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OPTIMIZATION OF BREWING TIME AND TEMPERATURE FOR CAFFEINE
AND TANNIN LEVELS IN DAMPIT COFFEE LEAF TEA OF ROBUSTA (COFFEA
CANEPHORA) AND LIBERICA (COFFEA LIBERICA)
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Kiki Fibrianto
ABSTRACT
Coffee constitutes a plant product high in economic value. Extremely abundant throughout Indonesia, different varieties
can be found in each region. Coffee leaves represent a by-product of coffee production which are disposed of without being
subjected to further processing. One advantage of coffee leaf waste is that it can be made into coffee leaf tea, to prevent
various diseases. The caffeine and tannin content can be optimized by temperature and brewing time. Research on coffee
leaf tea remains limited, with little study of Liberica coffee leaf tea. This investigation was to determine the optimal
brewing time and temperature of Robusta (Coffea canephora) and Liberica (Coffea liberica) coffee leaf tea. This research
used the Response Surface Methodology (RSM) method with Central Composite Design (CCD). Data analysis using RSM
method was conducted incorporating two factors. The first factor was the brewing temperature with a minimum value of
91 °C and a maximum value of 99 °C. The second factor was brewing time with minimum and maximum values of three
and seven minutes respectively. Identifying the optimal treatment was based on two factors, caffeine and tannin content.
Optimized processes were applied to conduct organoleptic tests on 110 untrained panelists using the Rate-All-That-Apply
(RATA) method to highlight the majority attributes experienced by the panelists. The optimal brewing temperature and
duration for robusta coffee leaf tea were 93.43 °C and 4.80 minutes which produced caffeine and tannin levels of
74.90 mg.100mL-1 and 293.01 µg.g-1 respectively. In contrast, in the case of Liberica coffee leaf tea, the optimal brewing
conditions comprised a temperature of 91.65 °C and duration of 4.84 minutes which produced caffeine and tannin levels of
72.52 mg.100mL-1 and 415.87 µg.g-1. Results of sensory analysis showed that the majority produced five significant
characteristics, namely: sweet flavor, fire flavor, sweet taste, bitter taste and astringent mouthfeel.
Keywords: caffeine; tannin; Robusta; Liberica; coffee leaf tea
which the seedling area covered 6 ha, the productive plant
area 2,965 ha and the mature plant area 372 ha. In
Indonesia, several varities of coffee have been developed,
for example, Arabica, Robusta and Liberica. The two
former types contain high levels of active compounds such
as quilonic acid, pirogalic acid and, particularly, caffeine
(Ciptaningsih, 2012).
For farmers, the only productive part of coffee plants is
their beans which can be processed into drinks or food
additives. Being considered waste, coffee plant parts such
as the leaves are pruned and disgarded. The purpose of
pruning is, among other reasons, to improve the quality of
coffee, reduce pest attacks and stimulate new growth
(Arief et al., 2011). Therefore, rather than discarding the
coffee leaves, it is necessary to make further use of them in
order to maximise coffee farmer income.
Coffee leaves are as delicious as coffee beans and in an
example of product diversification, can substitute for tea
leaves in the manufacture of tea drinks. Tea itself is a very

INTRODUCTION
Coffee represents an extremely abundant plant
commodity which can potentially be developed into an
increasing source of income for Indonesia. The economic
value of coffee is relatively high compared to that of other
plantation crops. Moreover, its role as a major source of
national income is based on its abundance and range of
varieties in each region. According to statistics produced
by the General Directorate of Plantations (2016), in
2017 plantations in Indonesia occupied an estimated area
of 1,227,787 hectares capable of producing 637,539 tons
of coffee. The coffee plantations listed in the statistics
include those in the community, state and private sectors.
Dampit in East Java, at an altitude of 300 – 460m above
sea level, is a renowned coffee producing area (Malang
Electronic Data Manager, 2014). According to the
Central Statistics Agency of Malang Regency (2018),
the total coffee production of the Dampit Subdistrict was
2,387 tons from a total cultivated area of 3,373 ha, within
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common everyday drink that represents the second most
consumed beverage after water (Damayanthi et al., 2008).
Tea is made from steeping Camellia sinensis leaves which
have a distinctive flavor and aroma much appreciated by
consumers. However, tea can also be made from other
plant parts such as rosella flowers, lemongrass stems,
soursop leaves, avocado leaves and coffee leaves. This
drink is commonly called herbal tea or tisane (Somantri
and Tanti, 2011).
At present, coffee leaf tea is relatively unknown, whereas
in Sumatra, coffee leaves are used to produce a drink
commonly referred to as "Aia Kawa", believed to contain
alkaloids, caffeine, saponins, flavonoids and polyphenols
that prevent various diseases (Pristiana, Susanti and
Nurwantoro, 2017). The caffeine content in coffee leaf
drink is lower than that of coffee beans, rendering it an
alternative for producers and individuals who want an
affordable soft caffeinated drink. Moreover, tea contains
tannin compounds and polyphenol, the latter of which
functions as an antioxidant. Elements within coffee leaf tea
such as caffeine and tannin are beneficial to the body, but
must be optimized in order to maximize their positive
effects.
Optimizing the beneficial contents of coffee leaf tea drink
such as caffeine and tannin can be achieved based on the
temperature and duration of brewing. According to
Schwalfenberg, Genuis and Rodushkin (2013), both the
beneficial and harmful effects of tea depend on the manner
in which it is brewed. The longer the tea is soaked, the
more caffeine will be extracted, resulting in oxidation.
Several previous studies, such as that conducted by
Retnaningtyas et al. (2016), have been limited to the use
of Arabica and Robusta coffee leaves, while ones relating
to Liberica remain rare. Furthermore, caffeine and tannin
are yet to be extensively studied. Therefore, it is necessary
to conduct research to optimize caffeine and tannin levels
within the parameters of brewing temperature and
duration. Moreover, such research should be conducted to
determine consumer sensory responses to coffee leaf tea
characteristics. Sensory responses are required because
caffeine and tannin are compounds that contribute to the
flavor of the tea. There would be differences between
Robusta and Liberica Coffee leaves tea in terms of
caffeine and tannin contents due to different brewing
temperature and duration. Thus it may change perceived
sensory attributes as well.
This research was aimed to provide information and
recommendations to agencies with links to agricultural
product development, especially coffee farmers, in order to
promote greater use of coffee leaves in tea drinks as part of
a food diversification program.

calcium carbonate, chloroform, distilled water, methanol,
folin ciocalteau, Na2CO3, tannic acid and caffeic acid. The
materials employed for organoleptic testing included
mineral water and biscuits as palate cleansers. Dampit
region is located in East Java, at an altitude of 300 – 460 m
above sea level, is a renowned coffee producing area
(Malang Electronic Data Manager, 2014). The period of
the harvest is every 4 to 6 months in every year.

Method
The raw materials used in this study were fresh Dampit
old Robusta and Liberica coffee leaves. Fresh coffee
leaves from older mature leaves were washed and then cut
into small pieces. After being reduced in size, the coffee
leaves were dried in an oven for three hours at
a temperature of 90 °C. The dried coffee leaves were
subsequently blended to produce coffee leaf powder. The
characteristics of the raw materials analysed in this study
were used to determine their chemical content consisting
of fresh coffee leaves and coffee leaf powder. The
chemical parameters adopted for the analysis of raw
materials included water content, caffeine content and
tannin content.
The methodology applied in undertaking this study was
experimental in character, combining Surface Response
Method (RSM) and Rate All That Applied (RATA) data.
Application of the RSM method involved an optimization
process incorporating the Center Composite design
available in the Design Expert DX 9 application (StatEase, Inc.) (Maharjan et al., 2014; Montgomery, 2001;
Montgomery, 2016). Chemical analysis related to
optimization was conducted based on run provided by the
software. The optimization process was conducted with
three center points or repetitions to obtain 13 runs or
experimental treatments, during which the caffeine and
tannin levels were analyzed. The research factors applied
were those of temperature and duration of the brewing
process. The RSM method produced optimization data
subsequently subjected to sensory analysis using the
RATA method. A CATA evaluation of the product was
conducted to determine the sensory attributes present in
coffee leaf tea. As shown from the contents of Table 1,
panelists were requested to complete the questionnaire by
indicating the attributes they experienced when tasting the
sample.
For sensory evaluation, the sensory evaluation based on
consumer perception was conducted following RATA
(Rate All That Apply) method. This experiment was
observed according to Completely Randomized Block
Design and the data was further analysed on Minitab
17 (Minitab, LLC, Pty Ltd, Australia) with General Linear
Model (GLM) followed by Tukey Post-hoc Test.
The questionnaire results relating to the most prominent
sensory attributes were further tested using the RATA
method. The panelists were asked to complete the
questionnaire by assigning ratings to the strength or
dominance of the sensory attributes in the sample.

Scientific hypothesis
Temperature and brewing time optimization have an
influence on caffeine and tannin levels as well as sensory
attributes on Robusta and Liberica coffee leaf tea Dampit.

MATERIAL AND METHODOLOGY
Materials

Data Observation and Analysis

The raw materials used in this study consisted of Robusta
and Liberica coffee leaves obtained form the Dampit
region of East Java. The testing materials comprised
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and tannin was further analyzed by observing sensory
properties using the RATA method.

Linear Model and Fisher's Post-hoc test using the Minitab
17 software.

Caffeine Analysis

RESULTS AND DISCUSSION
Characteristics of Raw Materials

Caffeine analysis was completed using the
spectrophotometric method (Maramis, Citraningtyas and
Wehantouw, 2013) which involved adding the sample to
hot distilled water, agitating and filtering the resulting
liquid prior to adding it to CaCO3 (calcium carbonate). The
coffee solution was placed in a separating funnel and
extracted four times, with chloroform being added on each
occasion. A bottom layer would be formed that could be
removed, with the extract (chloroform phase) subsequently
being placed in a rotary evaporator until all the chloroform
had evaporated. The solvent-free caffeine extract was
deposited in a measuring flask, diluted with distilled water
and homogenized. The caffeine level was quantified by
means of a UV-VIS spectrophotometer at a wavelength of
275 nm. The results having been obtained, a standard
curve representing standard caffeine solution as the
equation was y = ax + b and resulted correlation
coefficient value in each equation.

Chemical characteristics of raw materials including the
analysis of moisture content, caffeine and tannin content
are shown in Table 2.
The contents of Table 2 indicated that the water content
contained in fresh Robusta coffee leaves was 75.89%,
while that of fresh Liberica coffee leaves was 72.93%.
According to Angga et al. (2018), the water content of old
tea leaves was approximately 70%. Moreover, research
conducted by Kristiningrum, Cahyanti and Wulandari
in 2016 into Jember Arabica and Robusta coffee leaves
indicated that old coffee leaves had a moisture content of
75.79 – 82.82%. The moisture content of Robusta coffee
leaf powder was 6.84%, while that of Liberica was 5.5%.
The criterion of good tea quality is a maximum moisture
content of 10% (Čížková et al., 2008). The drying process
can reduce the moisture content of fresh coffee leaves by
approximately 60 – 70% (Deb and Pou, 2016).
The caffeine level in fresh coffee leaves was higher than
the level of caffeine in dried coffee leaf powder. The
caffeine content of fresh robusta leaves was 0.63%, while
that of the powder was 0.23%. The caffeine content of
fresh Liberica leaves was 0.43% and the powdered
caffeine level was 0.36%. According to the literature, the
caffeine content of coffee leaves is relatively low
compared to that of coffee beans which is 1.6 – 2.4%
(Khotimah, 2014). The amount of caffeine in coffee
leaves can vary and is influenced by the cultivation area,
growth conditions, environment, season, leaf age and
specific production system (Heckman, Weil and
Gonzales de Mejia, 2010).
The tannin content of fresh coffee leaves was higher than
the that of dried coffee leaf powder. The tannin content of
fresh robusta leaves was 19.24%, while that of the leaf
powder was 12.27%. The tannin content of fresh liberica
leaves was 18.38%, while that of leaf powder was 13.83%.
The literature on the subject states that tea leaves contain
numerous tannin compounds amounting to 13.76%. These
affect both astringence and bitter taste, but both decrease
after processing (Karori et al., 2007).

Tannin Analysis
Tannin
analysis
was
performed
using
a spectrophotometric method (de Godoy Pelozo,
Carvalho Cardoso and Palazzo de Mello, 2008). The
sample was extracted using methanol and the levels
measured using a folin ciocalteu reagent that formed
a complex with tannin producing a dark green blue color.
Color intensity was measured using a spectrophotometer at
a wavelength of 755 nm. The tannin concentration was
quantified by comparing the sample with a standard tanic
acid curve.

Sensory Response Analysis using the RATA
Method
Sensory response analysis of coffee leaf tea was
performed employing the RATA method. Conducting the
test involved 110 untrained panelists, aged 18 – 29, drawn
from the surrrounding areas of Universitas Brawijaya
(Malang). The specified age range was selected because
the older the panelists, the less acute their sense of taste
(Mojet, Heidema and Christ-Hazelhof, 2003). Sensory
testing was performed by completing a questionnaire
containing a combination of open and closed questions.
The open questions related to the identity of panelists,
while the closed questions were designed to elicit their
opinions of with regard to the intensity of the perceived
attributes of the sample. The resulting data was then
recapitulated, processed and analyzed using Minitab to
determine the significance of the sensory attributes of the
sample. Each rating was scored, followed by the
administering of an ANOVA test and a Fischer test.

Optimization of Caffeine and Tannin Content of
Robusta Coffee Leaf Tea
Optimization of Robusta coffee leaf tea was conducted
using the variables of brewing temperature and brewing
time. This approach was in accordance with the
experimental design of Design Expert 9.0 using Response
Surface Methodology (RSM). The observed responses
consisted of the caffeine and tannin levels.
The results of the study of the relationship between
brewing temperature and duration and the levels of
caffeine and tannin are contained in Table 3.
Analysis of the 13 treatment combinations indicated that
the response value of caffeine content tended to be low,
namely; 67.85 mg.100mL-1, when produced by a brewing
process at a temperature of 89.34 °C and of five minutes’
duration. The response value of the caffeine level tended to
be high at 83.03 mg.100mL-1 which occured in the

Statistical analysis
The optimization method used is the Response Surface
Method (RSM) method. The RSM methods use a Center
Composite Design (CCD) by Design Expert 9 (DX 9)
software. Whereas the sensory test uses the Rate-All-ThatApply (RATA) method which is analyzed by the General
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brewing process at a temperature of 99 °C and duration of
seven minutes. According to the research conducted by
Putri and Ulfin (2015), caffeine content is influenced by
the extraction conditions, namely; temperature and
extraction duration. The highest caffeine level is found in
the temperature of 100 °C. In addition, a longer extraction
time can increase the caffeine level in tea. Caffeine is
a compound that dissolves readily in hot water. At
a temperature of 25 °C its solubility is 2.17 g.100mL-1,
while at 80 °C the solubility is 18 g.100mL-1, and at
100 °C, the solubility is 67 g.100mL-1(Mumin et al.,
2006).
The tannin level with a high tendency value of
314.857 µg.g-1 resulted from a brewing process at
a temperature of 95 °C and of five minutes’ duration.
Meanwhile, tannin content with a value as low as
225.77 µg.g-1 was obtained at a brewing temperature of
89.33 °C and a brewing time of five minutes. According to
de Hoyos-Martínez et al. (2019), all forms of tannin
dissolve in water, methanol, ethanol and acetone,
demonstrating a high level of solubility that increases
when dissolved in hot water. Tannin will break down into
pyrogallol, pyrocatechol and phloroglucinol when heated
to temperatures of 2,100 F – 2,150 F (98.89 °C –
101.67 °C).
Statistical analysis has demonstrated that increased
caffeine content is affected by both the brewing
temperature and brewing time. These factors have
a significant effect on caffeine content where the higher
the linear temperature, the higher the resulting level of
caffeine.
Moreover, the higher the water temperature in the
brewing process, the greater the ability of water to extract
the chemical content of tea and the longer the brewing
time. The latter will affect the level of dissolved
ingredients, color intensity and aroma. Increasing the
brewing time will lengthen the contact time between the
hot water and tea, thereby rendering the extraction process
more effective (Saklar et al., 2015).

of 0 – 1, where the higher the value indicated the more
suitable the combination of process parameters obtained to
achieve the optimal combination with the desired response
variable (Melati, 2012). The recommended optimal
processing point in terms of brewing temperature was
93.43 °C and of cooking time was 4.80 minutes. The
predicted caffeine content following the brewing process
was 74.90 mg.100mL-1, while that of tannin was
293.01 µg.g-1.

Optimization of Liberica Coffee Leaf Tea Caffeine
and Tanin Content
Optimization of Liberica coffee leaf tea was carried out
using variables in the form of brewing temperature and
time and in accordance with the experimental design by
Design Expert 9.0 using Response Surface Methodology
(RSM). The observed responses were caffeine and tannin
content. The results of the study of the relationship
between brewing temperature and brewing time and
caffeine and tannin content can be seen in Table 6.
The optimized caffeine content response represented the
amount of caffeine contained in 100 mL of steeped
Liberica coffee leaf tea. Based on the analysis of
13 treatment combinations, the response value of caffeine
content, which tended to be low at 61.68 mg.100mL-1, was
produced by brewing for three minutes at a temperature of
91 °C. The response value of caffeine content which
tended to be high at 91.83 mg.100mL-1 resulted from
brewing at a temperature of 100.66 °C for five minutes.
The result showed that the highest caffeine content was
found following the longest time again range at 100 °C.
The tannin content which had a high tendency value was
464.99 µg.g-1 obtained during a brewing process at
temperature of 95 °C and of five minutes’ duration. Tannin
content tended to have a value as low as 280.57 µg.g-1
obtained at a brewing temperature of 99 °C and a brewing
time of three minutes.
Statistical analysis indicated that brewing temperature
and time exert a significant influence on caffeine content.

Optimization of Brewing Temperature and Time of
Robusta Coffee Leaf Tea and Desired Responses
Solution for optimal process based on Design Expert 9.0
application was obtained by determining the desired
variable and response criteria and can be seen in Table 4.
In Table 4, the variable criteria for brewing temperature
and brewing time chosen were within a specific range.
This was because it was expected that the brewing process
would be carried out at a temperature and duration
between the specified upper and lower limits. In the
caffeine content response variable, the selected criteria
chosen was that of minimize, because the desired caffeine
content was the lowest, thereby rendering it safe for
consumption by individuals sensitive to caffeine.
In contrast, the response of the desired tannin content was
maximum because to maximize its functional properties
such as astringent and antibacterial activity. Based on
these criteria, the Design Expert program provides an
optimization solution that can be seen in Table 5.
The data in Table 5 indicates that the solution provided
by the program had a desirability level of 0.64 or a level of
accuracy of the predicted value with an optimization value
of 0.64. The desirability value was indicated by the value
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Optimization of Temperature and Time of Liberica
Coffee Leaf Tea and Desired Response
The solution for optimal processes based on Design
Expert 9.0 application is obtained by determining the
desired variable and response criteria as shown in Table 7.
In Table 7, the variable criteria for the brewing
temperature and brewing time chosen were in a range. This
was due to the expectation that the brewing process would
be carried out at a temperature and duration between the
specified upper and lower limits. In the caffeine content
response variable, the criteria chosen was ‘minimize’,
because the desired caffeine content was the lowest.
Therefore, it was safe for consumption by those sensitive
to caffeine. In contrast, the response to the desired tannin
content was ‘maximum’, due to the optimizing of its
functional properties. Based on these criteria, the Design
Expert program produced an optimization solution that is
contained in Table 8. The solution provided by the
program quantified desirability as 0.69. In other words, the
level of accuracy of the predicted optimization value was
one of 0.69.
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Table 1 Sensory Attributes.
Attributes
Odor
Green
Floral
Spicy
Fruity
Marine
Gouda
Sweet
Fire
Minerals
Earth
Wood
Taste
Sweet
Sour
Bitter
Flavor
Green
Floral
Spicy
Fruity
Marine
Gouda
Sweet
Fire
Minerals
Earth
Wood
Mouthfeel
Astringent
Oily
Table 2 Raw Material Analysis Data.
Parameters
Leaf*
Moisture Content (%)
75.89
Caffeine Content (%)
0.63
Tannin Content (%)
19.24

Description
Resembling leaves, vegetables or herbal plants
Reminiscent of jasmine and rose petals
Possessing the aroma of cloves, pepper or ginger
Similar to the odor of apples, melons, berries
Resembling seaweed
Nuts, for example almonds and peanuts
Sweet like honey, sugar or caramel
Burning like ash or smoke
Reminiscent of minerals such as metal or chalk
Resembling the odor of soil, moss or compost
Reminiscent of timber such as pine or oak
Sweet taste
Sour taste
Bitter taste
Resembling leaves, vegetables or herbal plants
Similar to the flavor of jasmine and rose flowers
Spices such as clove, pepper, or ginger
Fruits like apples, melons, berries
Resembling sea angina or seaweed
Nuts like almonds, peanuts
Sweet like honey, sugar, or caramel
Burnt flavors such as ash or smoke
Resembling minerals like metal or chalk
Resembling soil, moss, or compost
Resembling timber such as pine, oak
Dry and slightly viscous sensation in the mouth
Oily sensation in the mouth

Robusta

Liberica
Powder*
6.84
0.23
12.27

Table 3 Research Data on Robusta Coffee Leaf Tea.
Factor 1
Factor 2
A:Brewing
B:Brewing Duration
Std.
“Run”
Temperature
°C
minute
13
1
95
5
8
2
95
7.83
1
3
91
3
5
4
89.34
5
6
5
100.66
5
9
6
95
5
2
7
99
3
3
8
91
7
12
9
95
5
7
10
95
2.17
4
11
99
7
10
12
95
5
11
13
95
5
13
1
95
5
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Leaf
72.93
0.43
18.38

Powder
5.5
0.36
13.83

Response 1
Caffeine Content

Response 2
Tannin Content

mg.100mL-1
76.55
78.68
74.2
67.85
81.1
76.98
80.2
75.7
76.93
70.93
83.03
77.15
77.3
76.55

µg.g-1
290.70
285.77
231.22
225.77
254.34
297.71
241.61
265.51
314.86
262.13
281.61
305.51
304.21
290.70
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Table 4 Criteria for Variables and Desired Responses.
Name
Goal

Limit

Limit

Importance

Brewing Temperature

within range

91

99

3

Brewing Time

within range

3

7

3

Caffeine Content

minimize

67.85

83.03

3

Tannin content

maximize

225.77

314.86

3

Table 5 Robusta Coffee Leaf Tea Optimal Temperature Point and Brewing Time.
No.
Brewing
Brewing Time
Caffeine
Tannin
Temperature
Content
Content
1
93.43
4.80
74.90
293.01
Table 6 Research Data on Liberica Coffee Leaf Tea.
Factor 1
Factor 2
A:Brewing
B:Brewing Duration
Std.
“R”
Temperature
°C
minute
13
1
95
5
8
2
95
7.83
1
3
91
3
5
4
89.34
5
6
5
100.66
5
9
6
95
5
2
7
99
3
3
8
91
7
12
9
95
5
7
10
95
2.17
4
11
99
7
10
12
95
5
11
13
95
5
13
1
95
5
Table 7 Criteria for Variables and Desired Responses.
Name
Goal

Desirability
0.64

Selected

Response 1
Caffeine Content

Response 2
Tannin Content

mg.100mL-1
80.08
83.5
61.68
71.98
91.83
81.08
86.55
75.18
79.95
76.65
80.31
79.45
80.23
80.08

µg.g-1
446.29
388.36
320.57
376.68
320.57
399.01
280.57
392.52
398.23
290.44
345.25
455.64
464.99
446.29

Limit

Limit

Importance

A:Brewing Temperature

is in range

91

99

3

B: Brewing Time

is in range

3

7

3

Caffeine Content
Tannin Content

minimize
maximize

61.68
280.57

91.83
464.99

3
3

Table 8 Liberica Coffee Leaf Tea Optimal Temperature Point and Brewing Time.
No.
Brewing
Brewing Time
Caffeine
Tannin
Temperature
Content
Content
1
91.65
4.84
72.52
415.87
Desirability value was indicated by a value between 0
and 1, where the higher the value the greater the suitability
of the combination of process parameters obtained to
achieving the optimal combination with the desired
response variable (Melati, 2012). The recommended
optimal processing point was 91.65 °C for brewing
temperature and 4.84 minutes for cooking time. The
prediction result of caffeine content obtained from the
brewing process was equal to 72.52 mg.100mL-1 with
a tannin content of 415.87 µg.g-1.
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Desirability
0.69

Selected

Sensory Characterization of Coffee Leaf Tea
Panelist Profiles
The panelists involved in testing the sensory
characteristics of coffee leaf tea were untrained individuals
of average intelligence who had not been formally trained,
but were capable of differentiating and communicating the
reactions resulting from orgnoleptic assessment
(Ayustaningwarno, 2014). The 110 participating panelists
were composed of 24 males and 86 females as shown in
Table 9.
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The age range of panelists in this study was one of
18 – 29 years. Based on research conducted by Hanspal
(2010), tea is most popular among consumers within the
18 to 36 years age range. Significantly, the declining sense
of taste of panelists will compromise their ability to
differentiate between flavours from the age of 45 (Choi,
2019).

for each sensor attribute. The RATA method requires
panelists to select the intensity of sensory attributes of the
product. Response boxes and can be left blank if no
attributes are detected in the product (Ares et al., 2014).
The intensity used to describe the sensory attributes in the
questionnaire ranged from numbers 1 – 5. Attribute
number 1 represents ‘Very lacking’, number 2 ‘Lacking’,
number 3 ‘Moderate’, number 4 ‘High’ and number 5
‘Very high’. After completion of the questionnaire,
panelist responses to coffee leaf tea were presented in
a spider chart contained in Figure 1. The responses
represented the average intensity of the sensory attributes
from 110 panelists.

Sensory Attribute Characterization of Robusta
and Liberica Coffee Leaf Teas Using the RATA
(Rate-All-That-Apply) Method
The measuring of sensory attributes used the RATA
sensory evaluation method (Rate-All-That-Apply). This
represents a sensory evaluation method utilizing
a questionnaire instrument in which there are intensities

Table 9 RATA Sensory Panelist Profile Analysis of Coffee Leaf Tea.
No.
Item
Item Options
1.

2.

Sex

Age

Number of People

a. Male (M)

24

b. Female (F)

86

a. 18 – 21 (Late teen)

53

b. 22 – 29 (Early adulthood)

57

Table 10 Sensory Attributes of Coffee Leaf Tea Resulting from Different Leaf Types.
Attributes
p-value
(Coffee Leaf Type)
Sweet Flavor

0.005

Fire Flavor

0.001

Sweet taste

0.000

Bitter Taste

0.000

Figure 1 Average Response of the Intensity of Robusta and Liberica Coffee Leaf Tea Sensory Attributes.
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In addition, research undertaken by Angga et al. (2018)
found five aromatic compounds burning in coffee leaves,
namely: 2-furanmethanol, safranal, benzeneethanol (CAS),
guaiacol and 3,5-cocoa pyrazine.
Liberica coffee leaves had a more fire flavor because it
contained more safranal, guaiacol, coumarone and
coumarine than Robusta leaves.

Panelist Responses to Coffee Leaf Tea Sensory
Attributes to Leaf Types
This study used samples of Robusta and Liberica coffee
leaves brewed in accordance with the optimal brewing
process solution obtained from the Design Expert
application. Robusta coffee leaves were brewed at
93.43 °C for 4.80 minutes. In contrast, the Liberica coffee
leaves were brewed at a temperature of 91.65 °C for
4.84 minutes. After sensory evaluation, the data was
processed using ANOVA test on Minitab 17 software. The
results of the p-value analysis of sensory attributes that
differed significantly according to the specific variety of
coffee leaves can be seen in Table 10.
Data analysis of p-value variance for the sensory
attributes of the different types of Robusta and Liberica
coffee leaves confirmed the existence of five significantly
different sensory attributes (p-value <0.05), namely: sweet
flavor, fire flavor, sweet taste, bitter taste and astringent.
The results were significantly different indicating that the
panelists experienced a difference in the intensity of the
sensory attributes of coffee leaf tea present in the different
types of coffee leaves. The analysis results were
subsequently subjected to Fisher tests of significantly
different sensory attributes.

Sweet taste
Sweet taste is caused by aliphatic organic compounds
containing hydroxy groups (OH), several amino acids,
aldehydes and glycerol which are commonly found in food
containing simple carbohydrates (Diez-Simon, Mumm
and Hall, 2019).
The results of ANOVA analysis of sweet taste response
to the differences in the types of coffee leaves varied
significantly. It can be concluded that the sweet taste
attribute will become stronger when approaching number 5
and weaker when approaching number 0. The contrasting
notation in each sample shows it to be significantly
different. Sweet taste is often associated with aldehydes
and ketones which contain carbonyl groups (Chang,
Waters and Liman, 2010). According to research
conducted by Angga et al. (2018), coffee leaves contain
15 aldehyde group compounds, six alcohol group
compounds and four ketone group compounds.
Furthermore,
sweet
taste
is
also
considered
a pleasant sensation produced by the presence of sugar and
several other substances. Liberica coffee leaves had
a sweeter taste because it contained more aldehyde and
ketone than Robusta leaves.

Sweet Flavor
Sweet flavor is a flavor often associated with the
impression of sweetness in items such as fruits and
flowers. Sweet Flavor is also considered to be contained in
sugar, honey, or caramel (Lee and Chambers, 2007). The
ANOVA test result indicated that the variance in
sweetness in the different types of coffee leaves differed
significantly. It can be concluded that the sweet flavor
attribute will become stronger when approaching number 5
and weaker when approaching number 0. The different
notation in each sample shows them to be significantly
different. Sweet flavor in steeped tea leaves can be
contributed to by simple sugars contained in coffee leaves
such as glucose, sucrose, fructose, and various volatile
compounds such as linalool, dihydroactinidiolide,
coumarin, and phytol (Lee, Chambers and Chambers,
2013). Compounds that also contribute to sweet flavor,
include: nerol, phenylacetaldehyde, 5-octanolide, menalool
oxide and geraniol (Yashin et al., 2015). Liberica coffee
leaves had a sweeter flavor because it contained more
glucose, sucrose, fructose, and various volatile compounds
than Robusta leaves.

Bitter Taste
Bitter taste is caused by the presence of phenol
compounds, flavonoids, isoflavones, terpenes and
glucosinolates which exude a bitter, sharp or astringent
odor (Drewnowski and Gomez-Cameron, 2000). The
results of ANOVA analysis of bitter taste response to the
differences in the types of coffee leaves varied
significantly. It can be concluded that the bitter taste
attribute will strengthen when approaching number 5 and
weaken when approaching number 0. The contrasting
notation in each sample showed that it was significantly
different. Liberica coffee leaves had a much more bitter
taste in the ratings because it contained more flavonoid
and tannin than Robusta leaves.
Compounds that contribute to bitter taste in tea are
phenolic compounds such as flavonoids (quercetin),
flavans (catechins, epicatechin and epicatechin gallate,
epigalocatechingallate). High levels of flavonoid and
tannin in tea contribute to an increase in the bitter taste of
tea (Mahmood, Akhtar and Khan, 2010).

Fire Flavor
Fire flavor is associated with the aroma of soil, ash,
roasted pepper, coffee and smoke, in addition to heat in the
throat (Kim, Lee and Kim, 2016). ANOVA analysis of
fire flavor response in the various types of coffee leaves
indicated significant differences. It can be concluded that
the fire flavor attribute strengthens when approaching
number 5 and weakens when approaching 0. The different
notation in each sample shows it to be significantly
different. Fire flavor in steeped tea leaves can be
contributed to by 1-ethyl-1H-pyrrole-2-carboxaldehyde,
3-ethyl-4-methyl-1H-pyrrole-2,5-dione, 3-ethyl-3-methyl2,5- pyrrolidinedione, coumarone, and coumarine (Yashin
et al., 2015).
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Astringent Mouthfeel
Mouthfeel is a physical sensation in the oral cavity
caused by food or drink but which differs from taste
(Mouritsen and Styrbæk, 2017). Astringency constitutes
dryness in the mouth and a slight sensation of stickiness
caused by the presence of astringent substances in plants
(in the form of leaves, flowers and fruit) that are not yet
ripe (Laaksonen, 2011). Rossetti et al. (2009) state that
astringent substances are able to constrict body tissue
where the lubricant is produced and disappears due to the
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de Hoyos-Martínez, P. L., Merle, J., Labidi, J., Charrier-El
Bouhtoury, F., 2019. Tannins extraction: A key point for their
valorization and cleaner production. Journal of Cleaner
Production,
vol.
206,
p.
1138-1155.
https://doi.org/10.1016/j.jclepro.2018.09.243
Deb, S., Pou, J. K. R. 2016. A Review of Withering in the
Processing of Black Tea. Journal of Biosystems Engineering,
vol.
41,
no.
4,
p.
365-372.
https://doi.org/10.5307/JBE.2016.41.4.365
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deposition of proteins contained in the saliva that lines and
lubricates the oral cavity. The result of ANOVA analysis
of astringent response to variations in the types of coffee
leaves was significantly different. It can be concluded that
the astringent attribute will get stronger when approaching
number 5 and weaker when approaching number 0.
Varying notation in each sample shows that the sample is
significantly different. Liberica coffee leaves had a much
more astringent mouthfeel because it contained more
caffeine, tannin and catechin than Robusta leaves.
Astringence is important in determining the sensory
quality of drinks such as tea, coffee, juice or wine. The
compounds that play the most dominant role in influencing
astringence are tannin and catechin. Moreover, astringence
is also caused by caffeine and flavonol glycosides (Zhang
et al., 2018). In addition to five significantly different
attributes, 22 sensory attributes exist that are not
significantly different from the various types of coffee
leaves.

CONCLUSION
The temperature and length of time required to optimize
caffeine and tannin levels in Robusta coffee leaf tea are
93.43 °C and 4.80 minutes respectively. The caffeine level
of Robusta coffee leaf tea with optimal steeping amounted
to 74.90 mg.100mL-1 and Robusta coffee leaf tea tannin
level with optimal steeping amounted to 293.01 µg.g-1. On
the other hand, the brewing temperature and time required
to optimize the levels of caffeine and tannin in Liberica
coffee leaf tea are 91.65 °C and 4.84 minutes respectively.
The caffeine level in Liberica coffee leaf tea with optimal
steeping is 72.52 mg.100mL-1, while the level of Liberica
coffee leaf tea tannin with optimal steeping is
415.87 µg.g-1. Sensory responses of consumers towards
Robusta and Liberica coffee leaf tea that have been
optimized for caffeine and tannin levels indicate five
significant attributes, which are sweet flavor, fire flavor,
sweet taste, bitter taste and astringent mouthfeel.

REFERENCES
Angga, W. A., Rizal, Y., Mahata, M. E., Yuniza, A.,
Mayerni, R. 2018. Potential of Waste Tea Leaves (Camellia
sinensis) in West Sumatra to be Processed into Poultry Feed.
Pakistan Journal of Nutrition, vol. 17, no. 6, p. 287-293.
https://doi.org/10.3923/pjn.2018.287.293
Ares, G., Bruzzone, F., Vidal, L., Cadena, R. S., Giménez,
A., Pineau, B., Hunter, D. C., Paisley, A. G., Jaeger, S. R.
2014. Evaluation of a Rating-based Variant of Check-all-thatapply Questions: Rate-all-that-apply (RATA). Food Quality
and
Preference,
vol.
36,
p.
87-95.
https://doi.org/10.1016/j.foodqual.2014.03.006
Arief, M. C. W., Tarigan, M., Saragih, R., Rahmadani, F.
2011. Budidaya Kopi Konservasi : Berbagi Pengalaman Dari
Kabupaten Dairi, Provinsi Sumatera Utara: Panduan
Sekolah Lapangan. Jakarta: Conservation International (CI)
Indonesia. (In Indonesian) ISBN-10: 6028901067.
Ayustaningwarno, F. 2014. Teknologi Pangan Teori Praktis
dan Aplikasi (Practical Theory of Food Technology and
Applications). Cetakan ke I, tahun 2014. Yogyakarta: Graha
Ilmu. ISBN: 978-602-262-212-3. (In Indonesian)
Central Statistics Agency of Malang Regency. 2018.
Kabupaten Malang dalam Angka 2018 (Malang Regency in
Figures). Malang: BPS Kabupaten Malang. (In Indonesian)
ISBN: 0215-5680.

Volume 14

66

2020

Potravinarstvo Slovak Journal of Food Sciences
75, no. 3, p. 77-87. https://doi.org/10.1111/j.17503841.2010.01561.x
Karori, S. M., Wachira, F. N., Wanyoko, J. K., Ngure, R.
M. 2007. Antioxidant Capacity of Different Types of Tea
Products. African Journal of Biotechnology, vol. 6, no. 19, p.
2287-2296. https://doi.org/10.5897/AJB2007.000-2358
Khotimah, K. 2014. Karakteristik Kimia Kopi Kawa dari
Berbagai Umur Helai Daun Kopi yang Diproses dengan
Metode Berbeda (Chemical Characteristics of Kawa Coffee of
Different Age of Leaf Leaves Processed by Different
Methods). Jurnal Teknologi Pertanian, vol. 9, no. 1, p. 40-48.
Available at: https://jtpunmul.files.wordpress.com/2014/07/6khusnul-vol-9-no-11.pdf (In Indonesian)
Kim, Y., Lee, K. G., Kim, M. K. 2016. Volatile and NonVolatile Compounds in Green Tea Affected in Harvesting
Time and Their Correlation to Consumer Preference. Journal
of Food Science Technology, vol. 53, no. 10, p. 3735-3743.
https://doi.org/10.1007/s13197-016-2349-y
Kristiningrum, N., Cahyanti, Y. N., Wulandari, L. 2016.
Determination of Total Phenolic Content and Antioxidant
Activity in Methanolic Extract of Robusta and Arabica Coffee
Leaves. Proceeding ICHMHS, p. 96-99. ISBN 978-60260569-3-1.
Laaksonen, O. 2011. Atringent Food Compunds and Their
Interactions with Taste Properties. University of Turku,
Turku,
Finland.
Available
at:
https://www.utupub.fi/bitstream/handle/10024/72464/diss201
1Laaksonen.pdf?sequence=1&isAllowed=y
Lee, J., Chambers, D. H. 2007. A Lexicon for Flavor
Derscriptive Analysis of Green Tea. Journal of Sensory
Studies,
vol.
22,
no.
3,
p.
256-272.
https://doi.org/10.1111/j.1745-459X.2007.00105.x
Lee, J., Chambers, D. H., Chambers, E. 2013. Sensory and
Instrumental Flavor Changes in Green Tea Brewed Multiple
Times.
Foods,
vol.
2,
no.
4,
p.
554-571.
https://doi.org/10.3390/foods2040554
Maharjan, S., Singh, B., Bok, J. D., Kim, J. I., Jiang, T.,
Cho, C. S., Kang, S. K., Choi, Y. J. 2014. Exploring Codon
Optimization and Surface Response Methodology to Express
Biologically Active Transmembrane RANKL in E. coli. Plos
One,
vol.
9,
no.
9,
e107314.
https://doi.org/10.1371/journal.pone.0096259
Mahmood, T., Akhtar, N., Khan, B. A. 2010. The
Morphology, Characteristics and Medical Properties of
Camellia sinensis Tea. Journal of Medicinal Plants Research,
vol.
4,
no.
19,
p.
2028-2033.
https://doi.org/10.5897/JMPR10.010
Malang Electronic Data Manager. 2014. Profile of Dampit
Subdistrict,
Malang
Regency.
Available
at
http://dampit.malangkab.go.id/?page_id=5
Maramis, R. K., Citraningtyas, G., Wehantouw, F. 2013.
Analisis kafein dalam kopi bubuk di kota manado
menggunakan spektrofotometri uv-vis (Caffeine Analysis in
Ground Coffee in Manado City Using UV-Vis
Spectrophotometry). Jurnal Ilmiah Farmasi – UNSRAT, vol.
2, no. 4, p. 122-128. (In Indonesian)
Melati, N. 2012. Response Surface Methodology (RSM) in
Process Parameter Optimization in Indomie Instant Noodle at
PT Indofood CBP SUkses Makmur, TBK. Noodle Division
Jakarta Branch. A Thesis. Bogor : IPB.
Mojet, J., Heidema, J., Christ-Hazelhof, E. 2003. Taste
Perception with Age: Generic or Specific Losses in Suprathreshold Intensities of Five Taste Qualities? Chemical
Senses,
vol.
28,
no.
5,
p.
397-413.
https://doi.org/10.1093/chemse/28.5.397

Volume 14

Montgomery, D. C. 2001. Design and Analysis of
Experiments. New York : John Wiley and Sons Inc. Available
at
Montgomery, D. C. 2016. Design and Analysis Experiment.
2nd Edition . New York: John Wiley and Sons Inc.
Mouritsen, O., Styrbæk, K. 2017. Mouthfeel: How Texture
Makes Taste. New York, USA : Columbia University Press.
ISBN 978-0-231-54324-8. https://doi.org/10.7312/mour18076
Mumin, A., Akhter, K. F., Abedin, Z., Hossain, Z. 2006.
Determination and Characterization of Caffeine in Tea,
Coffee, and Soft Drink by Solid Phase Extraction and High
Performance
Liquid
Chromatography
(SPE-HPLC).
Malaysian Journal of Chemistry, vol. 8, no. 1, p. 45-51.
Pristiana, D. Y., Susanti, S., Nurwantoro, N. 2017. Aktivitas
Antioksidan dan Kadar Fenol Berbagai Ekstrak Daun Kopi
(Coffea sp.): Potensi Aplikasi Bahan Alami untuk Fortifikasi
Pangan (Antioxidants and Phenol Levels of Various Coffee
Leaf Extracts (Coffea sp.): Potential Application of Natural
Ingredients for Food Fortification). Jurnal Aplikasi Teknologi
Pangan,
vol.
6,
no.
2,
p.
89-92.
https://doi.org/10.17728/jatp.205 (In Indonesian)
Putri, D. D., Ulfin, I. 2015. Pengaruh Suhu dan Waktu
Ekstraksi terhadap Kadar Kafein dalam Teh Hitam (Effect of
Temperature and Extraction Time on Caffeine Levels in
Black Tea). Jurnal Sains dan Seni ITS, vol. 4, no. 2, p.105108. (In Indonesian)
Retnaningtyas, Y., Kristiningrum, N., Renggani, H. D.,
Narindra, N. P. 2016. Characterization of Simplisia and
Arabica Coffee Leaf Herbal Tea (Coffea Arabica).
Proceedings of the National Seminar on Current Challenges
in Drug Use and Development Current Challenges for Drug
Development and Clinical Applications, p. 46-54.
Rossetti, D., Bongaerts, J. H. H., Wantling, E., Stokes, J. R.,
Williamson, A. M. 2009. Astringency of Tea Catechins: More
than an Oral lubrication tactile percept. Food Hydrocolloids,
vol.
23,
no.
7,
p.
1984-1992.
https://doi.org/10.1016/j.foodhyd.2009.03.001
Saklar, S., Ertas, E., Ozdemir, I. S., Karadeniz, K. 2015.
Effects of different brewing conditions on catechin content
and sensory acceptance in Turkish green tea infusions.
Journal of Food Science and Technology, vol. 52, no. 10, p.
6639-6646. https://doi.org/10.1007/s13197-015-1746-y
Schwalfenberg, G., Genuis, S. J., Rodushkin, I. 2013 The
Benefits and Risks of Consuming Brewed Tea: Beware of
Toxic Element Contamination. Journal of Toxicology, 8 p.
https://doi.org/10.1155/2013/370460
Somantri, R., Tanti. 2011. The Story and Benefits of Tea.
Jakarta: Gramedia Publisher. ISBN 9797992780. (In
Indonesian)
Yashin, A. Y., Nemzer, B., Combet, E., Yashin, Y. 2015.
Determination of the Chemical Composition of Tea by
Chromatographic Methods: a Review. Journal of Food
Research,
vol.
4,
no.
3,
p.
56-87.
https://doi.org/10.5539/jfr.v4n3p56
Zhang, J., Yang, R., Chen, R., Peng, Y., Wen, X., Gao., L.
2018. Accumulation of Heavy Metals in Tea Leaves and
Potential Health zrisk Assessment: A Case Study from Puan
County. Guizhou Province, China. Interantional Journal of
Environmental Research and Public Health, vol. 15, no. 1, 22
p. https://doi.org/10.3390/ijerph15010133

Acknowledgements:
The authors would like to thank the DRPM DIKTI for the
grant.

67

2020

Potravinarstvo Slovak Journal of Food Sciences
ORCID: http://orcid.org/0000-0002-7405-5632
Sudarminto Setyo Yuwono, Universitas Brawijaya,
Faculty of Agricultural Technology, Brawijaya Senso
Gastronomy Centre, Jl. Veteran, 65145, Malang,
Indonesia, Tel.: +6281931891954,
E-mail: ssyuwono2004@yahoo.com
ORCID: http://orcid.org/0000-0003-3772-5972
Kiki Fibrianto, Universitas Brawijaya, Faculty of
Agricultural Technology, Brawijaya Senso Gastronomy
Centre, Jl. Veteran, 65145, Malang, Indonesia, Tel.:
+6281332038520,
E-mail: kiki.fibrianto@ub.ac.id
ORCID: http://orcid.org/0000-0003-1011-8275

Contact Address:
*Dewi Melani Hariyadi, Universitas Airlangga, Faculty
of Pharmacy, Pharmaceutics Department, Jl. Mulyorejo,
Campus C, 60115, Surabaya, Indonesia, Tel.:
+6281232238383,
E-mail: dewi-m-h@ff.unair.ac.id
ORCID: http://orcid.org/0000-0001-9357-3913
Cynthia Amelia Tedja, Universitas Brawijaya, Faculty of
Agricultural Technology, Brawijaya Senso Gastronomy
Centre, Jl. Veteran, 65145, Malang, Indonesia, Tel.:
+6281235567489,
E-mail: cynthiameliaa@gmail.com
ORCID: https://orcid.org/0000-0002-7736-6401
Elok Zubaidah, Universitas Brawijaya, Faculty of
Agricultural Technology, Brawijaya Senso Gastronomy
Centre, Jl. Veteran, 65145, Malang, Indonesia, Tel.:
+628123105806,
E-mail: elok@ub.ac.id

Volume 14

Corresponding author: *

68

2020

