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Breast milk is the main source of nutrition for infants and is highly susceptible
to spoilage if not stored at the right temperature. This system uses temperature
sensors to monitor the thermal conditions in the storage cabin and
automatically control the cooling fan to maintain the ideal temperature for
breast milk storage. Test results show that the thermoelectric-based cooling
system works optimally in conditions without products, with an initial
temperature of 31.3°C that decreases to 2.3°C within 70 minutes. However,
in conditions with breast milk products, the initial temperature of 35.3°C
could only be reduced to 5.4°C within 120 minutes. This difference indicates
that the presence of the product provides an additional thermal load that slows
down the cooling process. Therefore, a responsive automatic temperature
control system and better thermal insulation are needed to maintain the breast
milk storage temperature stably around 4°C. This system is expected to
maintain the quality of breast milk during storage and support users' needs in
maintaining stable storage temperature efficiently.
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1. INTRODUCTION

Breast milk is the best source of nutrition for babies, containing complete nutrients and natural
antibodies to support optimal growth and development[1]. In certain circumstances, such as when the mother
is working or unable to breastfeed immediately, breast milk needs to be expressed and stored so that it is
available for the baby. The process of storing breast milk requires attention to the temperature factor, as
exposure to unstable temperatures can reduce the quality of breast milk, accelerate bacterial growth and reduce
the content of essential nutrients. A cool box is one of the alternative media often used for storing breast milk
because it is practical and can maintain low temperatures for a period of time. Optimum storage temperature
Breast milk must be stored at the right temperature to keep it fresh and safe for the baby. The recommended
temperature for storing breast milk is usually between 0-4 degrees Celsius[2].
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The control and monitoring system in this cool box aims to ensure the right temperature and
environmental conditions to maintain the quality of breast milk[3][4]. With the development of technology,
the use of microcontrollers such as Arduino Uno allows the development of a more effective and efficient
temperature monitoring and control system[5]. The DHT11 sensor, which is capable of measuring temperature
and humidity, can be used to detect conditions inside the cool box in real time[6][7]. The temperature
information received from the sensor is then processed by the Arduino to control the cooling fan, which is
automatically activated when the temperature exceeds a predetermined limit[8].

The application of this system not only increases the stability of breast milk storage temperature, but
also extends the shelf life of breast milk and provides a sense of security for mothers. Therefore, in this study,
a temperature monitoring system and fan control on a breast milk storage cooler based on Arduino Uno was
designed and built with the aim of creating a smarter, safer and more effective breast milk storage device.

2. RESEARCH METHOD

This study uses a quantitative approach to determine the effectiveness of the temperature monitoring
system and fan control in a breast milk storage cooler based on numerical data obtained by direct measurement.
The quantitative approach was chosen because this study involves regular collection of temperature data and
systematic testing of the system using measuring instruments.

Data was collected by direct observation of the operating system. The temperature sensor built into
the system reads the temperature inside the cabin and displays it on the LCD. Each change in temperature and
fan response is recorded in the observation table over several test cycles. Data is collected at regular intervals
(e.g. every 5 minutes) to ensure accurate and consistent results[9].

The data obtained were analysed in a descriptive and quantitative manner by presenting the data in the
form of tables, temperature versus time graphs, and the percentage success of the system in maintaining
temperatures between 4°C and 9°C. The aim of this analysis is to determine whether the system has performed
as expected[10].

Figure 1. Design of Temperature Monitoring System and Fan Control on Arduino Uno-based Breast Milk
Storage Coolbox

The temperature monitoring and fan control system inside the breast milk storage coolbox is designed
to maintain a stable and safe breast milk storage temperature. The process starts with activating the 12V 50A
DC power supply, which then switches on all the components of the control system. The temperature sensor
installed in the cooling cabin detects the temperature in real time, and this information is displayed on the LCD
screen for easy monitoring. When the temperature inside the cabin reaches 4°C, the system will automatically
switch off the cooling fan to prevent the temperature from dropping further. Conversely, if the temperature
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increases beyond 9°C, the system will reactivate the cooling fan to lower the temperature to the desired level.
This process occurs automatically and repeatedly to ensure that the cabin temperature remains within the ideal
range. The system will continue to operate and link the temperature until manually activated.

3.  RESULTS AND DISCUSSION

This section presents the results of the implementation and testing of the temperature monitoring and
fan control system on the breast milk storage coolbox. Testing was conducted to observe the system's
performance in detecting cabin temperature in real-time and controlling the fan automatically based on a
predetermined temperature threshold. Data is obtained from sensor readings displayed via LCD. The results
obtained are then analyzed to transmit the effectiveness of the system in maintaining a stable breast milk storage
temperature in the range of 4°C to 9°C, according to recommended storage standards.

3.1. Temperature Monitoring Result Data Without Product

Table 1. Temperature monitoring data of the coolbox without product

Temperature
Time Without Product

(W)
0 313

9.8
10 6.6
15 6.6
20 6.5
25 6
30 7.3
35 7.6
40 7.8
45 5.7
50 3.2
55 2.8
60 2.8
65 24
70 23
75 23
80 24
85 2.5
90 2.9
95 3
100 3.1
105 3.8
110 3
115 4.1
120 3.8
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Figure 2. Temperature monitoring graph of coolbox without product

Based on the graph of the no-load test results, it is known that the initial temperature without the
product in the coolbox is 31.3°C. The temperature then decreases gradually until it reaches the set point of 6°C
at the 25th minute. After the sensor detects that the temperature has reached the set point, the blower fan
automatically stops operating. Subsequently, the temperature increased again, and at 30 minutes the
temperature was recorded to rise to 7.3°C. At this point, the blower fan switches back on automatically to lower
the temperature back to the desired range.

3.2. Temperature Monitoring Result Data With Product
Table 2. Temperature monitoring data of the coolbox with product

Temperature
Time With
Product (°C)
353
5 334
10 31.1
15 29.1
20 27.1
25 25
30 23.3
35 21.8
40 20
45 18.9
50 17.9
55 16.8
60 15.8
65 14.7
70 13.6
75 12.9
80 13.6
85 11.5
90 9.6
95 9.1
100 8.6
105 8
110 7.5
115 6.9
120 5.4
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Figure 3. Temperature monitoring graph of coolbox with product

In the graph of the test with the product, there is no significant change in temperature. This is due to
the basic characteristics of thermoelectric-based cooling systems, where the temperature drop is constant until
it reaches a certain point, then tends to stabilise at a predetermined set point. When the temperature starts to
approach the stable point, the system will experience a stagnant state (stuck) and not show a drastic decrease
anymore. At this stage, the fan control function is utilised to channel cold air from the heatsink that has been
cooled by the thermoelectric module. Based on the test results, the final temperature reached when the system
was tested with the product was 4.6°C.

3.3 Temperature monitoring comparison data with and without product
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Figure 4. Comparison chart of temperature monitoring with and without product

The graph above is a graph comparing the cooling performance of the coolbox cabin in two conditions,
namely without product and with breast milk product. Based on the results obtained, there is a significant
difference in the rate of temperature decrease and the stability of the final temperature.

In the test without the product, the initial cabin temperature was recorded at 31.3°C. The temperature
decreased dramatically in the first five minutes to 9.8°C, then continued to decrease until it reached the target
temperature (set point) of 6°C in the 25th minute. After the temperature reached the set point, the fan blower
automatically stopped according to the system control function. As a result, the temperature fluctuated up and
down in a small range, and was recorded at 3.8°C at the 120th minute.

Different from the condition with the product, in the test with the product, the initial temperature of
the cabin was recorded to be higher, 35.3°C. The temperature drop was slower and more constant as the cooling
energy was also used to lower the product temperature. The temperature only reached below 10°C at the 90th
minute and the final temperature was recorded at 5.4°C at the 120th minute. This condition shows that the
presence of the product affects the performance of the cooling system, where the fan blower stays active longer
to maintain the cabin temperature.
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3.4 Temperature monitoring comparison data with control and without control

The following table shows the test results of the cooling system in the coolbox containing breast milk
products, both without temperature control and with temperature control. This test was conducted to compare
the effectiveness of the systems in maintaining the breast milk storage temperature within the standard range.
The system without control shows an uncontrolled temperature drop to below the safe limit, while the system
with control is able to maintain the temperature stably in accordance with the predetermined setpoint.

Table 3. Temperature monitoring comparison data with control and without control

Time Temperamre Temperature With
Without Control Control °C
0 30.8 30.9
5 7.8 12.1
10 6.6 10.2
15 4.5 95
20 4.8 8.8
25 5.4 8.3
30 6.5 7.8
35 6.9 73
40 7.3 7.1
45 0.9 6.5
50 -1.7 6.5
55 -1.7 6.8
60 -1.8 7
65 2.2 58
70 -2.2 3.9
75 2.2 3.6
80 -2 3.4
85 -1.7 3.4
90 -0.9 4
95 -1.1 2
100 0.5 1.5
105 0.6 1.5
110 0.7 1
115 1.2 0.5
120 14 0
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Figure 5. Temperature monitoring graph with control and without control

Based on the temperature monitoring graph on the coolbox with breast milk product load both using
control and without control, it can be concluded that there is a significant difference in temperature stability
during the cooling process. In the uncontrolled system, the initial temperature of 30.8°C decreased dramatically
until it reached the lowest point of -2.2°C at the 70th minute. This sharp drop was followed by unstable
temperature fluctuations until the end of the test, indicating the absence of a temperature control system that
keeps the temperature within the desired range. This could cause the temperature to become too low and
potentially damage the stored product, especially when it comes to sensitive materials such as breast milk.

In contrast, in the controlled system, the temperature drop was gradual and more stable, from an initial
temperature of 30.9°C to 0°C at 120 minutes. This process shows that the control system is capable of keeping
the coolbox temperature within a safe and appropriate range. The control function plays an important role in
preventing the temperature from dropping excessively by automatically regulating the fan or cooler
performance based on the temperature readings from the sensors. Thus, the use of the control system proved
to be more effective in maintaining temperature stability and maintaining the quality of the products stored in
the coolbox.

4. CONCLUSION

The cooling system in the coolbox using thermoelectricity shows optimal performance in conditions
without products in the cooling cabin. The initial temperature of 31.3°C was significantly reduced to the lowest
temperature of 2.3°C within 70 minutes. The temperature drop was relatively fast and stable because there was
no thermal load that inhibited the cooling process. Testing with the product (breast milk) showed that the
cooling process was slower. The initial temperature of 35.3°C can only be reduced to 5.4°C within 120 minutes.
This is due to the thermal mass of the product that absorbs most of the cooling energy, making the system
performance less efficient than when unloaded. Comparison of the two conditions shows that the presence of
products in the cabin significantly affects the cooling effectiveness. Therefore, to maintain the ideal breast milk
storage temperature (around 4°C), an automatic temperature control system and improved thermal insulation
design are required so that the cooling process can run more efficiently and the target temperature can be
maintained stably.
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