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Abstract

This study assessed the feasibility of developing a machine vision system
equipped with ultraviolet (UV) light, using changes in fish-surface color to
predict aerobic plate count (APC, a standard freshness indicator) during sto-
rage. The APC values were tested and images of the fish surface were taken
when fish were stored at room temperature. Then, images’ color-space con-
version among RGB, HSV, and L*a*b* color spaces was carried out and ana-
lyzed. The results revealed that a* and b* values from the UV-light image de-
creased linearly during storage. A further regression analysis of these two pa-
rameters with APC value demonstrated a good exponential relationship be-
tween the a* value and the APC value (R? = 0.97), followed by the b* (R? =
0.85). Therefore, our results suggest that the change in color of the fish sur-
face under UV light can be used to assess fish freshness during storage.
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1. Introduction

Fish is a leading source of high-quality protein and plays an important role in

human nutrition. In recent decades, the harvesting and consumption of fish has

continued to increase [1]. In addition to its contribution to human health, the

freshness of fish is crucial to consumer acceptance of fish as a food source as well

as to the credibility of the international fishery trade [2]. However, after the fish

dies, quality degrades quickly owing to pre-harvest and post-mortem factors,

with a loss of acceptable appearance, taste, and nutritional quality. The fish can
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even become toxic. Therefore, the ability to determine freshness is critical to the
research and development of the fishing industry.

Normally, consumers utilize sensory methods (color, smell, or touch) to assess
fish freshness [3]. Reliable indicators of the sanitary quality and safety of fish [4],
include chemical methods to determine the total bacteria count, the total volatile
basic nitrogen (TVB-N), and thiobarbituric acid reactive substances (TBARS).
However, the conventional sensory, chemical, and microbiological methods are
imprecise, time consuming, expensive, destructive, and labor-intensive; a fast,
inexpensive, and simple method is needed. In recent years, some fast,
non-destructive methods for assessing fish freshness have received attention, in-
cluding near-infrared spectroscopy [5], front-face fluorescence spectroscopy [6],
hyperspectral imaging [7], and image technologies [8]. Among these, the appli-
cation of machine vision technology coupled with image-processing techniques
to ascertain fish quality is a growing area [9] [10] [11] [12], in response to the
demand for simple, low-cost, and rapid real-time techniques. Color is consi-
dered the most important sensory attribute of fish quality, which changes during
storage as freshness deteriorates. It has been employed as an indicator to accept
or reject fish products [13] [14]. Machine vision is a promising technique that is
currently being investigated for food-color measurement. Acquiring and ana-
lyzing images of changes in color of fish in storage provide obvious advantages
over conventional methods, by providing a detailed characterization of color un-
iformity at a pixel-based level of the entire body surface, allowing the quantifica-
tion of the change in surface color [15]. The most popular color-space models
used in food computer vision to detect changes in color are the color model of
RGB (red, green, and blue), HSV (hue, saturation, and value), and L*a*b*
(lightness from black (0) to white (100), redness from green (-) to red (+), and
yellowness from blue (—) to yellow (+)) [16].

In previous studies, we have found that fish surface (main part is scales) was
rich in organic protein contents, which contain plenty of tyrosine residuals and
show strong fluorescence at excitation wavelength around 365 nm. These fluo-
rescent compounds change regularly due to complex processes of enzymatic au-
tolysis, oxidation, and microbial activities, thus the corresponding fluorescence
signals were suggested to be used to assess fish freshness during storage [17].
Based on these findings, we propose the fluorescence signal on a fish’s surface as
an effective way to assess fish freshness. Therefore, in this study, we used ultra-
violet (UV) light at a wavelength of 365 nm to excite the fish-surface fluores-
cence signals to obtain fluorescence images. We analyzed the RGB, HSV, and
L*a*b* color-space models of UV light image to determine the optimal color pa-

rameters to assess fish freshness.

2. Materials and Methods

2.1. Sample Preparation

33 crucian carp (Carassius auratus) with an average fork length of 20 cm and

weight of 250 g were purchased from a local supermarket (Chengdu, China) on
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September 20, 2019. The fish were transported to the laboratory of the institute
of urban agriculture, Chinese academy of agricultural sciences alive and imme-
diately slaughtered by cutting the neck bone. They were stored in a container of
room temperature (22°C + 2°C) and 70% humidity for 24 hours. We divided the
samples into two groups: the first group of 6 for scanning with UV light at 365
nm. The second group of 27 was stored for the detection of aerobic plate count
(APC; a standard freshness evaluation parameter) every 3 hours since the begin-

ning of storage.

2.2. Aerobic Plate Count

Monitoring the count of micro-organisms has been suggested to measure fish
freshness [18], in this study we used aerobic plate count (APC) in fish meat as
the standard indicator of fish freshness. We detected the APC according to the
method described by China National Standard GB 4789.2 (2016). 25 g meat from
the dorsal part of the fish samples was weighed aseptically and mixed with 225
mL sterile saline solution, and next homogenized with a Blender (JYL-A100,
Joyoung Co., Ltd., China) for 120 s at 10,000 rpm. The resulting meat homoge-
nate was serially diluted in sterile saline solution. Three appropriate portions (1
mL) of serial dilutions were all repeated twice spreading in the Petri dishes, and
then mixed well with plate count agar (plate count agar: 5.0 g tryptone, 2.5 g
yeast extract, 1.0 g glucose and 15.0 g agar add to distilled 1000 mL water, then
adjusted pH at 7.0 + 0.2, sterilized at 121°C for 15 min). After the agar solidifica-
tion, dishes were incubated at 36°C + 1°C for 48 = 2 h to detect the APC of the
samples. The bacterial counts were recorded as colony-forming units (CFU/g).
Aerobic plate counts were performed at fish which were stored for 0h,3h, 6 h, 9
h,12h, 15h, 18 h, 21 h, 24 h at room temperature.

2.3. Machine Vision System

We used a machine vision system as referred to in Xu and Sun (2017) [19]. It is
shown and described in Figure 1.

This machine vision system includes three main components: a high-resolution
camera (Canon 80D digital camera equipped with a Canon EF 18 - 135 nm ma-
cro lens (Canon, Tokyo, Japan), with a CPL filter); A UV illumination system
(Rsee Corp., Guangdong, China): the light source with excitation wavelength
was of 365 nm, by which the fish surface could be strongly excited [17], the
lighting was activated only when an image was being taken, a computer (Dell
Computer Corp., USA) with a remote capture software installed (version Canon,
Japan) to acquire and analyze the images. All images were taken in a dark box to
avoid interference from other light sources. For calibrating the camera, the white
balance adjustment was manually applied. All images were taken with the same
camera specifications (exposure time: 1 s, ISO: 400, f-value: 8, resolution: 1280 x
1024, image type: PNG, no flash). After setting the best illumination, images of
fish during 24-hour storage were automatically taken every 10 min by the digital

camera and saved in the computer.
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Figure 1. Machine vision system.

2.4.Image Treatment

Fish images were treated as follows. First, the region of interest (ie., the whole
surface including head and tail) was selected automatically by using an im-
age-processing program written in Python 3. Second, the low-frequency back-
ground noise was removed, the intensity of the individual particle images was
normalized, the geometric distortions and gray level were corrected, and blur-
ring and reflections were removed from the images. Finally, the color parameters
(R value, G value, B value, H value, S value, V value, L* value, a* value, and b*
value) in the region of interest were calculated by converting RGB to different
color formats [20].

3. Results and Discussion
3.1. APC Value Variation in Fish

Microbial evaluation of crucian carp samples during storage over a 24 h period
at room temperature is shown in Figure 2. The initial microbial load of crucian
carp dorsal muscle samples was 12 CFU/g and increased slowly to 405 CFU/g
after 15 h storage. It increased sharply after 18 h (2410 CFU/g) of storage on-
wards, reaching 5655 CFU/g after 24 h in storage. The rapid increase in the APC
value began at 18 h storage. This indicates that it is to be recommended that fish,
when stored longer than 18 h at room temperature, be well cooked, or it should
be stated that they are not fit for human consumption. This result agrees with K
value (which is extracted as adenosine triphosphate (ATP) concentration and its
breakdown products) as an indicator of freshness to evaluate the various fish
types [21]. Furthermore, the direct and exponential relationship (R* = 0.97) be-
tween storage time and APC value in crucian carp indicates that the APC value

is an effective indicator for expressing freshness.

3.2. Imaging Crucian Carp by Machine Vision

Images of crucian carp reveal changes in color under UV light from 0 h to 24 h
of storage at room temperature (Figure 3). The fish surface initially displayed
weak fluorescence and increased with longer storage. The fish surface is covered
mainly by scales, which contain 41% - 81% organic protein, including 24% ich-

thylepidin and 76% collagen. These proteins, which are mostly fluorescence,
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Figure 2. APC value change in crucian carp when
stored at room temperature (room temperature).
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Figure 3. The surface of crucian carp changes under UV light,

stored at room temperature.

could be excited by UV light and express the obvious fluorescence signal [22].
Moreover, the mucus (and epidermis), which is a complex jelly-like fluid formed
predominantly by macromolecules and made mainly of proteins [23], covers the
surface of the fish, to some extent, to the fluorescence signal on the fish surface.
Therefore, the fish surface exhibited fluorescence under UV light. During sto-
rage, the micro-organisms are expected to multiply rapidly and consume the
proteins into tyrosine in the mucus, which will significantly increase total fluo-
rescence intensity levels [17]. As a result, fluorescence in the image under UV

light increased as the time in storage increased.

3.3. Color Changes on the Fish Surface as Represented by Three
Color Models

Figure 4 shows the changes in color parameter on the surface of crucian carp
under UV light during storage at room temperature as represented by three
color models: RGB, HSV, and L*a*b*. In the RGB color model, R, G, and B in
the UV-light image decreased during the first 6 h (B decreased first at 12 h), and
then increased until the end of storage. The result of concomitant proportional
change in the values of R, G, and B may change the lightness of the fish surface
[24]. The HSV color space is like HSI, which is closely related to the physiology
of the human eye [25], and the three components (H, S, and V) are relatively
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Figure 4. Variation in the color parameters (R, G, H, S, V, B, L*, a*, b*) on the surface of
crucian carp under UV light during storage at room temperature.

independent. In the HSV color space, H is the color portion of the model, ex-
tracted as a number from 0° to 360°. The H value was range in 100" to 180°
(green to cyan) from UV-light image. The S value describes the amount of gray
in a color. The V value works in conjunction with saturation and describes the
brightness or intensity of the color. In the UV-light image, the S and V values
decreased initially until the third hour, after which they increased, with value
ranges of 0.15 to 0.3 and 0.16 to 0.23, respectively. The L*a*b* color space is a
global color model in which colors are assigned numeric values across different
channels. In the UV-light image, L* fluctuated during storage. The a* value de-
creased during storage under UV light. The b* value decreased in the UV-light
image. Possibly, the changes in the L*, a*, and b* values on the fish surface in the
UV images were caused by chemical and biochemical reactions owing to expo-
sure to air during long-term storage, causing the darker color and lower reflec-
tance of the fish surface [26] [27].

Furthermore, In the UV-light images, the color parameters R, G, B, H, S, V,
and L decreased during the first storage period then increased as storage time
increased. Values a* (R* = 0.93) and b* (R? = 0.95) decreased linearly with in-
creased storage time and exhibited a good correlation with storage time. These
results indicate that changes in fish-surface color with different lighting me-
thods, in parallel with storage time, can be used as indices for the evaluation of
the freshness of crucian carp.

3.4. Different Color Parameters of the Fish Surface for APC
Prediction in Crucian Carp

The a* and b* values of the UV-light image, change regularly with the length of
storage, indicating that fish-surface color could reliably indicate changes in fish
freshness. We plotted the selected color parameters against the standard fish

freshness indicator of the APC value, as shown in Figure 5. The APC value in
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Figure 5. Different color parameters in the UV-light images for APC value pre-
diction: regression model for predicting the APC value, based on the a* value (left)
and b* value (right); a good exponential relationship is obtained between the
APC, the a* (R* = 0.97), and the b* values (R* = 0.85), respectively.

muscle decreased exponentially with the a* value (R* = 0.97) and b* value (R* =
0.85) in the UV-light image. The APC value and a* value from the UV-light im-
age have a strong exponential relationship, indicating that the a* value from the
UV-light image can be used to accurately predict fish freshness. This suggests
great potential as a fast and simple method for assessing fish freshness.

4. Conclusion

In conclusion, we developed a machine vision system for predicting the APC
value in crucian carp using changes in fish-surface color during storage at room
temperature. Images under UV light were preprocessed, after which col-
or-parameter conversion was performed automatically by an image-analysis al-
gorithm. In the UV-light images, color parameters R, G, B, H, S, V, and L de-
creased in the first period, then increased as storage time increased; a* and b*
values decreased with increased storage time. Regression models of the a* and
b*value demonstrated excellent prediction results with a high correlation coeffi-
cient (R* = 0.97 and R? = 0.85, respectively) for determining the APC value.
Compared to the traditional chemistry method of detecting the APC which is
regarded as complicated operation, time-consuming, high cost for assessing fish
freshness [28], a machine vision system, equipped with UV light and using sur-
face-color parameters, demonstrates great potential for developing an accurate,

real-time, online method for predicting whole fish freshness during storage.
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