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Abstract

The quality of the brewed coffee depends on various factors. Resting time
of roasted coffee beans is one of the processes that can affect the sensory charac-
teristics of coffee brew. During resting the reduction of CO2 gas level may change and
give significan effect on sensory quality of coffee. This study aims to determine the
dominant sensory characteristics that can be used as quality parameters of cold
brew coffee products at various resting times after roasting. The cold brew coffee
product was brewed from roasted Arabica coffee beans with various resting time
(0, 1, 3, 5, 7, and 9 days). Projective Mapping (Napping) sensory analysis method was
used in this study. The samples were tested by 75 untrained panelists (naive panelists).
Multiple Factor Analysis was used to obtain the cold brew coffee sample position
configuration. The results of the analysis showed that panelists were able to differen-
tiate the characteristic of sensory attributes each sample. The aroma and flavor are
the main attributes that can differentiate the characteristics of each sample. From
the napping method, the results obtained in the form of individual factor map and
preference mapping showed that the sample resting time 1 and 3 days after roasting
were assessed by the panelists as closest to the control sample (0 days). In summary,
the resting time treatment of roasted coffee beans have a significant effect on the
sensory characteristics of cold brew coffee products. This is proofed by changes
of aroma, flavor, and aftertaste during certain period of resting time.
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INTRODUCTION
Coffee is one of the most widely dis-

tributed drinks and mostly drunk in the world
(Nadya, 2011). Coffee as strategic planta-
tion crop, has high economic value so it acts
as a source of foreign exchange, and source
of income for no less than one and a half
million coffee farmers in Indonesia (Rahardjo,
2012). World coffee production until July
2018 shows that Asia and Oceania at the
second position below South America with
a total of 48,439 ton bags (60 kg/bag). World
coffee consumption in the same year, Asia
and Oceania at the second position below

Europe with a total of 35,800 ton bags (ICO,
2018).

The quality of the coffee can be seen
when the coffee was brewed and served
in a cup. The quality of the brewed coffee
depends on the quality of the coffee beans,
temperature, roasting time, resting time
after roasting, water used for brewing,
and brewing method. Two attributes that
represent quality of coffee are aroma and
flavor where it is affected by volatile and
non-volatile compounds that are released by
coffee when brewed (Baggenstoss et al.,
2008).
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Roasting is one of the processing stages
of coffee beans which greatly influences the
sensory attributes of brewed coffee
(Bhumiratana et al., 2011; Cheong et al.,
2013; Purnamayanti et al., 2017). Not only
during roasting, changes in sensory attribute
characteristics are also affected when storing
or resting the roasted of coffee beans
(Yeretzian et al., 2012; Kreuml et al., 2013;
Correa et al., 2016). Moisture content, air,
and light influences the quality of the coffee
beans to be brewed. The presence of air
also causes the aroma in the coffee beans
to become volatile (Makri et al., 2011; Toci
et al., 2013).

In general, coffee was made with hot
water or commonly called hot brew. How-
ever, the hot brew method has several
deficiencies and health hazards, such as at
temperatures >65OC can cause esophageal
cancer (Dirler et al., 2018) and has high
acidity levels (Fuller & Rao, 2017). There-
fore, cold brew coffee product is one of
solution and recently become a trend with
several advantages such as has less acidic
content, higher caffeine content (Fuller &
Rao, 2017), sweeter flavor, and smoother
texture (Scholes, 2014).

Until now there are limited studies
focuses on the sensory characteristics of
cold brew coffee products, especially after
resting time of roasted coffee beans. There-
fore, it is necessary to do research on the
sensory characteristics of coffee beverage
products made by cold brewing methods
after rested at different times. This research
was conducted using sensory evaluation with
the Projective Mapping (Napping) method
to identify, describe, and quantify any charac-
teristics for each sensory attribute of cold
brew coffee products. This study aims to
be able to contribute to the increase in selling
value in the coffee industry, especially in
Jawa Gunung Halu coffee beans which are
processed by cold brew method. In addition,

producers can provide information about the
characteristics of the sensory attributes of
cold brew coffee at various resting time of
roasted coffee beans.

MATERIALS AND METHODS

Material used in this research was coffee
beans Arabica Jawa Gunung Halu obtained
from Cibeber, Sidangkerta Village, Mekarsari
District, Bandung Regency, West Java. A
total of 6 kg of Arabica Jawa Gunung Halu
coffee beans were roasted at medium roast
level.

Roasted coffee beans were given a
different resting time treatment before grinding
process. The resting time vary at 1, 3, 5, 7,
and 9 days (Baggenstoss, 2008; Yeretzian
et al., 2017). Based on the research of
Kreuml et al. (2013) freshly roasted (roasted
and brewed on the same day) can be used
as a control because it has better sensory
characteristics (brew-like, roasty, fruity/
aromatic, sweet) than those stored for 9-
18 months. Different resting time treatments
were given to determine the differences in
sensory characteristics of cold brew coffee
products. Roasted coffee beans are stored
at room temperature (25OC), with airtight
packaging in the form of aluminum foil with
zipper lock, and not allowed to be exposed
to direct sunlight.

Each roasted coffee beans with difference
resting time was ground with ground size
20 mesh by Latina N600 grinder. The ground
beans were brewed by Hario Mizudashi
Coffee Pot. The ratio of coffee powder and
cold water used is 1:10 (Glowaski, 2016 with
modification). Coffee powder was put into
a filter tube and then poured cold water (4OC)
gradually until it steeps the coffee powder.
Steeping results will be stored in the storage
tube. Coffee powder steeped for 8 hours
and stored in the refrigerator.
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Sensory evaluation was conducted by
75 untrained panelists (naive panelists) with
Projective Mapping (Napping) methods
(Nestrud & Lawless, 2010). Each panelist
was given 60 x 60 cm white paper and six
cold brew coffee samples. Panelists were
asked to grouping samples based on the simi-
larity characteristics of their sensory attributes
and add a brief description of the sensory
attributes of each sample. The attributes that
are assessed such as the aroma, flavor, acidity,
aftertaste, body, and color.

Data was analyzed by Multiple Factor
Analysis (MFA) (Abdi et al., 2013) using
software, R v3.4.0 with the addition of
FactoMineR v1.35 packages (Husson et al.,
2017) for multivariate data processing and
SensoMineR v1.20 (Husson et al., 2014) for
processing sensory data. This method also
shows the results in the form of a colored
contour map that has elevation in a dimension
area or called a Preferece mapping (Prefmap)
(Le & Worch, 2014). Preference data (Pf)
was obtained from the distance between
each sample to the control converted by

dividing the distance deviation based on
the dimensions of the paper. Description
data was analyzed using WordItOut online
application which will show words of various
sizes based on their dominant level (Miles
et al., 2019).

RESULTS AND DISCUSSION

Napping Configuration

Confidence ellipses is a matrix that
contains the coordinate points of the frequency
and variables that replicate the number of
samples based on their proximity points.

Figure 1 shows the alleged position de-
termined by panelist with virtualization which
was carried out 450 times. Based on the plot
produced, the first dimension to the second
dimension explains 49.74% diversity. In this
dimension, 75 panelists grouped sample 214
close to 152 but in different quadrants, sample
638, 476 and 391 in the same quadrant, and
sample 507 (controls) were different from
the other five samples. This grouping can

Figure 1. Confidence ellipses for the napping configuration of cold brew coffee samples
Notes: 507 = control (resting time 0 days after roasting); 214 = resting time 1 days after roasting; 638 = resting time 3

days after roasting; 152 = resting time 5 days after roasting; 476 = resting time 7 days after roasting; 391 =
resting time 9 days after roasting.
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show that the 75 panelists can differentiate
the six cold brew coffee samples. This is
supported by the addition of various sensory
attribute characteristics descriptions for each
sample.

Based on Figure 1, Table 1 and 2, sample
214 and sample 152 have some similarities
in aroma attribute such as coffee, blackberry
and sour aroma. In flavor attribute such a
bitter, sour, and pungent. The level of acidity
is medium. For aftertaste, it is bitter, sour, and
tasteless. The body is liquid. However, there are
differences in color, sample 214 has a dark
brown color while the sample 152 has a light
brown color. For sample 638, 476, and 391 also
have similarities such as coffee, blackberry,
sweet, and caramel for aroma attribute. In
flavor attribute, there is a bitter, sour, pungent
and tasteless. However, sample 638 were more

acidic than the other two samples. For the acidity
level and body is medium and liquid for each
sample. For aftertaste is bitter, sour, and taste-
less. However, the 476 sample also had a slight
aftertaste. In color attribute, all three samples
have a light brown color. Whereas for sample
507 (control) grouped separately from the
other five samples. Besides having similar
sensory descriptions like the five samples
above, in the sample 507 there were some
differences such as banana aroma, caramel
flavor, and sweet aftertaste.

Preference Mapping of Cold Brew
Coffee Samples

In Figure 2. it can be seen that the sample
214 and 391 are located at elevation 30–40O,
sample 638 and 476 at elevation 30O, and

Notes: Color sequences based on dominant characteristics (Red-orange-yellow-light green-dark green)

Sample 507 Sample 214 Sample 638

Sample 152 Sample 476 Sample 391

Table 1. Ctharacteristics of aroma of cold brew coffee samples
Aroma
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sample 152 at an elevation of 20O. According
to the 75 panelists, samples 214 and 391
were closest to the control (sample 507)
because they had the biggest elevation. Based
on Table 1 and Table 2, samples 214 and
391 are closest to the control because they
have similar sensory attributes such as coffee,
blackberry, caramel, and sweet aroma, and
bitter, sour, and slightly sweet flavor. How-
ever, sample 214 has a dark brown color
that makes samples 214 and 391 at different
poles.

Sample 638 and 476 had sensory attributes
that were different from the control samples
such as nutty aroma and also slippery and
tasteless flavor. Sample 152 has a sour and
burnt aroma and there is no caramel taste
which makes the sample 152 located at far
elevation from the control sample. While the
sample 507 (control) has a coffee, black-
berry, banana, jackfruit, and caramel aroma,
bitter, sour, and caramel flavor, bitter, sour
and sweet aftertaste, and light brown color.

These sensory characteristics are used as
a reference by panelists to determine sensory
characteristics of the other five samples.

Aroma and Flavor

Bitter flavor obtained from the degradation
of chlorogenic acid with types 3-caffeoylquinic-
1,5-lactone and 4-caffeoylquinic-1,5-lactone
(Farah & Donangelo, 2006). Chlorogenic acid
is an important phenolic compound in enzymatic
browning reactions. This reaction can affect
the flavor of coffee (Qiang & Yaguang,
2008). Although after the roasting process
most of the chlorogenic acid is damaged,
roasted coffee still contains significant
amounts of chlorogenic acid (Farah et al.,
2005). The 1,5--quinolactones compound,
which was produced from chlorogenic acid
during the roasting process contributes to
the bitter flavor of coffee brew (Duarte &
Farah, 2008). Caffeine which is a derivative
of xanthine also affects the bitter flavor of

Table 2. Characteristics of flavor of cold brew coffee samples
Aroma

Sample 507 Sample 214 Sample 638

Sample 152 Sample 476 Sample 391
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coffee brew (Keast, 2008; Toci et al., 2013).
Besides caffeine and chlorogenic acid, other
compounds that can produce a bitter flavor
in coffee brew is trigonelline. The trigonelline
compounds in coffee will be degraded during
the roasting process into several heterocyclic
pyridine components which give the aroma
of roasted coffee. However, incompletely
degraded trigonelline causes a bitter flavor for
the coffee. The trigonelline content in Arabica
beans is 0.6-1.3% (Panggabean, 2011). Two
compounds due to thermal decomposition
of trigonelline are N-methylpyridinium and
nicotinic acid. The two compounds continued
to increase during roasting but decreased
by 60-90% within seven minutes after the
roasting process (Wei & Tanokura, 2015).

The acid flavor detected in coffee brew
comes from the acid content in coffee beans
such as from the carboxylic acid group including

formic acid, acetic acid, oxalic acid, citric
acid, lactic acid, malic acid, and quinic acid
(Widyotomo et al., 2009). During the fermen-
tation and roasting process, it will affect the
level of acidity in the coffee brew. The sour
and bitter flavor of coffee produced from
breakdown of chlorogenic acid into quinic
acid and caffeic acid through the process
of esterification during roasting (Clifford,
2000). These acidic compounds can be pro-
duced through the shikimic acid pathway.

Sweet and caramel flavor and aroma
were produced from total sugar and non-
reducing sugars in coffee (Partelli et al.,
2012). The sweet flavor in coffee is also
produced from the Maillard reaction that
takes place during the roasting process.
Apart from the roasting process, sweetness
in cold brew coffee was produced because
cold water cannot degrade and oxidize the

Figure 2. Preference mapping of cold brew coffee samples
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oil content in the coffee so that it does not
cause sour and bitter flavor in the coffee brew.

This research also obtained several other
flavors and aromas such as the flavor and
aroma of fruit and flowers produced from
aldehyde compounds, namely acetaldehyde
and propanal (Wang, 2012). This compound
was produced from sugar pyrolysis. Other
aldehyde compounds such as 2-methylpropanal,
2-methylbutanal, and 3-methylbutanal are
Strecker’s degradation products of valine,
isoleucine, and leucine (Liardon et al., 1984).
Furan compounds produce sweet, fruit,
floral, earthy-like, caramel, peanut, smoke,
and roasted-like aroma. Pyrazine compounds
produce a coffee, nutty, roasted-like, and
earthy-like aroma. These compounds were
formed from complex interactions between
-amino acids and carbohydrates. Alkyl
pyrazine such as 2-ethyl-5-methylpyrazine
can produce a coffee and nutty aroma
(Wang, 2012). Phenol compounds produce
smoke, pungent, clove, bitter, and pungent
aroma. Pyrrole compounds produce coffee,
flowers, and smoke aroma were produced
from the degradation of amino acids and
amadori intermediates (Flament, 2002).
Ketones such as (E) --damascenone have
a honey, fruit, sweet, and tea flavor (Poltronieri
& Rossi, 2016). Other compounds that often
appear are methional, 3-hydroxy-4,5-dimethyl-
2-(5H)-furanone, vanillin, and 4-vinyl- and
4-ethylguaiacol (with pungent, smoke, and
sweet flavor) (Belitz et al., 2009).

Overall, the resting time treatment of
roasted coffee beans can have a significant
effect on the sensory characteristics of cold brew
coffee samples. This can be seen from the
reduction or addition of sensory characteristics
to the aroma, flavor, and aftertaste attribute
and also the grouping of the six samples
based on various resting time treatments.

CONCLUSIONS

It can be conclude that sensory attributes
of cold brew coffee products differ at various
resting time. The longer resting time followed
by significant sensory characteristics changes
of flavor and aroma. The panelist migh
identifiead flavors and aromas as spices,
nutty, sweet, floral, fruity, roasted and other.
Where each attribute has a wide variety. The
fruity flavor can be descripe with specific
flavor, such as blackbery, banana, cherry,
grap, citrus etc. But still there are dominant
aroma and flavor attributes that do not change
significantly. The dominant aroma of Arabica
Jawa Gunung Halu coffee are coffee aroma
and blackbery aroma and the dominant flavor
are bitter and acid.
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