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This research investigates the influence of various carbon sources (cane sugar, honey,
palm sugar) and fermentation durations (7, 10, 13 days) on the chemical profile of a
functional drink, kombucha, made from pineapple-fermented cascara. A Completely
Randomized Design (CRD) with two factors was conducted to analyze the interaction
between two variables. Analyzed parameters include antioxidant activity, total phenolic
content (TPC), total titratable acidity (TTA), total sugar, and total dissolved solids. The
results reveal that palm sugar combined with a 10-day fermentation period yields the
highest antioxidant activity (326.78 mg AAE/L) and TPC (848.76 mg GAE/L). SCOBY
microbial metabolism demonstrated significant efficiency, Total titratable acidity (TTA)
increased during fermentation, particularly in the sucrose treatment, from 1.92% to
3.33%. In contrast, total sugar decreased from 27.29% to 17.15% Total soluble solids
(TSS) fluctuated during fermentation, with the highest value observed in the palm sugar
treatment fermented for 10 days at 13.67°Brix. This research highlights an innovative way
to valorise coffee cherry waste into a health-promoting drink by enhancing its flavour
through natural fruit fermentation.

Contribution to Sustainable Development Goals (SDGs):
SDG 3: Good Health and Well-Being
SDG 12: Responsible Consumption and Production

1. INTRODUCTION

1.1.  Research Background

the intrinsic characteristics of coffee fruit, often resulting in a
distinctive bitter taste [4]. Therefore, further innovation in cascara
processing is required to enhance product flavor and increase
consumer acceptance.

One potential approach is to incorporate fruit extracts into

Indonesia’s coffee production has shown an upward trend,
increasing from 762.38 thousand tons in 2020 to 786.19 thousand
tons in 2021, representing a growth of approximately 3.12% per
year [1] Coffee pulp (cascara) is a byproduct of fresh coffee fruit
processing, accounting for a substantial proportion up to 50% of
the total fruit weight [1]. Cascara has been reported to contain
bioactive compounds such as phenolics, flavonoids, and
alkaloids, which confer potential health benefits. Previous studies
have demonstrated that cascara can be utilized as an antioxidant
cream to delay premature aging [2], as well as processed into
beverage products such as tea and herbal drinks [3]. However,
these products still exhibit flavor profiles largely influenced by

cascara-based products to improve aroma and taste [5]. Pineapple
contains sugars such as glucose (2.32%), fructose (1.42%), and
sucrose (7.89%), as well as vitamins A and B, minerals including
calcium, iron, and phosphorus, and the enzyme bromelain [6].
The sugar content in pineapple can serve as an energy source for
microorganisms, while bromelain supports digestion and may
enhance the antioxidant activity of the final product [7]. The
combination of cascara and pineapple has significant potential for
developing functional beverages [8], particularly as a substrate
for fermented drinks such as kombucha.
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Kombucha is widely recognized as a fermented beverage
produced using a Symbiotic Culture of Bacteria and Yeast
(SCOBY), offering various health benefits, including enhanced
antioxidant activity, probiotic effects, and the production of
bioactive compounds during fermentation [9]. During
fermentation, microorganisms in SCOBY produce compounds
such as polyphenols, organic acids (e.g., acetic acid and
glucuronic acid), and vitamins [10]. This beverage has been
reported to improve gut microbiota balance, support the immune
system, and help reduce blood pressure [11]. Several studies have
highlighted the health potential of cascara-based kombucha.
Research has shown that cascara increases total phenolic content
and antioxidant activity [12], while other findings indicate that
cascara kombucha contains high levels of bioactive compounds
and exhibits probiotic potential due to the presence of lactic acid
bacteria during fermentation [13]. Additionally, the highest
antioxidant activity has been observed in kombucha samples
derived from cascara [14].

Key factors influencing the characteristics of kombucha
include the type of substrate and fermentation duration. Different
sugar sources, such as granulated sugar, honey, and palm sugar,
not only function as carbon sources for microorganisms but also
affect the taste, aroma, and bioactive compound composition of
kombucha [15]. Consequently, kombucha produced with
different sugars exhibits distinct characteristics. Honey contains
more than 200 compounds, predominantly glucose and fructose,
which may enhance its health benefits [16], whereas granulated
sugar and palm sugar contribute unique sensory attributes, with
palm sugar consisting of approximately 84% sucrose and
granulated sugar comprising nearly 100% sucrose [17][16].

Furthermore, fermentation time has been reported to affect
the physicochemical and microbiological quality of kombucha
products [18]. Longer fermentation times were associated with
increased total acidity and decreased pH [19]. Prolonged
fermentation may also affect the sensory characteristics and
chemical composition of kombucha, including increased organic
acid content and an overly sour taste that may reduce consumer
acceptance [11]. Therefore, further research is required to
determine the optimal fermentation time to produce
cascarapinapple kombucha with the best chemical profile,
particularly for antioxidant and total phenolic compounds.

1.2.  Research Objective

Based on the background and problems identified, the objectives
of this study are: (1) To evaluate the effect of different sugar
substrates (granulated sugar, honey, and palm sugar) on the
physicochemical, microbiological, and sensory characteristics of
fermented cascara-pineapple kombucha; (2) To determine the
effect of fermentation duration on the chemical profile of the
beverage, specifically focusing on the optimization of total
phenolic content and antioxidant activity; and (3) To identify the
best treatment combination of sugar source and fermentation time
that yields an innovative functional beverage with enhanced
flavor profiles and high consumer acceptance, while contributing
to the valorization of coffee waste in alignment with Sustainable
Development Goals (SDGs) 3 and 12.

https://doi.org/10.29165/ajarcde.v10i2.1078

2. MATERIALS AND METHODS

2.1. Materials

Cascara (coffee pulp) derived from Coffea robusta, obtained from
PTPN I Regional V Bangelan Plantation, Malang Regency, East
Java, Indonesia. Pineapple fruits with uniform commercial
ripeness were sourced from a local traditional market nearby.
Additional materials required for processing included granulated
sugar (PSM), pure honey (Safiya), palm sugar obtained from a
traditional market, mineral water (Aqua), kombucha starter, and
SCOBY culture purchased from an online shop (jakartaitem).

Reagents used for analysis included sterile distilled water
(aquades), Folin—Ciocalteu reagent (Merck), 7.5% Na:COs
solution (Rafa Laboratory), 0.1 mM DPPH solution (Merck),
methanol (Merck), 0.1% Anthrone reagent (Rafa Laboratory),
gallic acid (Sigma), concentrated H2SO4, buffer solutions (pH 4
and pH 7), 0.1 N NaOH solution, 1% phenolphthalein (PP)
indicator (Rafa Laboratory), sodium oxalate (Rafa Laboratory),
and lead acetate (Rafa Laboratory).

2.2. Equipment

Processing equipment included a food dehydrator, blender or
chopper, stove, saucepan, measuring cylinders, beakers,
analytical balance, filter, clean cloth, and trays. Analytical
instruments included a UV-Vis spectrophotometer (Scitex), pH
meter (Smart Sensor), test tubes, vortex mixer (Grant Bio),
micropipettes and tips, measuring cylinders, volumetric pipettes
(1 mL and 10 mL), Erlenmeyer flasks, filter paper, analytical
balance, glass cuvettes, beakers, burettes, and a refractometer
(ATC).

2.3.  Preparation of Raw Materials

Coffee pulp was obtained from freshly harvested robusta coffee
cherries that were washed and automatically pulped at the coffee
factory. The pulp was then sorted, washed with mineral water and
mixed with pineapple puree 80% (w/w). The mixture was
fermented for 48 hours. Afterwards, the liquid and solid fractions
were separated. The solid fraction was dried using a dehydrator
at 50°C for 24 hours. The resulting fermented cascara was stored
in vacuum-sealed plastic and kept refrigerated for further use.

2.4.  Preparation of Cascara Kombucha

One litre of mineral water was heated to a boil and then cooled to
approximately 90°C. A total of 25 g of dried, fermented cascara
pineapple substrate from the previous preparation step was
steeped in 1 L of hot water (90°C) for 8 min. The mixture was
filtered into a glass jar. Sugar was added at 10% (w/v) of the total
volume of the solvent, depending on the treatment type. After
mixing, the infusion was cooled to room temperature (20-30°C).
Subsequently, 100 mL of kombucha starter and one SCOBY
measuring 9 cm SCOBY were added. Fermentation was carried
out by covering the container with a clean cloth secured with a
rubber band and stored it at room temperature. Fermentation
durations were varied at 7, 10, and 13 days.

2.5.  Analytical Procedures
2.5.1.  Antioxidant Activity

1 mL of kombucha sample (10x dilution) was placed into a
test tube, followed by the addition of 1 mL of 0.1 mM DPPH
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solution. 4 mL of methanol was added, homogenized and
incubated for 30 minutes in the dark. Absorbance was measured
at 517 nm using a UV-Vis spectrophotometer. Antioxidant
activity was expressed in mg AAE/L [20].

2.5.2.  Total Phenolic Content

A standard curve was prepared using gallic acid solutions at
concentrations of 10, 20, 30, 40, and 50 ppm. 1 mL of kombucha
was placed into a test tube, followed by 0.5 mL of Folin—
Ciocalteu reagent and left for 8 minutes with occasional shaking.
Then, 4 mL of 7.5% Na2COs solution was added and vortexed for
1 minute. Absorbance was measured at 760 nm [21]. Total
phenolic was expressed in mg GAE/L

2.5.3.  Total Titratable Acidity (TTA)

The blank titration was performed by mixing 20 mL of distilled
water with 3 drops of 1% phenolphthalein indicator, then titrating
with 0.1 N NaOH. 10 mL of kombucha was diluted to 100 mL
with distilled water and homogenized. Then, 20 mL of the filtrate
was taken, and 2 drops of phenolphthalein indicator were added.
The solution was titrated with 0.1 N NaOH until a stable pink
color appeared. The volume of NaOH used was recorded and
corrected using the blank value [22].

2.5.4.  Total Sugar (Anthrone Method)

0.1 g glucose was dissolved in 100 mL distilled water to prepare
a 1000 ppm standard solution. The solution was diluted to obtain
concentrations of 0, 10, 20, 30, 40, 50, 60, and 70 ppm. For
sample analysis, 0.02 mL of kombucha was diluted to 100 mL,
then 1 mL of the diluted sample was transferred into a test tube.
Five millilitres of Anthrone reagent were added, mixed, and
heated in a water bath at 100°C for 12 minutes. The solution was
cooled to room temperature, and absorbance was measured at 630
nm [23]. Total sugar concentration was calculated as follows:

Sample concentrationXPx100

X 0,
Sample weightx1000 100%

Total Sugar Concentration =
3)
2.5.5.  Total Dissolved Solids

Total dissolved solids were measured with a handheld
refractometer by placing a drop of the kombucha sample onto the
prism. After 1 minute, the reading was taken based on the
boundary between light and dark areas. Results were expressed in
°Brix [24].

2.6. Statistical Analysis

This study applied a factorial Completely Randomized Design
(CRD) with two factors: fermentation time (7, 10, and 13 days)
and sugar type (granulated sugar, honey, and palm sugar). A total
of nine treatment combinations were tested in triplicate, resulting
in 27 experimental units. Data were analyzed using ANOVA
followed by Duncan’s Multiple Range Test with IBM SPSS
Statistics Version 27.

3. RESULT AND DISCUSSION

3.1.  Antioxidant Activity

Antioxidant activity refers to the ability of a compound to
scavenge or inhibit free radicals, thereby protecting cells from the
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effects of complex chemical processes in the body [25]. The
antioxidant activity of cascara kombucha with different types of
sugar and fermentation durations ranged from 258.79+15.12 to
326.78+8.83 mg AAE/L. Analysis of variance (ANOVA)
indicated that the type of sugar had a significant effect on
antioxidant activity, whereas fermentation time did not. It has
been reported that variations in sugar type during fermentation
significantly influence phenolic compound content, antioxidant
activity, organic acid levels, and mineral content in kombucha
[15]. This is because sugar serves as a carbon source for
microorganisms during fermentation differences in chemical
composition such as sucrose, fructose, and other sugars can affect
microbial growth and fermentation biochemical pathways.
Consequently, this leads to differences in the formation of
flavonoids, polyphenols, and other bioactive compounds that
contribute to antioxidant activity [26].

(mg AAE/L)
b IS [ 9]
SRS

Granulated Honey
Sugar
@7 010 m13

Palm Sugar

Fig. 1. Effect of sugar type and fermentation time on antioxidant
activity of cascara kombucha.

The highest antioxidant activity was observed in cascara
pineapple kombucha prepared with palm sugar. This finding is
consistent with previous studies reporting that palm sugar
exhibits higher antioxidant activity (28.88%) compared to refined
sugar (0.16%) [27]. Meanwhile, kombucha produced with honey
as a carbon source has also been reported to exhibit higher
antioxidant activity than that produced with granulated sugar
[28]. The antioxidant activity of palm sugar is associated with
melanoidin compounds formed during heating, which act as free
radical scavengers [29]. Therefore, the use of palm sugar in
kombucha fermentation may enhance the total antioxidant
compounds formed during the process. Furthermore, antioxidant
activity in all cascara pineapple kombucha samples appeared to
reach an optimum at 10 days of fermentation. This may be
attributed to the transformation of phenolic compounds into
simpler forms with higher antioxidant activity [30]. However, at
longer fermentation times (13 days), antioxidant activity
decreased across all treatments, likely due to degradation of
bioactive compounds.

3.2.  Total Phenolic Content

Total phenolic content represents the overall concentration of
phenolic compounds present in a product, either in simple or
complex forms [31]. It is commonly used as an indicator of
antioxidant potential because phenolic compounds can scavenge
free radicals and inhibit oxidation reactions. The total phenolic
content of cascara kombucha ranged from 216.86?+14.56 to
848.76'+30.52 mg GAE/L. This is consistent with previous
findings indicating that kombucha products may reach total
phenolic values of approximately 223.51 mg GAE/L [17]. The

https://doi.org/10.29165/ajarcde.v10i2.1078
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higher total phenolic content observed in treatments using palm
sugar is likely associated with its more complex composition
compared to refined sugar. In general, palm sugar not only serves
as a carbon source but also contains non-sucrose components
such as minerals, caramel, melanoidins, and naturally occurring
phenolic compounds that contribute to its brown color. These
compounds may influence total phenolic measurements when
using the Folin Ciocalteu method [32].
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Fig. 2. Effect of sugar type and fermentation time on total
phenolic content of cascara kombucha.

The palm sugar treatment consistently produced the highest
total phenolic content across all fermentation durations, with peak
values observed at 10 days. This indicates that palm sugar
provides favorable conditions for the formation of phenolic
compounds in cascara kombucha. Previous research has also
reported that kombucha with 10% palm sugar yields the highest
total phenolic content, reaching 465.02 mg GAE/L. This may be
attributed to the presence of bioactive compounds and naturally
high polyphenol content in palm sap (4renga pinnata), which can
contribute additional phenolic compounds and antioxidant
properties during fermentation. Variations in total phenolic
values may also be influenced by raw material treatment [33]. The
addition of pineapple combined with fermentation has been
shown to increase total phenolic content from 104.619 mg GAE/g
to 124.265 mg GAE/g.

The highest antioxidant activity and total phenolic content
were observed in the palm sugar treatment after 10 days of
fermentation, indicating a close relationship between phenolic
content and antioxidant activity in cascara kombucha. Higher
total phenolic content tends to increase antioxidant activity
because phenolic compounds are able to donate electrons to
stabilize free radicals [7].

3.3.  Total Titratable Acidity (TTA)

Total titratable acidity (TTA) is a chemical parameter that reflects
the total concentration of organic acids present in a sample and is
commonly used as an indicator of acidity in food products [34].
The TTA values of cascara kombucha ranged from 1.92%7%+0.03
to 3.33%°0.04 and showed an increasing trend with longer
fermentation time across all sugar treatments. ANOVA results
indicated that both sugar type and fermentation time significantly
affected TTA values. This finding is in line with previous studies
reporting an increase in TTA from 1.44% on day 7 to 1.64% on
day 13 of fermentation [35]. The increase in TTA indicates that
during fermentation, yeasts and bacteria utilize sucrose as an
energy source and convert it into organic acids such as acetic acid,

https://doi.org/10.29165/ajarcde.v10i2.1078

gluconic acid, and glucuronic acid, leading to higher acidity
levels in kombucha.
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Fig. 3. Effect of sugar type and fermentation time on total
acidity of cascara kombucha.

The highest TTA value was observed in the treatment using
granulated sugar at 13 days of fermentation. Previous studies
have reported TTA values ranging from 1.02% to 1.51% in
cascara kombucha with 10% sugar concentration. The higher
TTA in the granulated sugar treatment suggests that sucrose, as
the primary carbon source, is more efficiently utilized by
microorganisms in the SCOBY [36]. Sucrose is hydrolyzed into
glucose and fructose, which are then metabolized during
fermentation. This process promotes ethanol production by yeasts
and its subsequent conversion into organic acids by acetic acid
bacteria, thereby increasing TTA values [10].

3.4. Total Sugar

Total sugar is an important parameter in fermented products,
reflecting the amount of residual sugar remaining after microbial
utilization during fermentation. In kombucha, sugar functions as
the primary carbon source for yeasts and bacteria to produce
metabolites such as organic acids, ethanol, and CO: [37].
ANOVA results showed that sugar type, fermentation time, and
their interaction had a significant effect (p < 0.05) on total sugar
content. The total sugar content ranged from 17.15%%0.59 to
27.29%°1.75 (w/v). Overall, longer fermentation time resulted
in a decrease in total sugar content across all treatments. This is
consistent with previous findings showing a reduction in total
sugar from 3.00-3.32% at day O to 2.82-3.03% at day 8 of
fermentation [38].
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Fig. 4. Effect of sugar type and fermentation time on total sugar
of cascara kombucha.

During fermentation, yeasts hydrolyze sucrose into glucose
and fructose. Glucose is then metabolized to produce ethanol and
carbon dioxide. Microorganisms utilize sugars as nutrients for
metabolic processes, producing organic acids and phenolic
compounds with antioxidant properties, which also contribute to
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increased acidity at longer fermentation times [10]. The effect of
sugar type on total sugar content was evident, with honey
treatments showing higher total sugar levels than granulated or
palm sugar. This is due to the high content of simple sugars
(glucose and fructose) in honey, which can reach 65-80%,
making them more easily dissolved and detected using the
Anthrone method [39].

The decrease in total sugar was closely related to the increase
in total titratable acidity during fermentation. As fermentation
progressed, sugars were utilized by yeasts and bacteria as
substrates and converted into metabolites, particularly organic
acids such as acetic acid, lactic acid, and gluconic acid [35].
Therefore, a lower total sugar content was associated with higher
acidity, indicating that sugar degradation contributed to acid
formation in cascara pineapple kombucha.

3.5.  Total Dissolved Solids (TDS)

Total dissolved solids (TDS) represent the total amount of soluble
substances in water, including simple sugars (glucose, fructose,
sucrose), organic acids, and other dissolved compounds [40][28].
TDS values are typically expressed in °Brix, indicating the
concentration of dissolved solids in a solution. The TDS values
of cascara—pineapple kombucha ranged from 8.00°+0.89 to
15.33°£0.52 °Brix. Both sugar type and fermentation time
influenced TDS values. At the initial stage of fermentation, TDS
values were relatively high due to high sugar content, which then
changed as fermentation progressed.

20

Granulated Honey
Sugar 57 510 13

Palm Sugar

Fig. 5. Effect of sugar type and fermentation time on total
dissolved solids (TDS) of cascara kombucha.

In the granulated sugar treatment, TDS increased from day 7
to day 10, then decreased on day 13. In the honey treatment, TDS
continued to increase until day 13, while in the palm sugar
treatment, TDS gradually decreased from day 7 to day 13. These
trends are consistent with previous findings that TDS decreases
with increasing fermentation time due to microbial utilization of
sugars [24]. The reduction in TDS is attributed to yeast and
bacterial activity, where sugars are metabolized into ethanol and
organic acids. Yeasts hydrolyse sucrose into glucose and fructose,
which are then utilised in fermentation metabolism, while
bacteria convert these products into organic acids [41].

Changes in TDS were also associated with total sugar content,
as sugars are major components of dissolved solids in kombucha.
A decrease in total sugar during fermentation generally reduced
the amount of soluble solids, as sugars were metabolized by
microorganisms into ethanol, CO, and organic acids [42] .
However, TDS values may fluctuate because organic acids and
other fermentation metabolites contribute to the total dissolved
solids.
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3.6.  Best Treatment of Pineapple Cascara Kombucha

Based on the results of the De Garmo method calculation, the
palm sugar treatment with 10 days of fermentation obtained the
highest score of 0.9086 and was therefore determined as the best
treatment. This treatment exhibited the optimal characteristics
among the treatments, particularly in antioxidant activity, total
phenolic content, and total dissolved solids. The high antioxidant
activity and total phenolic content in this treatment indicate that
the use of palm sugar and 10 days of fermentation supported the
formation of bioactive compounds in pineapple cascara
kombucha.

Table 1. Chemical characteristics of pineapple cascara
kombucha with 10-day fermentation of palm sugar treatment

Parameter Value
Antioxidant Activity 326.28 mg AAE/L

Total Phenolic Content 848.76 mg GAE/L
Total Titratable Acidity 2.52%
Total Sugar 19.23%

Total Dissolved Solids 13.67°Brix

4. CONCLUSION

The type of sugar and the fermentation duration significantly
affected the chemical characteristics of pineapple-fermented
cascara kombucha. Palm sugar demonstrated the most favorable
effect in enhancing antioxidant activity and total phenolic content
compared with granulated sugar and honey. An extended
fermentation period increased total titratable acidity and was
accompanied by reductions in pH and total sugar content. Based
on the data obtained, a 10-day fermentation period was identified
as the optimal condition for producing kombucha with desirable
quality and high levels of bioactive compounds.
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