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Abstract

Coffee is an agricultural commodity with vast market potential in Indonesia, with
Aceh as one of the main production centers, particularly for Gayo Arabica coffee,
known for its high brewing quality but still requiring improvement through
fermentation-based postharvest processing. This study aims to determine the effects of
fermentation duration and Saccharomyces cerevisiae concentration on the physical and
chemical characteristics of Gayo Arabica I coffee. This study employed a Randomized
Block Design (RBD) with a factorial pattern, involving two factors: fermentation
duration (5, 10, and 15 hours) and S. cerevisiae concentration (control, 3%, and 4%),
with three replicates. Data were analyzed using analysis of variance (ANOVA) and
followed by the Honest Significant Differences (HSD) test at a 5% significance level if
significant effects were found. The observed parameters included yield, moisture
content, pH, caffeine content, and L*, a*, and b* color values. The results showed that
fermentation duration and S. cerevisiae concentration had no significant effect on yield
or moisture content, but had significant effects on pH and a highly significant effect on
caffeine content. The best treatment was 15 hours of fermentation and 4% S. cerevisiae
concentration. In general, increasing the fermentation duration and S. cerevisiae
concentration tended to lower the pH and caffeine content of Gayo I Arabica coffee.

Keywords: Gayo I Arabica coffee, fermentation, Saccharomyces cerevisiae, caffeine, pH,
color

Introduction

Indonesia has ranked third in coffee exports since 1984, behind Brazil and Colombia.
The coffee industry holds significant market potential, both locally and globally. This is
evident in the increasing public coffee consumption year after year. According to data
from the Central Statistics Agency (BPS), coffee production in 2024 reached 807.580
thousand tons, an increase of 6.44% from 2023 (Badan Pusat Statistik, 2025). Aceh is one
of the provinces with the largest coffee production in Indonesia, accounting for 10% of
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the national total. Coffee production in Aceh in 2024 reached 71.100 tons, with a
cultivation area of 114.000 hectares. Central Aceh Regency is the center of coffee
production in Aceh, famous for its “Gayo coffee” (Badan Pusat Statistik Provinsi Aceh,
2025).

Coffee is a plantation crop extensively cultivated across Indonesia, yielding a
diverse range of derivative products, including green beans, roasted beans, ground
coffee, and instant coffee. The quality of harvested coffee cherries is influenced by
several agronomic and environmental factors, notably cultivation elevation, coffee
varietal, soil nutrient composition, climatic conditions, and fertilization practices (Haile
& Kang, 2019). The post-harvest processing of coffee cherries into green beans may be
conducted using multiple methods. These encompass the Full wash (dry hulling), Semi
wash (wet hulling), Natural (dry) process, Honey process, as well as specialized
techniques involving biological agents, such as civet-mediated fermentation or
microbial inoculation (Dharmawan et al., 2024).

The Gayo I arabica variety is a nationally recognized superior cultivar developed
through local selection applied to arabica coffee populations cultivated for an extended
period in the Gayo Highlands, Aceh. Genetically, this variety shows close affinity with
Tim (Hibrido de Timor/HDT), a natural hybrid between Arabica and Robusta,
renowned for its resistance to coffee leaf rust (Hemileia vastatrix) (Hulupi et al., 2016).
Owing to its excellent quality, this variety began to be cultivated in other regions such
as Aceh and Flores starting in 1980. This variety plays a significant role for
communities residing in the Gayo Highlands. The principal advantages of Gayo I
coffee include its large fruit size, disease resistance, and drought tolerance. However,
its cup quality is considered inferior to that of other arabica types (Syahputra et al.,
2021).

One approach to enhancing coffee quality and flavor is through fermentation
processing. Coffee fermentation is a post-harvest processing stage aimed at producing
high-quality coffee. This process is important because it can generate compounds that
contribute to flavor and aroma development, as well as reduce caffeine content
(Wang & Lim, 2012). Fermentation can reduce bitterness and help create a lighter taste
profile in the beverage. During this process, the involved microorganisms can also
impart acidic notes to the prepared coffee (Utami, 2020). One post-harvest method for
improving coffee flavor is fermentation with bacteria. Coffee beans fermented wet or
semi-wet prior to drying can enhance the resulting flavor profile. In addition to
influencing taste, the fermentation process also increases the economic value of coffee
(Tawali et al., 2018).

The type of starter culture employed in coffee fermentation is Saccharomyces
cerevisiae, which is a potentially significant amylase-producing organism, alongside
bacteria and molds. Amylolytic yeasts possess important potential in starch-based
products because amylase enzyme activity, particularly isoamylase, can hydrolyze
alpha bonds in amylopectin. Furthermore, amylolytic yeasts contribute to ethanol
production. Yeast biomass originates from starch-containing materials and rice
fermentation for producing low-carbohydrate beverages and foods, as well as amylase
production by yeasts during fermentation (Kustyawati et al.,, 2013). The coffee
fermentation process is influenced by several factors, including bacterial inoculum
quantity, fermentation duration, substrate (medium), temperature, oxygen availability,
water content, and acidity level (pH) (Larassati et al., 2021).
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Incubation duration during fermentation is one factor that significantly influences
coffee quality. Therefore, the combination of S. cerevisiae addition and fermentation
time is expected to produce coffee with improved chemical and sensory characteristics
(Larassati et al., 2021). Based on research by Budi et al. (2020), fermentation of Robusta
coffee beans for 8, 10, and 12 hours demonstrated that these durations affect pH values
(acidity level), moisture content, and caffeine levels in the final ground coffee product.
Fermentation for 10 hours at 2 % yeast concentration was found to be optimal for
producing coffee that meets Indonesian National Standard criteria, with low caffeine
content and stable acidity. In contrast, longer fermentation (12 to 14 hours) tended to
decrease pH values drastically.

Coffee fermentation using S. cerevisiae can significantly alter the chemical and
physical characteristics of coffee beans. Research findings by Fatima et al. (2024)
obtained varying concentrations of S. cerevisine and different coffee fermentation
durations; in this study, there was an optimal treatment because this treatment
exhibited the lowest moisture content at 2.84 %, the highest total acid at 1.98 %, ash
content with a value of 4.85 %, and the lowest caffeine content at 0.76 %. Additionally,
the most preferred organoleptic values were a very brown color, a bitter taste, a slightly
sour taste, an aroma (not characteristic of coffee), and an overall liking. Research
findings by Thalia et al. (2018) on the combination of S. cerevisiae concentration and
fermentation duration indicated that S. cerevisiae concentration affects caffeine content,
acidity level (pH) of ground coffee, and dried coffee bean quality classified as grade II
and grade III, while fermentation duration affects moisture content of dried coffee
beans, moisture content, caffeine content of ground coffee, and dried coffee bean
quality classified as grade II and grade III. Therefore, based on these studies, further
research was conducted on the effects of fermentation duration and S. cerevisiae
concentration on the physical and chemical characteristics of Gayo I arabica coffee
(Coffea arabica L.).

Methods

Location and time

This research will be conducted at the Horticulture Laboratory and Seed Technology
Laboratory, Department of Agrotechnology, as well as at the Food and Agricultural
Products Analysis Laboratory, Department of Agricultural Technology, Faculty of
Agriculture, Universitas Syiah Kuala, Darussalam, Banda Aceh. The research will be
carried out from January 2026 to February 2026.

Equipment

The equipment used in this study includes plastic bottles, buckets, burlap sacks, digital
analytical balances, UV-Vis spectrophotometers, digital pH meters, Erlenmeyer flasks,
colorimeters, ovens, beakers, petri dishes, separatory funnels, volumetric flasks,
roasting machines, grinders, filter paper, and writing instruments.

Materials

The material used in this study consisted of Gayo I red Arabica coffee cherries obtained
from the Agricultural Modernization Testing and Application Installation (IP2MP),
chloroform, distilled water, CaCOs, water, and S. cerevisiae yeast of the Fermipan brand.
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Research design

This study employs a Randomized Complete Block Design (RCBD) with a factorial
pattern, involving two investigated factors. The first factor is fermentation duration (5,
10, and 15 hours), and the second factor is S. cerevisiae concentration (control, 3%, and
4%) applied to Gayo I arabica coffee. This design yields a 3 x 3 factorial arrangement
with three replications, resulting in 9 treatment combinations and 27 experimental

units.
Research implementation
Sample collection and preparation

This study used ripe, high-quality red arabica coffee cherries. The subsequent steps
involved removing the coffee beans from their outer skin, performing sorting, and
selecting undamaged beans while minimizing physical damage to the coffee samples
intended for analysis.

Fermentation process

The fermentation process commenced by placing 100 g of coffee beans into plastic
bottles and adding 200 ml of water. S. cerevisiae at predetermined concentrations of 3%
and 4% was then added separately and mixed thoroughly until homogeneous.
Following the mixing process, the containers with the inoculated coffee beans were
sealed tightly with bottle caps for 5, 10, or 15 hours, depending on the assigned
treatment. The control treatment received no water or S. cerevisize addition. All

treatments were stored at room temperature (approximately 28°C).
Coffee bean drying

Upon completion of fermentation, the coffee beans were washed to remove residual
mucilage and adhering microorganisms. Subsequently, the beans were sun-dried for
approximately 4 days to reduce the moisture content to the quality standard range of
10 to 12%. Any remaining parchment or husk that had not detached during processing
was manually removed to ensure cleanliness. After drying was complete, the coffee
beans were evaluated for moisture content, yield, and color parameters (L*, a*, b*) prior

to roasting.
Coffee bean roasting

After data were collected on moisture content, weight loss, and color, the coffee beans
were roasted at a medium temperature (120 to 250 °C), after roasting, it is followed by
grinding. The ground coffee samples were then subjected to chemical analyses,
specifically caffeine content determination and pH measurement.

Observation parameters
Yield

Yield calculation for coffee beans was performed by measuring the initial weight of the
beans and the weight after drying (Winanti et al., 2024). The yield %age was calculated
using the following formula:

Yield (%) = (Final weight / Initial weight) x 100%.
Moisture content (%)

One commonly employed method is oven drying. This method involves drying coffee
bean samples at a specified temperature until constant weight is achieved. The weight
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difference before and after drying reflects the sample's moisture content. This process
was conducted at 100-105 degrees Celsius for 4 hours. Initially, a 5-gram sample of
coffee beans was taken. The prepared sample was weighed to obtain the wet weight.
The sample was then placed in an oven at 100 degrees Celsius. Drying was continued
until the sample weight reached a constant value, indicating that all moisture had been
evaporated. The sample was reweighed after removal from the oven to obtain the dry
weight. The moisture content calculation can be performed using the following formula
(Badan Standarisasi Nasional, 2008):

Moisture content (%) = (W1- W2) / (W1 - Wo)) x 100

Description: W0: Weight of empty dish (g), W1: Weight of sample and empty dish (g),
W2: Weight of dish and sample after oven drying (g)

pH test

Acidity (pH) testing was conducted using a pH meter as follows. A 5 g sample of
ground coffee was placed in a beaker, to which 50 mL of distilled water was added,
and the mixture was stirred thoroughly. The coffee solution was filtered through filter
paper, and its pH was measured with a digital pH meter (Azizah et al., 2019).

Caffeine

Caffeine analysis commenced by weighing 1 gram of ground coffee sample, followed
by extraction and dissolution in 150 mL of hot distilled water. The solution was then
filtered, and the filtrate was transferred to a separatory funnel to which 1.5 g of CaCOs
was added. Subsequently, extraction was performed four times by adding 25 mL of
chloroform each time. The extract was then evaporated using an evaporator until the
chloroform had completely vaporized. The solvent-free caffeine extract from the coffee
sample was transferred to a 100 mL volumetric flask and diluted tenfold in a 10 mL
volumetric flask with distilled water, up to the mark, and homogenized (Arwangga et
al., 2016). Caffeine content was then determined using a UV-Vis spectrophotometer at
273 nm. Caffeine content in the sample was calculated using the formula:

concentration [ Mg/L)xVolume (L)X Fp
sSample weigh (g

Caffeine content (mg/g) =
% of caffeine in 1 gram of coffee = (Caffeine content (mg) / Sample weight (mg)) x 100 %

Color

Color represents a critical physical attribute in determining coffee bean quality. The
color measurement scale using L*, a* and b* parameters can serve as an indicator of the
chemical composition of coffee beans and their flavor characteristics (Hatiningsih et al.,
2022). The color of green coffee beans was analyzed instrumentally using a colorimeter
with the CIE Lab* system. Dried coffee bean samples were measured for L* value
(lightness), a* value (green-red), and b* value (blue-yellow).

Data analysis

Data analysis was performed statistically using analysis of variance (ANOVA). If the F
test indicates a significant effect (a = 5%), the analysis will be continued with the
Honest Significant Difference (HSD) test at the 5 % level to determine differences
among treatments.

Jurnal Agrium | June 2026 | Volume 23 - Number 2
https://doi.org/10.29103/agrium.v23i2.26920

120


https://doi.org/10.29103/agrium.v23i2.26920

\ p JURNAL AGR'UM Jurnal Agrium | June 2026 | Volume 23 - Number 2

w Journal of Agricultural Research httpS//dOlOrg/1 0.29103/agrium.v23i2.26920

Results and discussion

Yield

The results of the analysis of variance indicate that fermentation duration has a highly
significant effect, and S. cerevisine concentration has a significant effect on coffee bean
yield. Table 1 shows that coffee bean yield tends to decrease as fermentation time
increases, with the highest value at 5 hours, followed by 10 hours, and the lowest at 15
hours. Regarding S. cerevisiae concentration treatments, the highest yield was observed
at 3%, followed by the control treatment, and the lowest at 4%. Statistically, the 3% and
4% treatments differed significantly.

This tendency toward yield reduction, according to Zahara et al. (2025), indicates
that the longer the fermentation process, the greater the decrease in yield, although the
difference is not statistically significant. The decline in yield at extended fermentation
durations is presumed to result from increasingly active microbial activity. During
fermentation, microorganisms utilize organic compounds in coffee beans, decomposing
certain components and thereby reducing the final mass.

The lower yield values observed at S. cerevisiae concentrations are attributed to its
capacity to degrade complex organic compounds and the glucose contained within the
mucilage (Winanti & Handoko, 2024). Microbial activity during fermentation can
reduce mucilage components, such as pectin, carbohydrates, glucose, and polyphenols.
Furthermore, during fermentation, microorganisms produce volatile compounds,
thereby reducing total weight. The longer the contact time between beans and
microorganisms, the greater the extent of substrate degradation, leading to a tendency
toward decreased yield (Tomowa & Rubiyo, 2016).

Moisture content

The results of variance analysis indicated that fermentation duration and S. cerevisiae
concentration did not exert a significant effect on the moisture content of coffee beans.
Table 2 demonstrates that the initial moisture content was relatively uniform across all
treatments, whereas after treatment and sun drying, moisture content decreased to

Table 1

Mean values of yield test (%) for coffee beans observed as affected by fermentation duration and Saccharomyces cerevisiae
concentration treatments on Gayo I arabica coffee.

Fermentation duration (Hours) Yield (%)
5 5751 b
10 56.39 a
15 56.01 a
HSDoos 1.11

Saccharomyces cerevisiae concentration (%)

Control 56.95 ab
3 57.04b
4 55.92a

HSDo,0s 1.11
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approximately 10-12%, thereby meeting quality standards. Regarding fermentation
duration treatment, the highest final moisture content was obtained at 10 hours of
fermentation, and the lowest at 5 hours. Meanwhile, for concentration treatment, the
control exhibited the lowest value, although no significant differences were observed.

After the hulling process, the moisture content of wet coffee beans decreases to 35—
50%, creating ideal conditions for fermentation, during which microorganisms break
down mucilage components (pectin, carbohydrates, glucose, and polyphenols) while
producing volatile compounds that contribute to the formation of the aroma profile
(Setyabudhi & Wibowo, 2021). The lack of a significant effect on the final moisture
content is due to the requirement that coffee beans undergo sun-drying after
fermentation. After fermentation, the coffee beans are sun-dried, allowing the water
inside the beans to evaporate through their pores, thereby reducing moisture content
(Hayati et al., 2012). During the initial drying phase, moisture content decreases
rapidly, then gradually slows as the remaining water becomes more strongly bound
within the bean’s structure, resulting in a relatively stable final moisture content of
approximately 10-12% (Santoso & Egra, 2018). Further drying reduces the moisture
content to 10 to 12.5% (in accordance with Badan Standarisasi Nasional (Indonesian
National Standard) SNI 01 2907 2008), which is optimal for long-term storage,
maintains the physical integrity of the beans to prevent brittleness, and determines the
final quality of green coffee beans for the roasting process (Sirappa et al., 2024).

pH Test

The analysis of variance indicated that fermentation duration did not have a significant
effect, whereas S. cerevisine concentration significantly affected the pH of the coffee
beans (Table 3). The pH values of coffee beans subjected to different fermentation
durations tended to be higher in the 5-hour treatment, although the difference was not
statistically significant compared to the other treatments. Relatively higher coffee pH
values were observed in the control treatment, whereas treatments with 3% and 4% S.
cerevisiae showed lower pH values than the control. The lowest pH value was obtained
at a concentration of 4%. Nevertheless, this value was statistically significantly different
from the control. This finding aligns with research by Thalia et al. (2018), which
demonstrated that increasing S. cerevisiae concentration decreases coffee pH. As yeast
quantity increases, the activity of enzymes such as amylase, zymase, and invertase also

Table 2

Mean values of moisture content (%) of coffee beans before and after treatment as influenced by fermentation duration and
Saccharomyces cerevisiae concentration on Gayo I arabica coffee.

Fermentation duration (Hours) Initial (%) Final (%)
5 57.86 11.58
10 56.77 12.00
15 56.40 11.64
Saccharomyces cerevisiae concentration (%) Initial (%) Final (%)
Control 57.20 11.71
8 56.15 11.72
4 57.68 11.80
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Table 3

Mean values of pH test of coffee as influenced by fermentation duration and Saccharomyces cerevisiae concentration treatments
on Gayo I arabica coffee.

Fermentation duration (Hours) pH value
5 5.29
10 5.24
15 525

Saccharomyces cerevisiae concentration (%)

Control 5.38b
3 5.31b
4 5.10a

HSDo,0s 0.19

increases (Kurniawan & Hastuti, 2014). S. cerevisiae reduces coffee bean pH through
two primary metabolic pathways. First, simple sugars present in mucilage are broken
down into ethanol and CO; via the Embden Meyerhof Parnas pathway. Second, under
microaerophilic conditions, a portion of pyruvate is diverted toward the formation of
organic acids, such as acetic acid and succinic acid, which are strong acids that lower
the medium's pH (Larassati, 2021).

Caffeine

The results of the analysis of variance indicate that fermentation duration has a highly
significant effect on caffeine content, and that S. cerevisiae concentration has a highly
significant effect on caffeine content. Table 4 shows that the caffeine content in coffee
subjected to different fermentation durations was lower in the 10-hour and 15-hour
treatments, although these values were not statistically significantly different from the
5-hour treatment. Regarding caffeine content, the control treatment did not differ

Table 4

Mean values of caffeine test (%) of coffee as influenced by fermentation duration and Saccharomyces cerevisiae concentration
treatments on Gayo I arabica coffee.

Fermentation duration (Hours) Caffeine (%)
5 1.13a
10 1.04b
15 1.01b
HSDo,0s 0,07
Saccharomyces cerevisiae concentration (%)
Control 1,14a
3 1,05 ab
4 1,01b
HSDo,05 0,07
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significantly from the 3% concentration but differed significantly from the 4%
concentration, with the lowest caffeine content of 1.01% observed at this concentration.
The caffeine testing in this study complied with Indonesian National Standard SNI 01-
3542-2004 (0.9%-2%).

This finding aligns with research by Fatima et al. (2024), which demonstrated that
longer fermentation duration and higher concentration are associated with lower
caffeine content. This occurs because the caffeine compounds present in coffee beans
dissolve during fermentation. Research by Azizah et al. (2019) indicated that increasing
the concentration of S. cerevisine also reduces caffeine content in coffee. Fermentation
duration and S. cerevisize concentration are presumed to reduce coffee caffeine levels
because microbial activity during fermentation degrades the mucilage layer and
facilitates chemical transformations within the beans, thereby increasing the tendency
toward decreased residual caffeine content as fermentation time increases (Winanti &
Handoko, 2024).

The release of mucilage and structural changes in coffee bean tissues during
fermentation also facilitate caffeine diffusion from bean cells into the fermentation
medium, thereby reducing the caffeine content retained within the beans (Omega &
Wibisono, 2023). Meanwhile, increased S. cerevisize concentration corresponds to
greater yeast cell numbers and enhanced enzymatic activity in the fermentation
medium, thereby improving the effectiveness of alkaloid degradation, such as caffeine,
and reducing caffeine content in coffee beans as S. cerevisize concentration increases
(Larassati et al., 2021).

Color

The results of the analysis of variance indicate that fermentation duration and S.
cerevisine concentration did not have a significant effect on the L* and a* color
parameters of coffee beans (Table 5). Regarding the b* color parameter, fermentation
duration did not have a significant effect, whereas S. cerevisiae concentration did.

The results of variance analysis indicated that fermentation duration and S.
cerevisize concentration did not exert a significant effect on the L* and a* color
parameters of coffee beans. Regarding the b* color parameter, fermentation duration

Table 5

Mean values of pH test of coffee as influenced by fermentation duration and Saccharomyces cerevisiae concentration treatments

on Gayo I arabica coffee.

Fermentation duration (Hours) L a* b*
5 47.54 -3.55 11.00
10 47.46 -3.42 10.15
15 47.38 -3.41 10.02
Saccharomyces cerevisiae concentration (%) L* a* b*
Control 48.51 -3.74 11.19b
3 46,96 -3.41 10.27 ab
4 46.91 -3.22 9.71a
HSDo,os - - 1.40
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did not show a significant effect, whereas S. cerevisize concentration demonstrated a
significant effect.

The absence of a significant effect on L* values is presumed to result from the
uniform sun-drying process across all treatments, which produced relatively similar
water evaporation rates and homogeneous lightness levels. L* values are strongly
influenced by the final moisture content of coffee beans (Illy & Viani, 2005). When
drying is performed until uniform moisture content is achieved across all treatments,
differences in lightness among treatments will not be statistically detectable. The
greenish a* value in coffee beans reflects a natural characteristic of green coffee beans,
attributed to chlorophyll and phenolic compounds still present in the beans (Farah &
Donangelo, 2006).

Regarding S. cerevisine concentration, results showed that the 4% treatment
produced the lowest b* value, which differed significantly from the control. In contrast,
the 3% treatment did not differ significantly from either of the other treatments. The
decrease in b* values with increasing S. cerevisine concentration is attributed to
enhanced microbial activity, which leads to the accumulation of organic acids,
particularly acetic acid (Haile & Kang, 2019). Higher inoculum concentrations
accelerate yeast metabolism, thereby lowering the pH of the fermentation environment
(Evangelista et al., 2014). These organic acids trigger degradation of surface carotenoids
in coffee beans, which are responsible for yellowish coloration (Buffo & Cardelli Freire,
2004). Carotenoids are susceptible to acidic pH and oxidation, leading to significant
isomerization and hydrolysis (Pérez Galvez et al.,, 2020). Consequently, higher S.
cerevisige concentrations lead to greater degradation of yellow pigments and lower
resulting b* values (Pereira et al., 2020).

Conclusion

Based on the research results, the fermentation duration treatment had a highly
significant effect on yield, caffeine content, and the organoleptic test (color). The S.
cerevisige concentration treatment had a significant effect on pH, caffeine content, and
the organoleptic test (color). The optimal treatment was a fermentation duration of 15
hours and a S. cerevisine concentration of 4%. In general, increasing fermentation
duration and S. cerevisiae concentration tended to reduce caffeine content and pH, and
to affect the color characteristics of Gayo I Arabica coffee beans.
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