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Abstract
The use of technology for antioxidant determination in foods has contributed toward enhancing the applicability of this 
analysis in in vitro assays. The present study sought to evaluate the activity of antioxidants in food products using the following 
analytical methodologies: analysis of total phenols, flavonoids, ABTS, DPPH, reducing power by potassium ferricyanide, and 
FRAP, using the smartphone app PhotoMetrix PRO®. These methodologies underwent analytical validation demonstrating 
linearity at 95% confidence interval, while residues displayed homoscedasticity and random distribution. The values obtained 
for the limit of detection (LOD) and limit of quantification (LOQ) were below the working range for all methodologies. 
The correlation coefficients obtained for the curves were above 0.99, except for the FRAP method. For the analysis, the values 
obtained for relative standard deviation (RSD %) for repeatability and intermediate precision were lower than 5%, except for 
ABTS and DPPH analysis, which presented values lower than 10%. The PhotoMetrix PRO® app has proven to be efficient for 
use in the analysis of whole grape juice samples, when compared to UV-VIS spectrophotometer.
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Practical Application: The smartphone app was found to be highly efficient for monitoring antioxidant analysis.  

Using smartphone for monitoring colorimetric 
reactions aiming at determining antioxidant activity
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1 INTRODUCTION
Antioxidants are bioactive compounds that act in biological 

systems and in foods by slowing down or preventing the oxi-
dation of biomolecules such as lipids or proteins. Assessing the 
potential of antioxidants in biological systems often involves 
in vitro assays using macromolecules that may or may not re-
semble physiological systems; these assays are used to correlate 
the expected effects with antioxidant ingestion through in vitro 
laboratory analyses (Siddeeg et al., 2021). 

In view of that, colorimetric analyses have gained promi-
nence for monitoring different classes of compounds and analyz-
ing their antioxidant capacity. Some of the colorimetric methods 
applied for the analysis of antioxidant compounds include the 
following: analysis of total phenolic compounds; analysis of fla-
vonoids; 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS); assays for the capture of 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical; analysis of the reducing power by potassium 
ferricyanide; and the analysis of Ferric Reducing Ability Power 
(FRAP) (Boroski et al., 2015; Caramês et al., 2020; Stratil et al., 
2006). The key advantages of the aforementioned analytical 
techniques include their animal-free nature, relatively low cost, 
simplicity of execution without requiring  highly trained ana-
lysts, and ease of equipment operation (Anh-Dao et al., 2023; 
Stratil et al., 2006; Thongsuk & Sameenoi, 2022).

In recent years, the application of colorimetric techniques 
for the analysis of antioxidant compounds has evolved alongside 
the advancement of digital imaging technologies, including 
smartphones, digital cameras, webcams and scanners, as well 
as up-to-date software for the treatment and processing of im-
ages (Bazani et al., 2021; Ledesma et al., 2019; Minh-Huy et al., 
2023), where colorimetric analysis is conducted based on digital 
imaging (Bazani et al., 2021; Ledesma et al., 2019; Minh-Huy 
et al., 2023). This alternative approach, which involves the use of 
digital resources, simplified the assessment of various samples, 
making it faster, more practical, cost-effective, accessible, and 
efficient to perform (Al-Nidawi & Alshana, 2021; Caleb et al., 
2021; dos Santos et al., 2019; Minh-Huy et al., 2023).

The digital imaging-based colorimetric technique has been 
increasingly applied for the analysis of a wide range of analytes, 
including the determination of total phenolic content and antiox-
idants in tea (Minh-Huy et al., 2023), grape juice (Caramês et al., 
2017), beer (Ledesma et al., 2019), coffee (Anh-Dao et al., 2023; 
Bazani et al., 2021), strawberries (Bazani et al., 2021), tomatoes 
(Bazani et al., 2021), ascorbic acid in fruits native to the Brazilian 
Amazon such as bacuri, cupuaçu, muruci, cajá, cashew, mango, 
orange, and passion fruit (dos Santos et al., 2019), polyphenols 
in wines (Vallejos et al., 2019), alkaline phosphatase in raw milk 
(Mahato & Chandra, 2019), curcumin in turmeric and tea samples 
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(Caleb & Alshana, 2021), and iodate in table salt samples (Caleb 
et al., 2021). In addition, the digital imaging-based colorimetric 
technique has also been applied for the determination of mercu-
ry ions in drinking water (Firdaus et al., 2019) and iron ions in 
pharmaceutical formulations (Santos et al., 2021).

The main objective of the present study was to analytically 
validate the in vitro methodologies employed for the analysis of 
antioxidant activity of foods using a smartphone app to monitor 
the colorimetric reactions and to process the results obtained 
from this analysis.  

2 MATERIAL AND METHODS

2.1 Reagents and materials

The reagents employed for the conduct of the experiments 
included the following: gallic acid (99%, Neon), sodium car-
bonate (99%, Êxodo Científica), methanol PA (Sal-R), Folin-Ci-
ocalteu phenolic reagent (2 N, IMBRALAB), aluminum chlo-
ride (99%, Dinâmica), acetone PA (Synth), quercetin (99%, 
Sigma-Aldrich), DPPH (C18H12N5O6, 2,2-diphenyl-1-picryl-
hydrazyl, 99.9% Sigma-Aldrich), ABTS (2,2’-azino-bis(3-eth-
ylbenzothiazoline-6-sulfonic acid), diamonic salt (99%, Sig-
ma-Aldrich), ethanol PA (Sal-R), potassium persulfate (99%, 
Dinâmica), Trolox reagent (99%, Sigma-Aldrich), monobasic 
potassium phosphate (Neon), bibasic potassium phosphate 
(Êxodo Científica), hydrochloric acid 37% PA (CRQ), trichloro-
acetic acid (99.2%, Neon), potassium ferricyanide (99%, Sinergia 
Científica), ferric chloride (99.5%, Dinâmica), sodium acetate 
buffer solution (300 mmol L-1, pH 3.6), ferrous sulfate (99%, 
Dinâmica), 2,4,6-tripyridyl-1,3,5-triazine (TPTZ) (99%, Sig-
ma-Aldrich). Distilled water was used to prepare the solutions 
(Type II, Purelab Option Q system).  A sample of whole grape 
juice obtained from the local market was used for the analysis 
of the methodologies (Foz do Iguazu, Brazil).

The experiments were conducted using the following set 
of equipment: pH meter (Ohaus, Starter 3100M), UV-Vis spec-
trophotometer (Thermo Fisher Scientific, Evolution 201), and 
cylindrical glass tubes of 10 cm with internal diameter of 1.2 mm 
and glass cubettes.  

2.2 Monitoring the colorimetric reactions

The in vitro methods for the analysis of antioxidant activity 
were executed using UV-VIS spectrophotometer and the smart-
phone app PhotoMetrix PRO®.

The images were captured using the Samsung Galaxy S21 
5G cell phone (model SM-G991B with 64-megapixel camera) 
equipped with the PhotoMetrix PRO® app. To capture the images 
through the smartphone app, the following procedures were 
executed: Univariate Analysis, Vetor RGB, Calibration (to plot 
the analytical curve) or Sampling (for the analysis of the samples 
on the curve). The analyses of the samples via the PhotoMetrix 
PRO® app were carried out using 10 cm cylindrical glass tubes 
with internal diameter of 1.2 mm.

The analyses were conducted using the apparatus shown 
in Figure 1, which was used for light control and the proper 

positioning of the samples. The apparatus consisted of a wooden 
box with the interior coated in black ink, sheets of sulfite paper 
to ensure the contrast of the colorimetric reactions, LED cables 
connected to a 9V battery cell used as a power source, and a 
support for securing the smartphone onto the surface of the 
box (de Lourenço et al., 2021).

2.3 Validation of the methodologies

During the study, the colorimetric methods were subjected 
to the following modifications: the volumes of the originally 
proposed methods were reduced; the monitoring of the col-
orimetric reactions was performed using the smartphone app 
PhotoMetrix PRO®. 

Linearity was evaluated through the construction of six (6) 
analytical curves prepared in triplicate. The homoscedasticity 
of the residues was evaluated at 95% significance level. Limits 
of detection (LOD) and quantification (LOQ) were determined 
through the reading of 7 replicates of the analytical blank, con-
sidering 3.3 × σ/m and 10 × σ/m, respectively. Where σ is the 
standard deviation of ten blank measurements and m is the 
slope of the analytical curve (AOAC, 2016; INMETRO, 2016).

For the precision analysis, which is determined through 
the study of repeatability or intermediate precision, three con-
centration levels were used. Precision was estimated based on 
relative standard deviation (RSD %). Intermediate precision was 
estimated based on the adoption of an interval of 72 h between 
the analyses. 

The methodologies developed in the present study, which 
involved using the PhotoMetrix® smartphone app for monitor-
ing antioxidant activity, were compared with the conventional 
method based on the application of UV-VIS spectrophotometer. 
The mean values obtained were compared using the Student’s 
t-test for paired data at a 95% confidence level.  The graphics 
obtained for the results of the analyses were plotted using Excel®.

2.4 Total phenolic compounds

The analysis of total phenolic compounds was carried out 
based on the detection of reduced substances using the Folin-Ci-
ocalteu reagent (FCR) (Singleton & Rossi, 1965). A solution 
containing 200 mg L-1 of gallic acid was prepared in distilled 
water, and dilutions were carried out for the construction of 

Figure 1. Apparatus used for constructing the analytical curve and 
for the analysis of the samples through the PhotoMetrix PRO® app.
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analytical curve in concentrations between 25 and 150 mg L-1. 
An aliquot of 200 μL of each standard solution was transferred 
to a test tube, and the following substances were added into 
the solution: 250 μL of diluted FCR (1:1 v/v in distilled water), 
500 μL of saturated Na2CO3 solution and 4 mL of distilled water. 
The test tubes were agitated and kept at room temperature under 
light protection for 25 min and were subsequently centrifuged 
for 10 min at 3,000 rpm. For the blank solution employed in the 
analysis, the volume of the standard solution was replaced by 
distilled water. Additionally,  250 μL of 10% whole grape juice 
(v/v in distilled water) was used for the analysis of real sample. 
Absorbance was determined using a UV-VIS spectrophotometer 
at 725 nm.

2.5 Total flavonoids

Total flavonoids were determined through the analysis of 
complexation reaction involving the antioxidants and alumi-
num metal, based on the formation of a yellow color complex. 
This analysis was performed based on the method proposed 
by Dowd (1959), with some adaptations. The analytical curve 
was prepared by diluting 10 mg of quercetin in a mixture con-
taining 2 mL of methanol and 3 mL of acetone (for complete 
solubilization), resulting in a final concentration of 2,000 mg 
L-1. Dilutions were made from this solution and six points of 
the curve were prepared in concentrations ranging from 10 to 
100 mg L-1. An amount of 500 μL of each standard solution was 
transferred to test tubes; followed by the addition of 250 μL of 
5% AlCl3 (m/v in methanol) and 4.25 mL of methanol. The tubes 
were homogenized and kept at room temperature under light 
protection for 30 min. A blank solution was also prepared by 
replacing the aliquot of the standard solution by methanol, and 
the same solution volume was used for the sample of 10% whole 
grape juice (v/v in distilled water). Absorbance was measured 
using UV-VIS spectrophotometer at 425 nm.          

2.6 DPPH

The assay related to the capture of the 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) radical was carried out based on the analysis 
of the oxidation reaction of the DPPH radical with the analyzed 
sample. The antioxidant potential of the sample is found to be 
proportional to the discoloration of the DPPH solution — which 
exhibits a range of color change from purple to yellow. The ana-
lytical methodology employed in the study was developed based 
on the original methodologies proposed by Brand-Williams 
et al. (1995) and Kirigaya et al. (1971). A solution of 200 mg 
L-1 of gallic acid was prepared in distilled water, and dilutions 
were made for the construction of the analytical curve in the 
concentrations ranging from 35 mg L-1 to 150 mg L-1. 4,000 μL 
solution of 47 mg L-1 DPPH (prepared with methanol) and 
100 μL of each standard solution were placed in test tubes. 
The  tubes were homogenized and kept at room temperature 
for 30 min. For the blank solution used for the analysis, the 
volume of the standard solution was replaced by methanol, and 
the same procedure was applied for the sample of 10% whole 
grape juice (v/v in distilled water). All analyses were performed 
under light protection. Absorbance was measured using UV-VIS 
spectrophotometer at 517 nm.     

The results were obtained based on the estimate of IC50, 
which determines the concentration of antioxidant required to 
inhibit 50% of DPPH• radical. To determine the IC50 values, the 
percentage of DPPH• relative to the standard solution or sample 
was calculated as illustrated in Equation 1 below.      

% DPPH• Inhibition =
(AbsDPPH•  −  Abssample)

AbsDPPH•  100
� (1)

Where:

AbsDPPH•: Absorbance of the methanol solution in the 
DPPH radical;

Abssample: Absorbance of the sample after 30 min of reaction 
with the DPPH• solution.

2.7 ABTS

The analysis of the antioxidant activity of the sample was 
carried out using the technique involving the application of the 
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
radical, based on the method proposed by Rice-Evans and Miller 
(1994), with some adaptations. The analytical curve was prepared 
using 2,000 μmol L-1 Trolox 6-hydroxy-2,5,7,8-tetramethylcroma-
no-2-carboxylic acid) standard solution (prepared in ethanol). 
This solution was subjected to dilutions, where concentrations 
ranging from 380 to 1,500 μmol L-1 were obtained. An aliquot of 
2,000 μL of the ABTS•+ radical cation solution was transferred to 
test tubes and 20 μL of the Trolox standard solutions were added 
to the tubes. The ABTS•+ radical cation was prepared by diluting 
ABTS in a 2.45 mmol L-1 potassium persulfate solution, which 
was kept idle for 16 h under light protection. Subsequently, it 
was diluted with potassium phosphate buffer solution (pH 7.40) 
until an absorbance ranging from 0.680 to 0.720 at 734 nm was 
obtained (using UV-VIS spectrophotometer). The test tubes were 
homogenized and kept at room temperature under light protec-
tion for 6 min. A blank solution was also prepared by replacing the 
aliquot of the standard solution with phosphate buffer solution; 
the same procedure was executed for the 10% whole grape juice 
sample (v/v in distilled water). Absorbance was measured using 
a UV-VIS spectrophotometer at 734 nm.      

2.8 Reducing power by potassium ferricyanide

The analysis of reducing power by potassium ferricyanide 
assesses the ability to reduce Fe3+ (iron III) ion to Fe2+ (iron II). 
This analysis was performed using the methodology developed 
by Berker et al. (2007). The analytical curve was constructed 
using the standard solution of gallic acid at 200 mg L-1 in concen-
trations ranging from 10 to 100 mg L-1. An amount of 1,000 μL 
of the standard solution was placed in test tubes, followed by the 
addition of 2.50 mL of phosphate buffer solution at pH 7.0 and 
2.50 mL of 1% potassium ferricyanide solution (m/v in distilled 
water). The test tubes were then placed in a heating bath at 50 °C 
for 20 min, and 2.50 mL of 10% trichloroacetic acid solution (m/v 
in distilled water) was added to the tubes. After that, the tubes 
were centrifuged at 3,000 rpm for 10 min, and 2.50 mL of the 
supernatant was removed and transferred to other tubes, where 
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2.50 mL of distilled water and 0.50 mL of 0.10% ferric chloride 
solution (w/v in distilled water) were added therein. A blank 
solution was also prepared by replacing the aliquot of the stan-
dard solution with distilled water. The same solution volume of 
this solution was applied for the sample of 10% whole grape juice 
(m/v in distilled water). Absorbance was immediately measured 
using a UV-VIS spectophotometer at 700 nm.   

2.9 Ferric reducing ability power

The FRAP test indirectly measures the total antioxidant activ-
ity of a sample through the reduction of the complex formed by 
TPTZ, which presents an intense blue color. This analysis followed 
the methodology proposed by Moon and Shibamoto (2009), with 
some adaptations. The analytical curve was constructed using 
the standard solution of 2,000 μmol L-1 ferrous sulfate (heptahy-
drate), which was diluted, obtaining concentration levels ranging 
between 750 and 1,750 μmol L-1. To conduct the analysis, an 
amount of 3,000 μL [Fe3+(TPTZ)2]Cl3 (FRAP reagent) solution — 
which was prepared by mixing 100 mL acetate buffer solution at 
300 mmol L-1 (pH 3.60), 10 mL TPTZ solution at 10 mmol L-1 (in 
distilled water), and 10 mL ferric chloride solution (hexahydrate) 
at 20 mmol L-1 — was poured into test tubes, and this was followed 
by the addition of 100 μL of the standard solution and 300 μL of 
distilled water therein. The tubes were then placed in a heating 
bath at 37 °C for 5 min. A blank solution was also prepared by 
replacing the aliquot of the standard solution with distilled wa-
ter, and the same solution volume was applied for the sample of 
10% whole grape juice (v/v in distilled water). Absorbance was 
measured using UV-VIS spectrophotometer at 593 nm.    

3 RESULTS AND DISCUSSION

3.1 Analytical validation

The methodologies for the analysis of antioxidant capacity 
in foods have been well consolidated in the literature. The ap-
plication of advanced technology in routine lab analyses has 
helped accelerate these analyses and has reduced both the time 
and the complexity of the procedure. In addition, the minia-
turization of analyses has played a significant role in lowering 
costs and minimizing waste production in the laboratories. 
To ensure the integrity of the results, it is essentially important 
that the methods be subjected to validation after modification 
and optimization procedures (AOAC, 2016; INMETRO, 2016).

Linearity assessment of the methods was conducted through 
analysis of variance using the spreadsheet developed by Ribeiro 
et al. (2008). The analytical curves exhibited linearity at 95% 
confidence interval, while the residues displayed homoscedas-
ticity and a random distribution. The correlation coefficients 
obtained for the curves were above 0.99, except for the FRAP 
method (Table 1). For the analysis of total phenolic compounds, 
flavonoids, ABTS, reducing power by potassium ferricyanide, 
and reducing power by the FRAP method, the linearity was ob-
tained by plotting the concentration of the standard solutions as 
a function of the signal obtained from the smartphone. For the 
analysis involving the DPPH• radical assays, the signal values 
were replaced with the percentage of inhibition of the radical. 

In order to compare the applicability of the methods in 
food samples, LOD and LOQ were estimated. The values ob-
tained fell below the working range for all the methodologies; 
this result pointed to the feasibility of the methods in terms 
of application for the determination of antioxidant activity of 
analytes at low concentrations. When it comes to the quantita-
tive determination of the analysis of antioxidants, the limits of 
detection of the methods are particularly important. Samples 
with high antioxidant activity are found to be easily diluted; it 
should be noted however that the preparation of samples is a 
limiting factor when bioactive compounds are present in low 
concentrations in the composition.                 

Other studies reported in the literature have demonstrated the 
efficacy of digital apps in detecting and quantifying analytical curves 
with low concentrations, particularly in analyzing the antioxidant 
capacity of extracts of tomatoes, strawberries, and coffee (Bazani 
et al., 2021), tea and herbal infusions (Calabria et al., 2021), and 
the detection of nitrite and ammonia in river, waste and sea water 
samples (Zheng et al., 2022). It is worth pointing out that the Pho-
toMetrix PRO® smartphone app has been previously validated for 
the analysis of other substances in a wide range of samples; deter-
mination of iron in vitamins, where the authors obtained LOD and 
LOQ of 0.19 mg L-1 and 0.23 mg L-1, respectively (Helfer et al., 2016); 
determination of fluoride in water, where the authors obtained LOD 
and LOQ of 0.05 mg L-1 and 0.10 mg L-1, respectively; and for the 
determination of phosphorus in water, yelding LOD and LOQ of 
0.010 mg L-1 and 0.019 mg L-1, respectively (Pappis et al., 2019); 
speciation of chromium and determination of Cr (VI) in leather 
samples, where the authors obtained LOD and LOQ of 0.6 mg 
L-1 and 0.2 mg kg-1, respectively (Costa et al., 2019); and for the 
determination of the content of total phenols and antioxidants in 
tomatoes, strawberries, and coffee, with LOD and LOQ of 0.03 mg 
L-1 and 0.11 mg L-1 for total phenolic compounds and 0.26 mg L-1 
and 0.88 mg L-1 for antioxidants based on the test of reducing power 
for the reduction of the 2,6-di- tert-butyl-4-methylphenol (BHT) 
standard (Bazani et al., 2021). Essentially, the LOD and LOQ values 
from these studies show that the PhotoMetrix PRO® app is capable 
of detecting and quantifying analytes present in a wide range of 
samples, even at trace concentrations.                           

 The precision of the methodologies was evaluated through 
repeatability and intermediate precision analyses across three 
concentration levels for each analysis (Table 1). It should be 
noted that the use of the apparatus for capturing images was 
essentially important for obtaining better results, as it helped 
prevent interferences, such as ambient light and unwanted 
movements during image capture, while ensuring a consistent 
distance between the camera and the analyzed sample. 

The results obtained in this study are in line with the reg-
ulatory guidelines that recommend that the relative standard 
deviation percentage (% RSD) for concentrations of 100, 10, 1, 
and 0.1 mg L-1 should be equal or inferior to 5.3, 7.3, 11.0, and 
15.0, respectively (AOAC, 2016; INMETRO, 2016). 

3.2 Real sample analysis

Table 2 shows the results obtained from the analysis con-
ducted using the samples of whole grape juice. 
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Based on the concentrations of the samples recorded for 
the methodologies related to the analysis of total phenolic 
compounds, flavonoids, ABTS, DPPH, reducing power by 
ferricyanide, and reducing power by FRAP under the applica-
tion of the UV-VIS spectrophotometer and the PhotoMetrix 
PRO® smartphone app, Student’s t-test results were obtained 
(Table 2). For the results that are statistically similar at 95% 
confidence level with 2 degrees of freedom, the methodolo-
gies required a t-value lower than the t-critical value (4.30). 
Based on the Student’s t-test results, only the methodologies 
involving the analysis of total phenolic compounds and reduc-
ing power by potassium ferricyanide exhibited statistical sim-
ilarity between the data obtained from the application of the 
UV-VIS spectrophotometer and the PhotoMetrix PRO® app, 
as observed in Table 2. The differences observed between the 
other methodologies can be attributed to interferences from 
external factors in the smartphone app’s apparatus, including 
battery capacity and changes of position of the electronic 
gadget during replicates.   

4 CONCLUSION
The methodologies employed in this study for the analysis of 

antioxidant activity based on the application of the PhotoMetrix 
PRO® smartphone app for monitoring colorimetric reactions 
yielded satisfactory results in comparison with the UV-VIS 
spectrophotometric method. Regarding linearity, there was a 
clear similarity in terms of the behavior of the analytical curves 
constructed using the PhotoMetrix PRO® app and the UV-VIS 
spectrophotometer. All the analyses conducted in this study fell 
within the parameters assessed in the validation analysis for the 
two techniques investigated.        

The PhotoMetrix PRO® app has proven to be efficient for 
use in the analysis of whole grape juice samples under the ap-
plication of the methodologies involving the analysis of total 
phenolic compounds, flavonoids, DPPH, ABTS, and reducing 
power by potassium ferricyanide and by the FRAP method. 
Considering that the analytical device proposed in this study 
is of low cost and easily accessible, it can be incorporated into 
the techniques applied for the analysis of antioxidant activity 
in teaching and research laboratories.     
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