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ABSTRACT

Fish has high quality protein and other essential nutrients and are an important part of a healthful diet. It is
important to make sure the quality of fish to avoid food poisoning. There are three methods to know the quality of fish
which is sensory, microbiology and chemical methods. Nowadays, some fish monger use formalin to make fish looks fresh
and good. Formalin is a colourless strong-smelling chemical substance usually used in industry of textiles, plastics, papers,
paint, construction, and well known to preserve human corpse. It is derived from formaldehyde gas dissolved in water.
Exposure to the gas and vapour can make irritation to the eyes, nose and respiratory tract. There is quite difficult for
consumers to differentiate fresh fish without formalin and fish with formalin. This is because, they look fresh and good but
the different is the odor which is the fresh fish still have a fishy smell while fish with formalin do not smelly. Therefore, we
use electronic nose (E-nose) to know fresh fish and formalin-based preserved fish. E-nose consists of an array of
conductometric chemical sensors which change resistance when exposed to vapour. The odor-profile of the fish samples
were collected based on designated experimental procedure. The measured raw data was then stored in Microsoft Excel
data and converted into MATLAB. Then they were normalized and their unique features were extracted using statistical
tools. The input features were than inserted into Case-based Reasoning (CBR) library and intelligently classified using
CBR method and validated based specific performance measure. The results have shown that the CBR classified with

100.00% rate of accuracy.
Keywords: fish, electronic nose, formalin, case-based reasoning.

INTRODUCTION

Food is an important needs in human life to
survive and get energy. It is importance for us to choose a
healthy food to avoid food poisonous [1]. The health of all
people in the world is needed to get peace and security. So
that, everyone has rights to get the highest standard of
health without distinction of religion, race, political belief,
economics or social conditions. World Health
Organization (WHO) is established as specialized agency
to promote and protect the health of people in all states
[2]. Fish has high quality protein and other essential
nutrients and are an important part of a healthful diet [3].
A well-balanced diet that includes a variety of fish can
contribute to heart health [4] and aid in children’s proper
growth and development [3]. As with any type of food, it
is important to handle fish safely in order to reduce the
risk of food borne illness or food poisoning [5]. There are
two types of fish which is freshwater fish and saltwater
fish [6]. Fresh fish means fish is not spoil and do not
contains any harmful chemicals as preservative [3].

Nowadays, fisherman uses preservative to
increase the shelf life of fish to avoid it from spoilage. In
many studies, it was proved that most imported fishes are
contaminated with formalin. The use of formalin in the
control of parasites on fish is dangerous to human being
and environment [7]. Formalin is an aqueous solution of
formaldehyde gas and contains of not less than 37% by
weight of water and 6 to 13% (12%) methanol [8]. It is
recommended to control and prevention [9] of external
protozoan parasites on fish [10]. The concentration of
formalin solution is 250ppm for a contact period of up to

one hour for the control [7]. Formalin is solution from
formaldehyde gas. Formaldehyde is danger to human body
because it gives effect to our health [11].

There are methods to know the freshness of fish
which is sense of human [12], microbiology method [13],
chemical method [14] and electronic devices [15]. Sense
of human or sensory method can be defined as the
scientific discipline used to analyze the characteristics of
food through the sense of touch, smell, sight, hear and
taste. Sensory evaluation is taken by assessing the
appearance, texture and odor. Microbiological method is
used to estimate the number of bacterial in the fish. It is
the analysis of fish which is involved testing the presence
or absence of pathogens. Chemical method is involved by
determination of the concentration of a specific chemical
in food. Electronic devices that will be used in this study is
electronic nose (E-nose).

An electronic nose is constructed with virtual
instrument to detect and quantify the concentration of
volatile compounds (bio-amines) in fish, which occur at
during spoilage [16]. Electronic nose can be used to
identify odor variety, aroma intensity and degree of
freshness [17]. The E-nose consists of an array of conduct
metric chemical sensors which change resistance when
exposed to vapours. Each odor generates a characteristic
pattern and smell print of certain compounds [18]. The
process of smell print begins by collecting data based on
the respond of sensor. The chemical reaction that the
sensor detected will convert into electrical signal [18]. The
degree of sensitivity and type of odor detected are depends
to type of sensor and number of sensor in sensor array.
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The data processing and pattern recognition technique can
be applied to the sensor signals to differentiate substances
based on collection [19][20].

Several intelligent classifications have been
reported such as artificial neural network (ANN) [21], k-
nearest neighbours (k-NN) [22] and case-based reasoning
(CBR)[23] . One of the new method used in E-nose is
CBR that used to solve the problem is Case Based
Reasoning (CBR) method [24][23]. Case based reasoning
is adapt and combine old solution to solve new problem
[25]. Tt is also a process of remembering and adapting or
remembering and comparing. People use cases because of
difficulties to be understood and to solve the problems. In
the general course of reasoning, we tend to interleave
these processes according to what is needed at that time.
We cannot understand the situation so that we evaluate our
solutions by projecting their results (old problem) using
assessment method [26].

Hence, this research is a necessity study to
classify quality of fish freshness based on the presence of
formalin. Therefore, this paper proposes a new technique,
employing E-nose and CBR, for classifying different fish
quality from its odor-profile.

METHODOLOGY

‘ Odor-profile data collection using E-nose ‘
v
‘ Data pre-processing }47
¥
‘ Feature Extraction ‘
¥

‘ CBR classification ‘

Classification performance

achieved?

Performance Measure Evaluation

Figure-1. The overall research flow.

Figure-1 shows the overall research methodology
of fish freshness odor-profile classification. It was initiated
with collecting sample data of fish odor-profile using E-
nose as illustrated in Figure-2. There are two samples of
fish; fresh fish (FF) and formalin-based preserved (FPF)
fish. Each sample was divided into 4 portions and placed
into sample vials. Hence, the total of sample vials of fish
that have been measured are 4 portions from both FF and
FPF samples giving (140 measurements x 4 experiments x
4 sensor arrays) 2240 raw measured data. Then, the
measured raw data were pre-processed  using

normalization technique and statistical approach. The
significant features were identified statistically and were
extracted to get significant variance input features. The
significant input features that have been extracted and
converted in cases of CBR library where the total of 8
cases were established (4 cases from FF and the rest were
from FPF sample). The input features were then weighted
with vector to increase the variance. After the feature
extraction has been completed, the CBR classification
initiated with CBR computation, voting and finally the
performance of CBR obtained was measured. CBR is a
method use of the reasoning; adapting and combining old
solutions to solve a new problem. In this work, the new
problem was identified as a new case. The goal is to build
a solution to a new case based on the adaptation of
solution to past cases. CBR involves the following steps
which is retrieving relevant cases from the case memory.
After that, selecting and reuse a set of best cases and
deriving the solution. A proposed solution is revised in
order to make sure that poor solutions are not repeated.
Then, the confirmed solution is retained and stores the
newly solved case in the case memory. In this work, the
average of normalize data was stored in the CBR template
and the formula is applied. One of the store cases is
selected to be the current case. The value at first store case
was same with the value at current case so that the
similarities should be as higher as possible within the
group and as lower as possible across the group. The step
was repeated by changing the current case from data of
different sample and the similarities will show at the
template.

| .|
||

INTERFACE PCB

!

N

Figure-2. Illustration of the e-nose chamber.

CBR performance

By using CBR method, the -classification of
accuracy, sensitivity and specificity is finding from the
performance of data result in the template. The similarity
of data result is get from computation when all store case
is selected to be current case. The result of similarity is
copied to CBR performance template. The three highest
value from each case is selected and assign as K=1, K=2
and K=3. The selected value is observed check if there is
from the same sample or not. Then, the accuracy,
sensitivity and specificity were identified from data
performance by applying formula below:
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Accuracy = (true case/sum of case) x 100%

Sensitivity = (true sample case 1 + false sample case 2)
x 100%

Specificity = [true sample case 2/ (false sample case 1
+ true sample case 2)] x 100%

RESULT AND DISCUSSION

Figure-3 shows a sample data of fish odor-profile
from fresh fish (FF) and formalin-based preserved fish
(FPF) without normalization. The chart shows the
response of resistance value produced from sensor array of
the E-nose versus time in second. This chart shows the
pattern of the E-nose reading in time domain. There are 4
sensors (sensor S1, S2, S3 and S4) with different color-
coded are plotted. From this figure it can be shown that
there is one highest resistance response towards the
volatile compound the fresh fish sample. Sensor S2 is the
highest while sensor S4 is the lowest response.
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Figure-3. The data from FF sample.

As the continuity of the another data
representation, Figure-4 and 5 depict the pattern that have
been recognised based on frequency domain. From
Figure-4 the general pattern of the odor-profile of FPF raw
measured data sample have been detected. However, at
this stage, the graphical representation data does not show
any significant difference between FF and FPF sample.
This graphical representation data were then normalised
and plot in Figure-5. Figure-5 shows normalized measured
data samples of E-nose reading from FF and FPF
respectively. After normalization has been performed, the
features of the data based on the average value of each of
the sensors (S1, S2, S3 and S4) were computed. Based on
pattern recognition it shows no difference between FF and
FPF sample. It can be seen that Sensor S4 is very
responsive towards the fish sample odor-profile. However
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Figure-4. A raw measured data from FPF sample.
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Figure-5. A normalized average measured data from FPF
sample.

Case based reasoning (CBR) computation

The most critical step in a CBR system is the
Retrieval step and many CBR only contain a retrieval step
and one retain step (storing new cases in the case library)
leaving reuse and revision for human experts, e.g. if more
than one case is very close the solution may be a
combination of the most similar cases. Revision is needed
to ensure that the proposed solution can be mapped to the
original new case that has to be classified, e.g. if there the
original case of fish freshness odor-profile to classify is
from fresh fish but all similar cases are from market and
there is a quality difference between FF and FPF fish then
an expert may need to adapt the suggested solution
according to established experience.

In this paper the focus will be on the retrieval step
where its main function is to calculate the similarity of two
cases. One popular way to the retrieve most similar cases
is that the retrieval algorithm computes the similarity
value for all the cases in a case library and retrieves the
most similar cases against a current problem. The
similarity value between cases is usually represented as 0
to 1 where “0” means no match and “1” means a perfect
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match. The retrieval methods is based on the matching of a
weighted sum of the features. For a feature vector, local
similarity is computed by comparing each feature value
and a global similarity value is obtained as a weighted
calculation of the local similarities. A standard equation
for the nearest-neighbor calculation is illustrated in
Equation 1.

Similarity (T,S):Zn: f(T,,S;)xw, M

Zn: wi
i=1
In equation 1:
T is the target case
S is the source case
n is the number of attributes in each case
i is an individual attribute from 1 to n

f is a similarity function for attribute i in cases T and S
w is the importance for weighing of attribute i.

Execution time in a CBR system is sensitive to
how much calculation is needed when comparing two
features and determining how similar they are and on how
many features a case has. In this work, the E-nose number
of sensors have been fixed and the selection of features
were focused on statistical features.

Table-1 is a sample of similarity computation of
CBR system adapted from Equation 1. The average data of
normalized data is inserted in the CBR template. The data

Table-2 shows the assignment of weight vectors
to particular attributes. The weight has been set as 1.

Table-2. Weight vector assignment.

Weight Vector Attributes (E-Nose Sensors)
Wi=1 51
Wi=1 52
Wi3=1 53
W4=1 54

Table-3 shows the performance evaluation of
CBR classification for FF and FPF sample. After
employing CBR computation, voting of true and false
samples based on FF and FPF sample odor-profile;
accuracy, specificity and sensitivity obtained in this works
are 87.5%, 75% and 75% for the highest voting ranking
(K=1). However, the performance measure in terms of
accuracy, specificity and sensitivity have been improved
to 100% for the medium (K=2) and lowest (K=3) voting
ranking. In this initial finding, it can be said that, the
sample of fresh and commercialized fish have been 100%
classified. This finding shows that the characteristics of
both odor-profile from FF and FPF fish contain almost
similar volatile organic compound.

Table-3: Performance evaluation of CBR classification
for FF and FPF.

from 1st trial of FF sample is stored at store case and P‘?rf‘frfua“‘:e Evaluation TK=1 TK=2 'K=3
current case. After that, the step is repeated with the other Criteria/ Values | Values | Values
data sample. Indices
Total Cases 4 4 4
Table-1. Similarity calculation. FE case (P) 4 4 4
FPF case (N) 4 4 4
Features| Source| Target| Sim | weight| norm w| sim*norm w True positive (TP) 3 4 4
51 | 0.8013| 0.6686| 0.2227)1.0000) 0.2300 0.0337 False positive (FP) 1 0 0
: e B = e True Negative (TN) 3 3 1
51 | 0.8046 D.-‘-_lﬁ:‘ 0.2227|1.0000 D.I‘:‘DE' 0.0337 False negative (FN) ] 5 0
53 | 0.7616| 0.7343| 0.0073| 1.0000] 0.2300 0.0018 Sensitivity=TP/(TP+FN) 0.750 | 1.00 1.00
5 | 1.0000{1.0000]0.0073]1.0000] 02500 0.0018 Specificity=TN/(FP+TN) 0.750 | 1.00 1.00
Total or global similarity hetween two cases 0.1150 Accuracy=(TP+TN)(P+N) | 0.875 1.00 1.00

In the above table, the similarity calculation of
two cases (FF and FPF) are presented where target is a
new case and source is a classified case stored in the case-
library. There are 4 features (S1, S2, S3 and S4) are used
for the both cases and the column ‘Sim’ represent the local
similarity by computing the absolute difference of two
features. The column ‘Weight’ represent the importance of
each features (chemical array sensors) which is further
normalized by using formula 2.

@)

CONCLUSION AND RECOMMENDATION

In conclusion, this works has shown that
classification of fish freshness odor-profile is totally
dependent on volatile organic compound using E-nose as
an instrument. The data was successfully normalized and
the features of the two samples of fish has been extracted
and become input attribute based on four sensor array
employed into CBR retrieval system. The CBR
classification has classified two different fish sample
samples with 100% accuracy, sensibility and specificity.
In short, the classification using CBR as intelligent
classifiers has successfully high rate of accuracy. In this
work, one recommended action plan is to increase various
samples of fish sample that will be identified by the fish
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experts specifically from Lembaga Kemajuan Ikan
Malaysia (LKIM) especially fish samples that are
preserved with allowable formalin and the also the
forbidden one. One of the unique characteristics of CBR
employed into E-Nose is the reliable parameter advised
and guided by experts in this domain.
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