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Abstract— Coffee is one of the leading plantation commodities 

in Indonesia. High-quality coffee has a higher price than low-

quality coffee. The quality of coffee is determined by the method 

of selecting planting materials, handling during harvest, and 

processing. Coffee that is processed naturally, will be dried in the 

form of fruit/cherry so that coffee will decrease in quality. The 

quality of coffee beans can be improved if the roasting process is 

carried out using the right roasting temperature and time. With a 

variety of treatments in post-harvest processing methods and 

roasting levels will produce different coffee quality so that 

appropriate treatment is needed to determine the final result of 

coffee with the best quality. This study used the Complete 

Randomized Design (CRD) method with 2 factors, namely 

differences in coffee types (robusta coffee and arabica coffee) and 

roasting levels (light roast, medium roast, and dark roast). The 

research variables observed were seed weight, camba density, 

water content, and caffeine content. The data obtained will be 

analyzed using analysis of variance. If there is a significant 

difference between treatments, then further tests will be carried 

out using the Duncan Multiple Range Test (DMRT) at the 5% 

failure level.   

Keywords— Arabica coffee, Robusta coffee, quality, roasting 

level, natural process  

I. INTRODUCTION  

Coffee is a key plantation commodity in Indonesia, giving it 
significant market potential both domestically and 
internationally [1]–[3]. The price of coffee is determined by its 
quality [4]. Coffee with high quality commands a higher price 
compared to low-quality coffee [5]. The quality of coffee beans 
is influenced by harvesting activities, processing, drying, and 
storage conditions [6]. The coffee processing process generally 
consists of three types: natural processing (dry process), 
fullwash, and semi-wet processing [7]. Coffee processed 
naturally is dried in the form of cherries, allowing it to undergo 
natural fermentation without the addition of water [8]. Farmers 
use natural coffee processing because it is easier and less 
expensive [9]. 

The roasting process is one of the criteria that determines the 
quality of coffee. The quality of coffee beans can be improved 
if the roasting process is done with the correct temperature and 
roasting time. This aims to achieve the quality standard as per 
SNI 01-3542-2004 [10]. Roasting is divided into three types: 
light roast, medium roast, and dark roast [11]. 

The different treatments in post-harvest processing methods 
and roasting levels lead to varying coffee qualities, requiring the 
appropriate treatments to determine the final coffee product with 
the best quality [12]. Coffee bean quality is evaluated based on 
its physical and chemical characteristics [13]. To date, there has 
been limited discussion on the analysis of the quality of naturally 
processed Arabica and Robusta coffee from the Argopuro 
mountains at different roasting levels. Therefore, the aim of this 
study is to obtain information about the quality of these two 
types of coffee, which are well-known in Indonesia, namely 
Robusta and Arabica, roasted at different levels 

II. MATERIALS AND METHODS 

A. Time and Location 

The research was conducted at Rangkum Café, Jl. Danau 

Toba No. 08, Tegalgede, Sumbersari District, Jember Regency, 

for the roasting process. The analysis of the physical-chemical 

characteristics was carried out in the Biochemistry Laboratory 

of the Faculty of Agricultural Technology, University of 

Jember. The research was conducted from March-April 2024. 

B. Tools and Materials 

The materials used in this research include green beans of 

Robusta and Arabica coffee, distilled water (aquadest), 

standard caffeine, filter paper, chloroform (CHCl₃), alcohol, 

calcium carbonate (CaCO₃), aluminum foil, and white paper.  

 The equipment used includes roasting machines, crucibles, 

set of glassware, analytical balances, hot plates, UV-Vis 

spectrophotometers, ovens, desiccators, pipettes, scale, watch 

glass, erlenmeyer flasks, beakers. 

C. Experimentl Design 

The research method used is a factorial experimental design 

with a Completely Randomized Design involving 4 

replications. This design includes two factors, the first factor is 

the type of coffee with two levels, and the second factor is the 

different roasting levels with three levels. Therefore, the study 

has 24 experimental units. 

I. The first factor is the the difference in coffee types with 

natural processing, consisting of 2 levels: 

A1: Robusta Coffee 

A2: Arabika Coffee 

https://doi.org/10.46676/ij-fanres.v5i4.399
https://crossmark.crossref.org/dialog/?doi=10.46676/ij-fanres.v5i4.399&domain=pdf


  

75 

 

II. The second factor is the roasting levels of the coffee, 

consisting of 3 levels: 

T1: Light roast (180° C, 8 minutes) 

T2: Medium roast (190° C, 10 minutes) 

T3: Dark roast (200° C, 12 minutes) 

D. Variables 

The research variables include the observation of physical 

and chemical characteristics as follows: 

1. Moisture content, the moisture content test was conducted 

using the gravimetric method [4]. 

2. Caffeine content, the caffeine content test was conducted 

based on the UV-Vis Spectrophotometry method [5]. 

3. Bean weight, the procedure involves weighing 100 g of 

green beans before and after roasting. Then, the number of 

beans in 100 g is counted, and their weight is measured, 

followed by calculating the average [6]. The determination 

of the weight per coffee bean can be calculated using the 

formula: 

𝐵𝑒𝑎𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 (
𝑔𝑟𝑎𝑚

𝑏𝑒𝑎𝑛
) =  

100 𝑔𝑟 𝑐𝑜𝑓𝑓𝑒 𝑏𝑒𝑎𝑛𝑠

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑐𝑜𝑓𝑓𝑒 100 𝑔𝑟
  ..............(1) 

 

4. Bulk density, this is done by weighing the coffee bean 

sample and then placing it into a 250 ml graduated cylinder 

[7]. It is then calculated using the following equation:  

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑀

𝑉
  .........................................................(2) 

M = the weight of the sample used (g) 

V = the volume of the sample observed (ml) 

III. RESULTS AND DISCUSSION 

The coffee roasting process is the most important process for 
transforming green coffee beans into roasted beans with 
distinctive aroma and flavor [14]. This process requires heating 
the coffee beans, which triggers various chemical and physical 
reactions [15]. At the beginning of the roasting process, there is 
a temperature decrease because the coffee beans, which are at 
room temperature, are added to the preheated drum, causing 
them to absorb heat from the drum and thus leading to a drop in 
temperature [16]. Afterwards, this will cause the coffee beans to 
change color to yellow due to Maillard reaction, enzymatic 
changes, and caramelization [17], [18]. 

The first crack phase occurs due to the accumulation of 
carbon dioxide gas and water vapor inside the coffee beans, 
leading to internal pressure until it reaches the highest pressure 
point and the beans start to crack, commonly referred to as the 
first crack [19]. The image shows that the dark roast level (dark 
roast) experiences the first crack process more quickly. This is 
because the higher temperature causes the coffee beans to absorb 
heat more rapidly, accelerating the chemical and physical 
reactions (water evaporation and gas release) within the beans, 
which leads to the first crack occurring more quickly [20]. 

 

Fig. 1. Roasting curve 

At the roast development stage, the final roasting results can 
be determined in terms of the desired color and degree of 
roasting. At the light roast level, both coffee types (arabica and 
robusta) tend to undergo the roast development phase more 
quickly, whereas at the medium roast level, and even more so at 
the dark roast level, the roast development phase takes longer 
[21]. During the roasting process, the coffee beans go through 
various stages that cause color changes. The color changes in the 
coffee beans are due to the heating during roasting, which leads 
to the breakdown of chemical compounds such as sugars, amino 
acids, and chlorogenic acids. This process triggers the Maillard 
reaction, which produces Melanoidins that give coffee its brown 
color [18], [22]. 

A. Water Content 

The results of the analysis in Table I. showed that the 
combination of Robusta coffee and medium roasting (A1T2), as 
well as the combination of Arabica coffee and light roasting 
(A2T1), tend to produce the best moisture content at each simple 
effect of coffee type on the roasting level or the simple effect of 
roasting on the same coffee type. The combination of Robusta 
coffee and medium roasting (A1T2) shows an average value of 
3.346%. Meanwhile, the combination of Arabica coffee and 
light roasting (A2T1) shows an average value of 4.487%. 

TABLE I.  THE RESULTS OF THE ANALYSIS ON THE EFFECT OF COFFEE TYPE 

AND ROASTING LEVEL ON MOISTURE CONTENT (%) 

COFFEE TYPE 
Roasting Level 

Light Roast 

(T1) 

Medium Roast 

(T2) 
Dark Roast (T3) 

Robusta coffee 
(A1) 

7,280 (a) 3,346 (a) 3,729 (b) 

A C B 

Arabica coffee 
(A2) 

4,487 (b) 3,796 (a) 3,883 (a) 

A A A 

Note: Numbers followed by the same letter show a significant difference in 
Duncan's test at the 5% level. Numbers followed by the same lowercase letters 
(in vertical alignment) indicate the simple effect of the coffee type factor at the 
same roasting level. Numbers followed by the same uppercase letters 
(horizontal) indicate the simple effect of the roasting level factor at the same 
coffee type level. 
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In this study, both Robusta and Arabica coffee experienced 
a decrease in moisture content as the roasting time increased. 
During the roasting process, heat is transferred from the roasting 
medium to the beans, and water mass transfer occurs, causing 
the moisture content to decrease. The lower the moisture 
content, the longer it takes for the product to absorb moisture 
from the air. This helps preserve the beans from microbial 
damage during storage [23]. 

B. Caffeine Content 

The analysis results in Table II. show that the lowest caffeine 
content was observed in the combination of Robusta coffee and 
medium roast (A1T2), with an average value of 104.22 µg/g. 
Conversely, the lowest caffeine content for Arabica coffee was 
found with light roast (A2T1), with an average value of 97.57 
µg/g. The study results indicate that as the roasting time 
increases, the caffeine content in coffee beans decreases. 

TABLE II.  THE RESULTS OF THE ANALYSIS ON THE EFFECT OF COFFEE 

TYPE AND ROASTING LEVEL ON CAFFEINE CONTENT (µG/G) 

COFFEE TYPE 
Roasting Level 

Light Roast 

(T1) 

Medium Roast 

(T2) 

Dark Roast 

(T3) 

Robusta coffee 

(A1) 

110,6 (a) 104,22 (a) 103,99 (a) 

A B B 

Arabica coffee 
(A2) 

97,57 (b) 99,39 (a) 97,59 (b) 

A A A 

Note: Numbers followed by the same letter show a significant difference in 
Duncan's test at the 5% level. Numbers followed by the same lowercase letters 
(in vertical alignment) indicate the simple effect of the coffee type factor at the 
same roasting level. Numbers followed by the same uppercase letters 
(horizontal) indicate the simple effect of the roasting level factor at the same 
coffee type level. 

The higher the temperature, the greater the decrease in 
caffeine content. This is because the internal cavities of the 
coffee beans expand, causing the caffeine crystals to separate 
from the beans during grinding and roasting [24]. Caffeine 
reduction also occurs as the beans reach higher levels of maturity 
due to the sublimation process of caffeine compounds. As the 
cavities in the coffee beans open, the caffeine is exposed to heat 
and begins to sublimate, meaning the longer the roasting time, 
the more caffeine sublimates in a linear relationship. 

C. Bulk Density 

The analysis results are in Table III. for the bulk density 
variable show that the combination of Robusta and Arabica 
coffee with light roast (A1T1, A2T1) tends to produce the best 
bulk density across the simple effects of coffee type at the same 
roasting level, as well as the simple effects of roasting level at 
the same coffee type level. The combination of Robusta and 
Arabica coffee with light roast yields the best average bulk 
density, at 0.373 g/ml (A1T1) and 0.360 g/ml (A2T1), 
respectively. 

 

 

 

 

TABLE III.  THE RESULTS OF THE ANALYSIS ON THE EFFECT OF COFFEE TYPE 

AND ROASTING LEVEL ON BULK DENSITY (G/ML) 

COFFEE TYPE 
Roasting Level 

Light Roast 

(T1) 

Medium Roast 

(T2) 
Dark Roast (T3) 

Robusta coffee 

(A1) 

0,373 (a) 0,325 (b) 0,331 (b) 

A B B 

Arabica coffee 

(A2) 

0,360 (a) 0,351 (a) 0,327 (a) 

A A B 

Note: Numbers followed by the same letter show a significant difference in 
Duncan's test at the 5% level. Numbers followed by the same lowercase letters 
(in vertical alignment) indicate the simple effect of the coffee type factor at the 
same roasting level. Numbers followed by the same uppercase letters 
(horizontal) indicate the simple effect of the roasting level factor at the same 
coffee type level. 

Bulk density is a variable used to determine the ratio of a 
material to the volume it occupies. Longer roasting times result 
in a decrease in bulk density. This reduction occurs because, 
during roasting, the coffee beans expand in volume, and water 
evaporation, along with other volatile compounds, reduces the 
weight of the roasted coffee [25]. 

D. Weight Beans 

The analysis results on the main effect of coffee type show 
that Robusta coffee (A1) and Arabica coffee (A2) tend to have 
the greatest influence on the bean weight variable. The coffee 
types exhibit different bean weights, with Robusta (A1) 
producing an average bean weight of 0.172 g, while Arabica 
(A2) yields an average bean weight of 0.158 g. 

The roasting process causes the compounds within the coffee 
beans to evaporate, which leads to changes in the yield. This 
evaporation of water and volatile compounds reduces the overall 
weight of the beans, affecting the final yield of roasted coffee 
[26]. Additionally, in terms of morphology, Robusta coffee 
beans (A1) are larger, which contributes to their greater bean 
weight. The choice of coffee type can be determined based on 
the growing environment and should align with the specific 
growing conditions required for each type of coffee. 

a.  

 

 

 

 

b.  

 

 

Fig. 2. The average values of the main effects on the observed variable of bean 
weight a) the use of naturally processed coffee, b) the use of different roasting 
levels. 



  

77 

 

The analysis of the main effect of roasting type shows that 
the light roast (T1) and medium roast (T2) treatments tend to 
have the best influence on the bean weight variable. The light 
roast (T1) yields an average bean weight of 0.172 g, while the 
medium roast (T2) produces an average bean weight of 0.167 g. 
As roasting time and temperature increase, the mass of the 
coffee beans decreases due to the evaporation of organic 
compounds. The temperature and roasting duration also affect 
the density of the coffee beans, which contributes to the 
reduction in bean mass.  

The roasting temperature and duration also influence the 
change in coffee bean weight, leading to a decrease in weight. 
During the roasting process, moisture content decreases as water 
evaporates due to the heat from the roaster walls. This 
evaporation process is known as hydrolysis. Thus, it can be 
concluded that the higher the roasting temperature, the more the 
coffee bean weight decreases, as water evaporates, and more 
volatile compounds are formed and released. 

IV. CONCLUSIONS 

Based on the research results, the conclusions are as follows: 
(1) The interaction between coffee type and roasting level has a 
very significant effect on caffeine content and bulk density, a 
significant effect on moisture content, but no significant effect 
on bean weight. The best treatments are Robusta coffee with 
medium roast and Arabica coffee with light roast; (2) The main 
effect of coffee type has a very significant effect on caffeine 
content and a significant effect on bean weight, but no 
significant effect on moisture content and bulk density. Both 
Robusta and Arabica coffee can be used as the best treatment; 
(3) The main effect of roasting level has a very significant effect 
on moisture content, caffeine content, and bulk density, and a 
significant effect on bean weight. The best treatments are light 
roast or medium roast. 
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