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A Portable Fish Freshness Testing
System
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In Taiwan, an island state surrounded by sea, we heavily rely on fishery
and fish has been a popular food in our daily life. When we pay more and
more attentions on food safety, the freshness of fish is a fundamental
issue in food industry. In addition to bad smell, the spoiled fish causes
a wide variety of health problems. Conventionally the freshness of
fish is evaluated by the concentration of the total volatile base amine
(TVB-NJ. Volatile basic nitrogen (VBN) mainly includes three kinds of gas
molecules, ammonia (NH3), dimethylamine [DMA, and trimethylamine
(TMA), which are produced by the spoilage bacteria after the fish dies.
Whereas the TVB-N value has been an international standard for fish
freshness, its experimental determination is rather time consuming.
The conventional titration method for VBN measurement usually takes

about 4 hours.

Inthis work, a portable real-time fish freshness testing system has been
developed. We show that the fish freshness can be rapidly detected by
an organic semiconductor gas sensor by measuring the concentration
of the volatile base amines release naturally into the air. This is in sharp
contrast to the conventional titration method which measures the
aqueous base amines. First of all, it is superior in applications as the data
take-time is shortened to only a few minutes. Second, the solid state
gas sensor exhibit a higher sensitivity toward VBN. Besides, the real-
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Fig 2. The portable fish freshness testing system and an illustration of the
sensing device
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time sensing measurement and a portable system make it possible to
operate on-site and show the result directly, which far extend the utility.
Last but not least, an organic gas sensor could be fabricated by solution
processes and result in a mass production, which makes it a low-cost
and promising device.

The gas sensor is an organic semiconductor diode with a porous top
metal electrode. The current flows vertically to the semiconductor thin
film, in contrast to the common structure with horizontal current flow.
The gas molecules could pass through the porous top electrode and
interact with the underneath sensing layer. Thus, a decrease of current
could be observed. These nano-structure greatly increase the surface
to volume ratio thus lead to a remarkably high sensitivity. The vertical
gas sensor was reported to have a sensitivity of about 100-ppb for
ammonia in air. We also design a portable system utilizing an Arduino
interface. The electric signal is analyzed based on the voltage divider
rule. Depending on the various resistance of the sensor, the system
can automatically adjust a reference resistor and hence to provide a
suitable voltage on the sensor. This is crucial to obtain an accurate
sensing result. Besides, we also put efforts on dealing with noise signal
by both programing and electric circuit. On the other hand, the LCD
display shows all the information such as the current, the sensing time
etc. After 60 seconds of sensing, the system will judge the fish freshness
and rank it in different colors of light (LEDs). Meanwhile, the result
is also up loaded so user could access it by their own cellphone. The
functions mentioned above make the sensing system user-friendly. By
using this fish freshness testing system, we successfully differentiate
fishes with various kinds of storing conditions. Imagine that, in the future
the sensing system is set in the harbors, fish industries, and the fish
markets. It is wonderful that everyone could get a clear information of
fish freshness, buy a guaranteed fresh fish and avoid the food poisoning.
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