
Image 2. Example of PLS results for the pH's determination by 

the green-PADs sensor obtained with the dyes extracted from 

butterfly pea flower. 
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1. Introduction – This work presents the development of green paper-based sensors for pH detection. 

They were obtained with natural dyes extracted from different vegetables: red cabbage (brassica oleracea 

capitata rubra), blueberry (vaccinium myrtillus), and butterfly pea flower 

(clitoria ternatea); filter paper was used as a substrate. The RGB indexes of 

the PADs' colors were extracted by the software GIMP [1] from the pictures 

taken by a common smartphone or by a homemade RGB detector (Arduino-

based) to obtain RGB indexes not affected by the light and the smartphone's 

camera sensitivity. Partial least square regression, PLS [2], was applied to 

correlate the color of the PAD's picture with the solutions' pH. Different 

solutions at various pHs, ranging from 1 to 13, were obtained by titrating 

H3PO4 with standardized NaOH, and they were used to create the PLS 

model. Some real samples were examined as a test set, and the results were 

validated with a pH meter. 

 

2. Results and Discussion - The best results were obtained with red cabbage and butterfly pea flower, 

either single or in mixtures, since a wider range of PADs color variation with the solution pH. 

As an example, Image 2  reports the software output for the PLS model, based on 2 latent variables, for 

the pH's determination by the green-PADs sensor obtained with the dyes extracted from butterfly pea 

flower. The first graph compares the experimental points and those recalculated from the model; the 

second one is the same comparison but in cross-validation conditions. 

 

 
 

 

The pretty good adaptation obtained (see Fig. 2) affirms that the PLS model is valid for interpreting 

experimental data. Some real samples (i.e., tap and mineral waters vinegar, soft drinks) were analyzed to 

validate the PLS model. The pH values obtained agreed pretty well with those measured with pH meters 

(differences within the 10%), 

 

3. Conclusions - These devices were obtained with natural dyes and filter paper, so they are completely 

biodegradable and eco-friendly. Their fabrication does not require toxic or expensive reagents and 

sophisticated equipment. Also, the developed RGB detector, built-up with low-cost components and 

recycled batteries, is an added value for making the measure cheap, easy and feasible also by non-expert 

people. 
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from butterfly pea flower 


