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Abstract: The development of optical sensors for monitoring food freshness during storage and 10 

transportation helps to increase food security and customer satisfaction by preventing the misinter- 11 

pretation of food-date labeling. In this study, a simple, rapid, and low-cost paper-based optical sens- 12 

ing label was fabricated for the visual detection of food spoilage by the naked eye. The filter paper 13 

was coated with electrically conductive polyaniline ink. The pH-responsiveness of the coated poly- 14 

aniline nanofibers allowed for the colorimetric detection of the shrimp spoilage through the transi- 15 

tion from the doped green emeraldine acid state to the dedoped blue emeraldine base state. The 16 

combination of the flexible filter paper as a substrate and the polyaniline ink as an indicator repre- 17 

sents a facile approach for the fabrication of a colorimetric optical sensing label for food freshness 18 

monitoring applications.  19 
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1. Introduction 22 

Packaging aims to preserve and protect foods from spoilage and to provide consum- 23 

ers with commodity information such as production date, shelf life, and expiry date [1]. 24 

Smart food packaging systems provide customers with a higher satisfaction level through 25 

the direct observation of the food quality and safety during the storage period [2,3]. Mul- 26 

ticolor chemical sensors have been proposed for designing and fabricating intelligent sen- 27 

sors for monitoring the freshness of different food items [4–6]. Usually, chemical sensor 28 

labels/films are fabricated by immobilizing one or more indicators on a selected polymer 29 

or composite material. The main shortcoming of using the indicators is their leaching out 30 

from the immobilization matrix during the application period [7–9]. Besides that, many 31 

of the reported polymeric matrices exhibit low mechanical durability (e.g. high swelling, 32 

low tensile strength) which limits their practical applications as optical sensing films 33 

[10,11]. Hence, there is a crucial need to find alternative methods or materials that prevent 34 

indicators from being leached out during their service period.  35 

Polyaniline (PANI) is one of the Electrically Conductive Polymers (ECPs) that has 36 

high chemical stability and can be coated easily on a variety of conductive and noncon- 37 

ductive substrates via chemical oxidative polymerization. PANI can be polymerized by a 38 

variety of methods to produce nanoparticles, nanowires, and other types of nanostruc- 39 

tures with controlled morphology [12]. PANI is a pH-responsive polymer that can alter 40 

its color and electrical conductivity which enabled its use as a multicolor indicator for 41 

different sensing applications including monitoring the food freshness [13,14]. Filter pa- 42 

pers are flexible, affordable, and biodegradable materials which have been employed as 43 

porous substrates for fabricating optical sensors for various applications [15–17]. There is 44 

a limited number of studies that have reported the utilization of filter paper as a substrate 45 

Citation: Abu-Thabit, N. Op-

tical Colorimetric Sensing La-

bel for Monitoring Food 

Freshness. 2023, 4, x. 

https://doi.org/10.3390/xxxxx 

Academic Editor: Nicole Jaf-

frezic-Renault 

Published: date 

Publisher’s Note: MDPI stays 

neutral with regard to juris-

dictional claims in published 

maps and institutional affilia-

tions. 

 

Copyright: ©  2022 by the 

authors. Submitted for 

possible open access 

publication under the terms 

and conditions of the 

Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org

/licenses/by/4.0/). 



Eng. Proc. 2022, 4, x FOR PEER REVIEW 2 of 4 
 

 

for the immobilization of colorimetric indicators for monitoring food freshness applica- 1 

tions [18].  In this work, we have prepared filter paper coated with polyaniline ink for 2 

application as a sensing label for monitoring the food freshness of shrimps. The fabrication 3 

process is simple and rapid and the coated filter paper exhibits a fast pH response upon 4 

switching from acidic to alkaline medium or vice-versa.  5 

2. Material and Methods 6 

2.1. Synthesis of Polyaniline Ink 7 

In brief, 0.50 g aniline monomer was dissolved in 50 mL HCl (1M), and 1.50 g ammo- 8 

nium persulfate was dissolved in 50 mL HCl (1M). After that, both solutions were mixed 9 

quickly and the polymerization solution was stirred at 1200 RPM for 15 min. The resulting 10 

solution was filtered carefully in such a way that the filter cake did not get dry.  The re- 11 

sulting polyaniline nanofibers were washed with 20 mL HCl (1M), followed by 10 mL 12 

acetone to remove unreacted monomers, oligomers, or side other side products. The filter 13 

cake was then dispersed in 100 mL of HCl (1M) and it was used as PANI ink. The disper- 14 

sion was stable for one month. However, the dispersion was sonicated before use to break 15 

any invisible aggregated particles. 16 

2.2. Fabrication of the Optical Paper Sensor 17 

PANI was deposited on a filter paper by dropping 1 mL PANI ink on a 4 x4 cm2 18 

square piece of filter paper. The filter paper was dried in the oven at 60 °C for 1 hour.   19 

2.2. Characterization: 20 

The sheet resistance of the filter paper coated with PANI ink was measured as per 21 

the detailed procedure provided in the reference [19]. Light transmittance of the prepared 22 

PANI nanofibers was plotted as a function of wavelength in the range of 400 - 800 nm, 23 

using a double beam spectrophotometer Cintra 2020 (GBC Scientific Equipment, Mel- 24 

bourne, Australia). The color parameters (a*, b*, and L*) of the PANI-coated filter paper 25 

were measured using a colorimeter device manufactured by Sheen Instruments (USA), 26 

model No. 281 SPECTRO–GUIDE 45/0 with white background. The values of the rectan- 27 

gular coordinates (L*, a*, b*), where (L*) is lightness, a* is the degree of redness or green- 28 

ness, and b* is the degree of yellowness or blueness was recorded at different pH levels, 29 

and the total color differences, ∆E* was calculated by using Equation (1): 30 

∆E = [(∆𝐿 ∗)2 + (∆𝑎 ∗)2 + (∆𝑏 ∗)2]
1
2 (1) 

where: ∆L* = L* − L0*; ∆a* = a* − a0*; ∆b* = b* − b0* (L0*, a0* and b0* are the color parameters 31 

of the reference PANI coated filter paper at specific pH level). 32 

2.3. Shrimp Spoilage Sensing Test:  33 

The PANI-coated filter paper was evaluated as a smart responsive film for applica- 34 

tion in the food packaging industry. Shrimps with an average weight of 4-6 g were pur- 35 

chased from local supermarkets. About 15 g of shrimp and the testing PANI-coated filter 36 

paper (preconditioned with 1 M HCl) were sealed in a food packaging plastic container 37 

and the color change of the filter paper sensor was recorded at room temperature every 6 38 

hours for a total period of 24 hours.  39 

3. Results 40 

PANI ink was prepared by a facile rapid mixing strategy as well as low concentration 41 

which results in the formation of PANI nanofibers. The use of nanofibers allows for the 42 

facile dispersion of the PANI ink, and their high surface area enables shorter response 43 

times for the fabricated sensor. Figure 1a displays the spectrogram for the prepared PANI 44 
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ink in an acidic and alkaline medium. At pH =2, the conductive form of PANI ink exhibits 1 

maximum absorption at a wavelength of 770 nm. At pH =10, the nonconductive form of 2 

PANI exhibits maximum absorption at a wavelength of 552 nm. Hence, PANI ink exhibits 3 

a clear transition from acidic to alkaline medium and can be used as an optical chemical 4 

sensor. The immobilized PANI ink on the filter paper shows a clear transition from the 5 

green color in the acidic medium to the blue color in the alkaline medium, Figure 1b. The 6 

filter paper coated with the green PANI, which is known as the doped acid form (emer- 7 

aldine acid), exhibits a sheet resistance of 1 x104 ohm/square, while the blue colored 8 

dedoped base form (emeraldine base) is nonconductive with a sheet resistance > 1 x1010 9 

ohm/square, Figure 1b. Therefore, the filter paper coated with PANI ink can be employed 10 

as a chemical sensor label for the detection of food spoilage.  11 

 12 

Figure 1. (a) Spectrogram for the synthesized polyaniline nanofibers in the doped form (pH = 2) and 13 
the dedoped form (pH = 10), and (b) digital images fabricated sensing label showing the color 14 
change of the filter paper coated with polyaniline ink during the doping-dedoping process. 15 

There is a strong correlation between the freshness of some foods and their pH such 16 

as meat, chicken, and milk [20,21]. Hence, optical pH chemical sensors have been em- 17 

ployed as labels for the visual detection of food freshness through the visual observation 18 

of color change during the storage period. In the current study, shrimp samples have been 19 

used as a model food for confirming the effectiveness of the pH optical sensor. The PANI- 20 

coated filter paper was applied as a pH-indicative film for the assessment of the freshness 21 

of shrimp samples, Figure 2a. Fresh shrimp samples were intentionally spoiled in ambient 22 

conditions to observe the continuous color change of the filter paper sensor during the 23 

testing period. At the initial stage, the filter paper optical pH sensor was green as they 24 

were preconditioned with 1 M HCl to ensure a good level of doping. After 12 h, the filter 25 

paper optical sensor turned into light greenish-blue color, which indicates that there is a 26 

kind of dedoping process due to the increase of the pH (ΔE ≈ 21), Figure 2b. This increase 27 

in the pH could be attributed to the release of volatile nitrogenous compounds such as 28 

ammonia and triethylamine from shrimp’s proteins when they start to get spoiled due to 29 

microbial degradation as well as bacterial growth [22]. A careful inspection of Figure 2b 30 

reveals that the observed difference in ΔE is attributed mainly to the decrease in the values 31 

of L*and b* which corresponds to the increased darkness and blueness of the filter paper, 32 

respectively. The total spoilage of the shrimp samples was observed after 24 h, which can 33 

be inferred from the appearance of the distinctive blue color of the filter paper sensor as 34 

well as the high difference in color change (ΔE ≈ 33). The inverse of the values a*, and b* 35 

values provide clear evidence for the good performance of the filter paper as an optical 36 
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sensor for food freshness due to the gradual and obvious color change of the filter paper 1 

during the spoilage period of the shrimp samples caused by the corresponding local 2 

change in the pH environment.    3 

 4 

Figure 2. (a) Color change of the filter paper optical sensor during the contact with shrimp samples 5 
exposed to air at different test intervals; and (b) The corresponding values for the color parameters 6 
(L*, a* and b*) and color difference (∆E) for the filter paper optical sensor employed during the 7 
shrimp spoilage test for 24 hours. . 8 

4. Conclusions 9 

The filter paper coated with polyaniline nanofibers presents a facile, quick, and low- 10 

cost method for fabricating smart and flexible optical sensing labels for monitoring food 11 

freshness. In this way, there is no need to use chemical crosslinks to stabilize the indicator 12 

and no need to worry about the mechanical properties of the films. The obtained results 13 

suggest that the filter paper coated with polyaniline can be used as a sensing label to vis- 14 

ualize the shrimp spoilage during the storage time due to the strong color transition from 15 

green to blue (∆E ≈ 33).  16 

Funding: This research received no external funding. 17 

References: 18 

1. A. Dirpan, S.H. Hidayat, M. Djalal, A.F. Ainani, D.S. Yolanda, Kasmira, M. Khosuma, G.T. Solon, N. Ismayanti, Trends over the 19 
last 25 years and future research into smart packaging for food: A review, Future Foods. (2023) 100252. 20 
https://doi.org/https://doi.org/10.1016/j.fufo.2023.100252. 21 

2. D. Schaefer, W.M. Cheung, Smart packaging: opportunities and challenges, Procedia CIRP. 72 (2018) 1022–1027. 22 
3. P. Müller, M. Schmid, Intelligent packaging in the food sector: A brief overview, Foods. 8 (2019) 16. 23 
4. S. Roy, R. Priyadarshi, P. Ezati, J.-W. Rhim, Curcumin and its uses in active and smart food packaging applications-A compre- 24 

hensive review, Food Chem. 375 (2022) 131885. 25 
5. M. Chen, B. Li, Y. Wu, Z. He, X. Xiong, W. Han, B. Liu, S. Yang, Intelligent biogenic pH‐sensitive and amine‐responsive color‐ 26 

changing label for real‐time monitoring of shrimp freshness, J Sci Food Agric. (2023). 27 
6. H. Pirayesh, B.-D. Park, H. Khanjanzadeh, H.-J. Park, Y.-J. Cho, Cellulosic material-based colorimetric films and hydrogels as 28 

food freshness indicators, Cellulose. 30 (2023) 2791–2825. 29 



Eng. Proc. 2022, 4, x FOR PEER REVIEW 5 of 4 
 

 

7. M.I. Khan, J. Liu, Plant betalains: Recent applications in food freshness monitoring films, Food Packag Shelf Life. 34 (2022) 1 
100921. 2 

8. P. Lu, Y. Yang, R. Liu, X. Liu, J. Ma, M. Wu, S. Wang, Preparation of sugarcane bagasse nanocellulose hydrogel as a colourimetric 3 
freshness indicator for intelligent food packaging, Carbohydr Polym. 249 (2020) 116831. 4 

9. S. Baek, D. Kim, S.L. Jeon, J. Seo, Preparation and characterization of pH-responsive poly (N, N-dimethyl acrylamide-co-meth- 5 
acryloyl sulfadimethoxine) hydrogels for application as food freshness indicators, React Funct Polym. 120 (2017) 57–65. 6 

10. G. Cao, N. Bu, T. Zeng, R. Sun, R. Mu, J. Pang, L. Wang, Development of pH-responsive konjac glucomannan/pullulan films 7 
incorporated with acai berry extract to monitor fish freshness, Int J Biol Macromol. 219 (2022) 897–906. 8 

11. H. Dong, Z. Ling, X. Zhang, X. Zhang, S. Ramaswamy, F. Xu, Smart colorimetric sensing films with high mechanical strength 9 
and hydrophobic properties for visual monitoring of shrimp and pork freshness, Sens Actuators B Chem. 309 (2020) 127752. 10 

12. N.Y. Abu-Thabit, Electrically conducting polyaniline smart coatings and thin films for industrial applications, in: Advances in 11 
Smart Coatings and Thin Films for Future Industrial and Biomedical Engineering Applications, Elsevier, 2020: pp. 585–617. 12 

13. Y. Zhao, Y. Yu, S. Zhao, R. Zhu, J. Zhao, G. Cui, Highly sensitive pH sensor based on flexible polyaniline matrix for synchronal 13 
sweat monitoring, Microchemical Journal. 185 (2023) 108092. 14 

14. I. Antohe, L.-I. Jinga, V.-A. Antohe, G. Socol, Sensitive pH Monitoring Using a Polyaniline-Functionalized Fiber Optic—Surface 15 
Plasmon Resonance Detector, Sensors. 21 (2021) 4218. 16 

15. F. Ghasemi, N. Fahimi-Kashani, A. Bigdeli, A.H. Alshatteri, S. Abbasi-Moayed, S.H. Al-Jaf, M.Y. Merry, K.M. Omer, M.R. Hor- 17 
mozi-Nezhad, based optical nanosensors–A review, Anal Chim Acta. 1238 (2023) 340640. 18 

16. M. Lee, K. Oh, H.-K. Choi, S.G. Lee, H.J. Youn, H.L. Lee, D.H. Jeong, Subnanomolar sensitivity of filter paper-based SERS sensor 19 
for pesticide detection by hydrophobicity change of paper surface, ACS Sens. 3 (2018) 151–159. 20 

17. E.W. Nery, L.T. Kubota, Sensing approaches on paper-based devices: a review, Anal Bioanal Chem. 405 (2013) 7573–7595. 21 
18. X. Liu, K. Chen, J. Wang, Y. Wang, Y. Tang, X. Gao, L. Zhu, X. Li, J. Li, An on-package colorimetric sensing label based on a sol- 22 

gel matrix for fish freshness monitoring, Food Chem. 307 (2020) 125580. 23 
19. N.Y. Abu-Thabit, Chemical oxidative polymerization of polyaniline: A practical approach for preparation of smart conductive 24 

textiles, J Chem Educ. 93 (2016) 1606–1611. 25 
20. H. Pirayesh, B.-D. Park, H. Khanjanzadeh, H.-J. Park, Y.-J. Cho, Cellulosic material-based colorimetric films and hydrogels as 26 

food freshness indicators, Cellulose. 30 (2023) 2791–2825. 27 
21. Z. Yu, V. Boyarkina, Z. Liao, M. Lin, W. Zeng, X. Lu, Boosting food system sustainability through intelligent packaging: appli- 28 

cation of biodegradable freshness indicators, ACS Food Science & Technology. 3 (2023) 199–212. 29 
22. I. Choi, H. Choi, J.-S. Lee, J. Han, Novel color stability and colorimetry-enhanced intelligent CO2 indicators by metal complex- 30 

ation of anthocyanins for monitoring chicken freshness, Food Chem. 404 (2023) 134534. 31 


