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Figure i. Raw image of TPA of C. carp fish fillet at (a) 0 h, (b) 2 h, (c) 4 h, (d) 6 h,
(e) 8h, (f) 10 h.
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Analog programming for web application

/[function start
function average($img) {
/I Define the path to your image file
//$imagePath = 'path_to_your_image.jpg’;
/l Load the image
//$image = imagecreatefromjpeg($imagePath);
/I Get the width and height of the image
$width = imagesx($img);
$height = imagesy($img);
/I Initialize total intensity
$totalIntensity = 0;
/lecho "Average intensity: " . $averagelntensity;
/I Iterate over each pixel and calculate the intensity
for ($x = 0; $x < $width; $x++) {
for ($y = 0; $y < $height; $y++) {
/I Get the RGB values of the pixel
$rgb = imagecolorat($img, $x, $y);
Il Extract the red, green, and blue components
$red = ($rgb >> 16) & OXFF;
$green = ($rgb >> 8) & OxFF;
$blue = $rgh & OXFF;
/I Calculate the intensity using a simple formula (average of RGB
components)
$intensity = ($red + $green + $blue) / 3;
/[ Add the intensity to the total
$totallntensity += $intensity;

k
¥

/I Calculate the average intensity
$averagelntensity = $totalIntensity / ($width * $height);
I/ Output the result
/lecho "Average intensity: " . $averagelntensity;
$concentration = (137.66 - $averagelntensity)/0.1364;
if($concentration <= 250){

echo "Concentration " . $concentration;

echo "</br><hl style='color:green;'>FRESH</h1>";

elseif($concentration > 251 && $concentration <=300){

echo "Concentration " . $concentration;

echo "</br><hl style='color:blue;'>INTERMEDIATE </h1>";
}
elseif($concentration >350){

echo "Concentration " . $concentration;

echo "</br><hl style='color:red;'>SPOILED </h1>";
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Abstract

Smartphone-based sensors (SPBS) along with communication and data as a part of the Internet of Things (IoT) have the
potential to bring about a significant transformation in food safety by enabling customers to conduct screening tests. Addition-
ally, fish spoilage is a critical issue in the fish industry, leading to economic losses and public health concerns. Traditional
methods for assessing fish freshness are often labor-intensive and time-consuming. To address these challenges, it is crucial
to comprehensively review ongoing research efforts and pinpoint key technological gaps. Consequently, we conducted a
systematic review focusing on SPBS for fish spoilage analysis. We present an overview of the SPBS that were reviewed,
emphasizing their performance characteristics. Additionally, we provided insights into the current state of the art concern-
ing commercially available SPBS. This analysis has identified several notable technology gaps, with the most prominent
ones being (i) the use of smartphone-based sensors in fish analysis, (ii) its applications using different modes of analysis,
(iii) the advantages over analytical method, (iv) its limitation, and (v) recent development, challenges, and future trends.
Advancements in optical sensor fabrication, miniaturization, and cost reduction, along with sophisticated machine learning
algorithms and cloud computing capabilities, are driving significant developments in mobile diagnostics. Limited review
and research were encountered for smartphone-based sensors for fish analysis. This opens the possibility areas for future
researchers to detect fish spoilage using smartphone-based sensors.

Keywords Smartphone-based sensors - Fish spoilage analysis - Internet of Things (IoT) - Food safety - Advantages -
Limitation

Introduction

Fish is highly susceptible to postmortem changes due to the
complex interplay of various customers’ key parameters,
i.e., composition, type, source, environmental conditions,
catching techniques, and storage methods, which leads to a
strong struggle for clear prediction of shelf life. In fish pro-
duction, India ranked 3rd largest with about 8% share. The
total fish production was increased by 7.76% (> 12 million
metric tons) in the financial year 2022 in India. This sector
was previously held by the traditional practices from the past
75 years that have been revolution with 22-fold in terms of
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Published online: 13 April 2024

fish production (Ministry of Fisheries, Animal Husbandry
& Dairying, 2023).

In the Indian scenario Fisheries Infrastructure Devel-
opment Fund, Pradhan Mantri Matsya Sampada Yojana
(PMMSY) and Kisan Credit Card with an investment of
Rs. 27,500 crores have been coined to the fish industry for
boosting this industry. By seeing the huge potential of this
sector GOI has sanctioned INR 6000 crore under PMMSY
for the fish market leading to the increase in income of fish-
ermen, fish vendors, and MSME requirements of appropriate
fish quality management system for establishing a proper
supply chain (Freitas et al., 2021). This scheme envisages
performing many changes like digitalization, value-chain
efficiency, creation, and maintenance of women jobs in the
fish-processing sector. GOI is promoting aquaculture export
by 10% and 15% reduction in basic customs duty on fish
meal, krill meal, and fish lipid oil, respectively.

Physiological and spoilage changes in fish result from a
combination of biological, chemical, and physical factors.

@ Springer
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ARTICLE INFO ABSTRACT

Keywords:

We developed a cost-effective, user-friendly smartphone-based sensor equipped with a polyaniline (PANI) label
along with optical components and monitored the freshness of three different varieties of fish fillets i.e., Rohu
(Labeo rohita), Mullet (Mugil cephalus), and Common Carp (Cyprinus carpio) during storage. We designed an
optical cradle as an accessory for a smartphone using ZW3D software and a 3D printer. The cradle with the
smartphone was used to observe the spectrum of developed polyaniline deposited labels for ascertaining fish
freshness. The sensor was calibrated using a standard ammonia solution (0-400 ppm) and the method was
validated with a spectrophotometer and existing conventional techniques like TVB-N (total volatile basic ni-
trogen), TVC (total visible count), pH, and TPA (Texture Profile Analysis). The limit of detection (LOD), the limit
of quantification (LOQ), %Bias, and %RSD of the sensor were 3.83 ppm, 12.96 ppm, 0.14 %, and 1.87 %
respectively. The developed smartphone-based sensor used about 1139 pixels for wavelengths between 391.84
and 633.54 nm. A strong correlation could be established between TVB-N, TVC, and pH with the findings of the
developed sensor. Application of PANI made the sensor specific for the detection of spoilage of fish therefore can
be utilized as a platform for monitoring the freshness of fish. We successfully developed a web application using

Fish freshness
Polyaniline (PANI) label
Smartphone-based sensor
Spectrophotometer
Ammonia

the present findings to evaluate fish fillet quality.

1. Introduction

Fish are particularly important for their valuable source of nutrients.
They are well known worldwide for their high-quality protein, and
natural source of polyunsaturated fatty acids, vitamins, and minerals.
Global fish production has been increasing in the last few decades with
an estimation of about 179 million tons in 2018 with an estimated loss of
30-35 %. However, around the world, fish consumption is evaluated to
arrive at 21.4 kg per capita in 2031, from the base period per capita of
20.5 kg (average 2019-2021) [1-4]. Yet, fresh fish are highly prone to
microbial spoilage and biological changes due to high moisture content,
low acid, reactive endogenous enzymes, and enriched nutrient value.
The deterioration in the quality of fresh fish leads to the breakdown of
proteins and non-protein nitrogenous substances, which is mostly driven
by the action of microorganisms, resulting in volatile amines. As the fish
tissue is degraded by microorganisms the compound trimethylamine

oxide (TMAO) converts into TMA (trimethylamine), DMA (dimethyl-
amine), and ammonia. These compounds that produce during spoilage
are collectively known as TVB-N (total volatile basic nitrogen) and
considerably produce unpleasant off-odor. Sensory evaluation such as
appearance, odor, and color has always been a key role in the fish in-
dustry, and pH, TVB-N value, and microbial count of the fish is the
sensory characteristic that concerns their freshness conditions during
storage [5-10]. Although the TVB-N value and microbial count are the
standards for indication of fish freshness, it is a time-consuming process
and involves multiple complicated steps for analysis [9]. Therefore, a
customer-friendly rapid technique is required for the freshness deter-
mination of fish during storage.

Polyaniline (PANI) is a synthetic polymer that exhibits unique
properties due to its simplicity in synthesis, stability in a different
environment, and easy doping and dedoping. Polyaniline is chemically
synthesized by oxidative polymerization of aniline in an acidic solution

* Correspondence to: Department of Food Engineering and Technology, Tezpur University Napam, Assam 784028. India.
E-mail addresses: mpoonam1@rediffmail.com, poonam@tezu.ernet.in (P. Mishra).
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ARTICLE INFO ABSTRACT

Keywords:
Pomelo

The antimicrobial effect of pomelo (Citrus grandis L. Osbeck) peels essential oil was investigated against a few
selected varieties of freshwater fish (Rohu, Bahu, Silver carp) as well as tested against spoilage organisms

Essential oil (Yersinia pestis, Bacillus cereus, Escherichia coli, Staphylococcus aureus, Mycobacterium smegmatis, Listeria mono-

ilri]inflli:)bial cytogenes, Pseudomonas aeruginosa, Candida albicans) using the disc diffusion method. The yield of 2.66% (w/v)
Antioxidant was obtained using hydro-distillation extraction. The essential oil demonstrated 65% of DPPH* scavenging ac-

tivity, and p-limonene (90-89%) was found to be the predominant monoterpene hydrocarbon. Terpinyl acetate
(2.8%), -pinene (2.3%), -pinene (2.2%), and terpinolene (0.3%) were the next most abundant monoterpene
hydrocarbons, The pomelo peel oil exhibited antimicrobial activity against the majority of tested organisms and
found to be effectively prevented the growth of spoilage microorganisms on Rohu, Bahu, and Silver carp fish
fillets, as a result, the shelf life of the fishes were extended by 6-9 days. The essential oil obtained from waste

Spoilage microorganisms

pomelo peel has the potential to improve the storage stability of fish fillets.

1. Introduction

The Citrus grandis L. Osbeck fruit widely recognized as Pomelo is a
native plant of Southern Asia, which is locally available in China, Japan,
Vietnam, Malaysia, India, and Thailand [1,2]. It is believed to be the
primary origin of grapefruit and a member of the Rutaceae family.
Pomelo, along with lemon, orange, mandarin, and grapefruit is one of
the citrus fruits that is currently grown and consumed most commonly in
Southeast Asia and other regions of the world [3]. The fruit of the
pomelo is commonly consumed fresh or in the form of juice while the
peels, seeds, and other parts of the plant are generally discarded as
waste. The plant’s various parts, including the leaf, pulp, and peel, have
been used in traditional medicine for centuries because they have been
shown to have therapeutic potential and are safe for human consump-
tion [2,4]. The leaves of the Citrus grandis plant and its oil are used in
folk medicine to cure skin conditions, headaches, and stomach pain,
respectively. Citrus grandis fruits are not just utilized for consumption,
traditional remedies frequently treat cough, edema, epilepsy, and other
ailments with fruit peels in addition to using them for cosmetic purposes
[5]. The citrus species are the major source of essential oil and the oils

derived from citrus peel have a strong desirable aroma with a refreshing
effect. There has been increasing in recent years as a result the com-
mercial importance is growing. Essential oils are naturally derived me-
tabolites including terpenes, sesquiterpenes, terpenoids, and aromatic
compounds with different groups of aliphatic hydrocarbons, aldehydes,
acids, alcohols, phenols, esters, oxides, lactones, and ethers [6]. Essen-
tial oil containing such compounds are well known to have antimicro-
bial and antioxidant properties and serve as an alternative to synthetic
additives with the moving interest in natural products [1,7]. Studies
have convinced that the active components that exist in citrus essential
oils such as limonene, pinene, and terpinolene exhibit a wide range of
antimicrobials, antifungal, anti-inflammatory, and antioxidant activity
[8-10]. Besides, the citrus essential oil has been classified as GRAS
(Generally Recognized as Safe) due to its great nutraceuticals and eco-
nomic importance [8]. Several studies have shown that essential oils
have the potential to extend the shelf life and maintain the quality of fish
and meat products [11-15].

According to FAO, 2020 (The State of World Fisheries and Aqua-
culture), global fish production has been increasing in the last few de-
cades with an estimation of about 179 million tons in 2018 with an
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15.1 Introduction

The food and regulatory agencies consider quality and con-
formity as the common critical issues in all horticultural
and industrial processes and products and thus are of prime
tconomic importance (Ferreira et al., 2010). Because of the
growing interest of consumers and food industries, a proper
detection or control system of raw materials and food products,
Such as fruits and vegetables, are essential for food quality and
safety (Ferreira et al., 2010). Food quality attributes include
Maturity index, respiratory rate, gas emission, etc. Also, food
safety content may include pathogens causing diseases, haz-
ardous Microorganisms, toxic compounds, and pesticides
(Ferreira e al,, 2010).

The growing demand for quality products linked to society’s
*®quirements for more clean, eco-friendly manufacturing prac-
lices necessitates the steady improvement of quality foods and
detection methods of abnormalities during pre and post-harvest

®ITeira et al,, 2010). Over the years, different kinds of sen-
S0rs have been used for different purposes, including process
“ontrol, monitoring, detection of hazard, spoilage, and quality

Doy
Or; 10.1201/9780429259890-15

determination. These food applications solely rely on sensitiv-
ity, specificity, precision, and economic feasibility for rapid
detection in food processing and agriculture (Hall, 2002).

There has been continuous research and expeditious efforts
over the years in biosensor technology, as noticed from the
publications, patents, and commercially available devices for
welfare. This also highlights the strong perspective for in-field
applications in areas such as health care, food analysis, and
quality monitoring, agricultural application, biodefence, and
biomedical devices (Scognamiglio et al., 2015, 2016).

It is quite noticeable that, except for the glucose monitor-
ing devices, the other biosensors related to other sectors is still
limited, as the introduction of a new device is tough, and fea-
sibility, cost factor, specificity, and sensing technologies are a
few of the major drawbacks. Advanced research is required to
improve the shelf stability of baroreceptors, mass production,
integration of components, production at mass level, and oper-
ational capability (Antonacci et al., 2016). Thus, this chapter
deals with the marketability of biosensors, their potential and
feasibility in the sectors like food processing and agriculture,
in addition to the cost analysis.
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