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Abstract. One of the issues faced by coffee farmers on the slopes of Mount Merapi is the separation process
of red and green coffee cherries during harvest. Green or unripe cherries, are suspected to have more acidic,
less sweet, and astringent taste due to the incomplete formation of sugars and flavor compounds. Cascara,
or coffee cherry husk had not used in coffee processing, poses environmental problems due to its corrosive
characteristics. One method to enhance cascara is by fermenting it into kombucha drink to improve its flavor
and antioxidant capacity. This study aims to differentiate its physicochemical and sensory aspects between
kombucha cascara, made with and without sorting of coffee cherries. Cascara was fermented using SCOBY
(Symbiotic Culture Of Bacteria and Yeast) for 14 days. The pH value, color, antioxidant activity, and total
phenolic content were analyzed, while sensory aspect was conducted using Check-All-That-Apply method
and hedonic tests. Kombucha cascara has no significant value in physicochemical analysis except in yellow
hue. Kombucha with unsorted cascara exhibited dominant characteristics of fermented, acid, sweet, vinegar,
and sparkling, while cascara with sorting process showed more dominant sweet profile. Comparative results
with commercial kombucha tea indicated that sorted kombucha cascara provided the best taste score.

1 Introduction

The production of coffee in Indonesia has been steadily
increasing each year. In 2021, coffee production reached
786.19 thousand tons, representing a 3.12% rise
compared to the previous year. The majority of coffee
production comes from smallholder plantations, which
account for 99.32% of the total coffee plantation area in
Indonesia [1]. Domestic coffee consumption growth has
also recorded positive figures, with a maximum annual
growth of 1.7% from 2017 to 2021. This exceeds the
global coffee consumption growth rate, which only
reached 1.0% [2]. This indicates a high interest in coffee
consumption in line with increasing production.

Coffee cherries consist of 45% fruit skin/cascara,
10% mucilage, 5% parchment, and 40% coffee beans
[3]. The skin is the largest component of the coffee
cherry, but for commercial coffee beverages, only the
beans are processed, leaving the cascara unused. To
date, cascara has primarily been used for compost,
bioethanol, and animal feed. However, coffee cherry
waste can pose significant environmental problems.
Caffeine, polyphenols, and tannins are chemical
components that contribute to environmental issues in
coffee-producing countries [4]. The skin and mucilage
of coffee are acidic, making them corrosive when in
contact with equipment, and difficult to dispose of
safely. If the acidic material is discharged into rivers, it
can lower the pH of the water, potentially harming fish
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and other aquatic organisms [5]. The use of cascara as
animal feed is constrained by the caffeine and tannin
content, which act as antinutritional factors [6]. Despite
these negative effects, the high polyphenol content in
cascara can be beneficial as antioxidant compounds for
humans. Currently, there is a growing interest in
utilizing cascara to produce functional beverages, such
as cascara tea made from boiled cascara.

Cascara is starting to gain attention in several coffee-
producing countries. Cascara brew is reddish-brown,
resembling regular tea [7], with a fruity aroma that
combines the scents of blackcurrant and watermelon [8].
Other literature also describes the aroma of cascara as
resembling rose, cherry, mango, and tobacco [9]. The
antioxidant capacity of cascara is influenced by several
phenolic compounds, such as protocatechuic acid,
chlorogenic acid [10], and hydroxycinnamic acid [11].
So far, cascara has primarily been processed through
brewing. One method for developing cascara is through
fermentation into kombucha tea.

Kombucha is a fermented beverage made from
brewed leaves or fruits with added sugar, followed by
fermentation using a kombucha starter, which consists
of a symbiosis of bacteria and yeast, commonly referred
to as a Symbiotic Culture of Bacteria and Yeasts
(SCOBY) [3]. The fermentation process, which lasts 1-
2 weeks, leads to changes in sugar levels, alcohol
content, pH, and antioxidant capacity. S. cerevisiae
breaks down glucose into ethanol, while A. xylinum
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oxidizes ethanol into acetic acid. Fermentation can
increase the total free polyphenols due to the enzymatic
activity of microbes, which can release chelated
polyphenols, making them more detectable [12].

The characteristics of coffee cherries in each region
exhibit different physical and chemical properties due to
geographical variations. The topography of Magelang
Regency consists of a basin surrounded by five
mountains, one of them is Mount Merapi. Coffee is
cultivated at altitudes ranging from 900 meters to 2,000
meters above sea level [13]. Since 2016, the Ministry of
Agriculture has designated Magelang Regency as one of
the national priority agricultural development areas for
coffee plantations [14]. Based on this unique
geographical indication, coffee cherries from the
Magelang region are presumed to have distinctive
flavors and physicochemical components.

The distance of agricultural land from mountain
villages, limited accessibility, selective picking times,
distant coffee plantations, lack of labors, insufficient
equipments, and no price incentives for exclusively
picking red/ripe cherries are some of the factors
influencing coffee farmers' harvesting practices in
Magelang. These patterns appear to be a common
representation in harvesting practices on widely
Indonesian coffee farms, where harvested cherries are
typically processed directly into coffee beans without
sorting based on ripeness. This condition is suspected to
be one of the causes of the low quality of the coffee
beans produced. The ripeness of coffee cherries affect
the increase of anthocyanin level, total soluble sugar,
and sucrose content [15]. However, ripe and unripe
Catuai and Tipica coffee did not have significant
difference in sucrose content, caffeine and chlorogenic
acid, yet they have different volatile compound intensity
[16]. The sorting and grading process is still considered
time-consuming for coffee farmers in Magelang and
requires significant support from various parties.
However, if green coffee cherry peel shows no
difference in quality compared to red coffee cherry peel,
this could greatly assist farmers in streamlining post-
harvest processes. This study aims to compare the
physicochemical and sensory quality of sorted and
unsorted coffee cherries based on its ripeness (green and
red cherries) while it leverages the unique flavors of
Magelang's coffee cherries that will be applied in
kombucha cascara.

2 Methods

2.1 Materials

The materials used for kombucha preparation in this
experiment were cascara sourced from coffee harvested
by farmer groups in Magelang Regency, specifically in
Sawangan District, SCOBY (Symbiotic Culture Of
Bacteria and Yeast) from local breeder, and sucrose in
form of granulated sugar. The equipments that helped
the experiments were 30 L bucket with lid for soaking
process, FDH 5 Dehydrator, boiling equipment such as
5 L sized pot, ladle, gas, and stove, 2 L sealable glass jar
for fermentation and PYREX thermometer.

2.2 Postharvest handling of coffee cherry

The percentage of green cherries contained in
unsorted cherries is 25%. Cascara from ripe and unripe
cherries was separated from the coffee beans before
further treatments. Both type of cascara were soaked
overnight to reduce antinutrition compounds, washed
with ground water to remove dirts, dried by using
dehydrator in 60 °C for 24 hours, then packaged in light-
proof sealed packaging. The cascara was stored under
refrigeration conditions (0-5 °C) to prevent the loss or
evaporation of polyphenolic compounds.

2.3 Cascara kombucha preparation

Cascara tea was prepared by mixing 1% (w/v) dried
cascara and 10% (w/v) sucrose in 3 liters of water, then
heating the mixture to a boil. The cascara solution was
filtered and cooled to 40 °C. The cooled cascara tea was
transferred into glass jars, inoculated with 10% (w/v)
kombucha SCOBY, and sealed tightly. The solution was
fermented for 14 days. The fermented cascara tea was
separated from the culture, pasteurized at 85 °C for 15
minutes, and then bottled in sealed glass containers for
analysis.

2.4 Physicochemical and Sensory Analysis

The physicochemical characteristics tested included
pH, color (Hunter LAB), antioxidant activity using the
DPPH method, which provides the percentage inhibition
of radical compounds in cascara kombucha [17], and
total phenolics using gallic acid solution as the phenolic
content standard [18] were conducted in Public Service
Laboratory of Agricultural Product Department in
Gadjah Mada University. A sensory evaluation of the
kombucha was conducted using the Check-All-That-
Apply (CATA) method, involving a checklist from a
flavor description lexicon specifically designed for
cascara kombucha products [19] and continued with
hedonic acceptance test for 40 naive panelists who have
not taste kombucha cascara before, adding the
comparison with commercial kombucha tea with the
score of 1 (very dislike) to 7 (very like).

2.5 Statistical analysis

The physicochemical analysis data were evaluated
using an Independent Sample T-test. Hedonic data for
parameters such as aroma, texture, taste, and color were
analyzed using Analysis of Variance (ANOVA),
followed by Tukey’s post-hoc test, with the additional
treatment group being commercial kombucha tea. These
analysis were conducted using SPSS 20 software. While
CATA results were analyzed by using Principal
Component Analysis in XLSTAT software.
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Fig. 1. Unsorted (TS) and Sorted (S) fermented kombucha
cascara

3 Results and Discussion

3.1 Physicochemical Characteristics

Table 1. Physicochemical characteristics of sorted and
unsorted cascara kombucha

Physicochemical | Sorted Unsorted

characteristics cascara cascara
kombucha kombucha

pH (-) 3.40+0.23 3.52+0.28

Color (-)

L* 60.37£1.23 | 61.14+1.42

a* -3.31+0.12 -3.59+0.22

b* 10.31+0.32* | 11.08+0.07*

Antioxidant 3.80+0.39 4.04+0.56

activity (%

inhibition)

Total phenolics | 0.04+0.01 0.04+0.00

(mg gallic acid/

g)

The physicochemical characteristics with asterisk (*) were
detected as significantly different with Independent T-Test at
P <0.05.

Table 1 presents the physicochemical characteristics of
cascara kombucha with and without sorting. The
physicochemical characteristics, including pH, color
parameters L* and a*, antioxidant activity, and total
phenolics, showed no significant differences between
treatments. However, a significant difference was
observed in the color parameter b*, with unsorted
cascara kombucha displaying a more yellow hue than
sorted cascara kombucha. This is allegedly due to
pigment components present in green coffee cherries,
which may influence the color of unsorted cascara
kombucha.

The decrease in pH occurs due to the sucrose
metabolism process by bacteria and yeast which
produces alcohol and organic acids such as acetic acid,
glucoronic acid, gluconarate acid [20]. Organic acids
produced from the fermentation process will increase
acid levels, thereby lowering pH. The pH characteristics
between sorted and unsorted cascara kombucha did not
show a significant difference (P>0.05). The pH of sorted
and unsorted cascara kombucha were 3.40 and 3.52,
respectively. Similar research on honey-type cascara

kombucha had a pH range of 3.20 - 3.28 [21]. This
second study showed a pH value in the same range,
namely between 3 and 4, even though the types of
cascara were different, namely cherry and honey types.
Kombucha that is safe for consumption is kombucha
that has a pH > 3. Kombucha with a pH < 3 must be
diluted first before consumption [20]. Cascara
kombucha with or without sorting has a pH value > 3 so
it can be said that the kombucha from this study is safe
for consumption.

The colors observed in this study include the
parameters L* (brightness), a* (reddish color), and b*
(yellowish color). The L* and a* colors did not show
significant differences, while the b* color was
significantly different (P <0.05). The L* color values in
sorted and unsorted cascara kombucha were 60.37 and
61.14, respectively. When compared to similar studies
with a cascara concentration of 1%, the results of this
study have a higher L* value, the L* value in the study
of [3] was 42.08. The brown color formed due to the
pigment from the cascara is alpha-diketone [22]. The a*
color in this study showed negative values in both
treatments, with a value of -3.32 for the treatment with
sorting and -3.35 for the treatment without sorting. The
a* color value in this study showed a smaller value than
the study of [3] which showed a value of 15.10. The low
a* color value in this study is thought to be due to the
very small amount of cascara added to the kombucha.
The b* color between the two treatments showed a
significant difference (P <0.05). This significant
difference is thought to be due to the influence of the
pigments contained in the cascara. Kombucha with
unsorted treatment has a higher b* wvalue (11.08)
compared to sorting (10.31). The sorting treatment only
uses red cascara, while the cascara without sorting is red
and green. Therefore, the b* color in kombucha with
unsorted treatment has a higher yellowish value.
Cascara contains tannins which give a dark yellow color
[23].

The antioxidant activity of sorted cascara kombucha
(3.80%) was lower than that of unsorted cascara
(4.04%), but the antioxidant activity in both treatments
did not show any significant difference. Compared with
the study by Muzaifa [24], the “Gayo-Arabica” cascara
kombucha sample with the same fermentation time
showed a higher antioxidant activity value with an
average of 47.62%. The low antioxidant activity value
is thought to be due to the addition of insufficient
cascara (only 1%). In contrast, in the study by Muzaifa
[24] the amount of cascara added was 2%.

Kombucha cascara with sorting and without sorting
treatment did not differ significantly (P>0.05) with the
same total phenolics, namely 0.04 mg gallic acid/g.
Phenols are in the form of aromatic rings that have
hydroxyl groups (OH) that can be found in plants [20].
Cascara phenolic compounds are known to contain
protocatechuic and chlorogenic acids [25]. The
kombucha from this study had a very low total phenolics
when compared to the study by Nurhayati [3] which had
a value of 9.9 mg GAE/mL. The addition of cascara and
sucrose to kombucha in both studies was the same,
namely 1% and 10% with a fermentation time of 8 days.
The amount of cascara added is directly proportional to
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the total phenolics, the more cascara added, the more
total phenolics formed [3]. The low total phenolics in
this study are thought to be due to the effect of drying
cascara. Heat, enzymes, and fermentation time are
inversely proportional to total phenolics, the longer the
fermentation process, the lower the total phenolics will
be. The decrease in total phenolics occurs due to
environmental changes due to increased organic acid
production during the fermentation process [24].

3.2 Sensory Characteristics
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Fig. 2. Descriptive sensory characteristics of kombucha
cascara (TS = unsorted kombucha cascara, S = sorted
kombucha cascara, K = commercial kombucha tea)

Figure 2 shows the descriptive characteristics of each
cascara kombucha treatment based on CATA (Check-
All-That-Apply) method, both with (S) and without (TS)
sorting, compared to commercial tea kombucha (K).
The descriptive characteristics are displayed in the same
quadrant as follows:

1. Cascara kombucha without sorting features
flavors of citrus, fermented, and sparkling.

2. Cascara kombucha with sorting exhibits sweet,
vinegar, and refreshing characteristics.

3. Commercial tea kombucha features acid, full
body, floral, opaque, honey, woody, and herbal
characteristics.

The primary sensory attributes of kombucha, such
as sweet, sour, and vinegar-like aromas and flavors, are
generated through the action of acetic acid bacteria,
while yeast activity contributes to cider-like aromas,
flavors, and carbonation typical of the fermentation
process [19]. Commercial tea had more dominant
features of characteristics, however the procedure of
fermentation remains unknown as the company did not
provide more information. Cascara kombucha with
sorted coffee peel has the sweet dominant characteristics
due to the higher of the total soluble sucrose and sugar
[15]. Additionally there is no bitter characteristics
dominated in cascara kombucha or kombucha tea hinted
the probablity of low caffeine content inside the

kombucha cascara. Overnight soaking with water likely

contributed in the reduction of bitter taste [26].

Table 2. Sensory hedonic acceptance result of kombucha

cascara
Hedonic | Sorted Unsorted Commercial
attribute | cascara cascara kombucha
kombucha kombucha tea

Color 4.50+1.01 4.47+0.91 4.75+0.87
Aroma* | 3.48+1.22* | 3.43+1.17* | 4.40+1.30°
Taste* 4.55+1.06" | 3.95+£1.24% | 3.65+1.29?
Overall | 4.48+1.01 4.22+0.97 4.10+1.10

The hedonic attributes with asterisk (*) were detected as
significantly different with ANOVA test at P < 0.05, then
different superscript letters in a column indicate significant
differences with Tukey post-hoc test at P < 0.05.

Cascara kombucha produced with and without
sorting showed similar results across nearly all
parameters. This similarity is likely due to both green
and red coffee cherries undergoing identical thermal
processing—drying and boiling—which allows green
cherries to ripen quickly and match the final conditions
typical of ripe cherries during drying. Cascara tea
demonstrated the highest hedonic acceptance score
across all aspects except taste and also received the
highest score for aroma, characterized by rich aromatic
descriptors such as floral, herbal, and woody. Sorted
cascara kombucha exhibited a dominant sweet flavor
attributed to the ripening process of coffee [15]. Overall,
sorted cascara kombucha was the most favored among
samples; however, no significant differences were
observed compared to unsorted cascara kombucha and
commercial kombucha tea. The highest score is 4.48,
which is descripted as neutral / nor like or dislike, lower
compared to Sales [19].

4 Conclusion

Sorted and unsorted cascara (comprising 25% green
coffee cherries) exhibited no significant differences in
most aspects. Kombucha cascara has no significant
value in physicochemical analysis except in yellow hue.
Unsorted cascara kombucha displayed a more yellowish
color and was characterized by more citric and
fermented flavor descriptors. In contrast, sorted cascara
kombucha had a sweeter flavor and was generally more
acceptable in taste compared to both unsorted cascara
kombucha and commercial cascara tea. It is suspected
that the prolonged drying and boiling times may have
diminished the antioxidant activity and total phenolic
content within the cascara, which could also have
impacted the overall hedonic acceptance of cascara
kombucha.
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