration (Marxen et al., 
2007), Figures 2 and 3 have clearly shown 
that DPPH activity and absorbance value after 

a long storage period are mutually exclusive, 
irrespective of the concentration.  

Use of 0.05 mM - 0.1 mM DPPH in 
solvents (such as methanol / ethanol / water) 
has been shown to absorb strongly at visible 
region between 515 nm to 520 nm (Molyneux, 
2004, Fernandez-Orozco et al., 2011) when 
used at a maximum working volume of 4 ml; 
however, in our unpublished preliminary 
experimental work using DU®800 UV/VIS 
Spectrophotometer, (Beckman Coulter® 
Fullerton, CA, USA), 0.1 mM DPPH 
methanolic solution showed highest 
absorbance at 517 nm, hence this wavelength 
was used in this study.  

Furthermore, the use of high ascorbic 
acid concentrations (10, 50, 100 mg/ml) for 
this experiment was to ensure that the 
maximum potential of DPPH as a free radical 
compound was attained. Although ascorbic 
acid concentrations as low as 10 – 300 µg/ml 
have been used in previous studies (Sahaa et 
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al., 2008; Abalaka et al., 2011), using these 
low concentrations could still have given 
appreciable results, even when the free radical 
activity of DPPH has been greatly reduced. 
Hence if DPPH free radical activity could be 
active at 100 mg ascorbic acid concentration, 
it could then be said that at lower 
concentrations, its activity will even be more 
evident. Ascorbic acid concentration as high 
as 100 mg/ml was recently used by Gracia et 
al. (2012) as a potential solution to be applied 
on bleached teeth. 

It should be noted that we did not 
investigate the effect of water on the DPPH 
free radical activity, as some assays (Prior, et 
al., 2005; Stasko, 2007) involved 0 - 50% 
ethanol /methanol (v/v), therefore what could 
have been observed in the DPPH 0 - 50% 
organic solvent solution, may or may not be 
comparable with results obtained in this 
experiment.   

In Meléndez et al. (2014), it was stated 
that Molyneux (2004) reported DPPH solution 
was stable for 3 days. However, this seems 
not in Molyneux (2004) report. We therefore 
recommend that all efforts should be made to 
use freshly prepared DPPH solution. 
However, if there is a need to re-use DPPH or 
a freshly prepared solution is allowed to stand 
for long because of a prolonged experimental 
procedure, then the DPPH solution must be 
stored in a dark bottle at ambient (23 oC – 27 
oC) temperature, and must be used up 24 
hours post preparation. This will ensure that 
unambiguous and credible results comparable 
with the freshly prepared solution are 
obtained.  
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