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A B S T R A C T   

A handheld, portable and non-destructive instrumental sensor was developed to assess the freshness of Indian 
Mackerel (Rastrelliger kanagurta) stored under ice. The freshness sensor consists of a webcam, raspberry-Pi (small 
single-board computer), LCD display and a power bank. The color changes in fish eye as a result of spoilage 
during iced storage was measured as pixel count using image processing technique. Simultaneously, destructive 
fish quality and freshness results were obtained by estimating K-value and Psychrophilic count during the 
storage. Multiple linear regression analyses were performed to assess the relationship between pixel count and 
quality indicators. The analysis of results of K-value and Psychrophilic count revealed that fish quality and 
freshness limits can be established in storage days as extremely fresh up to third day, fresh till thirteenth day and 
then spoiled. Further, these quality limits were correlated with pixel count against storage days to establish three 
different ranges in pixel count. The obtained pixel count ranges were provided as input to the sensor for clas-
sification of fish samples into three indicative freshness levels i.e. Extremely fresh, Fresh and Spoiled. The 
validation study of sensor was conducted by assessing fish samples collected from local markets and observed 
that sensor was accurately predicting the freshness of fish.   

1. Introduction 

Indian Mackerel (Rastrelliger kanagurta) is one of the widely 
consumed marine fishes in the South-East Asian countries. It is rich in 
poly-unsaturated fatty acids (PUFA), also known as long chain omega-3 
fatty acids (Wu et al., 2018). It contains eicosapentaenoic acid (EPA), 
docosahexaenoic acid (DHA) and other essential micronutrients which 
demonstrates the nutritional significance of Indian Mackerel to the 
human diet (Sumi et al., 2016). However, after harvest, fish tends to 
spoil due to microbial deterioration, enzymatic and other autolytic 
chemical reactions (García et al., 2017; Rocculi et al., 2019). Therefore, 
safety and quality are the real concerns for the fish consumers and 
processors (Dutta et al., 2016). The quality and freshness of fish is 
generally determined by sensory assessment which mainly relies on the 
assessors. It is a highly subjective method, thereby arises a need for an 
objective instrumental system (Olafsdottir et al., 2004). Hence, it is 
necessary to find an alternative, instrumental method to provide an 
objective system to assess the freshness of fish. Moreover, any such 

objective instrumental technique should be reliable, rapid, 
non-destructive and easy to use (Olafsdottir et al., 1997). 

The quality of the food is reflected from its color, shape and size of 
the products and any changes in these aspects indicates the degree of 
spoilage (Iqbal et al., 2016; Ghasemi-Varnamkhasti et al., 2016). Hence, 
change in color can be considered as one of the important parameters for 
classifying the fish samples (Menesatti et al., 2010). The application of 
image processing technique to quantify the color change and further 
assess the quality of the fish was reported by Muhamad et al. (2009). 
Dowlati et al. (2013) evaluated the freshness of gilthead sea bream by 
analyzing the color changes in eyes and gills using machine vision sys-
tem. Wang et al. (2013) reported a rapid fish freshness detection tech-
nique using fish eye image and computer vision tool. Similarly, the 
quality and freshness of Indian Rohu was determined using image pro-
cessing technique by assessing the images of eyes and gills (Dutta et al., 
2016; Issac et al., 2017). Tappi et al. (2017) used image processing tool 
to evaluate the freshness of red mullet by correlating with chemical and 
sensory analysis. Sengar et al. (2017) reported computer vision based 
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technique for identification of fish quality after pesticide exposure. Shi 
et al. (2018) developed a machine vision system for simultaneous pre-
diction of freshness indicators based on tilapia pupil and gill color. 
Rocculi et al. (2019) evaluated the quality and freshness of European 
hake through image processing technique by quantifying the changes in 
morphological aspects of eyes. Although lot of works on related topics 
have been reported, yet there is no tangible, real-time detection sensor 
or device has been developed and commercialized. 

K-value is a destructive biochemical analysis which depicts the per-
centage of inosine and hypoxanthine with respect to the total adenosine 
triphosphate (ATP) and its related breakdown products, and it has been 
accepted to be the most effective index for marine fish freshness and 
quality evaluation (Sato et al., 2002; Ginson et al., 2013). In addition, 
growth of psychrophilic microorganisms as spoilage indicator provided 
reliable results for quality and freshness estimation of fish stored under 
chilled conditions (Mol et al., 2007). Hence, K-value and Psychrophilic 
count were considered for simultaneous assessment of fish quality and 
freshness. 

Therefore, in this study an attempt was made to develop a handheld, 
portable, non-destructive freshness indicative sensor for Indian Mack-
erel (Rastrelliger kanagurta) using the approach of image processing 
technique and simultaneous assessment and correlation of quality in-
dicators (K-value & Psychrophilic count), and further validate the 
developed sensor using market samples. 

2. Materials and methods 

2.1. Samples 

The Indian Mackerel (Rastrelliger kanagurta) caught during short- 
duration fishing trip (about 2–3 h) was used in this study. The har-
vested fish was immediately iced on-board and brought to the Vypin 
fishing harbour, Kochi, India (9.9822� N, 76.2424� E). The average 
weight and length of the fish samples were 80 � 0.5 g and 170 � 10 mm, 
respectively. The fresh samples were cleaned with potable water and 
then immediately packed in insulated ice-box covered with flake ice and 
brought to lab for further storage and analysis. For experimental pur-
pose, the fish samples were stored in a specially arranged insulated ice- 
box with a thick layer of ice at the bottom and above that a thin layer of 
plastic sheet with pin holes to avoid physical bruising due to sharp ice 
crystals. Above the fish, the same arrangement of plastic and ice was 
repeated (Fig. 1). The ice-box with sample was stored at 4 �C under 
refrigerated room for 15 days. On each day, five samples were drawn 
and image of fish eye was captured, and then K-value and Psychrophilic 
count analysis were carried out. 

2.2. Quality analysis 

2.2.1. K-value 
K- value was determined according to Rhyder’s method using HPLC 

(Ryder, 1985). Five grams of muscle from the anterior dorsal region of 
fish was taken and homogenized with 25 ml of 0.6 M perchloric acid at 4 
�C for 1 min. The homogenate was centrifuged at 6500 rpm for 10 min. 
The supernatant was then immediately neutralized to pH 6.5–6.8 with 
1M potassium hydroxide (KOH). After 30 min at 0 �C, potassium 
perchlorate was removed by filtration. After filtration, the sample was 
injected into the HPLC system. The K-value was calculated by 
substituting the contents (moles/g wet muscle) of principal adenine 
nucleotides and their related compounds in the following equation 
(Murata and Sakaguchi, 1986), 

K � valueð%Þ ¼
HxR þ Hx

ATP þ ADP þ AMP þ IMP þ HxR þ Hx
� 100

(1)  

Where. 
ATP - Adenosine triphosphate, ADP - Adenosine diphosphate, AMP - 

Adenosine monophosphate, IMP – Inosine monophosphate, HxR - Ino-
sine, Hx - Hypoxanthine. 

2.2.2. Psychrophilic count 
Ten grams of fish muscle were taken from each sample and mixed 

with 90 ml of normal saline and homogenized for 30 s in stomacher 
(Seaward medicals, UK). Decimal dilutions were made, and 0.1 ml was 
pipetted out and poured to the plates. The plates were incubated at 4 �C 
for 7 days (Oca~no-Higuera et al., 2011). Five replicates were used for 
analysis and mean values with standard deviation were reported in 
Fig. 5. 

2.3. Sensor device setup 

2.3.1. Image acquisition system 
Eight white LED lights were arranged in a ring-like pattern as a light 

source in the illuminating chamber. A double layer of white silk organza 
cloth material was used in front of the LED ring to diffuse the light and to 
reduce the reflection on the fish eye. On top of the illuminating chamber 
a webcam (Logitech C 310) was mounted to capture the fish image 
(Fig. 2). A webcam resolution of 720 � 320 was selected because best 
results were obtained at that particular resolution to capture the minute 
color changes in the fish eye. The focal distance of the camera was 
adjusted and fixed at a length equivalent to the height of the illumi-
nating chamber. The image acquisition system is 90 mm in diameter and 
35 mm in height. 

2.3.2. Image processing system 
The Raspberry Pi-3, a small single-board computer was used as a 

digital image processing unit for the sensor device. It can store about 16 
GB of data and was used to store fish eye images captured during the 
experiments. The algorithm for image processing and pixel count were 
coded using python programming language in OpenCV (Open Source 
Computer Vision Library) platform and then uploaded to the device. It is 
provided with an LCD display module (Winstar WH1604A) to show the 
results. The image processing system was powered by a power bank (5v 
& 2A). The image acquisition system was connected to one of the ports 
of image processing system. The dimension of the image processing 
system is 165 mm � 170 mm � 90 mm. The total weight of the freshness 
indicative sensor is 1 kg. The photographic view of Indian mackerel 
freshness indicative sensor is shown in Fig. 3. In order to avoid the in-
fluence of ambient light effect on quality of images captured, a black 
colored plastic sheet is provided just below the illumination chamber. Fig. 1. Photographic view of Indian Mackerel storage under iced condition.  
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2.3.3. Pixel count 
The images of head region of the fish samples were captured using 

image acquisition system. The pupil, iris and dome-shaped cornea of the 
fish eye were individually considered for image processing analysis. The 
changes in the color properties (white opaqueness formed in the pupil, 
and pale yellow and red colors formed in the iris) were reflected on the 
fish eye and detected using image processing technique. The cornea in 
the fish eye images were identified correctly by the method of Hough 
Circle Detection. The color changes in pupil and iris were spotted by 
converting the image from RGB (Red, Green and Blue) to HSV (Hue, 
Saturation and Value). The opaqueness formed in the pupil, and pale 
yellow and red colors formed in the iris were the prominent color 
changes in the samples and thus ranges for these colors in HSV were 
identified using an online HSV color picking system (https://pinetools. 
com/image-color-picker, last accessed on April 20, 2020). The upper 
and lower ranges of these colors were used for image segmentation 
(thresholding) and a binary mask (an array of zeros and ones) was ob-
tained on the original image. In the obtained binary mask, values of ones 
(white) indicated the pixel values within the selected ranges of these 
colors and zeros (black) indicated the values outside the range. The 
white regions represent the HSV ranges of the colors indicating the 

spoilage in the fish eye and the black regions refer to the insignificant 
colors i.e. color which does not indicate spoilage of fish. The binary 
mask was imposed on top of the original image and the colors indicating 
spoilage has fallen under the white region (i.e. where the value of mask 
is one), and the rest of the colors in the black regions were not consid-
ered for pixel count analysis. Those pixels in the white region where the 
value of the mask was one counted (Fig. 7) as described by Gu et al. 
(2014) for evaluation of fish freshness using image processing 
technique. 

2.4. Regression analysis and correlation of pixel count with quality 
indicators 

The Microsoft office – Excel (2019) - Analysis ToolPak was used for 
the regression analysis. The approach of employing multiple linear 
regression analyses (MLR) to assess the relationship between pixel count 
and destructive quality indicators (K- value and Psychrophilic count) 
were described by Dowlati et al. (2013). In this study, K-value and 
Psychrophilic count were considered as independent variables and pixel 
count as dependent variable. In the regression statistics, multiple R is the 
correlation coefficient which describes the strength of the linear rela-
tionship between dependent and independent variables. A correlation 
coefficient of þ1 indicates that strong positive relationship, � 1 denotes 
a strong negative relationship and 0 indicates that there is no relation-
ship between the variables. R Square is the coefficient of determination 
which is used as an indicator of the goodness of fit. Adjusted R Square is 
the R square adjusted for the number of independent variables in the 
multiple linear regression model. It denotes the proportion of variance in 
the dependent variable that is explained by the independent variables. 
The standard error is a measure of the precision of the model. The 
described regression analyses approach was used to assess and confirm 
the correlation between pixel count and quality indicators at the limits 
between extremely fresh, fresh and spoiled categories. 

After establishing correlation between variables using MLR, the re-
sults of K-value and Psychrophilic count over storage were considered to 
establish fish quality and freshness limits in storage days. Further, these 
quality limits were correlated with pixel count over storage days to 
identify three different pixel count ranges as described by Dutta et al. 
(2016). The obtained pixel count ranges were given as input data to the 
sensor device in order to classify the fish samples into extremely fresh, 
fresh and spoiled catagories. The detailed step wise explanation for the 

Fig. 2. Different views of image acquisition system.  

Fig. 3. Photograph of portable fish freshness indicative sensor for In-
dian Mackerel. 
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assessment of Indian Mackerel freshness is explained in Algorithm I.  
Algorithm I: Freshness analysis of Indian Mackerel using the pixel count of the eye 

image. 
Step 1: Connect LCD and webcam to raspberry Pi 
Step 2: Capture the image of fish eye when a message saying “Press the button 

to capture the image” is displayed on the LCD, by pressing a button. 
Step 3: Read the captured RGB image. 
Step 4: Detect whether the fish eye is properly captured or not 
Step 5: If fish eye is detected, then 

Step 
5.1: 

Crop the image around the eye region to minimize errors 

Step 
5.2: 

Convert the RGB image to HSV 

Step 
5.3: 

Pick the colors in HSV range, that indicate redness, opaqueness and 
yellowish shades in the fish eye. 

Step 
5.4: 

Mask out these colors. 

Step 
5.5: 

Count the number of pixels in masked region and store it in a variable. 

Step 
5.6: 

If (pixel count < 40000), then 
Display a message saying, “Extremely Fresh”. 

Step 
5.7: 

If (40000<pixel count < 140000), then 
Display a message saying, “Fresh”. 

Step 
5.8: 

Else 
Display a message saying, “Spoiled”.  

2.5. Validation of developed freshness indicative sensor 

Ten random samples of Indian Mackerel were collected from local 
markets at Kochi, India, to validate the developed sensor. The sensor 
evaluated the indicative freshness level of fish samples by capturing the 
fish eye images and observed the sensor outputs in all three catagories 
(Extremely fresh, Fresh and Spoiled). Quality analyses (K-value and 
Psychrophilic count) were carried out immediately after observing the 
sensor output and then both the results were compared for validation. 

3. Results and discussion 

3.1. K-value 

The content of Adenosine Triphosphate (ATP) is particularly high in 
fish muscles. After the death of fish, nucleotide degradation occurs and 
the accumulation of products of degradation (inosine and hypoxanthine) 
in the muscles indicates loss of quality and freshness in fish. Fig. 4 shows 
the day wise results of K- value of fish samples stored under ice for 15 
days. It can be seen that K- value linearly increased with increase in 
number of storage days. The initial K-value of fish was 10.87% and 
reached to 68.6% at end of storage. The K-value steadily increased for 
first three days of storage (10.87–19.56%) and it was within 20% which 

implies that fish samples were extremely fresh. Similar trends were 
observed by Elmasry et al. (2015) for frozen horse mackerel (Trachurus 
japonicus) iced storage. On thirteenth day, K- value reached to 57% and 
at this level, fish was fresh and acceptable for consumption. Thereafter, 
K- value moved beyond 60% which suggests that the fish has started 
spoiling and reached rejection limit (Lakshmanan, 2000). Similarly, Li 
et al. (2016) classified that large yellow croaker fish (Pseudosciaena 
crocea) with more than 60% of K-value as spoiled during the iced 
storage. 

3.2. Psychrophilic count 

Fig. 5 shows the changes in Psychrophilic count of fish samples 
stored under ice for 15 days. The Psychrophilic count steadily increased 
with increase in number of days of storage. It has been reported that 
psychrophilic count of less than 6 log CFU/g is considered to be the 
microbial limit for acceptability of fish (Antoine et al., 2002; €ozogul 
et al., 2005; Scherer et al., 2006; Mol et al., 2007; Lakshmanan, 2000). In 
the present study, a steep increase in microbial count was observed for 
the first three days, thereafter gradually increased till thirteenth day. 
The samples were extremely fresh till the third day with Psychrophilic 
count of less than 4 Log CFU/g, and fresh between the fourth and thir-
teenth day with Psychrophilic count of less than 6 Log CFU/g. There-
after, Psychrophilic count exponentially increased with storage days and 
the fish samples were categorized as spoiled (Lakshmanan, 2000). 
Similar results were reported by Fazlara et al. (2014) for shelf-life esti-
mation of silver pomfret stored under ice. 

3.3. Pixel count 

Samples were drawn from iced storage during the experiments and 
fish eye images were captured at one day interval for 15 days. The 
photographic view of fish eye images against storage days is depicted in 
Fig. 6. It was noticed that the iris became more turbid and redder and 
pupils developed opaqueness as storage days progressed. This color 
change was mainly attributed to the action of microbes and other 
endogenous enzymes present in the fish eyes. Similar results of pupils 
(eyes) developing a cloudy cover and opaqueness during iced storage 
were reported by Shi et al. (2018) and Dowlati et al. (2013) for tilapia 
(Oreochromis niloticus) and gilthead sea bream (Sparus aurata), respec-
tively. In the pixel count analysis, fish eye images were initially con-
verted into HSV (Hue, Saturation and Value) and then masking was 
applied to enumerate the pixels as described in methodology section 
2.3.3 (Fig. 7). It can be seen that pixel count of fish eye image increased 
linearly with increase in storage days depicting the degree of spoilage of 
fish (Fig. 8). Rocculi et al. (2019) reported similar observations for 

Fig. 4. Changes in K- value of Indian mackerel during iced storage.  
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European hake (Merluccius merluccius) stored under iced condition. 

3.4. Regression analysis and correlation of pixel count with quality 
indicators 

Multiple linear regression (MLR) analyses were performed to assess 
the correlation between pixel count and destructive quality indicators 
(K- value and Psychrophilic count). Table 1 shows the summary statistics 
of regression analysis performed in this study. The value of multiple R 
(Correlation coefficient) was 0.989 which means the strength of the 
linear relationship between pixel count and quality indicators (K-value 
& Psychrophilic count) were very strong and positive. In addition, the 
value of 0.974 for adjusted R Square implies that 97.4% of variation in 
pixel count was explained by the variation in the K- value and Psy-
chrophilic count. The low value of standard error (7.842) denotes the 
higher precision of regression analysis employed in this experiment. It is 
clear from this regression analyses that pixel count is highly correlated 
with destructive quality indicators. The correlation was obtained only 
for the limits between extremely fresh, fresh and spoiled categories, and 

not for all storage days and it was not possible to recover the quality 
indicators (K-value and Psychrophilic count) from the pixel count of a 
fish sample. Wang et al. (2013) reported partial least squares regression 
(PLSR) analysis to correlate the changes in fish eye image and quality 
indicators to develop a rapid fish freshness detection technique. Simi-
larly, Rocculi et al. (2019) used multiple regression approaches to 
establish models relating the color parameters and traditional chemical 
and microorganism indicators. 

After ascertaining the correlation between pixel count and quality 
indicators using MLR, the results of K-value and Psychrophilic count of 
fish samples over storage days were evaluated. The results of quality 
analyses (K-value and Psychrophilic count) suggests that spoilage of fish 
progressively increased with increase in storage days (Figs. 4 and 5). On 
third day of storage, K-value was less than 20% and Psychrophilic count 
was less than 4 Log CFU/g implying that fish samples were extremely 
fresh (Elmasry et al., 2015; Fazlara et al., 2014). On thirteenth day, 
K-value was less than 60% and Psychrophilic count was less than 6 Log 
CFU/g suggesting that fish was fresh and acceptable for consumption 
(Lakshmanan, 2000; €ozogul et al., 2005; Scherer et al., 2006). Similar 

Fig. 5. Changes in Psychrophilic count of Indian mackerel during iced storage.  

Fig. 6. Visible color changes in Indian Mackerel fish eye during iced storage. (For interpretation of the references to color in this figure legend, the reader is referred 
to the Web version of this article.) 
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results of shelf-life and acceptability limit were reported by €Ozogul et al. 
(2005) for European eel (Anguilla anguilla) and Fazlara et al. (2014) for 
silver pomfret iced storage. These quality observations of ice stored 
mackerel resulted in establishment of two quality limits in terms of 
storage days on third and thirteenth day as extremely fresh and fresh, 
respectively (Figs. 4 and 5). Thereafter, these quality limits were 
correlated with pixel count against storage days as described by Dutta 
et al. (2016). The correlation of the data resulted in establishment of 
different ranges in pixel count for three indicative freshness levels 
(Fig. 8). The pixel count of less than 40000 was obtained for extremely 
fresh category and 40000 to 140000 for fresh category and more than 
140000 for Spoiled category. The obtained pixel count ranges were 
provided as input data to the sensor for classification of fish samples into 
three indicative freshness levels. i.e. Extremely fresh, Fresh and Spoiled 
(Algorithm I). Dutta et al. (2016) reported similar approach of image 
processing of fish eye and simultaneous correlation with quality 

indicators to develop non-destructive freshness evaluation technique for 
Rohu (L. rohita) stored under iced condition. 

3.5. Validation of developed freshness indicative sensor 

The sensor was used to find the indicative freshness level of ten fish 
samples collected from local fish markets. Simultaneously, destructive 
fish quality and freshness analyses were carried out. The validation 
study results of developed sensor is reported in Table 2. It was observed 
that sensor output for indicative freshness (Extremely fresh, Fresh, and 
Spoiled) and the results of destructive quality analyses (K-value and 
Psychrophilic count) of samples were accurately matching, suggesting 
that validation results of all ten samples were positive. 

4. Conclusions and future work 

A handheld and portable sensor for non-destructive evaluation of 
quality and freshness of Indian mackerel (Rastrelliger kanagurta) was 
developed in this study. The color changes in fish eye due to spoilage 
during iced storage was measured in pixel counts and simultaneously 
correlated with the results of destructive fish quality and freshness an-
alyses to find the threshold quality limits in storage days. Further, the 
obtained pixel count ranges were provided as input to the sensor to 
categorize the fish samples into extremely fresh, fresh and spoiled. The 
results of validation study report that sensor accurately predicts the 
freshness of fish. The developed portable sensor can be used to evaluate 
and inspect the fish quality and freshness which is critical in preparation 
of quality fish products. The freshness sensor could be very useful when 
there is no information on the time elapsed from acquisition or capturing 
of fish. However, the sensor can be used to evaluate the freshness of fish 
only when the fish samples were handled and stored in the conditions 
reported in this work. 

Future work should investigate the possibility of adding other widely 
consumed fish species to the sensor detection array by applying the 
approach of image processing and simultaneous quality assessment and 

Fig. 7. RGB image of fish samples (A) & masked regions of the corresponding 
images (B) at different storage days. 

Fig. 8. The correlation of pixel count with quality limits against storage days.  

Table 1 
Regression analysis for correlation of pixel count with quality indicators.  

S. No Regression Statistics Values 

1 Multiple R 0.989 
2 R Square 0.977 
3 Adjusted R Square 0.974 
4 Standard Error 7.842  
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correlation followed by validation study. Further, this portable device 
may be developed as a mobile based application system for wider 
adoption and use. 
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