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Abstract—The consumption of fruits is related to the enjoyment of good
health and the reduction of the appearance of diseases such as obesity. Currently,
in the markets the process of determining the state of ripeness of the fruits is car-
ried out by the employees using only their criteria, this method being very broad
and tedious when it comes to doing it, for this reason, the present research was
developed, in the improvement of the process of determining the state of matu-
rity of the fruits. The article exposes the development of a mobile application
with Arduino based on the Scrum methodology, taking as indicators fruit resis-
tance and fruit color. In the case of the first indicator, a comparison was made
based on the results obtained with the multimeter and the application, observing
a 95.3% in similarity of the values. In the case of the second indicator, 83.9%
was obtained in the similarity with respect to the intensity of the colors detected
by each fruit through the use of the TCS3200 sensor. It was concluded that the
prototype fulfills the function of determining the state of maturity of the fruit
through the prototype created in Arduino and the application developed having a
minimum margin of error.
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1 Introduction

Both fruits and vegetables are basic components for a balanced health, as well as
for the prevention of different diseases such as obesity, malnutrition, among others [1].
During the organoleptic maturation phase, fruit undergoes evident changes in color,
texture, flavor and odor, as well as a variation in the nutrients it contains [2]. In this
sense, it is important to know how to recognize the ripening stage of fruits and thus be
able to identify if they have the right properties to be consumed, since the amount of
vitamins, antioxidants and sugars that they provide for our body depends on it [3].

Today, almost one third of the food currently produced in the world is not used,
which means that approximately 1.3 billion tons of food is spoiled or wasted each
year, it is staggering to know that about 45% of fruits and vegetables and 20% of meat
are not consumed [4], [5]. According to the Food and Agriculture Organization of the

iJIM - Vol. 16, No. 14, 2022 63


https://doi.org/10.3991/ijim.v16i14.29785
mailto:mcabanillas@ieee.org

United Nations [6], 13.8% of the food produced is lost from the farm to the retail stage.
Regionally, estimates range from 5-6% in Australia and New Zealand to 20-21% in
Central and South Asia. In terms of food groups, roots, tubers and oilseed crops show
the highest level of losses, followed by fruits and vegetables. It is not surprising that
fruits and vegetables suffer high levels of losses, given their highly perishable nature.

In countries such as Peru, 40% of food is rejected during harvesting [7], this is
because it does not have the size or quality required by the retailer, says Paulo Yvan,
regional director of Yara South Pacific, clarifying that it is the retailers or consumers
who reject food because of its appearance, when it is fit for consumption. In the case
of apples, for example, the lack of calcium produces a condition called “bitter pit”,
which causes stains and marks on the fruit, which is why consumers do not buy this
type of food.

According to Ref. [8], up to 20% of an average farmer’s production does not meet
the specifications demanded by the market, due to quality aspects such as size, shape,
color, sweetness or nutrient content. Consequence of the above a study conducted in
2021 [9], shows the results of the analysis of the food supply chain (FSC) in Peru in the
period 2007-2017, evidencing that the average annual food loss and waste (FLW) is
12.8 million tons, representing 47.76% of the FSC.

Currently, most of the fruit sorting work is done manually, this method has several
shortcomings, which makes the process very extensive and tedious, generating stress
and fatigue. This leads to human errors in the determination of fruit maturity. According
to Ref. [10], the traditional manual process increases the time used for the selection of
the units, on the contrary, the automated process with industrial robotics maintains a
tendency to stability. Robotics is considered one of the new trends in education and is
used as a way to enrich learning and promote knowledge building activities [11].

The objective of this research work is to develop a mobile application in conjunc-
tion with an electronic device on Arduino, which aims to improve the determination of
fruit ripeness in markets. This is done by means of the resistance meter and RGB color
sensor, the result obtained is analyzed by the application which provides a report on the
state of maturity of the fruit and its nutrients according to their level. This is given in
order to generate a new solution in the selection of food through the use of technology,
having a great impact on the markets, helping to perform with less time and greater
efficiency the selection of fruit according to the state of maturity. Currently this type
of technology is not so common to see in the different markets of Lima, allowing it to
give an innovative profile.

For a better understanding of this article, it has been organized in six chapters: sec-
tion 1 Introduction, section 2 contains a bibliographic study of previous research on
the subject studied, section 3 presents the methodology detailing the different phases
implemented for the prototype under development. Section 4 presents the results of the
experiment and the related discussion. Finally, section 5 presents the conclusions on
the results presented.

2 Bibliographic study

In recent years, research has been carried out to diagnose the condition of food-
stuffs, focused on solving the problem through the use of technology. In this section,
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a compilation of the most relevant concepts and research related to this topic is made,
with the purpose of analyzing the background in order to support and sustain the pro-
posed prototype to improve the determination of the ripening stage of the fruit.

2.1  Fruit ripening

Within the group of regulating foods are fruits, which have a limited shelf life, how-
ever they are the ones that mainly provide the body with vitamins and minerals, in addi-
tion to being metabolism regulators [12]. According to fruit quality control techniques
[13], there are 2 stages of fruit ripening: the physiological ripening stage (completed
on the tree) and organoleptic ripening (fruits acquire sensory characteristics), in this
second stage is where the fruit is defined as edible or not, with the most evident changes
being color, texture, flavor and odor. Therefore, keeping control of the ripening stage
of fruits helps to take advantage of their nutrients in a timely manner, because at this
stage the levels of glucose, fructose and sucrose increase [14], with a decrease in fiber.
Figure 1 shows a color scale corresponding to banana maturity stages, where skin color
depends on the amount of starch and sugars contained in the pulp [15].

1 2 3 4
Fig. 1. Stages of banana maturity [16]
According to the classification of banana maturity stage, Figure 2 shows the total

sugars and starch obtained according to their index. It can be seen that the riper the fruit,
the higher the amount of sugars harmful to health.

Ripening index Peel colour Total sugars (%) Starch (%)
1 Green 0.1-2.0 19.5-21.5

2 Green — trace of yellow 2.0-5.0 16.5-19.5

3 More green than yellow 3.5-7.0 14.5-18.0

4 More yellow than green 6.0-12.0 9.0-15.0

5 Green tips 10.0-18.0 2.5-10.5

6 All yellow 16.5-19.5 1.04.0

7 Yellow flecked with brown 17.5-19.0 1.0-2.5

8 Yellow with large brown spots 18.5-19.0 1.0-1.5

Fig. 2. Changes in banana peel color and sugar and starch content [15]

In related research [17], the importance of the consumption of fresh fruits and veg-
etables for health benefits was highlighted, and it was also pointed out that if the fruits

iJIM - Vol. 16, No. 14, 2022

65



are not well cared for during pre-harvest, harvest and post-harvest, the percentage that
reaches the consumer is considerably reduced due to their physical appearance.

2.2 Implementation of ICTs for food selection

Nowadays smart devices are being used in different areas, so much so that the imple-
mentation of mobile applications and electronic equipment on Arduino has become
indispensable nowadays in different types of industries [18]—-[20], serving as an aid to
perform certain specific processes, in addition to improving data acquisition and pro-
moting interconnectivity. This data collection is done through the use of sensors that
allow for adequate monitoring [21].

In the articles [22], [23], a review of the advances in the field of Information and
Communication Technologies (ICT) with respect to food diagnostics was conducted
on a human intervention method that includes checking the freshness of food, through
color and odor nuances by means of smartphones in conjunction with multiple elec-
tronic components, which offer advantages and improved capabilities over traditional
systems. The studies concluded that new technologies have resulted in new diagnostic
silver-forms that are more portable, cost-effective and easier to use than conventional
laboratory tests.

In Refs. [17], [24] it was highlighted that the use of sensors in industrial processes
such as the identification of anomalies in fruits and their separation according to firm-
ness and pigmentation, has managed to minimize fruit damage and avoid losses.

Likewise, due to the increase in food production, an application for the organoleptic
testing process was carried out in [25], with the aim of achieving an optimal evaluation
of food by means of an algorithm, thus avoiding manual counting. As a result, after the
implementation of the application, an accuracy higher than 90% was obtained, high-
lighting its accuracy in data classification.

Finally, in the research article [26], a computer application was developed that by
means of image analysis was able to predict the ripening and classification of papaya
fruit according to its ripening stage. An average of 78.1% was obtained in RGB color
space.

Studies have shown that electronic devices connected to an application for the iden-
tification of food freshness and ripeness have made favorable contributions for future
integration within industries.

3 Methodology

The development of the system in general was developed under the Scrum meth-
odology, which allows a good planning of the project development helping to manage
workflows and increasing the team productivity; this technique is the most used in
software development projects because it allows a better organization and solution of
delays [27]. Figure 3 shows the list of stages of the Scrum methodology.
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Implementation

Fig. 3. Stages of the Scrum methodology

3.1 Population and sample

To determine the state of maturity of the fruits in the market, a sample of 30 differ-
ent fruits was taken. The type of sampling was random by randomly selecting fruits of
different maturity stages.

3.2  Variables and indicators

The independent variable in this research was: the mobile application with Arduino;
the dependent variable: determination of the state of maturity of the fruits; the interven-
ing variable according to the research developed is through the Scrum Methodology,
see Figure 3.

With respect to the indicators established for the dependent variable, 2 were chosen
and are detailed in Table 1.

Fruit resistance, according to research on the characterization of the physiological
maturity of banana [28], the plant membrane, which maintains fluid balance, behaves
as a capacitive element, providing ohmic resistance to the fruit.

Fruit color, during the ripening process the chlorophyll accumulated in the pulp
tissue decreases, as well as the production of ethylene gas increases, which controls
the speed of fruit ripening, so that the green color is increasingly absent, with yellow,
orange and red pigments predominating, see Figure 1. These pigments are a source of
vitamins and antioxidants [29].
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Table 1. Variable operation matrix

Indicator Index Unit of Measurement Technique Instrument
Fruit resistance (KPI 1) [10-70] Ohmio (Q) Observation Multimeter
Fruit Color (KPI 2) [60-290] - Observation Color Sensor
TCS3200

3.3  Design of the architecture of the mobile application with Arduino

After the identification of system requirements, user stories, definition of team roles,
as well as the analysis of the problem to identify the population and the indicators to
be evaluated, we moved on to the solution design stage. In this stage, the ideas were
consolidated and the system architecture (application and Arduino) was developed, and
then the development continued.

Figure 4 shows the architecture of the Arduino prototype and the mobile application
developed as a solution for the research. To begin with, the hardware part is equipped
with an Arduino board, resistance meter and color sensor (RGB), which are responsible
for collecting information from the fruit, then through the Bluetooth connection module
the data transfer from the Arduino to the mobile application is performed.

Dispositivo Android Arduino
»‘.. — MIT
!\ APP INVENTOR H
Bluetooth Médulo
interno . Bluetooth Aeduino Pro Mint SV
Conexion

o . (HC-05)
inalambrica

Fig. 4. Schematic of the application architecture
3.4  Development of the mobile application

The application was developed with AppInventor software, which allows interactive
and block programming [30], [31]. Figure 5 shows the programming of the application.
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Fig. 5. App inventor code to request maturation data
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Figure 6 shows the complete interface of the mobile application visualizing its func-
tions such as Bluetooth connection and disconnection, in addition to the food request
button which allows to identify the state of maturity of the analyzed fruit, finally on the
back is shown a table with the nutritional information of the fruit, according to its state

of maturity.

Grupo-Cespedes-Garcia-Yucra

Fig. 6. Interface of the developed application
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3.5 Maturity detector prototype

The prototype was developed with the Arduino IDE, performing the programming
of the resistance meter and RGB color sensor (TCS3200) which allows detecting an
infinite range of colors [32]. Assembled on the board, which identify the stages of rip-
ening of the fruit for subsequent sorting. Figure 7 shows the source code, as well as the
tests performed on the prototype in Arduino.

£ ( verde > 90 s& verde < 120, rojo > 85 && rojo < 110, azul >145 & azul < 175 or fruitResistance > 40 ¢ fruitResistance < 70){
Serial.println("FALTA MADURAR");
I2CBT.write("F");

}
else if ( verde > 25 c& verde < 35, rojo > 36 & rojo < 50, azul > €0 cc azul < £0 or fruitResistance > 31 & fruitResistance < 37)(
Serial.println("MADURO");

if (verde > 1100 sz verde < 1260 , rojo > 1000 s& rojo < 1200, azul > 900 &z azul < 1100 or fruitResistance > 0 ¢ fruitResistance < 10) {
Serial.println (“"SIN COMIDA®);
I2CBT.print("S");

}

H}

@ coms - m} X

| Enviar
[MUY MEDURO
R:152 V:258 A:287
MUY MADURO
R:156 V:249 A:286
MUY MADURO
R:159 V:251 A:28l
MUY MADURO
R:158 V:256 A:28l
MUY MADURO

[A Autnecroll [T] Mostrar marca temnaral [Nueva inea <] 2600 handia | [ limniar calida

Fig. 7. Tests to the code in Arduino IDE showing the results of the implemented sensors

Figure 8 shows the development process to achieve the final result of the inter-
action of the prototype with the developed application. Figure 8(a) shows the first
prototype created, which was invasive for the fruit; this section shows the application
and the prototype in correct operation. Figure 8(b) shows the second version of the
prototype implemented with sensors, in order not to alter the fruit during the test. In
Figure 8(c), the connections of the final prototype are shown, as well as the implemen-
tation of the battery to make possible its wireless use and the on/off button. Figure 8(d)
shows the final wireless Arduino prototype with the connections properly arranged so
that they are not exposed to breakage and thus have a better lifetime and durability.
Finally, Figure 8(e) shows the final test of the prototype.
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Fig. 8. Prototype development stages and interaction with the application

3.6 Data collection

Making use of the prototype in Arduino we observed the results collected from the
prototype in the application, shown in Figure 6 and Figure §(e), in addition to its clas-
sification of the ripening state of the fruits through the numerations calculated by the
2 sensors mentioned above. To validate the prototype, technical test criteria such as user
stories were taken into account, where those that most directly intervened between the
Arduino and the application were evaluated.

4 Results and discussions

The type of research of this article was applied, which aims to provide a solution to
the specific problem for the productive sector [33], allowing the determination of the
state of maturity of the fruits in the markets with the support of the mobile application
with Arduino in a useful and effective way. Regarding the level of research, this was
descriptive, this is because it describes the development of the mobile application with
Arduino. Finally, the research design used was pure experimental.

RGe x 01 (1)

RGex O, (2)

Where:

R: Random choice of the elements of the Group.

Ge: Experimental group, formed by the representative number of fruits.

O,: Are the values of the indicators of the dependent variable in the Pre-Test.

x. Mobile Application with Arduino.

O,: The values of the indicators of the dependent variable in the Post-Test (after
implementing a solution).
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4.1

Descriptive and inferential results

In Table 2, the values of the theoretical and experimental reports are shown.

Table 2. Results obtained

. KPI 1: Fruit Resistance KPI 2: Fruit Color
N Theoretical Experimental Theoretical Experimental
1 61 62 128 91
2 79 65 53 61
3 52 55 150 84
4 52 55 204 166
5 72 70 258 53
6 55 46 186 142
7 41 35 128 52
8 67 67 89 152
9 50 52 83 117
10 49 45 76 98
11 67 61 98 152
12 76 64 137 173
13 66 60 57 55
14 51 50 134 58
15 66 65 66 223
16 61 63 50 121
17 67 51 102 61
18 80 80 149 242
19 54 59 136 161
20 76 70 233 63
21 52 52 157 181
22 70 41 100 141
23 63 55 179 130
24 43 29 70 81
25 45 31 234 58
26 65 36 284 61
27 54 37 121 2161
28 62 50 116 161
29 57 43 135 256
30 81 71 70 113
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4.2  Normality test of the results

Fruit resistance (KPI 1), it is observed in Figure 9 that for KPI 1, the theoretical
and experimental results were the following (0.51 and 0.72) > a (0.05). Therefore, the
data obtained for the indicator follows a normal behavior.

Grafica de probabilidad de T; E
Normal - 95% de IC

99 1
Variable

Media Desv.Est. N AD P
6113 122 30 0321 0515
54 1294 30 0249 0726

Porcentaje
w
o

Datos

Fig. 9. Normality test—fruit resistance

Fruit color (KPI 2), it is observed in Figure 10 that for KPI 2, the theoretical and
experimental results were as follows (0.090 and 0.081) > a (0.05). Therefore, the data
obtained for the indicator follow a normal behavior.

Prueba de Normalidad
Normal - 95% de IC

929

Media DesvEst. N AD P
1329 6220 30 0632 0,090
1248 6005 30 0650 0081

Porcentaje
w
o

-100

Fig. 10. Normality test—fruit color
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4.3  Analysis and interpretation of results

For the analysis of the results, it was necessary to compare the tests performed to
observe the correct functioning of the system created and validated with the validated
instruments.

Figure 11 shows the average result of KPI 1, which shows that there is not much
variation between the data from the multimeter and the mobile application with
Arduino, with an overall error of 4.73%.

80
70
60
50
40
30
20
10

0
1234567 8 9101112131415161718192021222324252627282930

e Multimetro

Aplicativo
Fig. 11. Graph of similarity between multimeter data and application data
Figure 12 shows the average result of KPI 2, which shows that there is not much
variation between the TCS3200 sensor data and the mobile application with the
Arduino, with an overall error of 6.09%.
300
250
200
150
100
50

1234567 8 95101112131415161718192021222324252627282930

w— Multimetro Aplicativo

Fig. 12. Graph of similarity between TCS3200 color sensor data and the application
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5 Conclusions

According to the results obtained, it is evident that, with the use of the mobile appli-
cation and the Arduino, the values of the resistance of the fruit are correctly determined
by entering the ranges established in the Arduino for each fruit, making it possible to
detect its state of maturity, with a 95.3% similarity to the values obtained by the multi-
meter as an instrument developed, with a margin of error of 4.73% shown in Figure 11.

It is observed that the mobile application and Arduino, is able to identify the color of the
fruit accurately due to the intensity of the color it possesses, making it possible to deter-
minate its state of maturity through the color in which the fruit is found by means of the
TCS3200 sensor, this is observed in Figure 12, having 83.9% in the similarity regarding
the intensity of the colors detected by each fruit, with an overall error margin of 6.09%.

It was concluded that both sensors show a minimum margin of error, however, both
complement each other for the simultaneous operation of the prototype.

The scientific contribution provided by this research work is very important in the
scientific environment because it serves as a basis for future projects that want to imple-
ment technologies such as IOT (Internet of Things) through the use of the Arduino
and Applnventor software that allows the development of applications in a simple and
efficient way [34], [35]; these technologies were implemented in this scientific article
for the determination of the ripening state of the fruit in the markets, which in the future
could be taken to a larger scale as in the case of food industries.

For future work, it is proposed to implement technologies such as artificial intelli-
gence through machine learning, which would help to detect the ripening state of fruits
on a larger scale, being of benefit to the fruit trade.
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