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Abstract

This research developed an Internet of Things (IoT) system to monitor and measure the carbon dioxide
(CO,) degassing characteristics of roasted Arabica coffee beans sourced from Cerrado Minas Gerais, Brazil. The
system integrated an SCD41 sensor to detect CO, concentration within a sealed container, coupled with an
ESP32 microcontroller for real-time monitoring. Coffee extraction was performed on days 1, 5, 9, 13, 17, 21, and
25 post-roasting, in accordance with the Specialty Coffee Association (SCA) standards. The extracted coffee was
evaluated for total soluble solids (TSS), titratable acidity (TA), electrical conductivity (EC), pH, and sensory quality.
Based on the one-way analysis of variance (One-way ANOVA), the storage period significantly affected the CO;
concentration (P < 0.05). The results indicated that the roasted coffee beans exhibited the highest CO, degassing
rate during the first 2 to 3 days. This high gas release restricted water penetration into the coffee grounds, leading
to inefficient extraction. However, from days 17 to 25, the CO, concentration decreased and reached an

equilibrium state, which enhanced extraction efficiency and increased TSS, TA, EC, and pH values. These
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physicochemical improvements were consistent with the preliminary sensory evaluation results, which yielded
high overall scores during this period. In conclusion, the developed IoT system successfully monitored the
degassing behavior and identified that the optimal resting period to achieve high-quality coffee extraction was
between 17 and 25 days post-roasting. This loT technology serves as a practical tool for roasteries and coffee
shops to track gas release, determine optimal extraction timing, and ensure precise quality control. Furthermore,

this system stands as a preliminary prototype that offers strong potential for future scalability and advancement.
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Figure 2 Physical prototype and experimental setup of
the monitoring system.
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Figure 6 Correlation between Carbon dioxide (CO,)
degassing and Sensory Evaluation over Storage Time,

highlighting the Optimal Degassing and Sensory Score.
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Figure 7 Sensory profile radar chart illustrating the
development of coffee attributes (Aroma, Flavor,
Acidity, Body, and Aftertaste) over a 25-day storage

period.
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