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Development of an loT-based Temperature Monitoring

and Display System for Cocoa Bean Fermentation
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Abstract

Objectives: This study aimed to develop, implement, and evaluate a real-time
temperature monitoring and display system for cocoa bean fermentation using Internet of
Things (loT) technology. The system was designed to address the limitations of traditional
manual temperature measurement, which relies heavily on labor, provides low measurement
frequency, and lacks continuous monitoring capability throughout the fermentation process.
The goal was to create a practical and accurate solution appropriate for community-based
cocoa producers seeking to improve process control and product quality.

Methods: The developed system consisted of nine DS18B20 temperature sensors
installed at the geometric center of each fermentation bin. The sensors were connected to an
ESP32 microcontroller, which transmitted data via Wi-Fi to an loT platform for continuous
recording and visualization at 15-minute intervals over a 7-day fermentation cycle. Field
experiments were conducted at the “Kon Rak Cocoa” community enterprise in Nakhon
Ratchasima Province. The accuracy of the loT system was validated by comparing it with
manual measurements, and the economic performance was assessed based on reductions in
labor demand, operating costs, and overall payback period.
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Results: The system successfully recorded temperature data continuously with an
accuracy of +0.5 °C and demonstrated strong agreement with traditional manual
measurements (R? > 0.97). Temperature profiles indicated that the fermentation mass reached
the optimal temperature range of 45-48 °C on days 4-6, aligning with previous studies on
flavor precursor formation in cocoa fermentation. Economically, the system reduced labor
requirements from three workers to occasional system supervision, resulting in annual savings
of approximately 160,000 THB, a reduction in total production costs by about 10%, and a
payback period of only 1.9 months. These findings demonstrate that the loT-based system
enhances measurement reliability, improves process control, reduces labor dependency, and

offers strong potential for upgrading community-level cocoa fermentation through digital and

smart-agriculture technologies.

Keywords: cocoa, fermentation, temperature, loT, community enterprise
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Figure 1 Traditional cocoa bean fermentation temperature measurement process using manual labor
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Table 1 Summary of studies on cocoa bean fermentation conditions and outcomes

Study / Article Fermentation / Drying Key Findings
Conditions
Influence of fermentation time, Fermentation ~155.87 h Fermentation time and temperature
drying time and temperature on (= 6.5 days), drying at significantly affected bean quality,
cocoa pods ~50.25 °C meeting market standards.

(Saguidon & Dellosa, 2024;

Guzman-Armenteros et al., 2023)

The impact of controlled Controlled temperature Controlled temperature conditions
fermentation temperature on 45-48 °C during days 4-6 enhanced the development of
chemical composition of fermentation fine-flavor cocoa.

(Owusu et al., 2012)

Effect of fermentation time and Fermentation for 2, 4, 6,8  Six-day fermentation was sufficient for
drying temperature on days; drying at 60, 70, 80 °C  desirable volatile formation; drying at
volatile compounds 70-80 °C produced quality
(Rodriguez-Campos et al., 2012) comparable to natural sun drying.
Dynamics of cocoa fermentation  Temperature and pH profiles Temperature and pH dynamics
and its effect on quality monitored throughout were key factors in
(De Vuyst et al.,, 2010) fermentation controlling cocoa bean quality.
Effects of fermentation and Varied fermentation and Fermentation and drying times
drying durations on the quality of drying durations influenced final bean moisture
cocoa (Kongor et al., 2016) (optimal 6-8%) and overall quality.
Box fermentation and solar drying Fermentation 168 h (7 days), Box fermentation + solar drying
improve the nutrient composition peak ~46 °C at 96 h enhanced nutrient composition and
(Obinze et al,, 2022) followed typical heating-cooling

temperature trends.

The effect of techniques and Controlled fermentation for Beans showed desirable quality
fermentation time on 72 h, average ~44.67 °C attributes (fat, moisture, pH)
cocoa beans quality under these conditions.

(Torres-Moreno et al., 2015)
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Figure 2. (a) Overall installation structure, and

(b) Equipment layout inside the control panel.
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Figure 3 Installation and testing of the temperature monitoring system:

(a) Control box installation and IoT gateway setup, and

(b) Fermentation bins with embedded DS18B20 sensors.
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Figure 4 Comparison of temperature profiles between the loT-based monitoring system and

traditional manual measurement during cocoa bean fermentation.
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Table 2 Comparison between traditional manual data collection and

developed loT-based system

Parameter

Traditional method

Developed loT-based system

(Manual measurement)

Frequency of measurement

Data continuity

Accuracy of measurement + 2-3 °C (depending on operator)

Labor requirement
Data recording

Error risk

missed readings)

Cost efficiency

(labor-intensive)

Practical outcome

3-4 times/day

Discontinuous, point-based

2-3 workers/shift
Manual note-taking

High (human error,

Higher long-term cost

Limited analysis capability

Every 15 minutes (= 96 times/day)
Continuous, time-series dataset
+ 0.5-1.0 °C (sensor-based)
0-1 worker (monitoring only)
Automatic storage in database/cloud

Low (automated, with alerts)

Reduced cost

(~10% saving, ROl ~6 months)

Enables statistical and graphical analysis
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