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Coffee is one of Indonesia's most strategic agricultural commodities, contributing
significantly to national export revenues and serving as a primary income source for
smallholder farmers. However, many small to medium-scale coffee producers still rely
on traditional roasting methods that result in inconsistent temperature control, uneven
roasting, and suboptimal product quality. This study aims to design, fabricate, and analyze
the performance of a 3-kg-capacity coffee roasting machine equipped with an LPG-based
heating system and an electric motor-driven rotating drum. The machine was designed
using Autodesk Inventor Professional 2025 and tested under varying operational
conditions, including three roasting temperatures (200°C, 220°C, and 240°C), three
roasting durations (10, 15, and 20 minutes), and two drum rotation speeds (40 rpm and 60
rpm). A total of 54 experimental trials were conducted to determine the effect of these
variables on moisture content reduction and visual colour characteristics of the roasted
coffee beans. Results indicate that the most optimal roasting condition was achieved at at
200°C, 20 minutes, and 40 rpm, yielding an average moisture content reduction of 12.3%,
and at 220°C, 15 minutes, and 60 rpm, yielding an average moisture content reduction of
12.1% and producing dark roast beans with uniform colour and appearance. The study
demonstrates that higher roasting temperatures combined with longer durations and faster
drum rotation speeds significantly enhance moisture evaporation efficiency while
maintaining uniform heat distribution. These findings provide practical guidelines for
improving coffee processing quality among small-scale producers.

Contribution to Sustainable Development Goals (SDGs):
SDG 8: Decent Work and Economic Growth

SDG 9: Industry, Innovation, and Infrastructure
SDG 12: Responsible Consumption and Production

1. INTRODUCTION

1.1.  Research Background

largest coffee producers, Indonesia benefits from highly
favorable agroclimatic conditions that support the cultivation of
various premium coffee varieties, particularly Arabica and
Robusta.

Among the various stages of production, roasting is a critical

Coffee (Coffea sp.) has long been one of Indonesia's most
important agricultural commodities, playing a vital role in the
national economy. Beyond its contribution to foreign exchange
earnings through exports, coffee also serves as a primary
livelihood for millions of smallholder farmers across the
archipelago. The crop holds deep cultural and historical
significance in many regions of Indonesia, reflecting its deeply
embedded role in local communities [1]. As one of the world's

determinant of coffee quality. This stage involves applying heat
to raw green beans, triggering a complex series of
thermochemical reactions that fundamentally alter their physical
and chemical profiles. Central to this transformation are the
Maillard reaction and caramelization. The former, occurring
between amino acids and reducing sugars, generates hundreds of
volatile aroma compounds; the latter involves the breakdown of
sugars to enhance sweetness and color [2]. Together, these
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reactions serve as the cornerstone of the coffee’s final sensory
character.

Despite its importance, the roasting process presents
significant technical challenges, particularly for small- to
medium-scale coffee producers. In many coffee-growing regions
of Indonesia, roasting is still carried out using conventional
manual methods with simple equipment such as woks or basic
rotating drums heated over open flames. These traditional
practices rely heavily on the operator’s experience and sensory
judgment, making it difficult to achieve consistent temperature
profiles and precise control over roasting time. As a result,
manual roasting often leads to temperature fluctuations that cause
uneven roasting, producing batches in which some beans are
over-roasted while others remain under-roasted [3]. Such
variability not only degrades the sensory quality of the coffee but
also reduces production efficiency, as lower-quality batches may
need to be downgraded or sold at reduced prices.

The advancement of agricultural engineering and food
processing technology has created new opportunities to enhance
roasting consistency through mechanization and automation.
Semi-automatic coffee roasting machines equipped with
temperature control systems represent a significant improvement
over traditional roasting methods. Previous studies have
demonstrated that roasting machines with semi-automatic control
systems substantially improve product consistency and
operational efficiency by enabling real-time monitoring of critical
parameters such as temperature and roasting time [4]. These
systems reduce human error in process control while providing
operators with accurate and continuous information on roasting
conditions, allowing timely adjustments to prevent quality
defects. Furthermore, the integration of digital temperature
controllers and motorized drum systems offers a practical and
cost-effective solution for small- to medium-scale producers
seeking to upgrade their processing capabilities without the high
investment required for fully automated industrial systems.

1.2.  Literature Review

Numerous prior studies have explored various aspects of coffee
roasting machine design and the effects of roasting parameters on
coffee quality. Designed a semi-automatic coffee roasting
machine with a 5 kg capacity, incorporating a gear transmission
system capable of reducing motor rotation from 180 rpm to 72
rpm and a temperature control unit adjustable between 50°C and
250°C [5]. Investigated the effects of roasting temperature and
duration on the physical characteristics and sensory quality of
Arabica coffee, finding that 235°C for 14 minutes produced the
best results in terms of moisture content, acidity, and aroma score
[6]. Developed an Arduino Uno-based roasting machine capable
of reaching 150°C within approximately 5.41 minutes,
demonstrating that microcontroller-based systems can achieve
consistent and efficient roasting performance [7]. Furthermore,
roasting temperature of 200°C for 30 minutes produced light roast
coffee with optimal moisture content of 5.29% and pH of 5.67,
highlighting the critical role of the temperature-time relationship
in determining roasting outcomes [8]. These studies collectively
underscore the importance of precise parameter control in
achieving desirable coffee quality attributes.

Moisture content is widely recognized as a key quality
indicator in roasted coffee. According to Standar Nasional
Indonesia (SNI), the maximum permissible moisture content for
roasted coffee beans is 12.5% [9]. Beans with moisture content
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exceeding this threshold are susceptible to mold growth and
undesirable fermentation during storage, leading to quality
deterioration. Conversely, excessively low moisture content may
cause beans to become brittle and prone to cracking. The ideal
moisture content range for storage and roasting purposes is
generally considered to be between 10% and 12%. Controlling
and accurately measuring moisture content before and after
roasting is therefore essential for evaluating both machine
performance and product quality.

1.3.  Research Objective

This research aims to analyze the effects of roasting temperature,
roasting duration, and drum rotation speed on the moisture
content reduction and color quality of roasted coffee beans. The
study is expected to provide practical recommendations for small
to medium-scale coffee producers regarding optimal roasting
parameter combinations and to contribute to the broader body of
knowledge in agricultural engineering and coffee processing
technology.

2. MATERIALS AND METHODS

This study employed performance testing and data analysis of 3
kg capacity roasting machine (Figure 1). . The research was
conducted in Desa Cahaya Alam, Kecamatan Semendo Darat
Ulu, Kabupaten Muara Enim. The independent variables
tested were: roasting temperature (200°C, 220°C, 240°C),
roasting duration (10, 15, 20 minutes), and drum rotation
speed (40 rpm and 60 rpm). The dependent variable was
moisture content reduction (%). Data were analyzed using
descriptive statistical methods, including mean calculation
and comparative analysis across treatment combinations.
Parameters recorded included bean mass before and after
roasting, roasting temperature, duration, drum rotation
speed, moisture content reduction percentage, and visual
colour characteristics (light brown, medium dark, dark
roast).

Figure 1. Roasting Machine

https://doi.org/10.29165/ajarcde.v10i2.999
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3. RESULT AND DISCUSSION

3.1.  Effect of Roasting Temperature at 200°C

At 200°C (Table 1), the highest moisture reduction (12.3%) was
achieved at a roasting time of 20 minutes and a drum rotation
speed of 40 rpm. This condition produced a light roast profile,
characterized by a light brown color and relatively uniform
drying.

Shorter roasting duration (10 minutes) resulted in
considerably lower moisture reduction (6.3-6.7%), indicating
insufficient thermal exposure for effective moisture evaporation.
This behavior suggests that at lower temperatures, heat transfer
into the bean core is limited, requiring longer roasting times to
achieve adequate drying. Similar observations have been
reported, where low-temperature roasting necessitates prolonged
exposure to ensure sufficient moisture removal due to slower
internal heat penetration [10].

Table 1. Moisture content reduction results at 200°C

Result
Tube
Mass | Temperature | Time Rotation Rednction :
(€9) (©)] (Minute) | Speed S eater 12

500 200 1) '

3.2, Effect of Roasting Temperature at 220°C

At 220°C (Table 2), moisture reduction occurred more rapidly
due to increased thermal energy. The optimal condition was
observed at 15 minutes and 60 rpm, resulting in a moisture
reduction of 12.1% and producing a medium-dark roast profile.

The higher drum rotation speed (60 rpm) enhanced heat
distribution and minimized temperature gradients within the
roasting chamber. Increased agitation improves convective heat
transfer and promotes uniform exposure of beans to heat, thereby
preventing localized overheating or scorching. This finding is
consistent with previous studies indicating that mechanical
mixing plays a critical role in achieving uniform roasting and
efficient moisture removal [11].

https://doi.org/10.29165/ajarcde.v10i2.999

Table 2 Moisture content reduction results at 220°C

Mass | Temperature | Time | Rotation
(g0) ©

The optimal result was obtained at 15 minutes and 60 rpm,
with an average moisture reduction of 12.1% (Table 2).
The beans displayed a medium-dark roast color. The higher
drum speed at this temperature was found to improve heat
distribution efficiency, accelerating moisture evaporation
without causing scorching.

3.3. Effect of Roasting Temperature at 240°C

At the highest temperature (240°C, Table 3), the most significant
moisture reduction was recorded, reaching 17.2% at 20 minutes
and 60 rpm. This condition yielded a dark roast profile with a
strong roasted aroma and uniform appearance.

The results indicate a synergistic effect between high
temperature and high drum rotation speed. Elevated temperatures
increase the vapor pressure gradient between the interior and
surface of the beans, accelerating moisture diffusion and
evaporation. Simultaneously, higher drum speeds enhance
mixing efficiency, ensuring homogeneous heat distribution and
reducing thermal gradients. This combination facilitates rapid and
uniform moisture removal, as also noted in earlier research on
roasting kinetics [12].

However, excessive exposure to high temperatures may lead
to degradation of desirable compounds, emphasizing the need for
precise control of roasting parameters.

Fernandes et al 3
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Table 3. Moisture content reduction results at 240°C

Tube
Reducnon
Mass Temperature Rotation
of water
(€:9) (Minute)

I

3.4. Optimal Roasting Conditions

1) Higher RPM accelerates heat distribution. At the same
temperature (220°C and 240°C), increasing RPM from
~40 to 60 RPM consistently increases moisture
reduction. This is because faster drum rotation
increases the frequency of contact between the coffee
beans and the hot drum walls (convective heat transfer),
while also accelerating the circulation of hot air inside
the drum.

2) Temperature and RPM interaction is synergistic. The
effect of RPM is most significant at high temperatures.
At 240°C with 60 RPM, the reduction reaches 17.2%
— much higher compared to low RPM conditions at the
same temperature. This means drum speed acts as an
amplifier of the available thermal energy.

3) Optimal heat transfer efficiency at 220°C/60 rpm. Seen
from efficiency per unit time (%/minute), the condition
of 220°C/60 rpm provides 0.81%/minute — more
efficient compared to 200°C/40 rpm (0.62%/minute)
and close to 240°C (0.86%/minute), but with a much
lower risk of over-roasting. This makes it the most
practically optimal condition.

4) Lower RPM limit (10 minutes at 200°C). At short
duration (10 minutes) and low rpm, the reduction is
only 6.3—-6.7%, indicating that the combination of short
heat exposure and slow rotation is not sufficient to
effectively drive the water vapor evaporation
mechanism.

4. CONCLUSION

The research results indicate that drum rotation speed plays an
important role in enhancing heat transfer efficiency during the
roasting process. Increasing the speed from 40 rpm to 60 rpm was
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proven to accelerate even heat distribution within the drum,
thereby minimizing the occurrence of hot spots and speeding up
moisture evaporation in coffee beans. The highest moisture
reduction of 17.2% was achieved under conditions of 240°C, 20
minutes, and 60 rpm, producing coffee beans with a uniform dark
roast profile and a strong roasting aroma. However, the overall
most optimal conditions were achieved in two scenarios: 200°C
for 20 minutes at 40 rpm (12.3% reduction) and 220°C for 15
minutes at 60 rpm (12.1% reduction). Both conditions produced
beans with consistent color, even surface drying, and showed no
signs of over-roasting. From the perspective of heat transfer
efficiency per unit of time, the 220°C/60 rpm condition provides
the highest practical value, which is 0.81%/minute, compared to
0.62%/minute at 200°C/40 rpm. This confirms that a higher drum
rotation speed at a higher temperature produces a significant
synergistic effect on the rate of heat transfer. Overall, it can be
concluded that drum rotation speed is not merely a supporting
factor but a crucial complementary variable along with
temperature and time in determining the quality and uniformity
of roasting results. Setting the appropriate rpm according to the
temperature level used is key to optimizing the coffee bean
roasting process efficiently and consistently.
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