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Abstract. Robusta coffee originating from Sumberjambe possesses several 

superior clones, such as Tugusari, BP912, Brazil, and BP42, which offer 

substantial opportunities for exploring agronomic characteristics and yield 

quality. The local agroclimatic conditions—with ideal rainfall and an 

elevation of 600–650 meters above sea level—are highly suitable for robusta 

cultivation, thereby supporting optimal production and bean quality. In 

addition, Sumberjambe robusta beans are large in size and meet national 

quality standards (SNI), indicating high physical quality and strong potential 

for increased economic value. Sumberjambe Subdistrict in Jember is a 

notable coffee-producing region, yielding 113 tons per year from 214 

hectares, with an average productivity of 0.65 tons per hectare. Given the 

high production potential, optimizing the factors influencing coffee quality 

in Sumberjambe is essential. This study aimed to optimize roasting 

temperature and duration affecting coffee quality attributes. Coffee quality 

was assessed based on physical properties, yield, and caffeine content. A 

completely randomized design (CRD) with two factors was employed: 

roasting temperature at three levels (160°C, 170°C, and 180°C) and roasting 

time at three levels (10, 12, and 14 minutes), each with three replications. 

Observed parameters included color, moisture content, density, and caffeine 

concentration. Analysis of variance indicated highly significant effects of 

roasting temperature and time on color, moisture content, and yield. The 

optimal roasting condition was 170°C for 10–12 minutes, producing beans 

with balanced color, acceptable moisture content (1.3–1.4%), stable yield 

(~0.55), and desirable caffeine concentration (2.18–3.34%). These results 

indicate that precise control of roasting parameters is essential to maintain 

consistent quality and optimize the sensory characteristics of Robusta 

coffee. These findings provide valuable insights for optimizing roasting 

conditions to enhance coffee quality in Sumberjambe.  
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1 Introduction 

Coffee is one of the leading agricultural commodities with high economic value and is widely 

consumed worldwide. Among various coffee species, Robusta coffee beans are known for 

their strong, bitter flavor, with woody or nutty notes, and lower acidity compared to Arabica 

[1]. Indonesia ranks as the fourth largest coffee producer globally after Brazil, Vietnam, and 

Colombia, producing approximately 789,000 tons annually consisting of 150,000 tons of 

Arabica and 600,000 tons of Robusta. East Java is the sixth-largest coffee-producing province 

in Indonesia, producing around 48,100 tons. 
Robusta coffee (Coffea canephora L.) is extensively cultivated in Indonesia and remains 

one of its primary export commodities. Previous studies indicate that Robusta coffee plants 

exhibit higher resistance to pests and diseases, as well as stronger and more bitter flavor 

characteristics, slightly lower acidity, and higher caffeine content compared to Arabica coffee 

[2]. One of the regions producing high-quality Robusta coffee is Jember Regency, East Java, 

which contributes about 5.95% of Indonesia’s total Robusta production [3]. 

Jember Regency produces approximately 11,482 tons of coffee per year from a total 

plantation area of 18,318 hectares. One of its sub-districts, Sumberjambe, contributes around 

113 quintals of coffee per year from an area of 214 hectares, with an average productivity of 

0.65 quintals per hectare. A large proportion of the local population in Sumberjambe work 

as coffee farmers, reflecting the community’s strong dependence on coffee cultivation as a 

primary source of livelihood [4]. 

 Robusta coffee from Sumberjambe exhibits a notable combination of genetic potential, 

favorable environmental conditions, and superior bean quality. The area is cultivated with 

several promising clones—such as Tugusari, BP912, Brazil, and BP42—which provide 

substantial opportunities for exploring agronomic traits and yield performance. Moreover, 

the local agroclimatic conditions, characterized by ideal rainfall and an elevation of 600–650 

meters above sea level, are highly suitable for robusta cultivation, thereby supporting optimal 

production and bean quality. Morphological observations indicate that Sumberjambe robusta 

beans are large in size and meet the Indonesian National Standard (SNI), reflecting high 

physical quality and strong economic potential [5]. 

Before coffee beans can be brewed into beverages, various factors influence the 

development of the desired flavor and overall quality. One of the most critical stages affecting 

these attributes is the roasting process. According to [6] roasting is a vital step in determining 

coffee bean quality, as it significantly influences physical and chemical characteristics such 

as flavor, aroma, color, and moisture content. The final quality of roasted coffee beans is 

determined not only by operational roasting conditions namely temperature and duration but 

also by inherent bean properties such as species, initial moisture content, size, and post-

harvest processing methods [7]. 

The roasting process plays a crucial role in determining the physical and chemical 

characteristics of coffee beans, influencing their color, aroma, flavor, and moisture content 

[6]. Roasting conditions temperature and duration are among the most critical factors that 

determine final product quality [8]. Improper roasting can lead to undesirable flavor, color, 

and texture defects. Physical changes in coffee beans during roasting occur simultaneously 

and interdependently. These changes can be observed visually through color and size or 

measured quantitatively using parameters such as density and weight loss. Monitoring these 

transformations from the pre-roasted state is crucial to ensuring consistent quality. Variations 

in roasting degree, particularly from medium to dark roast, significantly affect bean moisture, 

color, and texture, thereby determining the final physical quality of the product [9]. 

According to the Indonesian National Standard [10] high-quality roasted coffee beans 

should exhibit normal color, aroma, and taste, and be free from foreign materials. The 

standard specifies a maximum moisture and ash content of 5%, alongside limits for heavy 
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metal and microbial contamination. Among the key physical quality parameters evaluated in 

roasted coffee are bean color and moisture content. Evaluating the physical quality of coffee 

beans is therefore a crucial step in improving product value and competitiveness. Parameters 

such as bean size, moisture content, color, individual bean weight, and defect type and count 

serve as key indicators of overall quality [11]. Optimal physical characteristics enhance 

aroma, flavor stability, and cup consistency following roasting and brewing, producing 

coffee that meets recognized quality standards, including those for specialty-grade coffee 

[12]. Consequently, the present study aims to determine and analyze the effect of roasting 

temperature and duration on the physical characteristics of Robusta coffee beans from 

Sumberjambe, Jember. 

2 Materials and Methods 

2.1 Materials 

The research utilized Robusta green beans from Sumberjambe, which the elevation of the 

coffee plantation area in Jember District, East Java, Indonesia is approximately 512 metres 

above sea level on average. The coffee roasting process was carried out using a Red Burner 

single-blower roaster with a capacity of 500 grams. The machine is equipped with a single-

blower system that provides consistent airflow to ensure uniform heat distribution during 

roasting. The roasting process employed a pressure-controlled method, in which the initial 

pressure was set at 0.5 bar, and subsequently increased to 4 bar at the fourth minute of 

roasting. This pressure adjustment aimed to optimize heat transfer efficiency, enhance the 

development of aroma precursors, and achieve more uniform bean coloration.  

2.2 Methods  

In this study, green coffee beans were sorted with uniform size and dried to a moisture content 

of 11-12%. The experimental design used was a completely randomized design (CRD) with 

a factorial arrangement of two factors: roasting temperature (A) and roasting duration (B). 

Temperature levels were A1 (160°C), A2 (170°C), and A3 (180°C), while time levels were 

B1 (10 minutes), B2 (12 minutes), and B3 (14 minutes), each replicated three times. Each 

treatment involved 250 grams. Data were analyzed using Analysis of Variance (ANOVA), 

followed by Duncan’s Multiple Range Test (DMRT) at a 5% significance level. 

The mathematical model follows: 

𝑌𝑖𝑗𝑘 = 𝜇 + 𝛼𝑖 + 𝛽𝑗 + (𝛼𝛽)𝑖𝑗 + 𝜀𝑖𝑗𝑘     (1) 

where: 

𝑌𝑖𝑗𝑘: observed response for temperature level 𝑖, time level 𝑗, and replication 𝑘 

𝜇: overall mean 

𝛼𝑖: effect of the 𝑖𝑡ℎlevel of roasting temperature (Factor A) 

𝛽𝑗: effect of the 𝑗𝑡ℎlevel of roasting duration (Factor B) 

(𝛼𝛽)𝑖𝑗: interaction effect between Factor A and Factor B 

𝜀𝑖𝑗𝑘: experimental error assumed to be independently and normally distributed, 𝜀𝑖𝑗𝑘 ∼

𝑁(0, 𝜎2) 
The parameters used in this study include: 

2.2.1 Color 

Color is a critical physical indicator of roasting degree and overall coffee quality. It reflects 

the extent of the Maillard reaction and caramelization processes occurring during roasting, 

which influence flavor and aroma development. Color was determined using the Agtron scale 

[13], where lower values indicate darker roasts. 
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2.2.2 Moisture Rate 

Moisture content represents the percentage of water remaining in the roasted coffee beans. 

The moisture content is calculated as: 

Moisture Content (%) =
𝑊1−𝑊2

𝑊1
× 100%  (2) 

where: 

𝑊1: initial weight of the sample (g) 

𝑊2: dry weight after drying (g) 

2.2.3 Yields 

Yield is the ratio between the weight of roasted coffee beans and the initial weight of green 

beans. It indicates mass loss during roasting due to moisture evaporation and volatile 

compound release. 

Yield (%) =
𝑊𝑟

𝑊𝑔
× 100%     (3) 

where: 

𝑊𝑟: weight of roasted coffee beans (g) 

𝑊𝑔: weight of green coffee beans before roasting (g) 

2.2.4 Caffeine content 

Caffeine is an alkaloid compound responsible for coffee’s stimulant effect and characteristic 

bitterness. Its concentration may change slightly during roasting due to thermal degradation 

and volatilization. 

a). Caffeine Extraction Method 

Caffeine was extracted using a reproducible liquid–liquid extraction (LLE) technique 

following standard procedures [14]. 

• 5 g of ground coffee was brewed with 100 mL of water at 90–95°C for 10 minutes. 

• The filtrate was transferred into a separatory funnel and 5 g Na₂CO₃ was added to basify 

the solution. 

• 30 mL chloroform was added and the funnel was shaken for 2 minutes, then allowed to 

separate. 

• The organic phase was collected and the extraction was repeated three times. 

• Combined chloroform fractions were evaporated using a rotary evaporator at 40°C to 

obtain crude caffeine. 

• The residue was re-dissolved in 10 mL chloroform for analysis. 

This method is widely used because of its simplicity, efficiency, and high reproducibility 

[15]. 

b). Caffeine Analysis Method 

Caffeine content was quantified using UV–Vis spectrophotometry at 273 nm, the maximum 

absorption wavelength for caffeine [16]. 

• A calibration curve was prepared using caffeine standards (2–20 ppm). 

• Sample absorbance was measured at 273 nm using a UV–Vis spectrophotometer. 

• Caffeine concentration was calculated from the calibration curve and expressed in mg/g 

of coffee. 

3 Results and discussion 
The roasting process is a treatment that induces physical changes in coffee beans. The 

following section presents the observed parameters of coffee bean roasting according to the 

predetermined experimental treatments. 
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Table 1. ANOVA’s result 

Source of 

Variance 

F. 

Color 
Notation 

F. 

Moisture 

Content 

Notation 
F. 

Yield 
Notation 

F.tab 

5% 

F.tab 

1% 

Treatment 79,2  ** 7,176 ** 13,652 ** 2.510  3.705  

Temperature 10,4  ** 20,926  ** 6,684 ** 3.555  6.013  

Time 287,5 ** 7,704 ** 44,561 ** 3.555  6.013  

Interaction 9,4 ** 0,0019 ns 1,681 ns 2.928  4.579  

KV 6%  13%  6%    
Note : ns (not significant) ; ** (Very significant) ; KV : Coefficient of Variance. 

The roasting process significantly affects the physical characteristics of coffee beans. 

Table 1 presents the analysis of variance (ANOVA) results, indicating that both roasting 

temperature and roasting duration had a highly significant effect  on color, moisture content, 

and yield. However, their interaction effect was significant only for color, while no 

significant interaction was observed for moisture content and yield. 

Significant changes in color during roasting occur due to Maillard and 

caramelization reactions between amino acids and reducing sugars, forming melanoidin 

pigments responsible for the characteristic brown color of roasted coffee [17]. Moreover, 

increasing roasting temperature and time accelerate dehydration, oxidation, and the 

degradation of organic compounds, which consequently influence both the physical and 

chemical quality of the beans [6]. These results are consistent with [18] who reported that 

high roasting temperatures promote the formation of dark pigments through non-enzymatic 

browning reactions, while prolonged roasting intensifies color and decreases moisture 

content and yield due to mass loss. 

Table 2. Average of Color Value  

Treatment Average of Color Value 

170°C – 10 min 88,97 a 

180°C – 10 min 88,07 a 

160°C – 10 min 87,33 a 

170°C – 12 min 70,10 ab 

160°C – 12 min 68,93 b 

180°C – 12 min 49,03 c 

180°C – 14 min 41,83 c 

160°C – 14 min 40,97 c 

170°C – 14 min 37,17 c 

Note: Numbers followed by the same notation indicate that not significantly different in the 5% Duncan’s test. 

 

According to Table 2, the Duncan’s test results show that treatment 170°C – 10 min 

yielded the highest average color value (88.97), representing a light brown color suitable for 

medium-light roasting. In contrast, at treatment 170°C – 14 min showed the lowest color 

value (37.17), indicating a darker roast. An increase in both roasting temperature and duration 

led to a decrease in lightness (L*) due to intensified formation of melanoidin compounds 

[19]. [20] also noted that color changes are closely related to the degradation of chlorogenic 

acids and the polymerization of pigmented compounds, producing a darker brown color. In 

general, the color of roasted coffee serves as a reliable indicator of roasting degree, which is 

strongly correlated with flavor, aroma, and acidity [21]. 
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Table 3. Temperature Against Water  

Temperature  Average  

160◦C 1,39a 

170◦C 1,42b 

180◦C  1,23b 
Note: Numbers followed by the same notation indicate that not significantly different in the 5% Duncan’s test 

 

As shown in Table 3, the moisture content decreased with increasing roasting 

temperature. The lowest moisture content (1.23%) was found in treatment 180°C, while  

170°C retained a slightly higher value of 1.42%. This reduction occurs because heat promotes 

evaporation of free and bound water from the bean matrix. According to [22] the ideal final 

moisture content of roasted coffee ranges between 1–2%, as excessively high moisture may 

reduce shelf life, while excessively low moisture makes the beans brittle and prone to 

breakage. These findings indicate that roasting temperatures of 170–180°C produce beans 

with moisture levels that meet Indonesian National Standard (SNI 01-3542-2004), which 

requires a maximum of 5%. 

Table 4. Time against water level 

Time or Duration  Average  

10 minutes 1,39a 

12 minutes  1,42b 

14 minutes  1,23b 
Note: Numbers followed by the same notation indicate that not significantly different in the 5% Duncan’s test 

 

Table 4 shows that longer roasting durations lead to lower moisture contents. 

Treatment 14 minutes recorded the lowest value (1.23%), while 10 minutes retained the 

highest (1.39%). This occurs because prolonged heating provides more opportunity for water 

to evaporate from within the bean structure. Similar results were reported by [6] who stated 

that longer roasting times increase heat absorption, leading to a greater loss of water and 

volatile compounds, and consequently reducing bean weight. 

Table 5. Temperature in Yield 

Temperature Average  

160◦C  0,552 a 

170◦C  0,546 b 

180◦C  0,552 b 
Note: Numbers followed by the same notation indicate that not significantly different in the 5% Duncan’s test 

Table 5 shows that yield decreased with increasing roasting temperature. Treatment 

160°C produced the highest yield (0.552), while 170°C and 180°C produced lower values. 

This reduction results from moisture evaporation, CO₂ release, and decomposition of organic 

compounds such as carbohydrates and proteins during roasting [23]. [20] reported that mass 

loss during roasting can reach 15–20%, depending on bean type and roasting degree. Higher 

temperatures accelerate pyrolysis, causing the beans to expand while losing mass. Therefore, 

lower temperatures (160–170°C) result in higher yield and more stable physical quality. 

Table 6. Time on Yield 

Factor A  Average  

B1(10 minute)  0,59a 

B2(12 minute)  0,55b 

B3(14 minute)  0,45b 
Note: Numbers followed by the same notation indicate that not significantly different in the 5% Duncan’s tes 
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The DMRT results (Table 6) indicate that 10 minutes produced the highest yield 

(0.59), while longer roasting times (12–14 min) resulted in lower yields. The decline in yield 

is due to increased moisture evaporation and volatile compound formation, leading to mass 

reduction [20]. According to [18] yield reduction is directly proportional to roasting degree. 

Beans roasted to darker levels are typically lighter and more fragile because of cellulose and 

lignin decomposition. Hence, optimizing roasting time is essential to maintain a balance 

between color, moisture, and yield. 

  

 

Fig. 1.  Average caffeine content 

Figure 1 illustrates the variation in caffeine content (%) of Robusta coffee beans under 

different combinations of roasting temperature and duration. The caffeine concentration 

ranged from 2.18% to 3.34%, showing a clear trend influenced by roasting parameters. The 

highest caffeine level was observed in treatment temperature 160 °C with 14 minutes roasting 

duration, while the lowest occurred in 160 °C temperature and 10 minutes roasting duration. 

The increase in caffeine concentration with longer roasting times is mainly due to water loss, 

which concentrates caffeine relative to total bean mass. Caffeine remains thermally stable up 

to 230°C, and therefore is not significantly degraded during roasting. However [20] observed 

that apparent caffeine levels can vary slightly due to volatile redistribution and density 

changes after roasting. These findings suggest that a moderate roasting temperature (170°C) 

combined with a 12–14 minutes duration yields coffee with optimal caffeine content while 

preserving key aromatic compounds. The figure indicates that caffeine concentration tends 

to increase with longer roasting duration, particularly at lower temperatures. This apparent 

increase is primarily attributed to the loss of moisture and volatile compounds, which reduces 

bean mass and consequently increases the relative caffeine percentage. However, the overall 

caffeine structure remains thermally stable up to approximately 230 °C, meaning that actual 

caffeine degradation is minimal under the studied conditions. At higher roasting temperatures 

(170–180 °C), caffeine levels showed smaller differences between durations, suggesting a 

plateau effect where further heating no longer significantly changes caffeine concentration. 

This trend reflects the balance between thermal stability and mass loss mechanisms occurring 

during roasting [24]. 

4 Conclusion 
Roasting temperature and duration had significant effects on the physical quality of 

Robusta coffee from Sumberjambe, Jember, particularly on color, moisture content, and 

yield. Higher temperature and longer roasting time resulted in darker color, lower moisture, 
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and reduced yield due to enhanced evaporation and pyrolysis. The optimal roasting condition 

was 170°C for 10–12 minutes, producing beans with balanced color, acceptable moisture 

content (1.3–1.4%), stable yield (~0.55), and desirable caffeine concentration (2.18–3.34%). 

These results indicate that precise control of roasting parameters is essential to maintain 

consistent quality and optimize the sensory characteristics of Robusta coffee. 
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