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ABSTRACT 

In recent years, smartphones for digital image analysis (DIA) have emerged as an 
affordable, user-friendly, and accessible chemical and food analysis tool, particularly in 
colorimetry. This study aimed to compare the performance of various color models and 
demonstrate their usefulness in quantifying food dyes in commercial products using DIA. Images 
of food dye solutions at 500 Lux were captured using an OPPO F11 smartphone, and the RGB 
values are mathematically transformed into several color models. The results show that the 
normalized blue channel was the most robust color model for analyzing different food dyes using 
DIA. The corresponding limit of detection (LOD) and limit of quantification (LOQ) for nine food 
dyes studied are following: carmoisine, 3.7 and 11.3 mg/L; sunset yellow, 1.0 and 3.1 mg/L; allura 
red, 2.0 and 6.0 mg/L; ponceau 4R, 1.3 and 4.0 mg/L; tartrazine, 5.0 and 15.2 mg/L; fast green, 
2.0 and 6.1 mg/L; brilliant blue, 1.9 and 5.7 mg/L; quinoline yellow WS, 3.3 and 9.9 mg/L and 
indigo carmine, 1.2 and 3.8 mg/L. These LOD and LOQ values were comparable to those 
obtained from UV-Vis spectroscopy measurements: carmoisine, 2.4 and  7.2 mg/L; sunset yellow: 
0.9 and 2.6 mg/L; allura red, 1.4 and 4.2 mg/L; ponceau 4R, 1.9 and 5.7 mg/L; tartrazine, 0.9 and 
2.7 mg/L; fast green, 1.5 and 4.4 mg/L; brilliant blue, 3.6 and 10.9 mg/L; quinoline yellow WS, 0.3 
and 0.9 mg/L and indigo carmine, 4.3 and 13.0 mg/L. The DIA method was successfully applied 
to determine the concentrations of food dyes in three commercial samples (Samples S1-S3) 
containing carmoisine, tartrazine, and brilliant blue, respectively. The measured concentrations 
are 52.7±2.6 mg/L (S1), 105.9±5.4 mg/L (S2) and 7.9±0.5 mg/L (S3), which are in good 
agreement with UV-Vis spectroscopy results employing standard addition method 58.2±3.0 mg/L 
(S1), 106.2±1.3 mg/L (S2), 8.3±0.5mg/L (S3). Overall, this color model study demonstrates the 
utility of DIA method as a reliable and affordable food dye analysis tool that can potentially be 
used for public health and safety monitoring. 

 
Keywords: Digital image-based analysis, smartphone, food dye, color model, UV-Vis 

Spectroscopy.  

INTRODUCTION  

Over the last decade, built-in 

smartphone cameras have replaced regular 

point-and-shoot digital cameras. The imaging 

capabilities of smartphone cameras have 

improved continuously, allowing them to 

capture high-resolution images suitable for 

physical, chemical, and biological assessment 

based on their color information using 

colorimetry [1] or fluorescence analysis [2].  

https://jurnal.uns.ac.id/jkpk
https://www.sciencedirect.com/science/article/abs/pii/B9780128236963000064
https://www.sciencedirect.com/science/article/abs/pii/B978012823696300012X
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In food analysis, digital image-based 

analysis (DIA) using smartphones has been 

utilized to quantify various food chemicals, such 

as phenols [3], nitrites [4], and alcohols [5]. 

Several other studies have demonstrated that 

smartphones can detect microbial 

contaminants and adulteration in dairy products 

[6] and assess the quality and freshness of 

fruits and vegetables [7,8]. In addition, DIA 

offers some practical advantages such as 

simplicity, accessibility, and affordability [9].  

However, DIA requires special attention 

to achieve accurate and precise 

measurements. This includes capturing good 

quality and consistent images of the objects 

without interference or minimal changes in 

ambient light, obtaining raw digital data from a 

smartphone to avoid demosaicing images, and 

extracting meaningful information using 

correlations to the corresponding color model 

parameters. In addition, selecting appropriate 

color model parameters is important for 

obtaining reliable information from colored 

objects. 

Most digital images display color 

information in the RGB because camera 

sensors detect color through red, green, and 

blue filters. However, the RGB color space is 

sensitive to changes in illumination and tends to 

produce unstable color signals under varying 

lighting conditions [10,11]. This sensitivity can 

affect the accuracy and precision of 

discriminating analyte color changes. 

Therefore, analysis using color model 

parameters independent of changes in lighting 

conditions is preferable for DIA measurements. 

Various color model parameters have been 

previously used in recent DIA studies, including 

the decadic logarithm function of the RGB 

signals based on Beer-Lambert Law [12,13], 

normalized RGB [14], combined RGB [13,15] 

and the conversion of RGB values into HSL 

(hue, saturation, lightness) color space [16]. 

However, while the DIA studies mentioned 

above have demonstrated the utility of their 

models for quantitative analysis, these models 

were generally applied to limited color samples. 

Furthermore, few previous works have 

provided a clear explanation on why a particular 

color model was chosen to analyze the sample 

or why a specific color channel could 

outperform the others in the analysis. 

This research aims to fill the above gap by 

examining the performance of various color 

models using DIA. Additionally, this study 

demonstrates the usefulness of DIA using 

smartphones to quantify food dyes in 

commercial products. In this regard, six 

different color models are evaluated to 

determine the most reliable color model that 

achieves the lowest limit of detection (LOD) and 

limit of quantification (LOQ) from DIA 

measurements. The models are compared on 

various food dyes with different color settings. 

Nine synthetic food dyes commonly used in 

food and beverage products carmoisine, 

sunset yellow, allura red, ponceau 4R, 

tartrazine, fast green, brilliant blue, quinoline 

yellow WS and indigo carmine, are studied to 

demonstrate the DIA methodology. These food 

dyes represent different colors and chemical 

group structures, namely monoazo, 

triarylmethane, quinoline, and indigoid dyes. 

The limit of detection (LOD) and quantification 

(LOQ) resulting from DIA measurements using 

the best model is determined and compared to 

those obtained from a more established UV-Vis 

spectroscopy technique. Subsequently, the 

https://link.springer.com/article/10.1007/s12161-020-01907-z
https://link.springer.com/article/10.1007/s12161-021-02155-5
https://link.springer.com/article/10.1007/s12161-018-1167-4
https://link.springer.com/article/10.1007/s12161-022-02253-y
https://link.springer.com/article/10.1007/s12161-021-02161-7
https://link.springer.com/article/10.1007/s12161-021-02206-x
https://www.sciencedirect.com/science/article/abs/pii/S0263224120313221
https://www.hindawi.com/journals/jat/2018/2365414/
https://link.springer.com/chapter/10.1007/978-3-319-63754-9_1
https://www.sciencedirect.com/science/article/pii/S1878029614000383
https://pubs.acs.org/doi/10.1021/acs.jchemed.8b00920
https://pubs.acs.org/doi/10.1021/acs.jchemed.0c00604
https://pubs.acs.org/doi/10.1021/acs.jchemed.8b00920
https://www.jsta.cl/resource?doi=j.jsta.19.6.41
https://link.springer.com/article/10.1007/s11270-020-04891-6
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best-performing color model is applied to 

measure food dye concentrations in 

commercial products.   

 

METHOD 

Materials  

This study investigated nine 

commercial-grade synthetic food dyes 

manufactured by Neelikon (Mumbai, India), 

the most used synthetic colorants in 

commercial food and health products. The 

dyes investigated in this study include 

carmoisine, sunset yellow, allura red, 

ponceau 4R, tartrazine, fast green, brilliant 

blue, quinoline yellow WS and indigo 

carmine, and are summarized in Table 1.  

Table 1. List of synthetic food dyes used in this study. 

Color Index 
(CI) Number 

Name Structure Purity (%)1 λ (nm)2 λref (nm) 

14720 Carmoisine Monoazo 94.50 516 516 [17] 
15985 Sunset Yellow Monoazo 89.55 482 482 [18] 
16035 Allura Red Monoazo 90.26 504 505 [19] 
16255 Ponceau 4R Monoazo 88.37 508 508 [20] 
19140 Tartrazine Monoazo 90.87 426 426 [21] 
42053 Fast Green Triarylmethane 92.21 626 624 [22] 
42090 Brilliant Blue Triarylmethane 89.95 630 630 [23] 
47005 Quinoline Yellow WS Quinoline 72.08 412 415 [24] 
73015 Indigo Carmine Indigoid 90.37 612 612 [25] 

1 As specified by the products’ certificate of analysis from the manufacturer. 

2 UV-Vis absorption maxima, measured in this study. 

 

Three different commercial products 

were used as model solutions: strawberry-

flavoured soda (S1), energy drink (S2), and 

blueberry-flavoured soda (S3). Each model 

solution contains only one type of dye: 

carmoisine (S1), tartrazine (S2) and brilliant 

blue (S3). These samples were purchased 

from local convenience stores in Jakarta, 

Indonesia. 

 

Preparation of Standard Solutions and 

Samples 

To prepare the stock solutions for each 

dye, 100.0±0.2 mg of dye powder was 

weighed using an analytical balance 

(Sartorius Entris 224i-1S) dissolved in a 

100.0±0.1 mL volumetric flask (Iwaki, Japan) 

using ultrapure water (Adrona B30 HPLC 

system, Riga, Latvia) to obtain a 

concentration of approximately 1000 mg/L. 

Standard solutions for external calibration 

were prepared by pipetting the appropriate 

amount of stock solution using a 1000±6 μL 

micropipette (Corning, New York) into a 

separate volumetric flask (100.0±0.1 mL, 

Grade A, Iwaki, Japan) and then diluting them 

with ultrapure water. 

The three commercial samples used in 

this study were clear beverage solutions. 

Samples S1 and S3 contained soda and were 

degassed before analysis to avoid 

interference with the color measurements. 

Sample S2 did not require any prior treatment 

and could be directly analyzed. However, the 

dye concentrations in Samples S1 and S2 

exceeded the range of their corresponding 

calibration curves, requiring 5-10 times 

dilution to obtain more accurate results for the 

analysis.  

The analytical solutions were placed in 

12 x 12 x 45 mm polystyrene cuvettes 

(Kartell, Italy) with a 10 mm path length for 

DIA and UV-Vis spectroscopy 

measurements. Each sample was measured 

in triplicates.   

https://link.springer.com/article/10.1007/s10973-021-10618-4
https://dergipark.org.tr/tr/pub/jotcsa/issue/33408/349382
https://www.sciencedirect.com/science/article/abs/pii/S0022286017305719
https://pubmed.ncbi.nlm.nih.gov/24672549/
https://pubs.acs.org/doi/10.1021/jp2051323
https://books.google.co.id/books/about/Handbook_of_Biological_Dyes_and_Stains.html?id=A8VvfFbNBIcC&redir_esc=y
http://www.electrochemsci.org/abstracts/vol12/120100396.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0167732220371233
https://www.arcjournals.org/international-journal-of-advanced-research-in-chemical-science/volume-3-issue-3/4
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Data Collection 

For digital image analysis (DIA), 

unprocessed images in digital negative 

(DNG) file formats were acquired using 

OPPO F11 smartphone and Adobe 

Lightroom v7.4.1 (Adobe), without flash. This 

procedure was necessary to obtain raw 

digital data from the smartphone and avoid 

demosaicing the images. 

  

Figure 1. (a) Front and (b) side view of the 

photobox setup, consisting of a (i) 

tripod (ii) smartphone, (iii) cuvette, (iv) 

elevation stand, (v) two 30w 5500K 

LED light strips as light source, and (vi) 

a lux meter. 

 

Sample solutions were placed inside a 

40 cm x 40 cm Puluz PU5060 photo box, 

equipped with two 30w 5500K LED light strips 

with adjustable intensity. This provided a 

consistent illumination condition with minimum 

interference from ambient light. Images were 

taken at constant 500±5 Lux measured using 

AS803 Lux Meter, approximating typical office 

room lighting. Figure 1 shows the experimental 

setup for DIA measurement in this study. 

The smartphone was positioned on a 

fixed 16.5 cm tripod at 0° inclination to ensure 

consistent image capture directly in front of the 

photo box. A polystyrene cuvette containing the 

dye solution was positioned approximately 25 

cm from the light source, 6 cm from the white 

background, and 36.5 cm from the smartphone 

camera. To ensure consistent reflection of the 

color, the cuvette was placed on top of a 12 cm 

white box, aligning its height with the 

smartphone camera lens. The resulting raw 

images were transferred to a computer. RGB 

values were extracted from a region of interest 

(ROI) of approximately 1000 pixels using 

Adobe Photoshop CS6.  

UV-Vis spectroscopy measurements 

were conducted using a single-beam 

spectrophotometer (Hanon Instruments, i3) 

with a deuterium light source to validate the DIA 

results. The spectrophotometer was used to 

scan the food dye solutions from 380 nm to 700 

nm and determine each food dye solution's 

maximum absorbance wavelength (λmax) (refer 

to Table 1). The λmax values were then used to 

quantify the absorbance values of the food dye 

solutions. 

Additionally, a single-point standard 

addition method [26] was used to analyze the 

commercial samples with the UV-Vis 

spectrophotometer, demonstrating that there 

was no significant interaction between the food 

dye and other ingredients in the model solutions 

that could have hindered the quantitative 

analysis of the dye.  

 

Constructing Standard Calibration Curves 

Using Various Color Models 

A total of six quantitative color models 

were compared in this work to evaluate the 

most reliable linear model, which provides the 

lowest limit of detection (LOD) and limit of 

quantification (LOQ) in quantifying food dye 

https://books.google.co.id/books/about/Modern_Analytical_Chemistry.html?id=8p8hAQAAMAAJ&redir_esc=y
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concentrations in solutions. A standard 

calibration curve was constructed for each 

color model by plotting the associated color 

parameter against the standard 

concentration of the dye. The coefficient of 

determination (r2), limit of detection (LOD) 

and limit of quantification (LOQ) were 

subsequently calculated from the 

corresponding linear regression. A robust 

color model would have a high r2 value (close 

to 1.0) and low LOD and LOQ values. The 

details of each color model compared in this 

work are explained below. 

Model 1 is a logarithmic color model 

based on the Lambert-Beer Law, as 

expressed in Eq. (1): 

𝐴 = −𝐿𝑜𝑔
𝐼

𝐼0
…………………………(1) 

I0 is the signal intensity of the R, G or 

B channel obtained from the blank solution, 

and I is the corresponding R, G or B signal 

intensity of the standard or sample solution. 

Subsequently, the red-channel, green-

channel and blue-channel color parameters 

can be evaluated using Eq. (1), and they are 

represented as Model 1a, Model 1b and 

Model 1c, respectively. Model 1 is one of the 

most ubiquitous models used for quantitative 

analysis in digital image-based colorimetry. 

This logarithmic color model has been used 

in previous studies to quantify iron and 

chromium ion concentration in solutions [12] 

and to analyze ascorbic acid concentration in 

fruit juices [27]. 

Model 2 utilizes the analytical signal 

(Si), where the digital signal (I) of each R, G 

or B color channel of the image is subtracted 

from the maximum intensity (i.e. 255) of the 

color space: 

Si = 255 – I …………………………(2) 

Subsequently, the red-channel, green-

channel and blue-channel color parameters 

can be evaluated using Eq. (2) and 

represented as Model 2a, Model 2b and 

Model 2c, respectively..  

Model 3 is a modified logarithmic color 

parameter derived from Model 1 (Eq. (1)). 

However, unlike Model 1, which used the 

individual R, G or B channel to represent the 

I and I0 values, Model 3 calculated the 

average RGB values  of the blank (I0) and 

standard or sample solution (I), using Eq. (3): 

𝐼 =
1

3
(𝑅 + 𝐺 + 𝐵) …………………(3) 

Model 4 is known as the surface color 

index (Isc) model. This model was used to 

quantify total protein concentration of bovine 

serum albumin [15]. The surface color index 

can be calculated using Eq. (4), dividing a 

magnification factor (k =105) by the sum of 

the RGB vectors. 

𝐼𝑠𝑐 =
𝑘

(𝑅2+𝐺2+𝐵2)
1
2

 ……………..….(4) 

Model 5 is a normalized form of the 

RGB color model. The normalized RGB 

parameters (r, g or b) are calculated from 

Eqs. (5a-c) for red-channel, green-channel 

and blue-channel, respectively. The 

normalized form of the RGB color model was 

introduced as a simple and versatile tool for 

at-home laboratory learning module [14].  

𝑟 =
𝑅

𝑅+𝐺+𝐵
 ………………………...(5a) 

𝑔 =
𝐺

𝑅+𝐺+𝐵
 ………………………..(5b) 

𝑏 =
𝐵

𝑅+𝐺+𝐵
 ………………………...(5c) 

 In contrast to Models 1-5, performed 

in RGB color space, Model 6 uses the HSL 

(Hue, Saturation, Lightness) color space, 

which has been described as being light 

insensitive compared to the RGB space [28]. 

https://www.sciencedirect.com/science/article/pii/S1878029614000383
https://www.sciencedirect.com/science/article/pii/S0026265X19310550
https://www.jsta.cl/resource?doi=j.jsta.19.6.41
https://pubs.acs.org/doi/10.1021/acs.jchemed.0c00604
https://ieeexplore.ieee.org/document/7297467
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The measured digital values of red, green or 

blue channels in RGB color space were 

transformed into H, S and L color parameters 

using Eqs. (6-8). Saturation (S) and lightness 

(L) color parameters are represented as 

Model 6a and 6b, respectively. Hue (H) is not 

suitable for quantitative analysis as this 

parameter is considered to be insensitive to 

concentration changes [29].  

1

60
𝐻 = 𝐻′ =

{
 
 

 
 (

𝐺′−𝐵′

∆
+ 0)𝑚𝑜𝑑6  𝑖𝑓 𝑀 = 𝑅′

(
𝐵′−𝑅′

∆
+ 0)𝑚𝑜𝑑6 𝑖𝑓 𝑀 = 𝐺′

(
𝑅′−𝐺′

∆
+ 0)𝑚𝑜𝑑6 𝑖𝑓 𝑀 = 𝐵′

       

𝑅′ =
𝑅

255

 𝐺′ = 𝐺

255

𝐵′ =
𝐵

255

𝑀 = 𝑚𝑎𝑥 (𝑅′, 𝐺′, 𝐵′)

 𝑚 = 𝑚𝑖𝑛 (𝑅′, 𝐺′, 𝐵′)
 ∆ = 𝑀 −𝑚

……………………….(6) 

𝐿 =
𝑀−𝑚

2
  …………………………...(7) 

S = {
𝑜
∆

1−|2𝐿−1|
    

𝑖𝑓 𝐿 ∈ {0,1} 
 𝑖𝑓 𝐿 ∉ {0,1}

.......(8) 

 

RESULTS AND DISCUSSION 

Assessment of Color Models 

 To evaluate the performance of the six 

color models (Models 1 to 6), standard 

solutions of carmoisine (red, monoazo), 

brilliant blue (blue, trialrymethane), tartrazine 

(yellow, monoazo), quinoline yellow WS 

(yellow, quinoline), and indigo carmine (blue, 

indigoid) were analyzed individually. These 

five food dyes were chosen to represent the 

different primary dye colors (red, blue, yellow) 

and four chemical structures of common food 

dyes. Two pairs of similarly colored dyes with 

different chemical structures, namely 

tartrazine and quinoline yellow WS, and 

brilliant blue and indigo carmine, were 

selected to investigate whether the 

performance of the different models was 

influenced by the substances' color or 

chemical structures. 

The concentration was plotted against 

parameter from the six color models for each 

selected food dye. The coefficient of 

determination (r2) obtained from linear 

regression analysis was used to evaluate the 

goodness of fit of each color model. Figure 2 

shows an inverse correlation between r2 

value and its LOD. This implies that a model 

with higher r2 value can detect the desired 

analytes with greater sensitivity and hence 

quantify the substance more accurately as 

represented by LOQ, which is approximately 

3.3 times of LOD.  

 

Figure 2. Inverse relationship between r2 

values obtained from linear regression 

analysis and its limit of detection 

(LOD). The higher r2 value results in 

lower LOD and hence provides a 

higher accuracy of measurement. 
 

The results in Table 2 show that the 

performance of Models 1 and 2 is highly 

influenced by the color of the dyes. Typically, 

the best performing color channel is the one 

that is opposite or complementary to the 

perceived color of the solution. For instance, 

Models 1c and 2c, which represent the blue 

channel, performed well on red (carmoisine) 

https://link.springer.com/article/10.1023/A:1013029909630
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and yellow (quinoline yellow and tartrazine) 

dyes but showed poor performance when 

used on blue dyes (brilliant blue and indigo 

carmine).  

 
Table 2. The coefficient of determination (r2) of various color models, performed on five food dye 

solutions within concentration range given in brackets.   

Color 

Model 

Carmoisine  

(0-50 mg/L) 

Brilliant Blue 

(0-20 mg/L) 

Tartrazine 

(0-30 mg/L) 

Quinoline 

Yellow WS 

(0-25 mg/L) 

Indigo 

Carmine 

(0-50 mg/L) 

Average 

r2 

1a 0.9110 0.9761 0.5257 0.1462 0.9571 0.7032 

1b 0.9678 0.9880 0.1694 0.2000 0.9512 0.6553 

1c 0.9959 0.3344 0.9959 0.9728 0.1351 0.6868 

2a 0.9105 0.9669 0.5193 0.1460 0.9856 0.7057 

2b 0.8902 0.9864 0.1672 0.1989 0.9429 0.6371 

2c 0.9547 0.3308 0.9671 0.9763 0.1394 0.6737 

3 0.9758 0.9925 0.9580 0.7432 0.9600 0.9259 

4 0.9787 0.9615 0.8978 0.7102 0.9524 0.9001 

5a 0.9801 0.9945 0.9842 0.9921 0.9921 0.9886 

5b 0.9270 0.9895 0.9815 0.9914 0.9513 0.9681 

5c 0.9971 0.9959 0.9831 0.9918 0.9997 0.9935 

6a 0.9479 0.9990 0.9836 0.9855 0.9917 0.9815 

6b 0.9291 0.9756 0.9773 0.8712 0.9583 0.9423 

 
 

Models 1 and 2 rely on the individual R, 

G, or B channel for analysis, while Models 3 

and 4 utilize combined RGB parameters (see 

Eqs. (3) and (4)). Compared to Models 1 and 2, 

Models 3 and 4 perform significantly better, with 

average r2 values of 0.9259 and 0.9001, 

respectively. However, it is worth noting that 

Models 3 and 4 produce relatively lower r2 

values in yellow dyes, indicating that they are 

still somewhat dependent on dye color.  

Models 5a-c are normalized RGB 

models that use all channel information for 

analysis and outperform other RGB-based 

models (Models 1-4). The average r2 values in 

five different food dyes are 0.9886, 0.9681 and 

0.9935 for Models 5a, 5b and 5c, respectively. 

The normalized RGB space measures the 

proportion of the color channels, rather than the 

signal intensity, which reduces negative effects 

caused by changes in illumination [11]. Models 

5a-c produced r2 values of greater than 0.92 for 

all five dyes, indicating that it is more color 

independent. Comparison between individual 

red, blue and green channel parameters shows 

that Model 5c (normalized blue channel), 

followed by Model 5a (normalized red channel), 

is the most linear model. This is because most 

digital image sensors, including cameras and 

smartphones, use the Bayer filter to detect 

color, where the green sensors as luminance-

sensitive, while the red and blue sensors are 

chrominance-sensitive [30]. This makes the 

green channel more sensitive to lighting 

changes, while the red and blue channels are 

more sensitive to changes in color intensity. 

Therefore, the red and blue channels are more 

suitable for differentiating color due to 

concentration changes.  

Model 6 utilized the HSL color space, 

which also attempts to minimize the effect of 

https://link.springer.com/chapter/10.1007/978-3-319-63754-9_1
https://patents.google.com/patent/US3971065A/en
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lighting variation [11] by separating the 

lightness component (L) from the color values 

(Hue and Saturation). Model 6a (r2 = 0.9815), 

which represents saturation or color intensity, is 

more robust than Model 6b (r2 = 0.9423), which 

represents lightness. This is because a change 

in color intensity is a more reliable indicator of 

concentration change than a decrease in 

luminance. However, Models 5a and 5c still 

outperform Model 6a, possibly because the 

RGB to HSL conversion formula is unable to 

perfectly discriminate between the light and 

color components from the raw color data. 

Overall, Model 5c, which is a normalized 

RGB model that uses all channel information 

for analysis, is the best performing linear color 

model for quantifying food dye concentration in 

solutions, with average values of 0.9935. This 

model can be applied to a wider range of food 

dyes with different color settings. It should be 

noted that the results demonstrate the 

significant impact of color model selection on 

the reliability and sensitivity of the DIA method. 

A multivariate approach and/or polynomial 

models can be considered especially for 

analyzing more complex samples. i.e dye 

mixtures, interacting samples.  

 

Comparison between DIA and UV-Vis 

Spectroscopy Measurements 

To verify the effectiveness of DIA 

measurements in analyzing a wider range of 

food dye colors, Model 5c was applied to all 

nine synthetic food dyes listed in Table 1. In 

addition, UV-Vis spectroscopy was conducted 

to compare the sensitivity of measurements 

(i.e. LOD and LOQ) obtained from DIA. The 

UV-Vis spectroscopy analysis involved plotting 

the absorbance maxima against the 

concentrations of the standard solutions, 

following the linear regression analysis 

employing Lambert-Beer-Bougert Law. The r2, 

LOD and LOQ values were then determined 

from the linear regressions of both DIA and UV-

Vis spectroscopy measurements, as presented 

in Table 3. The results indicate that both DIA 

(Model 5c) and UV-Vis spectroscopy can 

generate linear quantitative relationship to the 

dye concentration.  

The r2, LOD and LOQ values obtained 

from the DIA measurements as shown in Table 

3 are generally consistent with those obtained 

from the UV-Vis spectroscopy measurements. 

The average r2 values of the nine synthetic dyes 

obtained from DIA and UV-Vis spectroscopy 

measurements are 0.995 and 0.997, 

respectively. The corresponding limit of 

detection (LOD) and limit of quantification 

(LOQ) obtained from DIA for each food dye are 

following: carmoisine, 3.7 and 11.3 mg/L; 

sunset yellow, 1.0 and 3.1 mg/L; allura red, 2.0 

and 6.0 mg/L; ponceau 4R, 1.3 and 4.0 mg/L; 

tartrazine, 5.0 and 15.2 mg/L; fast green, 2.0 

and 6.1 mg/L; brilliant blue, 1.9 and 5.7 mg/L; 

quinoline yellow WS, 3.3 and 9.9 mg/L and 

indigo carmine, 1.2 and 3.8 mg/L. These LOD 

and LOQ values were comparable to those 

obtained from UV-Vis spectroscopy 

measurements (carmoisine, 2.4 and  7.2 mg/L; 

sunset yellow: 0.9 and 2.6 mg/L; allura red, 1.4 

and 4.2 mg/L; ponceau 4R, 1.9 and 5.7 mg/L; 

tartrazine, 0.9 and 2.7 mg/L; fast green, 1.5 and 

4.4 mg/L; brilliant blue, 3.6 and 10.9 mg/L; 

quinoline yellow WS, 0.3 and 0.9 mg/L and 

indigo carmine, 4.3 and 13.0 mg/L).  

In general, the LOD and LOQ values 

obtained from the DIA measurements for the 

nine dyes range from 1.0 to 5.0 mg/L and 3.1 to 

15.2 mg/L, respectively. The corresponding 

https://link.springer.com/chapter/10.1007/978-3-319-63754-9_1
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LOD and LOQ values obtained from UV-Vis 

spectroscopy range from 0.3 to 4.3 mg/L and 

0.9 to 13.0 mg/L, respectively. These results 

suggest that the DIA method, which offers ease 

of use and affordability, can achieve a similar 

level of sensitivity to the more established UV-

Vis spectroscopy approach for analyzing food 

dyes, as evidenced by the comparable LOD 

and LOQ values. Therefore, the DIA method 

can serve as a viable alternative for 

quantitatively analyzing food dyes in solutions. 

 
Table 3. The comparison of r2, LOD (in mg/L) and LOQ (in mg/L) values between DIA (Model 5c) 

and UV-Vis spectroscopy measurements on various food dye solutions. 

Dye 
Concentration Range 

(mg/L) 
Parameters 

Linear Regression Analysis 

DIA UV-Vis 

Carmoisine 0-50 r2 0.9971 0.9988 

Slope -0.0025 0.0419 

Intercept 0.3396 0.0106 

LOD  3.7 2.4 

LOQ 11.3 7.2 

Sunset Yellow 0-30 r2 0.9993 0.9995 

Slope -0.0096 0.0461 

Intercept 0.3337 0.0093 

LOD  1.0 0.9 

LOQ 3.1 2.6 

Allura Red 0-40 r2 0.9986 0.9995 

Slope -0.0045 0.0437 

Intercept 0.3336 0.0114 

LOD  2.0 1.4 

LOQ 6.0 4.2 

Ponceau 4R 0-50 r2 0.9996 0.9992 

Slope -0.0034 0.0354 

Intercept 0.3382 0.0215 

LOD  1.3 1.9 

LOQ 4.0 5.7 

Tartrazine 0-30 r2 0.9837 0.9995 

Slope -0.0059 0.0454 

Intercept 0.3247 -0.0097 

LOD  5.0 0.9 

LOQ 15.2 2.7 

Fast Green 0-15 r2 0.9907 0.9951 

Slope 0.0092 0.1278 

Intercept 0.3429 0.0482 

LOD  2.0 1.5 

LOQ 6.1 4.4 

Brilliant Blue 0-20 r2 0.9961 0.9859 

Slope 0.0103 0.1152 

Intercept 0.3396 0.0824 

LOD  1.9 3.6 

LOQ 5.7 10.9 

Quinoline Yellow 
WS 

0-25 r2 0.9918 0.9999 

Slope -0.0019 0.0597 

Intercept 0.3338 0.0031 

LOD  3.3 0.3 

LOQ 9.9 0.9 

Indigo Carmine 0-50 r2 0.9997 0.9962 

Slope 0.0058 0.0388 

Intercept 0.3336 0.0473 

LOD  1.2 4.3 

LOQ 3.8 13.0 
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Figure 3a depicts the characteristic 

linear quantitative relationship between 

normalized blue channel (Model 5c) and dye 

concentration, as determined by DIA 

measurement. Figure 3b shows the 

corresponding linear quantitative relationship 

between absorbance and dye concentration, 

as obtained through UV-Vis spectroscopy 

measurements. These illustrations are 

presented for carmoisine, tartrazine and 

brilliant blue dyes, which are analyzed in the 

commercial samples investigated in this 

study.  

  

 

Figure 3. Calibration curves for carmoisine, 

tartrazine, and brilliant blue, obtained 

from (a) DIA using Model 5c 

(normalized blue channel) (b) UV-Vis 

spectroscopy. 

 

Quantitative Determination of Food Dyes 

in Commercial Beverages 

Some synthetic dyes pose serious 

health and safety risks, and this has led to 

federal oversight and restrictions, with the 

Food and Drug Act being passed in the US in 

1906 [31]. Several studies indicate a number 

of positive carcinogenic, genotoxicity and 

hypersensitivity results demonstrated by 

several FDA-approved synthetic food dyes, 

including allura red, brilliant blue, sunset 

yellow and tartrazine [32]. In order to ensure 

public health and safety, it is imperative to 

analyze and monitor the use of appropriate 

synthetic food dyes and their allowable 

quantities used in commercial products. 

To demonstrate the utility of DIA to 

assess food dye concentrations in 

commercial product, the quantitative analysis 

of three different commercial beverages 

(Samples S1, S2, and S3) was subsequently 

carried out using both DIA and UV-Vis 

spectroscopy methods. The three beverages 

contain carmoisine, tartrazine, and brilliant 

blue, respectively. The samples were directly 

analyzed using the sample preparation and 

measurement method as described in 

Method section. The UV-Vis spectroscopy 

measurements were used to validate the DIA 

measurement results. Before performing the 

quantitative analysis, a qualitative 

assessment was conducted by comparing 

the normalized spectra of each commercial 

sample solution to their corresponding 

standard solution spectra. Figures 4a-c show 

the comparison spectra of Samples S1-S3, 

respectively.  

The comparison revealed that the 

maxima and shape of the sample and 

standard spectra are identical, affirming the 

identity of the dye used in each commercial 

sample and further indicating that there are 

no significant interactions between the dye 

and the other ingredients in all three 

commercial samples. This result implied that 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1646146/
https://pubmed.ncbi.nlm.nih.gov/23026007/
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the quantitative analysis is unbiased, and the 

obtained results can be attributed solely to 

the concentration of the dyes in the samples. 

 

 

 

Figure 4. Comparison of normalized dye 

absorbance between standard solution 

and commercial samples (a) S1 

(Carmoisine), (b) S2 (Tartrazine), and 

(c) S3 (Brilliant Blue). 

 

The concentrations of food dyes in the 

commercial samples (S1, S2, and S3) were 

determined using both DIA based on external 

calibration and UV-Vis spectroscopy 

measurements based on external calibration 

and single-point standard addition method [26]. 

The single addition method was employed to 

validate the external calibration results. 

All individual food dye concentrations 

used in the commercial samples were 

successfully determined using both DIA and 

UV-Vis spectroscopy measurements. Table 4 

displays a satisfactory level of agreement 

between the dye concentration measurements 

in Samples S1-S3 obtained from both analytical 

techniques. The dye concentrations obtained 

from the three analytical methods, namely 

using DIA (external calibration using Model 5c) 

as well as UV-Vis Spectroscopy (external 

calibration) and single addition method, are 

highly consistent. The determined 

concentrations of carmoisine in Sample S1 are 

52.7±2.6 mg/L, 53.7±0.1 mg/L, and 58.2±3.0 

mg/L, respectively. Similar comparison results 

are achieved for Samples S2 and S3, as shown 

in Table 4. The measured concentrations of 

tartrazine in Sample S2 using DIA as well as 

UV-Vis Spectroscopy and single addition 

method are 105.9±4.3 mg/L, 100.7±1.5 mg/L, 

and 106.2±1.3 mg/L, respectively. The 

measured concentrations of brilliant blue in 

Sample S3 are 7.9±0.5 mg/L, 8.7±0.4 mg/L, 

and 8.3±0.5 mg/L, respectively. The accuracy 

of dye concentrations evaluated using the DIA 

differ by circa 0.3% (S2), 4.8% (S3) and to a 

maximum of 9.5% (S1), compared to those 

obtained from UV-Vis spectroscopy employing 

standard addition method. 

https://books.google.co.id/books/about/Modern_Analytical_Chemistry.html?id=8p8hAQAAMAAJ&redir_esc=y
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Table 4. Comparison of food dye concentrations in commercial products (shown in bold), 
determined using DIA and UV-Vis spectroscopy methods. 

Sample Concentration (mg/L) 

Product Dye Lot 
DIA  

(External)1 

UV-Vis 

(External)1 

UV-Vis  

(Std Addition)2 

Strawberry-flavored 

soda (S1) 

 

Carmoisine 

 

1 

 

10.5 ± 0.5  

(52.3 ± 2.6) 

10.5 ± 0.1  

(52.4 ± 0.1) 

11.9 ± 0.1  

(59.6 ± 0.1) 

2 

 

10.1 ± 0.4  

(50.4 ± 1.8) 

10.8 ± 0.1  

(53.9 ± 0.1) 

10.9 ± 0.1  

(54.8 ± 0.1) 

3 11.1 ± 0.4  

(55.6 ± 2.1) 

11.0 ± 0.1 

(54.9 ± 0.1) 

12.0 ± 0.1 

(60.2 ± 0.1) 

Mean 10.5 ± 0.3 

(52.7 ± 2.6) 

10.6 ± 0.1 

(53.7 ± 0.1) 

11.6 ± 0.6 

(58.2 ± 3.0) 

Energy drink (S2) Tartrazine 1 22.0 ± 0.3  

(110.2 ± 1.4) 

20.1 ± 0.0  

(100.5 ± 0.2) 

10.7 ± 0.0 

(107.0 ± 0.2) 

2 21.2 ± 0.2 

(105.9 ± 1.2) 

20.5 ± 0.0 

(102.3 ± 0.1) 

10.5 ± 0.0 

(104.7 ± 0.4) 

3 20.3 ± 0.2 

(101.6 ± 1.0) 

19.9 ± 0.0 

(99.3 ± 0.1) 

10.7 ± 0.0 

(106.9 ± 0.2) 

Mean 21.2 ± 0.9 

(105.9 ± 4.3) 

20.1 ± 0.3 

(100.7 ± 1.5) 

10.6 ± 0.1 

(106.2 ± 1.3) 

Blueberry-flavored 

soda (S3) 

Brilliant 

Blue 

1 8.4 ± 0.1 8.3 ± 0.1 7.8 ± 0.1 

2 8.0 ± 0.1 9.2 ± 0.1 8.7 ± 0.1 

3 7.3 ± 0.1 8.8 ± 0.1 8.5 ± 0.1 

Mean 7.9 ± 0.5  8.7 ± 0.4 8.3 ± 0.5 
1 Both samples S1 and S2 were diluted 5x for the DIA and UV-Vis measurements. The calculated concentrations of the 
original, undiluted sample were given in parentheses. Sample S3 was measured without dilution.  

2 Single-point standard addition analysis was performed by adding 0.1 mL of 1000 ppm standard solution to a 25 mL 
aliquot. Before adding the standard solution, Sample S1 was diluted 5x, while Sample S2 was diluted 10x to ensure that 
the concentrations of the measured solutions were within the linear concentration range. Sample S3 was measured 
without dilution. 

 
 One significant disadvantage of the 

current DIA color model compared to UV-Vis 

spectroscopy is that it cannot be used to 

distinguish different components in mixed 

dyes. However, when used to measure 

samples with simple matrices and a single-

dye component, the results facilitate strong 

support for the reliability of the DIA using 

smartphone in evaluating synthetic dye 

concentrations present in commercial 

products and demonstrate the utility of DIA as 

an affordable tool for public health and safety 

monitoring.  

 
CONCLUSION 

This digital image analysis (DIA) study 

using smartphone assessed the performance 

of six color models on several food dyes 

representing different chemical structures 

and colors. The normalized blue channel 

(Model 5c) achieved the highest average r2 

value of 0.9935 and provided the lowest LOD 

and LOQ. This model is shown to be the most 

reliable DIA model that can be applied for 

various food dyes with different color settings. 

Further comparison with the more 

established UV-Vis approach demonstrated 

that the DIA method (using Model 5c) could 

achieve a comparable sensitivity level as 

shown by LOD and LOQ values on various 

food dyes from 1.0 to 5.0 mg/L and 3.1 to 15.2 

mg/L, respectively, to those obtained from  

UV-Vis analysis (LOD: from 0.3 to 4.3 mg/L 

and LOQ: from 0.9 to 13.0 mg/L). 

Additionally, this study demonstrates the 

utility of DIA using smartphone for 
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quantitative analysis of food dyes in 

commercial products with simple matrices 

and containing single food dyes. The DIA 

method can reliably determine food dye 

concentrations in three commercial products 

and differ from 0.3% to less than 9.5% from 

those obtained from UV-Vis spectroscopy 

measurements. Overall, this color model 

study demonstrates the utility of DIA method 

as a reliable and affordable food dyes 

analysis tool that can potentially be used for 

public health and safety monitoring 
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