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ABSTRACT

Pemanfaatan mesin sangrai kopi tipe spouted bed di Indonesia masih sangat sedikit, sehingga data kopi
sangrai juga sangat terbatas. Tujuan dari penelitian ini untuk mengetahui pengaruh level sangrai menggunakan
spouted bed roaster terhadap sifat fisikokimia kopi robusta dan arabika Temanggung pada level sangrai light,
medium dan dark. Sifat fisikokimia yang diamati meliputi kadar air, warna, antioksidan dan kandungan kafein.
Penelitian ini menghasilkan bahwa kadar air kopi menurun seiring dengan meningkatnya tingkat sangrai, dimana
kadar air terendah terdapat pada robusta 1,18% dan arabika 1,27% pada level sangrai dark. Uji Warna
(Chromameter) menunjukkan nilai L* yaitu 30,07 (light), 26.20 (medium), dan 21,92 (dark) untuk kopi robusta
dan 28,80 (light), 25,10 (medium), dan 22,85 (dark) untuk kopi arabika. Nilai dari Browning Index (BI)
mempunyai pola mirip dengan nilai L*. Nilai antioksidan tertinggi yaitu level sangrai light baik untuk jenis kopi
robusta (12,65 MBHA/g) dan arabika (5,99 MBHA/g) Temanggung. Nilai antioksidan berbanding terbalik dengan
tingkat sangrai. Tingkat sangrai kopi berbanding lurus dengan kadar kafein dimana nilai tertinggi kadar kafein
terdapat pada level sangrai dark baik untuk kopi jenis robusta (1.61 + 0.02 g/100g d.b.) dan arabika (0,84 + 0,03
9/100g d.b.) Temanggung.

Kata kunci: arabika, kopi Temanggung, robusta, spouted bed, sangrai kopi
ABSTRACT

The use of spouted bed type coffee roasting machines in Indonesia is still very small, so data on roasting
coffee is also very limited. The aim of this research was to determine the effect of roasting level using a spouted
bed roaster on the physicochemical properties of Temanggung robusta and arabica coffee at light, medium and
dark roasting levels. The physicochemical properties observed included water content, colour, antioxidants, and
caffeine content. This research shows that the water content of coffee decreased as the roast level increased, where
the lowest water content was found in robusta 1.18% and Arabica 1.27% at the dark roast level. The colour
measurement (Chromameter) shows L* values, namely 30.07 (light), 26.20 (medium), and 21.92 (dark) for robusta
coffee and 28.80 (light), 25.10 (medium), and 22.85 (dark) for arabica coffee. The value of the Browning Index
(BI) had a pattern similar to the L* value. The highest antioxidant value was the light roast level for both Robusta
(12.65 MBHA/g) and Arabica (5.99 MBHA/g) Temanggung coffee types. The antioxidant value was inversely
proportional to the roast level. The level of coffee roasting was directly proportional to the caffeine content, where
the highest value of caffeine content was found at the dark roast level for both robusta (1.61 + 0.02 g/100g d.b.)
and arabica (0.84 + 0.03 g/100g d.b.) Temanggung coffee.

Keywords: arabica coffee, Temanggung coffee, robusta coffee, coffee roaster, spouted bed

INTRODUCTION

Coffee goes through a lengthy process before
it can be served in drinks. The process begins with
selecting the best coffee beans, followed by
processing, drying, hulling, storing, roasting,
grinding, and brewing. Each of these processes has a
significant impact on the quality of the coffee, as the
chemical components and physical characteristics are
influenced by several variables, such as the
environment, genetics, agronomic activities, and
post-harvest procedures (Haile and Hee Kang, 2020)

* Coressponding Author

Roasting is a crucial step in the development
of coffee aroma and also significantly affects the
active ingredient composition of coffee. Modern
coffee roasting technology is available in a wide
variety of models, with the drum roaster being the
most popular for both domestic and commercial use.
The drum roaster is a continuously revolving
horizontal cylinder that uses hot air to roast the coffee
beans placed inside it. The hot air is either rejected
through the center of the cylinder or through the
hollow sides to ensure the coffee beans are evenly
roasted (llze and Kruma, 2019; Setianto et al., 2023).
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A type of machine used for roasting coffee is
the fluidized bed model, which moves and heats the
floating beans simultaneously. High-speed hot air is
directed at the beans from the bottom of the roasting
machine to achieve fluidization of the beans. A
variant of the fluidized bed is the spouted bed, where
coffee beans are pushed up and thrown to the sides of
the roaster as hot air from below is driven through the
bed of the beans. Spouted beds offer benefits such as
easier manufacturing compared to fluidized beds, less
air consumption, lower fluidization velocities, and
high heat transfer rates (Clarke and Vitzthum, 2008).
However, the use of spouted bed roasting machines in
Indonesia is still very small, so data on roasted coffee
is also very limited.

The purpose of this study was to determine the
effect of roasting using a spouted bed roaster on the
physicochemical properties of Temanggung robusta

and arabica coffee.
MATERIALS AND METHODS

Materials

The robusta and arabica green beans used in
this study were obtained from the Temanggung
region of Central Java, Indonesia and dried naturally.

Methods
Roasting process

The coffee roasting process was carried out
using a spouted bed coffee roaster at CV. Giat Kopi,
Bogor, Indonesia. The roasting process involves three
levels: light (220-225°C), medium (230-235°C) and
dark (240-250°C). For each batch of coffee beans,
which weighs 2.5 kg, roasting tests are conducted. A
VSCLAB AR-09 module, which is connected to the
Artisan program on the PC was used for the data
acquisition from roasting machine. The VSCLAB
AR-09 is an interface for the Artisan Scope software
with a coffee roasting machine that functions to
display and record temperature in the coffee roasting
machine in the form of a temperature versus time
graph.

Water Content Measurement

Data were carried out in three repetitions (n =
3). The water content was calculated using the
equation (SNI 01-2891-1992):

w
Water content (%) = Wl x 100%

Where:
W = sample weight before drying (g)
wi = loss weight after drying (g)

Color Measurement

The instrument utilizes a color scale with three
parameters, L* (lightness), a* (red-green value), and
b* (yellow-blue value), using a Chromameter
(IMuminant D65, Cr-410, Minolta, Osaka, Japan) to
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display the test findings. In this study, only the
changes in L* values and browning index (BI) are the
focus of the discussion. Color measurements were
carried out on roasted coffee beans in five repetitions
(n =5). Browning index can be determined using the
following equation (Kim et al., 2019).

_ —0.31
Browning Index (BI) = ()_wao

_ ( a*+1.75L * 100
? = \5.645L » +a » —3.012b *)x

Antioxidant Measurement (DPPH)

Powder sample (0.5 g) was taken in 100 mL
Erlenmeyer Flask and extracted with 25 mL methanol
using shaker 190 rpm in room temperature for 6 hour.
The solution was filter in vaccum filter through
whatman filter paper no 41. The supernatant was
collected in brown bottle and stored at -20°C till
analysis (Tamilmani and Pandey, 2015). An aliquot
of sample (25 uL) was mixed in the 100 uL Tris HCI
(pH 7.4) and then added 125 pL DPPH in ethanol
(final concentration of 250 uM). The mixture was
shaken and incubate for 20 minutes in room
temperature at dark room. Sample was read using
absorbance 517 nm in ELISA Biotek SYNERGY
HTX Multi-Mode Reader. Standard is BHA (Stock
concentration of 5000 ppm). Range of BHA
concentration is 43.75-700 ppm (Yamaguchi et al.
1998). The data were expressed as M BHA/g coffee.
Data were carried out in two repetitions (n = 2).

Caffeine Measurement

Measured with HPLC instrument (model SPD
M20A (Shimadzu corporation), YMIC trial C18
column pore size 5u with internal diameter 4.6 mm
length 150 mm, ODS reverse phase, flowrate 1
mL/min, temperature column at 40°C, UV detector
set 275 nm, sample injection 10 uL and mobile phase:
methanol: water (40:60) both HPLC grade). The
conical flasks of 250 ml were filled with 0.3 g of
coffee powder samples. Additionally, 200 cc of
distilled water was added before the water bath was
heated to 100 °C for 30 minutes. It was cooled and
filtered through the Whatmann number 1 filter paper.
10 mL volumetric flasks were meticulously cleaned
and subsequently filled with 1 mL of filtrate. The
resulting solution was then appropriately diluted
using high-performance liquid chromatography
(HPLC) grade water. The sample was subsequently
filtered through a 0.2 um microfilter and transferred
into HPLC vials.

Serial dilutions of the stock solution with
HPLC grade water were produced using standards of
2, 4, 6, 8, and 10 ppm. The interpolation within the
regression equation of the best line of fit was used to
determine the caffeine content (ppm) of the individual
samples (Pokhrel et al., 2016). HPLC. Data were
carried out in three repetitions (n = 3).
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Statistical Analysis

The data were statistically evaluated by
analysis of variance (ANOVA). Every result was
presented as mean value and standard deviations. All
test procedures were made at significant level (p <
0.05).

RESULTS AND DISCUSSION

Water Content Measurement

In this research, the water content of
Temanggung robusta and arabica coffee beans before
roasting were 9.06 + 0.12 % and 9.06 + 0.08 %. The
graph showing the water content of roasted beans at
each level of roasting is presented in Figure 1.

The light roasting level has a significant
influence on water content (p<0.05) in both robusta
and arabica coffee varieties, whereas at the medium
and dark roasting levels, there is no significant
influence on the robusta and arabica coffee types. The
decrease in the water content of coffee during the
roasting process is caused by the mass transfer of
water from the coffee beans due to evaporation. In the
roasting process, heat is transferred from the air to the
material, which causes a change in the water phase
from liquid to gas due to the latent heat of
vaporization (Saloko et al., 2019). For comparison,
Johandri (2017) reports that the water content of
coffee roasted with a drum-type coffee roaster were
2.8%, 2%, 1.7%, and 1.4% for light roast, medium
roast, dark roast, and very dark roast, respectively.
The water content of the roasted coffee beans is in
accordance with SNI-01-3542-2004.

=
o
J

Water content (%)
o = N w ~ wv (o)} ~ (o] [(e]

Color Measurement

One of the factors influencing consumer
acceptance of a product is color. Figure 2 shows the
results of color measurements for Robusta and
Arabica Temanggung at green bean and light,
medium and dark roast levels. The roasting level
significantly influences the lightness of the same type
of coffee. The trend of L* (Lightness) values
decreases along with the increase in roasting levels in
Robusta and Arabica Temanggung roast beans
testing. These results are in accordance with research
conducted by Yeager et al. (2022) regarding the effect
of roast levels. Increased roasting levels cause a
decreased value of L*. According to Saloko et al.
(2019), the L* value will be lower with higher
temperature and longer roasting process. The color
changes occur due to the Maillard reaction caused by
a combination of temperature treatment and roasting
time. The Maillard reaction produces melanoidin,
which is characterized by a change in blackish-brown
color in roasting coffee beans, resulting in a decrease
in the L* value in roast coffee beans.

Figure 3. shows the browning index of
Robusta and Temanggung Arabica beans at light,
medium, and dark roast levels. The roasting level
significantly influences the browning index (BI) in
the same type of coffee. The highest browning index
value in Robusta coffee was found in the light roast
level (66.47 + 1.23), and as the roast level increases
the browning index value decreases, with medium
roast (50.68 + 1.01) and dark roast (29.98 + 1.37).
This pattern also applies to arabica coffee, where the
browning index values for light, medium, and dark
roast levels were 62.29 + 1.58, 48.00 £ 1.20 and 35.68
+ 1.27, respectively.

O Robusta

B Arabica

Greans Beans Light Roast

Roast level

Medium Roast

Dark Roast

Figure 1. The water content of green beans, light roast, medium roast and dark roast of Temanggung Robusta and

Arabica coffee.

Gambar 1. Kadar air pada biji kopi green bean, light roast, medium roast, dan dark roast pada kopi Robusta dan

Arabika Temanggung.
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Figure 2. The lightness (L*) of green beans, light roast, medium roast and dark roast of Temanggung Robusta and

Arabica coffee.

Gambar 2. Lightness (L*) kopi green beans, light roast, medium roast, dan dark roast pada kopi Robusta dan

Arabika Temanggung.
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Figure 3. Browning index of green beans, light roast, medium roast and dark roast of Temanggung Robusta and

Arabica coffee.

Gambar 3. Indeks pencoklatan biji kopi hijau, light roast, medium roast, dan dark roast pada kopi Robusta dan

Arabika Temanggung.

The changes in browning index show
similarity with color measurement using a
chromameter, where the changes are caused by
Maillard reactions resulting from a combination of
temperature and roasting time. The browning index
increases with longer roasting time but eventually
decreases after a certain duration (Alamri et al.,
2022).

Antioxidant DPPH

Chlorogenic acid, phenolic acid,
hydroxycinnamic acid, and other compounds are
antioxidants produced by coffee beans during the
Maillard reaction (Sunarharum et al., 2014). The
antioxidant of arabica green beans (25.14 + 0.16
MBHA/g) exhibited higher than robusta green beans
(24.15 + 0.20 M BHA/qg). The antioxidant value of
both roasted beans has the same trend, the highest
antioxidant content in roast beans was found in the
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light roast (5.99 + 0.18 M BHA/g for arabica and
12.65 + 0.92 MBHA/g for robusta), followed by
medium roasts (5.40 + 0.23 M BHA/qg for arabica and
11.39 + 1.15 M BHA/g for robusta) and dark roasts
(4.86 £ 0.21 M BHA/g for arabica and 7.53 + 0.37 M
BHA/g for robusta) can be description in figure 4. The
dark roasting level of robusta coffee has a significant
influence (p<0.05) on antioxidants, but it is not
significant for the light and medium roasting levels.
For arabica coffee, the roasting level does not have a
significant influence on antioxidants.

The antioxidant value declined with increasing
roasting level, according to an analysis of the DPPH
content of Commercial Arabica Coffee from local
market in Australia at 3 different roasting degrees, the
antioxidant content of DPPH at a light level was
148.55 mg TE/g, at a medium level was 147.86
mg/TE/g, and at a dark level was 143.32 mg TE/g
(Wu et al., 2022). A decrease in DPPH antioxidants
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was also shown during the roasting process of three
types of Arabica coffee, namely Cattimor, Cattura
and Bourbon. The amount of antioxidants in coffee
can be decreased by increasing roasting time
(Mestanza et al., 2023). The antioxidants of the
robusta are higher than arabica for each level roast.
The antioxidant content of DPPH coffee from
Vietnam's Lam Dong Province yielded a similar
result the highest DPPH antioxidant content was at
the medium level of robusta (296.7 ymol TE/g) and
the lowest at the dark level of arabica (176.4 pmol
TE/g) (Anh-Dao et al., 2022). In other studies, it was
also reported that the higher the roasting level, the
lower the antioxidant content of roasted coffee (Astuti
etal., 2023; llze & Kruma, 2019; Moon & Shibamoto,
2009). Increasing the level of roasting will affects
changes in the composition of some compounds and
will reduce the antioxidant activity of coffee. One of
the changes in chlorogenic acid is the antioxidant
activity during the roasting process (Pérez-Hernandez
et al., 2012). Although some antioxidants are formed
during the roasting process, some are lost naturally
resulting in a decrease in the main natural
antioxidants in coffee (Vignoli et al., 2014).

Caffeine Content

Caffeine exerts various physiological effects
on the human body, such as central nervous system
stimulation, elevation of blood pressure, increased
metabolic rate, and a diuretic effect (Higdon and Frei,
2006). Many variables influence the caffeine content
in coffee such as coffee variety, environmental
conditions, and cultivation practices (He¢imovi¢ et

30
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al., 2011). The results of measuring the caffeine
content of green beans and roasted beans from
Robusta and Arabica Temanggung at light, medium
and dark roast levels are shown in figure 5.

The dark roasting level of robusta coffee has a
significant influence (p<0.05) on caffeine content, but
it is not significant for the light and medium roasting
levels. For arabica coffee, the roasting level does not
have a significant influence on caffeine content. At
Robusta, the highest caffeine was found in the dark
roast (1.61 £ 0.02 g/100g d.h.), followed by medium
roasts (1.51 = 0.03 g/100g d.b.) and light roasts (1.50
+ 0.01 g/100g d.b.) for robusta. In Arabica, the same
pattern was found where the highest was dark roast
(0.84 £ 0.03 g/100g d.b.), then medium roast (0.81 +
0.004 g/100g d.b.) and light roast (0.79 £ 0.02 g/100g
d.b.).

The research by Grzelczyk et al. (2022)
likewise presents comparable findings. The caffeine
content in robusta is as follows green bean (21.9
0/100g d.b.), light roasted (21.00 g/100g d.b.), and
dark roasted (18.14 g/100g d.b.) The caffeine content
in Arabica coffee is as follows green bean (12.95
0/100g d.b.), light roasted (12.15 g/100 g d.b.) and
dark roasted (10.00 ¢/100 g d.b.). The roasting
process and level roast will increase the caffeine
content (Motora and Beyene, 2017; Vignoli et al.,
2011). This increase can occur due to the degradation
of other components such as liquid substances and
acids, leading to an increased percentage of non-
liquid substances such as caffeine, minerals, and fats
in coffee (Aghanuri et al., 2016; Sukarno Putra and
Khathir, 2017). The caffeine content of the roasted
coffee beans is in accordance with SNI-01-3542-2004

B Robusta

B Arabica

10
5
Greans Beans Light Roast Medium Roast Dark Roast
Roast level

Figure 4. The antioxidants of green beans, light roast, medium roast and dark roast of Temanggung Robusta and

Arabica coffee.

Gambar 4. Kandungan antioksidan pada biji kopi hijau, light roast, medium roast, dan dark roast pada kopi

Robusta dan Arabika Temanggung.
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Figure 5. Caffeine content in green beans and each roasted beans of Temanggung Robusta and Arabica coffee
Gambar 5. Kandungan kafein pada green bean dan masing-masing biji sangrai kopi Robusta dan Arabika

Temanggung
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The research showed that the water content of
coffee decreases as the roasting level increases. Color
measurements showed that brightness (L*) and
browning index (BI) followed similar patterns, with
higher roasting levels corresponding to lower L*
values and BIl. Antioxidants in roasted beans were
inversely proportional to roasting degree. For caffeine
content, on the other hand, the degree of roasting was
directly proportional to the caffeine content of the
coffee beans. These results indicate that roasting
using a spouted bed roasting machine has a direct
impact on the physicochemical attributes of
Temanggung robusta and arabica coffee.

Recommendations

Further research needs to be carried out
regarding the effect of roasting other single origin
coffees in Indonesia using a spouted bed roasting
machine on physical and chemical parameters as well
as carrying out organoleptic tests on the roasted
coffee.
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