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Reaction Image Acquisition Data Analysis Conventional methods used to quantify
—— vitamin C require expensive equipment;

however, the image analysis method has
proven to be effective in quantifying various
bioactive compounds and could be useful
for small industries due to its low cost. In
this sense, the objective of the present
work was to evaluate the use of a
Smartphone and image analysis in the
quantification of vitamin C in golden berries
juice. Calibration curves were elaborated
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obtained from images obtained with a smartphone and the ImageJ program of the colored samples
using four backlight colors, to which a principal component analysis was applied using the integrated
development environment for R, RStudio. Subsequently, one-way ANOVA and mean comparisons by
Tukey’s method (a = 0.05) were applied to the best-scoring analytical responses. Ultimately, the
quantification of vitamin C in golden berry juice was performed using the image analysis method, which
exhibited superior linearity and sensitivity (R? = 0.9941 and m = 4.91). A comparative assessment was
conducted against a spectrophotometric method utilizing the {-Student test for independent samples
(a = 0.05), demonstrating no statistically significant difference between the two methods (p > 0.05).
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INTRODUCTION

Vitamin C (VC) is an important antioxidant and should be consumed daily between 75-90 mg to maintain
healthy blood vessels, skin, teeth, bones, and cartilage. It is also essential in anti-allergic treatments,
strengthens the immune system, and prevents flu and infections.? In this sense, the golden berries fruits
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(Physalis peruviana L.) contain an important amount of VC ranging from 23.3 to 46.0 mg per 100 g of
berries.>® Additionally, there are exotic fruits that contain significant amounts of VC, which can be assessed
by on-site investigations with portable and low-cost methods of analysis.®

On the other hand, one of the methods that are gaining momentum in the analysis and determination
of biochemical compounds is the use of digital image analysis.” These methods proved to be effective and
fast, efficient, and low-cost.2 These methods have also demonstrated high sensitivity and good linearity
based on the slope value and coefficient of determination (R?) of the calibration curve in different studies.”
Similarly, dos Santos et al.® demonstrated the possibility of using the method based on image analysis in
the environment where it is required, being a portable method.

Nowadays, mobile devices have ceased to be a sumptuary object to become objects of common use
with multiple utilities, one of them being the application in the capture of images of chromophore analytical
samples.287910 |ts availability in almost all types of social environments makes it possible to use it in the
analysis of bioactive compounds in situ, mainly in communities with limited economic resources, even
in small companies that do not have sophisticated analysis equipment, where a quick analysis of VC is
required.®

In this sense, the main objective of the present work was to evaluate the use of a smartphone and
image analysis in the quantification of VC in golden berries juice (Physalis peruviana L.).

MATERIALS AND METHODS

The golden berries fruits were purchased from the wholesale market “Nery Garcia Zarate” in
Ayacucho city, province of Huamanga, department of Ayacucho. Folin-Ciocalteu reagent (Loba Chemie
PVT Ltd, India). Ascorbic acid (Sigma Aldrich, Germany). Tartaric acid (Insumos Quimicos Peru. Peru).
Trichloroacetic acid (Oxford, India).

Vitamin C standard preparation

It was performed according to the methodology of Jagota & Dani'" with some modifications. 0.05, 0.10,
0.15, 0.20, 0.25, 0.30, 0.35, and 0.40 mL of ascorbic acid stock solution (100 mg L") were taken in test
tubes. Subsequently, the samples were supplemented with a tartaric acid solution (200 mg L) to a final
volume of 2 mL, resulting in concentrations of 2.5, 5.0, 7.5, 10, 12.5, 15.0, 17.5, and 20 mg L' of VC. In
addition, the blank was made by placing 2 mL of tartaric acid solution (200 mg L") in a test tube. Then, 0.2
mL of Folin-Ciocalteu’s reagent diluted to 10% (v/v) was added to the nine prepared standards and allowed
to react for 10 minutes. The calibration curve was elaborated by linear regression with the absorbance
values (A = 760 nm) and using the colorimetric analytical responses.

Determination of VC in a sample

The determination of VC used the technique described by Jagota & Dani' with some modifications.
Five units of golden berries fruits were crushed in a mortar and pestle. 2 mL of the golden berries juice and
8 mL of 10% (w/v) trichloroacetic acid were added to a centrifuge tube and then centrifuged (P. Selecta,
S240, Spain) at 3000 rpm for 15 min. Subsequently, VC determination was performed with 0.2 mL of the
supernatant.

Acquisition and image processing conditions.

The VC standards contained in test tubes were placed on a stand adapted to place the samples in front
of a personal computer screen (HP, 250 G8, USA) that provided four backlight colors (BC); these are:
white, red, green, and blue (Figure 1). In addition, 50% backlight brightness and 50 cm image acquisition
distance were used.
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Figure 1. Screens with backlight colors.

Images were acquired with a smartphone camera (LG, H440F, China), 8 MP (Megapixel), and an image
acquisition resolution of 3264x2448 pixels. Furthermore, the numerical data of the images, corresponding
to the values of the R, G, and B channels of the region of interest, were acquired using ImageJ 1.53k.

Obtaining analytical responses (S)

Different analytical responses (S, to S,;) were explored by mathematical combinations of the RGB
color space and CIE Lab parameters (Table ). Equations (1) to (15) were used for this purpose. The color
parameters lightness (L*), redness (a*), and yellowness (b*) were obtained using the worksheet (Microsoft
Excel®) developed by Boronkay'? called Colour Conversion Centre (4.0a), using the RGB channel values.

Table I. Mathematical combinations of the RGB color space and CIE Lab parameters

Analytical responses (S) Equation Reference
R; + G; + B;
L= % (1) Osorio et al.™
S, = 0.299R; + 0.587G; + 0.114B; (2) Zhao et al.**
R;
S3 =—log|— (3) Zhao et al.*
Ro
G;
S, =—log|— (4) Zhao et al.**
Go
B;
Sy =—log | — (5) Zhao et al.™
By
Se =Ry —R; (6) Porto et al.?
S; =Gy — G; (7) Porto et al.?
Sg =By —B; (8) Porto et al.?

(continues on the next page)

87



Braz. J. Anal. Chem. 2024, 11 (42), pp 85-93.

Table I. Mathematical combinations of the RGB color space and CIE Lab parameters (continuation)

Analytical responses (S) Equation Reference

So =+/(Ryg — R)? + (Gy — Gy)? + (By — B;)? 9) Abderrahim et al."s
Sio=Ly—L; (10) \é\t/(;rlw.?ghanyakram
Siu=ay—a; (1) \e/\t/oar;.?;hanyakram

S12 = by — b} (12) \E/}\t/c;rlw.%]:hanyakram

Sia = (o = £0)" + (ag — )" + (55 b;)’ (13) oo Sghanyaieam

Sia =Va? +b*? (14) Otalora et al."”

S5 = ? arctan <Z—:> (15) Otélora et al.’”

Red (R), green (G), and blue (B) are color parameters from the RGB color space. The color parameters lightness
(L*), redness (a*), and yellowness (b*) from the CIE Lab color space. The subscripts “i” and “0” correspond to the
values of the color parameters at different concentrations of vitamin C and without vitamin C, respectively.

Statistical analysis

The statistical software RStudio (version 2022.12.0, Build 353) was employed as the integrated
development environment for R (version 4.2.2). The ‘stats’ library was utilized for the analysis of variance,
while the ‘EnvStats’ library was utilized for obtaining the lack of fit analysis. Multivariate analysis,
specifically Principal Component Analysis (PCA), was conducted using the ‘missForest’, ‘FactoMineR’,
‘ggplot2’, and ‘factoextra’ libraries. Mean comparisons were performed using Tukey’s method at a 95%
confidence level, with the ‘agricolae’ library employed for this purpose. The t-Student test for independent
samples (a = 0.05) was applied using the ‘stats’ library.

RESULTS AND DISCUSSION
Vitamin C calibration curves (VCCC)

In the realm of analytical chemistry, linear regression has conventionally been employed, although it
may not always be the optimal approach. To ascertain the model’s suitability and evaluate linearity, it is
crucial to assess both the ANOVA and the “lack of fit” value.'®'® In our study, the models displayed high
significance (p < 0.001), indicating their linearity and effective utilization as calibration curves. Additionally,
the lack of fit value was determined to be non-significant (p > 0.05), implying that the experimental data
align well with the mathematical model in all three examined cases (Table Il).

Table IlI. p-value for the model and lack of fit for different linear models

Source of variation Red Green Blue
Model < 0.001 < 0.001 < 0.001
Lack of fit 0.9646 0.9700 0.9121

Figure 2 illustrates the concentrations of vitamin C (CVC) and their corresponding analytical responses
based on color channels (R, G, and B). Notably, the red channel exhibits more pronounced changes
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in the analytical response as the CVC varies, whereas the blue channel demonstrates a comparatively
lower response. In both cases, the analytical response shows an inverse relationship with the CVC. This
finding aligns with the work of Fan et al.,” who emphasized that the color of a sample can be related to
its concentration within a specific range, often exhibiting linearity. Consequently, establishing a standard
curve enables sample analysis.
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Figure 2. Vitamin C concentration with respect to analytical response (R, G, and B).

Principal component analysis (PCA)

To the fifteen analytical responses (S, to S, ) shown in Table |, a PCA analysis was applied with respect
to the applied background color (BC). The purpose of this analysis was to explore this relationship and
its effect on the slope values and the coefficient of determination (R?) of the VCCC. In this regard, it was
observed that certain background colors were associated with certain analytical responses.

The slope values of the VCCC were represented in the PCA-Biplot graph shown in Figure 3-a, and
it was observed that BC were grouped in different areas of the graph. In addition, the slope values that
had the lowest dispersion were those that worked with white BC. Also, this is located in the first quadrant,
which indicated that it contributes significantly to dimension 1 (Dim1), which had a higher contribution
value (47.7%). By reducing the variables (Figure 3-b), it was possible to better observe the analytical
responses that provided the greatest contribution to increasing slope values. The analytical response’s:
S,,S,, and S, had a high positive correlation with respect to Dim1. This is due to the angles formed, these
were closer to zero. On the contrary, the S,,, had a negative correlation with respect to Dim1, and probably
the slope values obtained with this analytical response are lower in relation to the analytical response’s
found in quadrant 1 of the PCA-Biplot. However, the highest values obtained with this analytical response
were with the blue BC. On the other hand, analytical response 88 did not show a correlation in Dim1, but
it did show a correlation in dimension 2 (Dim2). The PCA analysis accounted for 77.9% of the variability
in the model, specifically in relation to the slope values of the calibration curve. On the other hand, Attar
et al.?? mentioned that the opposite directions of the arrows indicate inverse correlations between groups
of factors. Therefore, the analytical response’s that are in the first quadrant provide higher slope values
for the white BC and lower values for the blue BC, the inverse happened for the S,,. On the other hand,
Ballesteros et al.® suggested that a higher slope value in a calibration curve would be indicative of a higher
sensitivity of the method, which is why the analytical response’s “S.”, “S”, and “S,” was chosen, in addition
to the white BC.
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Figure 3. PCA-Biplot in the analysis of the VCCC slope. (a) Complete variables and (b) with variable
reduction. PCA-Biplot in the analysis of the R? of the VCCC. (c) Complete variables and (d) with variable
reduction.

There was no defined group in the analysis of the coefficient of determination with respect to the BC
because they appear to form a single group (Figure 3-c). However, the red BC dominates the entire graph,
and its center point is on the right, and higher R? values can be obtained with this BC. On the other hand,
the white BC is in the first quadrant, and its values were not as dispersed as those of the red BC. The
analytical response’s that contributed the most were S, S,, and S, (Figure 3-d). In this second evaluation,
the PCA analysis for the R? variable explained 55.2% of the model variability. It should be noted that a
higher R? value would provide greater linearity of method.?' In addition, Fan et al.” analyzed several studies
where an R? greater than 0.9577 showed good linearity.

After the multivariate analysis, an analysis of mean comparisons was performed using Tukey’s method,
and evaluated at 95% confidence. Table Ill shows that the slope value using the analytical response “S;’
was higher and was significantly different (p < 0.05) with respect to the analytical response’s “S,” and “S,”.
However, when the R? was evaluated, none of the analytical response’s had significant differences (p >

0.05) and their values were above 0.99.
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Table Ill. Comparisons of means between the chosen color parameters

Analytical response’s Slope R?
S, 4.56 + 0.07722 0.9960 + 0.00142
S, 2.72 £ 0.0411° 0.9957 + 0.00122
S 2.56 £ 0.0473¢ 0.9960 £ 0.0016°

Different lowercase letters (a,b and c) indicate significant differences (p < 0.05) in the
same column. Values were expressed as mean * standard deviation (n = 9).
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Figure 4. VCCC by spectrophotometric UV-Vis method (a) and image analysis (b).

Analysis of VC in golden berries juice using a smartphone

The VCCC shown in Figure 4 showed high coefficients of determination (R? > 0.99). According to
Fan et al.,” this result means that the linearity of the method is very good. On the other hand, the VCCC
obtained with the analytical response S, and the white BC gave a slope value of 4.91 (Figure 4-b). The
LOD and LOQ values of the new method were 1.28 and 3.87 mg L' VC, respectively. In this regard, Porto
et al.2 found a LOQ of 5.4 mg L' VC. In our study, the obtained value was slightly lower. However, based
on this result, we can still conclude that the new method could be suitable for the analysis of VC in golden
berries juice.

Table IV displays the VC values obtained using both the spectrophotometric and image analysis
methods utilizing a smartphone. The analysis of VC using these two methods did not yield any significant
differences (p > 0.05) when evaluated through the t-Student method for independent samples with a 95%
confidence level. As a result, it can be concluded that there is insufficient evidence to support the claim that
the VCC values obtained differ significantly between the two analysis methods.

Table IV. Vitamin C according to method of analysis

Methods mg of vitamin C 100! mL""
Spectrophotometric* 34.9 + 0.6822
Image analysis 36.4 £ 1.8422

*UV-Vis method (A = 760 nm). Values expressed as mean + standard deviation
for n = 3. Values with equal letters indicate non-significance between treatments
according to the Student’s t-test for independent samples (a = 0.05).
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CONCLUSIONS

The utilization of a smartphone and image analysis for quantifying vitamin C (VC) in golden berries juice
(Physalis peruviana L.) was successfully evaluated, resulting in a value of 36.4 mg VC 100" mL™" of juice.
The Euclidean distance of RGB (S,) and white backlight color proved to be the optimal analytical response
and backlight color, respectively.

Different backlight colors exhibited variations in method sensitivity. However, linearity remained
consistent, with high coefficients of determination observed across all backlight colors. Moreover, when
employing various color parameters as analytical responses, the method’s sensitivity showed significant
variability, with slope values ranging from 2.86 x 10~ to 4.69.

The quantification of VC via smartphone image analysis demonstrated itself as a fast, simple, and
cost-effective tool. It exhibited high accuracy comparable to traditional methods. Moreover, this method
holds potential for implementation in higher education institutions located in remote areas, where it can
be utilized for teaching a low-cost colorimetric analysis method. Furthermore, it opens avenues for the
analysis of VC in other sample types.
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