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Abstract
We provide proof-of-concept for the innovative method of 2,6-dichloroindophenol (DCPIP) for measuring the antioxidant 
activity of plant extracts. Antioxidant content can be determined using the standard DCPIP test and compare the results 
with the DPPH results as conventional method. DCPIP operates on the premise that the deep blue color of the oxidized dye 
is reduced to an invisible solution. Ascorbic acid’s antioxidant activity was measured by DCPIP at different times (from 1 
to 60 min) and was concentration-dependent, with the maximum activity being at 400 g/mL. In addition, when compared 
to other incubation durations, the ascorbic acid standard, a natural antioxidant, gave the maximum activity within the first 
five minutes of incubation with DCPIP. DCPIP is a marker of antioxidant activity both against vitamin C and plant extracts. 
The DCPIP approach is quick and unaffected by pH variation. The stability of the DCPIP reagent over time (5 and 30 min) 
and color reduction by ascorbic acid as a natural antioxidant standard were demonstrated using a straightforward and quick 
method.
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Introduction

Oxidative stress is defined as an imbalance between the 
processes of producing reactive oxygen species (ROS) and 
getting rid of them, which happens because of an imbalance 
between antioxidants and prooxidants in the body. Antioxi-
dants are substances that can prevent the chemical reaction 
of oxidation from producing harmful free radicals, which 
can lead to the degradation of organic compounds. They 
are commonly added to industrial products like polymers 
and lubricants to extend their usable lifetimes (Klemchuk 
2000). In food, antioxidants are used to prevent spoilage, 

particularly the rancidification of oils and fats. In cells, anti-
oxidants like glutathione and enzyme systems like super-
oxide dismutase can prevent damage from oxidative stress 
(Helberg and Pratt 2021). While only vitamins A, C, and 
E are dietary antioxidants, other dietary compounds have 
been labeled as antioxidants despite limited evidence of their 
antioxidant properties in vivo.

Antioxidants are molecules that inhibit the oxidation of 
other molecules. Oxidation is a chemical process that pro-
duces free radicals, which can damage cells and contribute 
to various diseases, including cancer, cardiovascular disease, 
and neurodegenerative disorders. Antioxidants counteract 
the harmful effects of free radicals by neutralizing them and 
preventing further damage. Oxidative stress occurs when 
there is an imbalance between the production of reactive 
oxygen species (ROS) and the body's ability to neutralize 
them with antioxidants (Martemucci et al. 2022). There are 
various methods for detecting antioxidants, including chemi-
cal assays, electrochemical assays, and chromatographic 
techniques. These methods provide information about the 
quantity and activity of antioxidants in different biological 
matrices, which can be used for the diagnosis and treatment 
of various diseases (Hohtola 2010; Pinchuk et al. 2012).
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The biological bioactivities of Rosmarinus officinalis L. 
extracts, including their hepatoprotective, antifungal, insecti-
cide, antioxidant, and antibacterial properties, have been the 
subject of several investigations. It is well recognized that 
phenolic chemicals play a major role in how biologically 
active rosemary is Nieto et al. (2018). Moreover, Chilli pep-
per provide moderate to high concentrations of phytochemi-
cals, such as neutral phenolics and flavonoids, which are 
essential antioxidants in a plant-based diet and have health 
advantages above and beyond basic nutrition (Azlan et al. 
2022).

A number of analytical techniques are used to evaluate 
the stability of pure compounds, with high-performance liq-
uid chromatography being the most popular because it con-
sistently produces accurate results even when the material 
being analyzed is present in low amounts. The radical-scav-
enging techniques DPPH (2,2'-diphenyl-1-picrylhydrazyl) 
and ABTS (2,2'-azinobis-(3-ethylbensothiazoline)-6-sul-
fonic acid), the ferric reducing antioxidant capacity method 
(FRAP), and the oxygen radical absorbance capacity method 
(ORAC) have all been used to assess the antioxidant activity 
in plant extracts. The assays using DPPH and ABTS radicals 
among them are easier to use and produce more consistent 
findings (Buenguer 2006; Li et al. 2008; Shanab et al. 2011; 
Shalaby et al. 2016).

Also, Moniruzzaman et al. (2012) reported that various 
methods have been developed to detect and quantify anti-
oxidants, including the DPPH, the FRAP, and the ORAC 
assays. These assays rely on different principles to measure 
the ability of antioxidants to scavenge free radicals or reduce 
oxidized compounds. The choice of the assay depends on the 
type of antioxidant being measured, as well as the sample 
matrix and desired sensitivity. (Munteanu and Apetrei 2021). 
The creation of innovative antioxidant detection techniques, 
including electrochemical and biosensor-based methods, has 
recently attracted increasing interest. These techniques are 
appropriate for a variety of applications due to their excel-
lent sensitivity, selectivity, and quick analytical times (Dap-
kevicius et al. 2001) Overall, the development of reliable 
and accurate antioxidant detection methods is critical for the 
evaluation of the antioxidant capacity of foods and supple-
ments as well as the identification of potential therapeutic 
agents for the prevention and treatment of oxidative stress-
related diseases (Frankel and Finley 2008; Pinchuk et al. 
2012).

2,6-dichlorophenolidophenolate (DCPIP) is a typical 
redox indicator dye especially for ascorbic acid (Prantl et al. 
2020) and functions as the oxidizing agent in a quick in-line 
electron transfer process with antioxidants (Merola et al. 
2009). Additionally, the color of this dye is blue, but once 
it activates with an antioxidant substance, it becomes color-
less. In an animal model of human melanoma, DCPIP has 
the potential to be used as a pro-oxidant chemotherapeutic 

drug that targets human cancer cells. DCPIP-induced cancer 
cell death is caused by the reduction in intracellular glu-
tathione and the induction of oxidative stress (Elbehery et al. 
2019). The pKa of this dye is about 5.90. Additionally, a 
reported redox potential of + 217 mV has been generated 
(Dawson et al. 1986).

The current work aims to develop and validate a new 
method using 2,6-dichlorophenolidophenolate (DCPIP) 
as an oxidizing agent (reagent) to evaluate the antioxidant 
activity of different natural extracts and compare it with con-
ventionally used methods (DPPH and  KMnO4).

Materials and methods

Chemicals and reagents

Pure ethanol, methanol, and ethyl acetate were purchased 
from E. Merck Co. (Darmstadt, Germany). 2,6-Dichloro-
phenolindophenol (DCPIP), sulforhodamine, 2,2 diphe-
nyl-1-picrylhydrazyl (DPPH), potassium permanganate 
 (KMnO4), bisodium carbonate, and ascorbic acid were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).

Collection of plant samples

Leaves of Rosmarinus officinalis L. (rosemary) and fruits 
of Chilli pepper (red chilli) were collected from the local 
market, Giza, Egypt during spring season 2023.

Extraction of active ingredients

The collected herbal samples (leaves from rosemary and 
fruits from chilli) were air-dried and then, ground to a fine 
powder. 50 g of the dried powder was subjected to extrac-
tion with aqueous methanol (50%), according to Zhang et al. 
(2018).

Antioxidant activity

DPPH radical scavenging activity

The scavenging effect of successive extracts from plant sam-
ples was determined by the method of Yen and Chen (1995). 
The absorbance of all the sample solutions was measured 
at 517 nm using Genway spectrophotometer. The percent-
age (%) of inhibition activity was calculated as follows: % 
Inhibition = [(AbsC–AbsE)/AbsC] × 100, where: AbsC is 
DPPH solution (0.16 mM) absorbance; and AbsE is extract 
absorbance.
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KMnO4 as a non‑radical scavenging activity

The scavenging effect of successive extracts from plant sam-
ples was determined by the method of Gaber et al. (2021). 
The absorbance of all the sample solutions was measured 
at 514 nm using Genway spectrophotometer. The percent-
age (%) of inhibition activity was calculated as follows: % 
Inhibition = [(AbsC–AbsE)/AbsC] × 100, where: AbsC is 
KMnO4 solution (0.16 mM) absorbance; and AbsE is extract 
absorbance.

DCPIP scavenging assay

The scavenging effects of natural extracts were determined 
by the new method as follows: 1.0 ml of 0.05 g/100 ml 
DCPIP solution (soluble in 0.04% sodium bicarbonate) or 
0.05 g/100 ml DCPIP solution (soluble in aqueous ethanol 
solution, 70%) was added to a test tube containing a 1.0 ml 
aliquot of the sample (with different concentrations). The 
mixture was vortexed for 1 min and kept at room tempera-
ture for different times (from 1 to 30 min) in the dark. The 
absorbances of all the sample solutions were measured at 
600 nm using Genway spectrophotometer. The percent-
age (%) of inhibition activity was calculated as follows: % 
Inhibition = [(AbsC–AbsE)/AbsC] × 100, where: AbsC is 
DCPIP solution (0.05%) absorbance; and AbsE is extract 
absorbance.

Effect of pH on DCPIP absorption and activity

The effect of different pH values (3, 5, 7, 9, and 11) on the 
DCPIP color and activity was studied by adding 1.0 ml of 
DCPIP solution to a tube containing distilled water with a 
different pH value, and after incubation at room tempera-
ture, the absorbance was measured at 600 compared with 
the DCPIP solution as native (control).

Statistical analysis

All the data are expressed as the mean ± standard devia-
tion. A statistical comparison was performed via a one-way 
analysis of variance followed by Duncan’s multiple range 
test (DMRT). P-values of less than 0.05 (P ≤ 0.05) were 
considered significant.

Results and discussion

Antioxidant activity using DCPIP at different times

The majority of past researchers have used the DCPIP titri-
metric method as a vitamin C content indicator, especially 
for ascorbic acid. Although it was thought that the DCPIP 
titrimetric method is successful only for ascorbic acid, as 
well as its limitation to colored fruit only, as reported by 
Abeysuriya et al. (2020), the DCPIP was applied as a pho-
tometric method. The antioxidant activity of ascorbic acid at 
different concentrations was evaluated using DCPIP, DPPH 
(radical), and  KMnO4 (non-radical) scavenging methods. 
Then, DCPIP was used as an antioxidant activity indicator 
against pepper, chilli, and rosemary plant extracts.

The obtained results in Table 1 revealed that the antioxi-
dant activity of ascorbic acid determined using DCPIP at 
different times (from 1 min until 60 min) was concentration-
dependent and recorded the highest activity at 400 μg/mL. 
Moreover, the obtained data illustrated that the incubation of 
ascorbic acid as a natural antioxidant standard with DCPIP 
gave the highest activity during 5 min when compared with 
other incubation times, as shown in Table 2, as an antioxi-
dant activity indicator not only against vitamin C but also 
against plant extracts.

Table 1  Antioxidant activity of ascorbic acid as natural antioxidant standard at various concentrations (μg/mL) against DCPIP assay at different 
times (min)

Values are mean ± SE (n = 3). The mean values with different small letter within a column indicate significant differences (P ≤ 0.05). LSD is the 
least significant difference

Conc. (μg/mL) Time (min)

1 5 10 20 30 45 60

25 33.33 ± 0.13c 54.23 ± 0.62d 54.90 ± 0.28c 47.70 ± 1.00c 46.50 ± 0.33d 52.90 ± 0.39d 46.50 ± 0.42d

50 35.62 ± 0.47b 56.70 ± 0.32c 55.49 ± 0.47c 47.20 ± 0.59c 52.50 ± 0.59c 57.00 ± 0.85c 51.50 ± 0.47c

200 35.37 ± 0.36b 63.13 ± 0.26b 59.90 ± 0.55b 49.80 ± 0.70b 60.54 ± 0.36b 66.60 ± 0.79b 65.11 ± 0.16b

400 38.56 ± 0.37a 74.20 ± 0.38a 60.81 ± 0.46a 51.70 ± 0.67a 72.90 ± 0.58a 68.50 ± 0.26a 66.90 ± 0.66a

LSD (0.05) 0.67 0.79 0.85 1.43 0.91 1.18 0.87
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Comparison of the antioxidant activity of ascorbic 
acid using DPPH,  KMnO4 and DCPIP

The obtained data in Tables 2 and 3 proved that the per-
centage of scavenging activity (antioxidant activity) was 
directly proportional to the concentration of ascorbic acid in 
all assays (DPPH,  KMnO4 and DCPIP). The highest antioxi-
dant activity was recorded by DPPH and  KMnO4 at 30 min 
by 89.38 and 77.84%, respectively, However, ascorbic acid 
gave 74.20%. against DCPIP assay at a concentration of 
400 μg/mL.

Effect of pH values on DCPIP activity

The effect of changes in pH on DCPIP absorbance was eval-
uated. As shown in Table 4, the change in the absorbance 
of different treatments, which range from 0.144 to 0.155 at 
different pH values, is slightly significant and this led to the 
possibility of using DCPIP as a good indicator for the detec-
tion and quantification of antioxidant activity in all extracts 

without interference from the pH medium when compared 
with other antioxidant evaluating assays.

With varying degrees of success, several authors have 
previously measured the impact of pH on antioxidant activ-
ity experiments. ABTS was discovered to be unstable at pH 
levels higher than 7.4 and stable between pH 3.0 to 6.5 (with 
an optimal pH at pH 4.5). The literature on pH's impact 
on DPPH tests is more contentious. Since the first article 
on using DPPH to determine antioxidant levels, the signifi-
cance of pH has been examined, and a range of 5.0 to 6.5 
has been advised. However, in current practice, this advise 
is frequently disregarded, and according to various articles, 
pH is irrelevant for the DPPH assay because organic solvents 
like methanol are used (Ozgen et al. 2006).

Antioxidant activity of plant extract (chili powder)

Chilli (Capsicum annuum L.) is a valuable source of anti-
oxidants due to its high content of vitamins A, C, and B 
and lutein. According to the United Nations Food and Agri-
culture Organisation, chilli is the most important crop in 
the genus Capsicum in the world. Calories, proteins, lipids, 
carbs, calcium, phosphorus, iron, vitamins A, B, and C, as 
well as water, are all chemical components of fresh chilli. 
Additionally, capsanthin, carotenoids, alkaloids, resins, 
and essential oils are among the alkaloid substances found 
in chilli. The majority of these ingredients are antioxidant 
sources. Khuriyati et al. (2022).

Rosemary (Rosmarinus officinalis L.) has received the 
most attention among herbs and spices as a source of anti-
oxidants. In prior research, rosemary was shown to have 
comparable patterns of phenolic compounds. Their antioxi-
dant action was mostly due to their carnosic acid, carnosol, 
and rosmarinic acid constituents (Thorsen and Hildebrandt 
2003).

Table 2  Comparison between the antioxidant activity of ascorbic acid 
as a natural antioxidant standard at various concentrations (μg/mL) 
against DCPIP, DPPH and  KMnO4 assays at 5 min

Values are mean ± SE (n = 3). The mean values with a different small 
letter within a column indicate significant differences (P ≤ 0.05). LSD 
is the least significant difference

Conc. 
(μg/mL)

Time LSD (0.05)

5 min

DPPH KMnO4 DCPIP

25 67.99 ± 0.49a 29.80 ± 0.44c 54.23 ± 0.26b 0.82
50 70.45 ± 0.40a 31.55 ± 0.28c 56.70 ± 0.33b 0.69
200 71.78 ± 0.48a 59.71 ± 0.44c 63.13 ± 0.17b 0.78
400 73.09 ± 0.29b 62.38 ± 0.59c 74.20 ± 0.38a 0.88

Table 3  Comparison between the antioxidant activity of ascorbic acid 
as a natural antioxidant standard at various concentrations (μg/mL) 
against DCPIP, DPPH and  KMnO4 assays at 30 min

Values are mean ± SE (n = 3). The mean values with a different small 
letter within a column indicate significant differences (P ≤ 0.05). LSD 
is the least significant difference

Conc. 
(μg/mL)

Time LSD (0.05)

30 min

DPPH KMnO4 DCPIP

25 70.23 ± 0.31a 33.92 ± 0.39c 52.50 ± 0.61b 0.90
50 74.15 ± 0.16a 32.94 ± 0.48c 46.50 ± 0.52b 0.84
200 80.33 ± 0.38a 66.47 ± 0.44b 60.00 ± 0.15c 0.70
400 89.38 ± 0.27a 77.84 ± 0.66b 72.90 ± 0.48c 0.99

Table 4  The absorbance of DCPIP solution at different pH values

Values are mean ± SE (n = 3). The mean values with a different small 
letter within a column indicate significant differences (P ≤ 0.05). LSD 
is the least significant difference

pH value Absorbance at 600 nm

DCPIP solution (Control) 0.149 ± 0.006ab

3 0.155 ± 0.003a

5 0.150 ± 0.001ab

7 0.144 ± 0.005b

9 0.145 ± 0.003b

11 0.154 ± 0.007a

LSD (0.05) 0.009
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A novel method was used to determine the antioxidant 
activity of a hydromethanolic extract of red chilli pow-
der and rosemary using DCPIP as an antioxidant activity 
indicator.

The determination of the antioxidant activity (%) of dif-
ferent concentrations of hydromethanolic extracts of red 
chilli and rosemary in Table 5 revealed that the 400 μg/
mL of both hydromethanolic extracts recorded the highest 
antioxidant activity; however, the lowest antioxidant activ-
ity was recorded by the hydromethanolic extracts of 25 μg/
mL. Table 5 clearly indicated that there were no significant 
differences in antioxidant activity between both methods, 
DPPH and DCPIP, which assures the possibility of using 
DCPIP instead of DPPH.

As mentioned in Table 6, correlation coefficient values 
were obtained among 3 different assays (DCPIP, DPPH, and 
 KMnO4). Results obtained in Table 5 revealed that there is a 

positive correlation between antioxidant activity and DCPIP 
and DPPH.

The differences between DPPH and DCPIP 
as oxidizing agents

Table 7 represented the differences between DPPH and 
DCPIP as oxidizing agents. The use of the oxidant DCPIP 
for the determination of antioxidant activity in extracts 
appears to be a reasonable alternative to published meth-
odologies for assessing antioxidant activity. The DCPIP 
methodology is rapid, does not affect variable pH, requires 
minimal amounts of sample, and gives accurate results.

A simple and fast byproduct (as strips) was conducted to 
prove the stability of the DCPIP reagent over time (5 and 
30 min) and color reduction by ascorbic acid as a natural 
antioxidant standard. As clearly proven in Fig. 1, the DCPIP 
dye is stable through the examined time and reacts rapidly 
with antioxidants.

Byproduct as a fast test proven the stability of the DCPIP 
reagent during the time (5 and 30 min) and color reduction 
by ascorbic acid as a natural antioxidant standard.

When it comes to its capacity to oxidize vitamin C, the 
brightly colored reaction known as 2,6-dichloroindophenol, 
or DCPIP, is highly specific. In neutral and basic solutions, 
DCPIP is dark blue; in acidic solutions, it is red. The half-
reactions are the substances that are engaged in this redox 
reaction.

(1)
(Oxidized):vitamin C (reductive)

→ vitamin C (oxidized) + 2e− + 2H+

(2)
(Reductive) ∶ DCPIP(oxidized) + 2e

− + 2H
+
→ DCPIP(reductive)

(3)
Overall:vitamin C (reductive) + DCPIP (oxidized)

→ vitamin C (oxidized) + DCPIP(reductive)

Table 5  The antioxidant 
activity of Chili and Rosemary 
at various concentrations (μg/
mL) against DCPIP (5 min) and 
DPPH (30 min) assays

Values are mean ± SE (n = 3). The mean values with a different small letter within a column indicate sig-
nificant differences (P ≤ 0.05). LSD is the least significant difference

Conc. (μg/mL) Plants

Chilli LSD (0.05) Rosemary LSD (0.05)

DPPH DCPIP DPPH DCPIP

25 32.10 ± 0.39b 34.14 ± 0.39a 0.88 40.63 ± 0.38a 39.25 ± 0.28b 0.76
50 38.22 ± 0.36a 37.84 ± 0.47a 0.95 53.76 ± 0.21b 57.34 ± 0.47a 0.82
200 55.68 ± 0.62a 53.13 ± 0.64a 0.42 64.96 ± 0.39b 68.21 ± 0.78a 1.40
400 85.19 ± 0.39a 86.45 ± 0.77a 1.39 73.90 ± 0.31a 74.48 ± 0.36a 0.76

Table 6  Correlation coefficient between DCPIP method and other 
antioxidant evaluating methods

Assay DCPIP DPPH KMnO4

DCPIP – 0.84 0.86
DPPH 0.84 – 0.9
KMnO4 0.86 0.9 –

Table 7  The differences between DPPH and DCPIP as oxidizing 
agents

Parameters Oxidizing agents

DPPH DCPIP

State at room temperature Solid Solid
Color Purple Blue
Best solvent Methanol NaHCO3 (0.04%)
Sensitivity to light High Low
Sensitivity to pH High in acidic 

medium
Very low

Lamda max 517 nm 600 nm
Price ($)/gram 166.6 11.65
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So, vitamin C is oxidized by DCPIP in a  2e–/2H+ transfer. 
Redox reaction with DCPIP provides a quantitative measure 
of the antioxidant content in a sample, where the solution 
color will be removed to colorless (Hughes 1983).

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) method 
incorporates the use of free radicals to quantify the antiox-
idant properties of compounds and evaluate their potential 
as hydrogen sources or free-radical scavengers (Fig. 2). 
The removal of DPPH, which would be a stabilized free 
radical, is connected to the DPPH testing technique. An 
odd electron combines with the free radical DPPH to pro-
duce a significant absorbance at 517 nm, or a purple color. 

When an antioxidant combines with DPPH, it produces 
DPPHH, which contains more hydrogen than DPPH and 
has a lower absorbance. The  DPPH.+It is more radical than 
the DPPH-H form because when the amount of electrons 
absorbed rises, it decolorizes or takes on a yellow hue. 
The lower capacity is affected by decolorization. Decol-
orization has a substantial impact on reducing capacity. 
The lower state of diphenylpicrylhydrazine is created as 
soon as the DPPH solutions are mixed with the hydrogen 
atom source, losing its violet color. Decolorization has a 
substantial impact on reducing capacity. The lower state 

Fig. 1  The stability of the 
DCPIP reagent during the 
time (5 and 30 min) and color 
reduction by ascorbic acid as a 
natural antioxidant standard

Fig. 2  The mode of action of 
DCPIP and DPPH reagents 
for evaluating the antioxidant 
potential
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of diphenylpicrylhydrazine is created as soon as the DPPH 
solutions are mixed with the hydrogen atom source, losing 
its violet color (Baliyan et al. 2022).

Conclusion

The DCPIP technique was demonstrated in this study that 
for measuring the antioxidant capacity of substances to 
serve as hydrogen suppliers can be a quick, easy, and afford-
able approach for determining antioxidant properties. The 
decrease in oxidized DCPIP is used in the DCPIP analysis 
technique. The DCPIP interacts with hydrogen donor com-
pounds and led to decreases the DCPIP blue color. Antioxi-
dants combine with DCPIP and the existence of a hydrogen 
source (an antioxidant), resulting in the reduction in DCPIP 
to  DCPIPH2 and a reduction in DCPIP absorbance.
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