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Abstract—Unethical use of formalin, in the preservation of
food items posturing threat to communal nutrition. Without
chemical experts accurately Formalin detection is a time
consuming and complicated task. Moreover, the presence of
naturally occurring formalin in food items may interfere in
detecting artificially added formalin. This paper presents a
dynamic and reliable food and formalin detection technique
based on machine learning approaches. Different machine
learning algorithms i.e., Nawe Bayes, Logistic regression,
Support Vector Machine, K-NN Classifier are applied to the
experimental dataset to build a predictive model. Conductive
properties were used to detect the type of foods. The designed
system is able to detect 1-50 ppm of formalin using VOC HCHO
gas sensor combining with arduino-uno. Several Tests are
conducted and polynomial regression has been applied to
presume the application of formalin.

Index Terms—Artificially added formalin, arduino uno,
HCHO gas sensor, machine learning.

I. INTRODUCTION

Food is indispensable for surviving in the world. People
consume food for the nutritional support. But now these
foods especially fruits are intoxicated with the most
dangerous chemical named Formalin. The extensive use of
formalin, in the freezing of fish, fruit and other food items
became a threat for public health. Formalin is an aqueous
solution that is a mixture of water and 40% of formaldehyde
[1]. Some seller use this chemical as a solution for keeping
row fishes look fresh and making fruits tempting [2]. In some
cases this harmful chemical is used for preserving dead
bodies from rotting, but now being used to preserve edible
items. The exceeding level of formalin in air cause
unfavorable outcomes like watery eyes; burning perceptions
in one’s eyes, nose, and throat; coughing; wheezing; nausea;
and skin irritation [3]. The statement from NIOSH, 20 ppm of
formalin is very harmful for human life [2]. Considering the
harmful condition of the human, OSHA set many standards
to use formalin. In the workplace like lab, office permissible
exposure limit (PEL) for formalin is 0.75 parts per million
parts of air (0.75 ppm) [3]. Another standard is the short-term
exposure limit (STEL) that’s range is 2ppm.
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The extensive admixture of up to date food items with
malignant concentrations of formalin has become a crucial
outcome among Peoples of Bangladesh, which causes health
risk of generals. Due to lack of adequate observation and
raids, an excessive concentration of solution has been found
in most fruits of the native market. Most of our citizens
frequently shop for fruits and vegetables from the edge
hawkers [4]. These places are not monitored by mobile courts.
Another problem is that, Formalin naturally found in foods,
such as meats, fish, fruits and vegetables, dried mushroom
and crustacean, as a typical metabolic by-product. It could
interfere with artificially added formalin when they are going
to be detected. The amount varies with the food items. For
this reason, fruit identification is necessary for separating
natural occurring formalin from artificially added formalin.
Only sensing raw formalin without a predefine model of
naturally formed formalin result could be misleading. A
digitalized device with pre-trained model could be a better
solution for non-technical people using their own sell phone.

Fruits and vegetables can be detected in many ways via
machine-learning approaches [5]. Arduino based food
detection is a simple method of detecting sample food by
measuring the resistance in them. To know the concentration
of formalin a detector can be used. The detector can detect the
formalin by sensing the presence of formalin in the air [6].
Electronic-nose technology for sensing formalin studied in
[7]. Their applications applied in food and dairy industry
considered in [8], pharmaceutical industries and food
application using e-noses tongues [9] are also reviewed in the
paper [10]. Some paper proposes a microcontroller based
electronic formalin detection system along with an Android
smartphone app to show the results and status of sample food
[2], [4]. In paper [4], their approach was to detect Formalin
incorporating supervised learning. A related study proposed
on detecting the presence of formaldehyde in air in parts per
million (ppm) unit and adding SD technology [3].Another
approach to sense formalin chemically in contaminated food
premeditated [11]. Simple spot test quantification methods to
determine formaldehyde in aqueous samples were also
proposed [12]. Many researches were conducted to detect the
extent of formalin use in fish available in Dhaka city [13],
[14]. They measure the amount of formalin on their samples
using formalin kit that is developed by Bangladesh Council
of Scientific and Industrial Research (BCSIR). There are also
several other methods proposed for formaldehyde detection,
including (pulsed amperometric detection) PAD method [15],
solid phase microextraction (SPME) extraction and gas
chromatography-mass spectroscopy (GC-MS) analysis, gas
chromatography-mass spectrometry with selected ion
monitor (GC-MS-SIM) [16], by enhanced
chemiluminescence, using cd-doped TiO,-SnO; sensor [17]
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and highly sensitive colorimetric detection method for
gaseous formaldehyde [18]. However, sensing formalin
chemically in contaminated food is not appropriate for
general use.

In this paper, an loT based food and formalin detection
technique is developed to detect the presence of formalin
particularly in fruits and vegetables using machine-learning
approaches. Different machine learning algorithms were used
to classify the fruits and vegetables based on their extracted
features. Volatile compound HCHO gas sensor connected
with arduino-uno were used to extract the concentration of
the formalin as a function of output voltage in any fruits or
vegetables. Later, rule-based classification and polynomial
regression algorithms were applied to predict the
concentration of the formalin from the extracted output
voltage.

Machine Learning
Predictable Model

Detector

HC-05 Bluetooth
Module

Fig. 1. Block diagram of the food and formalin detector device.
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Formalin presentin
sample food

Apply NB, LR, SVM, K-
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the fruit and veg
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Classify the given
sample as “Safe” or
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Create Rules with
L Resistance and other
features from the
dataset for food
detection

Display the result by
the App installed on
the phone

Measuring the range
of Resistance in food

Fig. 2. Working procedure of the food and formalin detector System.

Il. OVERVIEW OF THE SYSTEM

The system detects the sample fruit by measuring the
different range of resistances using serial output of Arduino.
System uses the voltage drop to calculate the resistance
associated with the food items. Rule based machine learning
decision model is used to detect the given fruit by comparing
the range of resistances in different fruits along with other
features. The HCHO sensor senses the concentration of the
formaldehyde from the detected fruit by placing near it.
Considering naturally occurring formalin [19] in a fruits, our
system identifies the level of artificially added formalin in a
sample food. HC-05 Bluetooth module is used to interface
the device with our self- made Android application. Apps
display the food status along with concentration of formalin.
A LED is used as an indicator for the presentence of high
level of formalin concentration. The complete block diagram
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of the developed food and formalin detection system is
shown in Fig. 1. The system shows status based on the
detected fruit, the output voltage of the sensor and
concentration of formalin in ppm value. Comparing with
naturally occurring formalin in food it considers either the
food is “safe” or “Dangerous” for health. Fig. 2 shows the
working procedures of the overall system.

I11. DESIGN AND EXPERIMENTS

A. Preparing Dataset

For distinguish between different fruits we used a small
fruit dataset like [24] in our experiment. The dataset has
fifty-nine pieces of fruits and seven columns with fruit’s label
fruit’s name, fruit’s subtype, mass, width, height and color
score. There are four types of fruits in the dataset: ‘apple’
‘mandarin’ ‘orange’ ‘lemon’. To measure the performance of
different algorithms, confusion matrix was introduced to
represent the relation between the actual and predicted class.
Feature scaling was used to the dataset for scaling all the
features at the same range.

>

TABLE |: CONFUSION MATRIX

Prediction
— Total= -, .
5 TP+TN+EP+EN Positive Negative
< Positive TP FN
Negative FP TN

From this confusion matrix, accuracy is calculated by
using (1),

Accuracy = JP+TN
Total

)

Then we used this preprocessed dataset to train the
predictive model to detect given sample fruits.

Food Detect: Carrop -
Seriously, donteat. |
formaldenyde
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Fig. 3. Complete set-up of food and formalin detection system.

B. Food Detector

Vegetables and fruits could be good source of conductor of
electricity because of the presence of juice in them which
forms mild acid. Acids are able to conduct electricity just like
galvanic cell where conductivity depends on the amount of
chemical and water in them [20]. More watery and chemical
compound will allow more electrical energy to pass through.
Acidic fruits are good conductor of electricity. The designed
system works based on a very simple version of chm-meter



International Journal of Machine Learning and Computing, Vol. 9, No. 5, October 2019

using Arduino. Analog pin is used to measure the voltage
drop across the resistance in the piece of fruit or vegetable.
However, the resistance values kept changing anomalously
from time to time due to the chemical changes inside the fruit.

Process data According (o
Rule-base Model

'

Process data According to Natural
occurring formalin in food

|

Connect Bluetooth Module
With Mobile App

)

Display all values

Fig. 4. Flow chart for the complete program.

C. Formalin Detector

Grove HCHO which is a semiconductor VOC sensor used
for detecting the formaldehyde combining with arduino-uno.
This sensor featured to detect gas concentration up to 1 ppm.
As formaldehyde is self-vaporized solution, its presence can
be detected by volatile organic compound sensor. The output
voltage of the sensor is exponentially proportional with the
concentration of formalin gas [21].

D. Android App Development

Android application was developed by using MIT App
Inventor 2 which is a cloud based integrated Development
Environment (IDE). Graphical interface is used here which is
very similar to Scratch. Block-based programming language
is used to build the Application [22]. The Designer, Block
Editor and Android Emulator are the three section of the app
inventor where the work takes place. The complete design of
the developed system of food and formalin detection is
shown in Fig. 3. This package is composed with arduino-uno,
sensor, bluetooth module, LED and developed android app.

The flow chart of the implemented system is illustrated in Fig.

4.

E. Developing of the Models

Different foods contain different range of resistance and
arduino’s analog pin was used to measure the voltage drop
across that resistance in a piece of fruit or vegetable. Sample
fruits e.g. apple, cucumber, carrot was selected and measure
their resistances to create a range using serial output of
arduino. Rule-based classification model was implemented
using the extracted features e.g. output voltage, resistance,
color, width, height and mass in order to classify the fruit or
vegetable samples. The developed pseudo code for
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classification of the fruit/vegetable samples are given as
R1: IF fruit_subtype = “unknown” and Color= “green” and
(Res >400 and Res <700)

THEN Fruit= Cucumber

R2: IF fruit subtype = “bracburn” and width = 7.1 and
Color= “red” and (Res >140 and Res <300)

THEN Fruit= apple

R3: IF fruit subtype = “estern” and Color= “orange” and
(Res >300 and Res <399)

THEN Fruit =Carrot

R4: TF fruit subtype = “spanish_belsan” and Color= “yellow”
or “green” and height = 0.72

THEN Fruit= lemon

F. Experiment on Detecting Artificially Added Formalin

Formaldehyde is one of the chemical compounds that
naturally presents in many plants and animals for their
normal metabolism [18], [19]. Concentration of natural
occurring formalin in food items varies according to
conditions and types of foods. During detecting the
artificially added formalin, this naturally present formalin in
the food items may generate wrong results. To avoid this
interference, the developed model was trained with the data
of naturally occurring formalin in fruits and vegetables
collected from the Centre for Food Safety (CFS) [23].

In this experiment, a sample fruits i.e. carrot with HCHO
sensor was placed inside a 1-liter closed container, added 5
milliliters of formaldehyde on the carrot, and keep it for 3
hours (Fig. 6). The experiment was conducted at a
temperature of 27<€.

The readings of the targeted gas were taken to determine
the presence of artificially added formalin defined by (2).
System follows basic K-NN machine learning principle.

)

TC-0V
TC

DF=1—( )
where, DF = Detection of formalin

TC = Targeted concentration of formalin

OV = Observed value of the sensor

Here, the targeted concentration of the formalin is 1.
Observed value would consider 1 if detected concentration of
formalin is greater than natural occurring formalin and O for
less than natural amount. The experiment was repeated for
different fruit and vegetable samples with 5 ml of
formaldehyde and measure the accuracy of the system. All
the extracted results were transferred to the developed
android app via bluetooth module.

G. Experiment on Raw Formalin Detection

The aim of experiment was to find out the system response
for various concentration of raw formalin. At first, the
temperature and humidity of the environment was measured.
14 different concentrations of constant level (1ml) of
formalin were taken and response of the device was measured.
Three trials were conducted at three measured temperature
and humidity for testing the consistencies of the data.
Relationship between output voltage and concentration of
formalin can be mathematically represented by (3) which is
stated as [5].
®)

Y= wog+ wi*x + w, *x% + wy *x3
0 1 2 3
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Fig. 6. Experimental set-up where sensor and carrot is placed inside the
container.

IV. RESULT AND DISCUSSION

A. Performance of Various Algorithm

Different algorithms have provided different accuracies
and their performances were measured. The accuracy of each
of the algorithms was calculated from the confusion matrix
given in Table Il. As observed, the K-nearest neighbors (k=5)
provides highest accuracy (100.00%), where the Support
Vector machine performs least in terms of accuracy (36%).
Table III shows the system’s performance in detecting fruits
and vegetables in terms of extracted values of their resistance,
color and mass using rule-based machine learning approach.
As seen, the applied technique effectively detects foods like
apple, cucumber, carrot, red plum. Fig. 5 illustrates the
experimental outcome in fruits and vegetables detection.

TABLE Il: ACCURACY OF THE ALGORITHMS

Algorithm Accu_racy On Accuracy On
train sety test sety
Na'we Bayes 86 % 67%
Logistic Regression 70 % 40%
Support Vector machine 61% 33%
K-NN 95% 100%

Fig. 7 shows extracted value of the level of natural
occurring formalin in different types of fruits and vegetables.
The device was trained with these measured values of natural
occurring formalin for further compare with the measured
values of artificially added formalin. Table IV shows the
experimented values of the concentration of formalin as a
function of output voltage of the HCHO sensor in various
fruits and vegetables. Food with asterisk (*) mark represents
the addition of artificial formalin on them. The experimental
setup of the system can appropriately detect 1-50 ppm of
formalin. System predicts the presence of artificially added
formalin as binary “1”, otherwise “0”. Based on these
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predictions, the system generates the status as “safe” or
“dangerous” for any particular food items. Fig. 8 shows the
measured output voltage of the sensor for the corresponding
natural and artificially added formalin. Fig. 9 shows the
outcome of the developed android app in detecting the
concentration of formalin in a food sample. The developed
app is capable of identify the level of either natural or
artificially added formalin in ppm.

TABLE Ill: TRAINING SET FOR DETECTING FRUITS AND VEGETABLES FROM
SECOND EXPERIMENT

Fruit Resistance Range Color Mass | Correct(1)
@ Incorrect(0)
Apple Res >140 and Res | Red 172 1
<300
Cucumber | Res >400 and Res | Green 160 1
<700
Mango Res >410 and Res | Green 40 0
<700
Tomato Res >510 and Res | Red 149 1
<710
Carrot Res >300 and Res | Orange | 320 1
<399
Red plum | Res >100 and Res
<279 Red 42.5 1
Banana Res >200 and Res | Yellow | 200 0
<500
Natural occurring formalin (mg/kg) in Foods
40
35
30
25
(mg/kg) 20 )

10 p—

s 1
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Fig. 7. Foods contain naturally occurring formaldehyde.

&
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TABLE IV: NATURALLY OCCURRING AND ARTIFICIALLY ADDED
FORMALIN PREDICTION

Fruit g??gi:gﬁtr:og/) System Prediction Status
Apple 0.25 0 Safe
*Apple 0.32 1 Dangerous

Cucumber 0.18 0 safe
*Cucumber 0.32 1 Dangerous

Grape 224 0 Safe

Tomato 0.25 0 Safe
*Tomato 0.48 0 (wrong prediction) | Dangerous

Carrot 0.20 0 Safe

*Carrot 0.25 1 Dangerous
Red plum 0.19 0 Safe
Banana 0.21 0 Safe

05 7

Voltage 03 7
V)

02 1

01 1

0

m Natural occurring formalin (vol)

m artificially added formalin (vol)

Apple Cucumber Tomato Carrot

Fig. 8. Measured voltage (V) of the sensor for natural and artificially added
formalin in different food items.
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Fig. 10 shows the graph of the experimental result of the
target gas for different concentration of raw formalin. The
graph indicates the system’s response for high concentration
of formalin for three different trials (T1, T2, and T3). Using
the polynomial regression in (3), the concentration of the
formalin can be determined from the sensor’s output voltage
depicts in Fig. 11.
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Sensor Value: 48 Vol: 0.23 ppm: 4.41

Food Detect:
Carrot Carrot is Safe for eating

Sensor Value: 52 Vol: 0.25 ppm: 11.15
Food Detect:
Carrot - Seriously, don't eat. Formaldehyde
concentration is too high.

Sensor Value
Sensor Value

Fig. 9. Concentration of formalin in ppm (parts per million) displayed in
android app.
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V. CONCLUSIONS

The development and commercial usage of different
artificial technologies is increasing in rapidly throughout the
world [25]. This paper demonstrates an 10T based simple
food and formalin detection technique using machine
learning approach. The present manual system cannot
accurately detect the level of formaldehyde or even the
presence of it in any comestible products. The developed
formalin detection system is able to detect accurately the
concentration of formalin present in any food items and also
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aware the users to identify the safety status of that items
before consuming.
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