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Abstract. Rosaliana F, Swasti YR, Purwijantiningsih E. 2025. The quality of Robusta coffee (Coffea canephora) with the addition of
Leuconostoc mesenteroides during wet fermentation. Biodiversitas 26: 3334-3342. Coffee consumption is inseparable from the health
benefits of antioxidants in coffee beans. However, coffee contains caffeine, which affects the nervous system, kidneys, and blood
vessels. Caffeine content is usually reduced using organic solvents and physical treatment. However, caffeine reduction using
microorganisms, such as Lactic Acid Bacteria (LAB), is underexplored. This research aimed to improve the quality of robusta coffee by
increasing its antioxidant activity and reducing caffeine content by adding Leuconostoc mesenteroides during wet fermentation. L.
mesenteroides is a proteolytic bacterium that can degrade caffeine in coffee beans and enhance antioxidant activity. Robusta coffee has a
higher caffeine content than Arabica. Therefore, the caffeine content needs to be reduced. The caffeine content was analysed using the
HPLC method, and antioxidant activity was conducted using the DPPH method. The experimental design in this study was a completely
randomized factorial design with two factors: fermentation time and the addition of L. mesenteroides. Each treatment has 3 replications.
The data were analyzed using Analysis of Variance (ANOVA). The results show that the average caffeine content of espresso robusta
green coffee beans was 1.26-2.19 mg/mL, while that of roasted coffee beans was 2.05-3.04%. Adding L. mesenteroides reduces the
caffeine content of coffee beans by 13.34%. Espresso with green coffee beans has the average antioxidant activity ranging from
17.57+0.08%-23.32+0.08%, and espresso with roasted coffee beans ranges from 80.97+0.21%-84.87+0.08%; L. mesenteroides increases
the antioxidant activity by 1.06%. In addition, the average moisture content of robusta green coffee beans fermented at 6, 12, and 18
hours with natural microbes and the addition of L. mesenteroides reached a moisture content of 9.82+0.10%-10.83+0.32%, while the
roasted coffee beans ranged from 3.334+0.23%-3.80+0.16%. The average protein content of green coffee beans ranged from 10.51+0.76% to
13.28+0.67%, and roasted coffee beans from 11.38+0.88% to 12.55+0.50%. The total phenolic compound of green coffee beans ranged
from 18.14+0.31 to 31.32+0.14 mg GAE/g, while the roasted beans reached 85.37+0.30 to 123.87+1.01 mg GAE/g. Adding L. mesenteroides

reduces pH of green and roasted coffee beans. Testing other LABs on coffee beans can further explore these potential health benefits.
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INTRODUCTION

Post-harvest coffee processing is generally conducted
through either dry or wet fermentation (Galanakis 2017).
Fermentation breaks down carbohydrates and amino acids,
removing the mucus layer that sticks to the coffee beans.
Dry fermentation involves drying all parts of the coffee
fruit under the sun to obtain a water content of <12.5%.
Then, the fruit skin, flesh, and seeds are separated with a
peeling machine. Wet fermentation utilizes a tool to
separate the skin, fruit, and coffee beans. Then, the coffee
beans are soaked in water for 24 hours and dried under the
sun to obtain a water content of <12.5%. After that, peeling
separates the skin from the coffee beans (De Bruyn et al.
2016). Fermentation can affect a coffee's taste, aroma, and
chemical composition. The wet fermentation process of
coffee beans increases antioxidant activity. It is likely due
to the presence of spontaneous LAB that can produce the
phenolic compound through an enzymatic reaction (Fessard
et al. 2017); specifically feruloyl-esterase with the cell wall
as substrate (Sidoryk et al. 2018) and tannase enzymes with
tannin as a substrate (Kostinek et al. 2007).

Caffeine (1,3,7-trimethylxanthine) in coffee is an
alkaloid that occurs in varying amounts in brewed coffee
(Higdon and Frei 2006). As recommended by Health
Canada and the European Food Safety Authority, the daily
caffeine intake for adults and children is 400 mg/day and
2.5-3.0 mg/kgBW/day, respectively (Verster and Koenig
2018). The caffeine content of coffee drinks depends on the
type of coffee beans, the brewing strength, and the roasting
process. Generally, coffee brewed similarly has a caffeine
content ranging from 130 to 282 mg/240 mL (Higdon and
Frei 2006). Arabica coffee contains caffeine ranging from
36-112 mg/100 mL, whereas robusta has a caffeine content
ranging from 56 to 203 mg/100 mL (Oestreich-Janzen 2010).

The microbiota involved in coffee bean fermentation
are bacteria, yeast, and filamentous fungi; bacteria are the
most dominant (Shen et al. 2025). Some LABs (Lactobacillus
most dominant compared to Leuconostoc) are cellulolytic
bacteria that can hydrolyze complex cellulose, lignin, and
hemicellulose into sugar, simple oligosaccharides (water-
soluble carbohydrates), and lactic acid (Utama et al. 2018;
Liu et al. 2020; Liao et al. 2022; Li et al. 2023). LABs also
contain feruloyl-esterase, which can release antioxidant
compounds from cell walls (Fessard et al. 2017). Additionally,
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some LABs exhibit pectinolytic activity, which enables
them to degrade pectin in the mucus layer of coffee beans
(Saanu 2017; Reichembach and de Oliveira Petkowicz
2020). One species of LAB with pectinolytic activity is L.
mesenteroides, which can affect the chemical quality and
accelerate fermentation. Leuconostoc mesenteroides (8.54
log10 cells/mL) is the most dominant LAB and it persists
until the end of wet fermentation (de Jesus Cassimiro et al.
2023). L. mesenteroides possesses proteolytic enzyme activity
that can break down caffeine and produce 3,7-dimethyl
xanthine, 7-methyl xanthine, and xanthine (Liu 2016). L.
mesenteroides can also degrade caffeine by more than 89%
and then produce paraxanthine during the wet fermentation
of robusta coffee (Purwoko et al. 2022, 2023). Paraxanthine
is considered safer than caffeine because it does not exhibit
toxicological effects on rats (Szlapinski et al. 2023). Free
caffeine can diffuse through the cell walls of coffee beans,
allowing it to dissolve in water (Gokulakrishnan et al. 2005).
Additionally, L. mesenteroides can degrade chlorogenic
acid, an antioxidant, during the wet fermentation of robusta
coffee into caffeic acid, which also exhibits antioxidant
activity (Liang and Kitts 2016; Purwoko et al. 2022; Yang
et al. 2023). It also has feruloyl-esterase, which increases
antioxidant content (Fessard et al. 2017. L. mesenteroides
is the dominant LAB in the wet fermentation of coffee
(Elhalis et al. 2020). The density of L. mesenteroides
remains stable during wet coffee fermentation until 72 h. Its
metabolic process produces organic acids (acetic, citric,
lactic, malic, and succinic acid). The highest organic acid is
malic acid (de Jesus Cassimiro et al. 2023), which exhibits
antioxidant activity by reducing Malondialdehyde (MDA)
content (Mousavi et al. 2022). Adding L. mesenteroides to
wet coffee fermentation produces a dominant dark chocolate-
like effect among its sensory characteristics (de Jesus
Cassimiro et al. 2023).

This research aimed to determine the chemical quality
of espresso with robusta green coffee beans and roasted
coffee beans regarding moisture, ash, fat, protein, carbohydrate,
pH, Total Phenolic Content (TPC), antioxidant activity,
caffeine content, total plate count, and Total Yeast Mold
Count (TYMC) with various times of wet fermentation and
the addition of L. mesenteroides.

MATERIALS AND METHODS

Material

The primary material for the study is robusta coffee
beans taken from the slope of Merapi Volcano in Kepuharjo,
Cangkringan, Sleman, Special Region of Yogyakarta,
Indonesia. The other materials are LAB L. mesenteroides
strain KIBGE-IB22 (JQ 6583451), aquadest, concentrated
H,SO4 (Mallinckrodt, Kentucky, USA), Catalyze N,
hydrocloric acid (Merck, Damstadt, Germany), NaOH
(Merck, Darmstadt, Germany), De Man Ragosa and Shape
Agar (Oxoid, Basingstoke, United Kingdom), De Man
Ragosa and Sharpe Broth (Oxoid, Basingstoke, United
Kingdom), Buffer Peptone Water (Oxoid, Basingstoke,
United Kingdom), Plate Count Agar (Oxoid, Basingstoke,
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United Kingdom), Potato Dextrose Agar (Oxoid, Basingstoke,
United Kingdom), gallic acid (Sigma-Aldrich St. Louis,
MO, USA), Folin-Ciocalteu reagent (Sigma-Aldrich St.
Louis, MO, USA) with ratio 1:10, Na,COs 7.5 % (b/v),
DPPH (Aldrich, Germany), methanol (Sigma-Aldrich
Damstadt, Germany), ethanol (Merck, Darmstadt, Germany),
ascorbic acid (Sigma-Aldrich, Steinheim, Germany), borate
acid (Sigma Aldrich), N-hexane (J.T. Baker USA), and
standard caffeine (Steinheim, Germany).

Procedures
Reculturing isolate L. mesenteroides

One ose of the LAB commercial culture L. mesenteroides
strain KIBGE-IB22 (JQ 6583451) was taken and inoculated
by streak plate methods in De Man Ragosa and Sharpe
Agar (MRSA) and then incubated for 24 hours at room
temperature (25-30°C). LAB L. mesenteroides strain KIBGE-
IB22 (JQ 6583451) was inoculated into De Man Ragosa and
Sharpe Broth (MRSB) medium in the test tube and incubated
for 24 hours at room temperature (Su et al. 2024).

Viability L. mesenteroides strain KIBGE-IB22 (JQ 6583451)

Culture LAB of L. mesenteroides strain KIBGE-IB22
(JQ 6583451) (1 mL) was dissolved in 9 mL of Buffer
Peptone Water (BPW) and labeled as a dilution of 10°'. The
serial dilution was performed using the same procedure
until the 10" dilution series (Figure 1). After serial dilution,
the viability of LAB was assessed by homogenizing each
dilution with MRSA using the pour plate method and
incubating for 24 hours at 37°C (Ibrahim et al. 2023). The
viability formula was used to calculate the culture of LAB
as follows:

zC

N= [(1xn1)+ (0.1 xn2)] xd
Where :
N : Number of colonies (CFU/mg)
Y>C  : The sum of colonies in each petri dish
nl : The number of colonies in the first dilution
n2 : The number of colonies in the subsequent dilution
d : The first dilution that meets the requirements

Wet fermentation of robusta coffee bean

Three hundred grams of robusta green bean (Coffea
canephora) were added to 450 mL of distilled water. Then,
they were inoculated with 10 mL of a starter culture of L.
mesenteroides at a concentration of 1 x 107 CFU/mL. Then,
it was incubated for 6, 12, and 18 hours in an open container
(Kwak et al. 2018).

Roasting process

Green coffee is roasted to a medium level (198-200°C
for 10-15 minutes) using a Vina Nha Trang (VNT) coffee
roaster.

Extraction of robusta coffee

Eight grams of ground coffee beans are extracted using
the Staresso Espresso Maker tool with 60 mL of water at
95°C for 30 seconds and a pressure of 9 bar.
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Figure 1. Viability of Leuconostoc mesenteroides by MRSA. A.
103, B. 106, C. 107

Proximate test

The proximate test involves analyzing the moisture,
ash, fat, protein, and carbohydrate content of both green
and roasted coffee beans (Latimer 2023). Moisture content
was measured using the gravimetry method with a moisture
analyzer (Phoenix Instrument). Ash content was analyzed
using gravimetry by burning samples at 550°C for 8 hours
in a furnace (Onetech F-1400). Fat content was measured
using the Soxhlet method for 4 hours, and n-hexane was
used as the solvent. Protein content was analyzed using the
Micro-Kjeldahl method, which measures the amount of
nitrogen in the sample and then multiplies it by 6.25.
Carbohydrate content was calculated using the carbohydrates
by-difference method.

Degree of acidity

The degree of acidity is measured using a pH meter
(SAFESEED Digital LCD Pocket Pen) and measured 3
times (Latimer 2023).

Determination of Total Phenolic Content (TPC)

TPC was measured using the Folin-Ciocalteu method.
A standard curve of gallic acid was established using
concentrations of 10, 20, 30, 40, and 50 ppm. 1 mL of each
dilution series was mixed with 5 mL of Folin-Ciocalteu
reagent (1:10) and allowed to stand for 5 minutes. Then,
the solution is added with 4 mL of 7.5% NayCOs solution
and incubated for 1 hour (Swasti et al. 2024). The
absorbance solution was measured using an Ultraviolet-
Visible (UV-VIS) Spectrophotometer (Genesys 10S) at 760
nm with the equation of linear regression as follows: Y
(Dependent variable) = a + b.X (Independent Variable).
The same procedure was performed on a sample of coffee
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espresso with a dilution of 1072 for each type of espresso
and repeated 3 times. The formula of the TPC was as follows:
N.Phenolic (mg) X extract volume (mL)

TrC = 1000 (mL) X weight of the sample (mg) x dilution factor (1072)

Determination of antioxidant activity with radical 2,2-
diphenyl-1-picrylhydrazyl

Four milligrams of radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical were dissolved in 20 mL of 70% ethanol.
Then, the absorbance of the DPPH stock was measured at
517 nm with an absorbance of 0.2-0.8 A. Next, 4 mL of the
DPPH solution was added to 0.24 mL of 70% ethanol.
Then, it was incubated in a dark room for 30 minutes, and
the absorbance of the blank solution was measured at 517
nm. The sample of espresso robusta coffee was diluted to
102 with 70% ethanol. Then, 0.24 mL of the sample was
taken from each dilution of the espresso sample and mixed
with 4 mL of the DPPH stock solution. The solution was
homogenized with a vortex and incubated at room
temperature for 30 minutes. The absorbance was measured
using a UV-VIS spectrophotometer (Genesys) at 517 nm
(Hasanah et al. 2017). The assessment of antioxidant
activity was repeated 3 times. The antioxidant value was
calculated by dividing the absorbance difference of the
blank from the sample by the absorbance of the blank and
then multiplying by 100%. The formula is below:

Blank absorbance — Sample absorbance

% DPPH = X 100%

Blank absorbance

Determination of caffeine content using HPLC

Four milligrams of caffeine were diluted with 5 mL of
aquabidest as a standard. A standard curve was constructed
using concentrations of 100, 200, 300, 400, and 500 ppm.
A 25 pL solution was injected into the columns with the
mobile phase of aquabidest and methanol (75:25) at 272
nm. The green and roasted espresso coffee was centrifuged
at 14,000 rpm and filtered using Whatman 42. One hundred
pL of the espresso was added with 0.4 mL of aquabidest, and
25 L was injected into an HPLC column at 272 nm (Naegele
2016). The caffeine content of the sample is calculated by
interpolating the caffeine standard curve regression line
equation and chromatogram graphs using SigmaPlot 14.0.

Microbiology tests of total plate count and Total Yeast and
Mold Count (TYMC)

One gram of coffee powder was dissolved in 9 mL of
aquadest, homogenized, and labeled as al0-'dilution. The
serial dilution was carried out using the same procedure
until the 107 dilution series (Sari et al. 2025). 1 mL of the
sample was taken, and each dilution series was placed with
Plate Count Agar (PCA) medium using the pour plate
method. Then, the total plate count was calculated. The Total
Yeast and Mold Count (TYMC) test was performed as
follows: 0.1 mL of the sample was taken and inoculated with
a spread plate method on a solid Potato Dextrose Agar (PDA)
medium. The total plate count and TYMC were calculated
based on the dilution level and the number of colonies
using the standard plate count method (Latimer 2023).
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Sensory analysis using the Hedonic Test according to the
Specialty Coffee Association of America

A total of 15 professional baristas became the sensory
panelists for this study. Each panelist evaluates coffee
samples for color, taste, aroma, and mouth feel using a 6-
point organoleptic scale. A ranking test was carried out for
overall preference assessment.

Data analysis

The data were analyzed using Analysis of Variance
(ANOVA) to determine significant differences between
treatments. The analysis was followed by the Duncan
Multiple Range Test (DMRT) at a 95% confidence level.
The data analysis was conducted using SPSS version 25
(IBM Corp., Chicago, USA) (George and Mallery 2018).

RESULTS AND DISCUSSION

The moisture content of the green and roasted coffee
beans

The average moisture content of green coffee beans
fermented in 6, 12, and 18 hours with natural microbes and
the addition of L. mesenteroides ranged from 9.82+0.10%
to 10.83%0.32% (Table 1), while roasted coffee beans had a
moisture content of 3.33+0.23% to 3.80+£0.16% (Table 2).
These results meet the Indonesian National Standard for green
coffee beans (01-2907-2008) and roasted beans (01-3542-
2004), which require levels of less than 12.5% and less than
5%, respectively. Adding L. mesenteroides and extending
the fermentation time decreases the moisture content of
both green and roasted coffee beans, as L. mesenteroides
possesses pectinolytic enzyme activity (Liu 2016).

The ash content of green and roasted coffee beans

The ash content of robusta green coffee beans ranges
from 4.57+0.06% to 5.07+0.38 % (Table 1), while roasted
coffee beans have an ash content of 5.07+0.15% to
5.33+£0.21% (Table 2). Previous research by Oliveira et al.
(2006) showed that the ash content of green coffee beans
ranged from 4.8 to 5.8%. The previous study by Preedy
(2015) showed that the ash content of roasted coffee ranges
from 4.6 to 5.6%. The findings of this study align with the
results of a previous study. Differences in ash content may
be influenced by the soil mineral content of coffee plantations
(Morales-Ramos et al. 2020). L. mesenteroides treatment
did not affect the ash content.

The fat content of the green and roasted coffee beans
The fat content of robusta green coffee beans ranged
from 6.30+0.40% to 7.33+0.15% (Table 1), while roasted
coffee beans ranged from 10.00+0.26% to 10.57+0.25%
(Table 2). Adding L. mesenteroides increased the fat content
of green coffee beans due to the proteolytic activity of
LABs, which degraded protein and further opened pores on
the coffee beans' surfaces (Liu 2016). The opening of the
pores facilitates the extraction of fat content with n-hexane
more efficiently (Hanif et al. 2019). However, the average
fat content of treated roasted coffee is not significantly
different from that of the untreated coffee. It is likely due to
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high temperatures and pressures during roasting, which
triggers more effective extraction of lipid content from the
coffee beans.

The protein content of green and roasted coffee beans

The average protein content of robusta green coffee
beans ranged from 10.514+0.76% to 13.28+0.67% (Table 1),
while the roasted coffee beans ranged from 11.38+0.88% to
12.5540.50% (Table 2). Adding L. mesenteroides and
increasing the fermentation time resulted in a reduction of
the protein content in green robusta coffee beans due to the
proteolytic activities of L. mesenteroides (Liu 2016).
Nevertheless, the average protein content of treated roasted
coffee is not significantly different from that of untreated
coffee. It is likely due to the higher amount of carbohydrates
in treated green coffee compared to untreated coffee (Table
1). The amount of carbohydrates interacting with amino
acids is greater during roasting.

The carbohydrate content of green and roasted coffee
beans

The carbohydrates of robusta green coffee beans ranged
from 64.91+1.38% to 67.64+0.75% (Table 1), while the
carbohydrates of roasted coffee beans ranged from
68.91+0.18% to 69.58+1.01% (Table 2). Adding L.
mesenteroides increased the carbohydrate content of green
coffee beans because the dry weight of coffee beans decreased.
After moisture removal, the dry weight comprises several
components, i.c., carbohydrates, protein, amino acids,
minerals, and vitamins (Wibowo et al. 2023). The increase
in carbohydrate content in green coffee resulting from the
addition of L. mesenteroides is likely due to the decrease in
protein content (Table 1). However, the carbohydrate content
of treated roasted coffee is not significantly different from
that of the untreated one because the concentrations of ash,
protein, and fat showed no significant changes.

The acidity of espresso with green and roasted coffee
beans

The pH value of espresso with green coffee beans
ranged from 6.434+0.01 to 6.54+0.02, and the pH value of
espresso with roasted beans ranged from 5.62+0.01 to
5.88+0.01 (Table 3). The addition of L. mesenteroides
decreases pH because it produces acid metabolites. L.
mesenteroides is a heterofermentative bacterium that can
produce alcohol, lactic acid, and acetic acid in the final
metabolism (Koduru et al. 2018). It also produces more
citric and malic acid than wet fermentation without the
addition of L. mesenteroides (de Jesus Cassimiro et al. 2023).
The roasting process can degrade sucrose, polysaccharides,
and other components of coffee beans, allowing them to
form aliphatic acids such as acetic, glycolic, formic, and
lactic acids, which can increase the acidity of espresso with
roasted coffee beans (Divis et al. 2019).

The Total Phenolic Content (TPC) of single-shot espresso
from green and roasted coffee beans

The TPC of robusta green coffee beans ranged from
18.14+0.31 to 31.3240.14 mg GAE/g, and the TPC of the
roasted coffee beans ranged from 85.37+0.30 to 123.87+1.01
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mg GAE/g (Table 3). Adding LAB L. mesenteroides increases
the TPC of coffee beans because it has the feruloyl-esterase
and tannase enzymes (Fessard et al. 2017). Feruloyl-
esterase releases ferulic acid and hydroxycinnamates from
cell walls (lignin, cellulose, and hemicellulose) (Tai et al.
2014), which have antioxidant activity (Fessard et al. 2017;
Oliveira et al. 2019). Tannase enzyme activity (Kostinek et
al. 2007) can hydrolyze the tannins of coffee beans into
tannic acid, gallic acid, n-propyl gallic, and isoarnil gallic,
which contribute to the TPC of coffee beans (Aguilar-

Table 1. The percentage of the chemical content of green coffee beans
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Zarate et al. 2014). Recent research showed that the roasting
process of coffee beans can increase the TPC (Mestanza et
al. 2023). The total phenol content of roasted coffee is
higher than that of green coffee due to the increase of
several phenolic compounds during roasting, such as 3,4-
Dihydroxybenzoic acid, (+)-catechin, syringic acid, rutin-
trihydrate, trans-ferulic acid, and isorhamnetin. Additionally,
phenolic compounds such as caffeic acid are formed during
the roasting process (Alkaltham et al. 2020).

Fermentation time microbia 6 Hour 12 Hour 18 Hour Average

Water content
Natural microbes 10.83+0.32? 10.15+0.03? 10.01+0.252 10.33£0.44*
Natural microbes + Leuconostoc mesenteroides 10.58+0.48* 10.08+0.07* 9.82+0.107 10.16+£0.394
Average 10.70+0.18% 10.12+0.04Y 9.924+0.13Y

Ash content
Natural microbes 5.07+0.382 4.87+0.47* 5.03+0.422 4.99+0.114
Natural microbes + Leuconostoc mesenteroides 4.57+0.06* 4.97+0.312 4.70+£0.202 4.74+0.20%
Average 4.82+0.35% 4.92+0.07% 4.87+0.23%

Fat content
Natural microbes 6.30+0.40° 6.90+0.26% 6.93+0.25° 6.71£0.36"
Natural microbes + Leuconostoc mesenteroides 6.93+0.15° 7.07+£0.212 7.33+£0.15° 7.11+0.208
Average 6.62+0.45% 6.98+0.12Y 7.13+0.28Y

Protein content
Natural microbes 13.28+0.67* 12.11+£0.67* 11.53+0.252 12.30+0,89*
Natural microbes + Leuconostoc mesenteroides 12.26+0.442 11.53+0.25¢2 10.51+0.76% 11.43+0,888
Average 12.77+0.72% 11.82+0.41Y 11.02+0.72%

Carbohydrate content
Natural microbes 64.91+1.38* 65.97+0.84* 66.50+0.38* 65.69+0.98*
Natural microbes + Leuconostoc mesenteroides 65.66+0.842 66.36+0.172 67.64+0.752 66.55+1.008
Average 65.29+0.53% 66.17£0.28Y 67.07£0.81Y

Note: Average values are expressed as means+s.d, values with the same letter within the same column and row are not significantly

different based on DMRT at a 95% confidence interval (n = 3)

Table 2. The percentage of the chemical content of roasted coffee beans

Fermentation time microbia 6 Hour 12 Hour 18 Hour Average

Water content
Natural microbes 3.57+0.132 3.76+0.142 3.80+0.16% 3.70+0.124
Natural microbes + Leuconostoc mesenteroides 3.34+0.072 3.44+0.072 3.33+0.23¢2 3.37+0.065
Average 3.46+0.16% 3.60+0.23% 3.57+0.33%

Ash content
Natural microbes 5.27+0.152 5.33+0.212 5.13+0.06* 5.24+0.10%
Natural microbes + Leuconostoc mesenteroides 5.07+0.152 5.234+0.152 5.13+0.06* 5.14+0.08*
Average 5.17+0.14% 5.2840.07% 5.13+0.00%

Fat content
Natural microbes 10.00+0.262 10.23+0.25? 10.30+0.53? 10.18+0.16*
Natural microbes + Leuconostoc mesenteroides 10.00+0.44 10.30+0.20* 10.57+0.25?2 10.29+0.294
Average 10.00+0.00X 10.27+0.05% 10.43+0.19%

Protein content
Natural microbes 12.26+0.442 11.67+£0.51? 11.67+0.252 11.87+0.344
Natural microbes + Leuconostoc mesenteroides 12.55+0.502 11.97+0.512 11.38+0.88% 11.97+0.594
Average 12.40+0.21% 11.82+0.21%Y 11.53+£0.21Y

Carbohydrate content
Natural microbes 68.91+£0.182 69.00+£0.29* 69.10+£0.59* 69.00+0.134
Natural microbes + Leuconostoc mesenteroides 69.04+1.05° 69.06+0.622 69.58+1.01° 69.23+0.314
Average 68.98+0.09% 69.03+0.04% 69.34+0.34%

Note: Average values are expressed as means=+s.d, values with the same letter within the same column and row are not significantly

different based on DMRT at a 95% confidence interval (n = 3)
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Table 3. The degree of acidity (pH), total phenolic, antioxidant activity, and caffeine content
Fermentation pH T((I)l:glgzgng;c An:},;:";gﬁﬁ;;ﬁg;’lty Caffeine (mg/mL)
Green bean (natural microbes)

6 Hour 6.54+0.022 26.30+0.704 22.76+0.292 2.19+0.08¢

12 Hour 6.54+02 22.44+0.21¢ 20.77 £0.21° 1.75+0.10°

18 Hour 6.48+0.02° 20.78+0.31° 17.57+0.08° 1.68+0.08°
Green bean (natural microbes + Leuconostoc mesenteroides)

6 Hour 6.46£0.01° 31.32+0.14f 23.32+0.08¢ 1.86+0.24°

12 Hour 6.4620.02° 29.27+0.20° 22.95+0.28¢ 1.69+0.06°

18 Hour 6.43+0.02° 18.14+0.27* 22.39+0.144 1.26+0.11*
Roasted bean (natural microbes)

6 Hour 5.88+0.014 113.25+0.76¢ 83.52+0.08°¢ 3.04+0.19¢

12 Hour 5.7440.01¢ 99.09+0.67¢ 82.27+0.084 2.59+0.21°

18 Hour 5.63+0.022 91.35+1.02% 81.43+0.08* 2.3840.15%
Roasted bean (natural microbes + Leuconostoc mesenteroides)

6 Hour 5.68+0.01° 119.00+0.67¢ 84.03+0.16° 2.7540.13%

12 Hour 5.67+0.01° 123.87+1.01F 84.87+0.08F 2.16+0.292

18 Hour 5.62+0.01* 85.37+0.382 80.97+0.21° 2.05+0.212

Note: Values are expressed as means+s.d, values with the same letter within the same column are not significantly different based on

DMRT at a 95% confidence interval (n = 3)

The antioxidant activity of espresso from green and
roasted coffee beans

The espresso of robusta green coffee beans has antioxidant
activity ranging from 17.57+£0.08% to 23.32+0.08%, while
roasted coffee beans range from 80.97+0.21% to
84.87+0.08% (Table 3, Figure 2). The treatment with L.
mesenteroides increased antioxidant activity because it can
release antioxidant compounds from lignin, hemicellulose,
and cellulose to form hydroxycinnamic acids (ferulic acid,
p-coumaric, and caffeic acid) (Sidoryk et al. 2018; Oliveira
et al. 2019). These findings align with research by Tarigan
et al. (2023), which showed that the addition of L.
mesenteroides in the wet fermentation of Liberica coffee
enhances antioxidant activity. Research by de Jesus Cassimiro
et al. (2023) showed that the increase in antioxidant activity
is attributed to the higher content of citric and malic acid.
Adding L. mesenteroides to roasted robusta coffee increases
the chlorogenic acid content. The roasting process increased
the antioxidant activity due to the formation of melanoidin
compounds from the Maillard reaction (Choi et al. 2018),
which produces heterocyclic compounds. Heterocyclic
compounds increased antioxidant activity due to hydroxyl
groups in the para position (Nishiyama et al. 2003).
Heterocyclic compounds have a ring structure containing
non-carbon atoms such as oxygen, nitrogen, and sulfur
(Martins et al. 2015). The highest antioxidant activity was
achieved at 12 hours of fermentation with the addition of L.
mesenteroides. This finding aligns with a study by Swasti
et al. (2024). Previous findings have shown that L.
mesenteroides grows more rapidly in 10-12 hour wet
fermentations than in shorter fermentations, i.e., those less
than 10 hours (Zhang et al. 2019).

The caffeine content of espresso with green and roasted
coffee beans

The average caffeine contents of espresso made with
robusta green coffee beans and roasted coffee beans were
1.26 to 2.19 mg/mL and 2.05 to 3.04%, respectively (Table
3; Figure 3; Figure 4). These findings follow the research

conducted by Wei et al. (2012), which found that the
caffeine content of robusta green beans ranged from 1.6%
to 2.4% and 2% to 2.8% for robusta green beans and
robusta roasted beans, respectively. These findings align
with a recent study conducted by Tarigan et al. (2023),
which found that adding L. mesenteroides in the wet
fermentation of Liberica coffee reduced caffeine content.
The caffeine content of roasted robusta coffee with L.
mesenteroides addition is lower than that without L.
mesenteroides addition (de Jesus Cassimiro et al. 2023). L.
mesenteroides reduced the caffeine content due to its
proteolytic ability, which degrades proteins (Liu 2016).
Caffeine has a chemical structure similar to that of protein,
especially protein peptide bonds. Caffeine (1,3,7-trimethyl
xanthine) is degraded due to the demethylation process,
which produces 3,7-dimethyl xanthine, 7-methyl xanthine,
and xanthine (Gokulakrishnan et al. 2005). Nevertheless,
the ability of L. mesenteroides in reducing caffeine is lower
compared to Lactiplantibacillus plantarum (de Jesus
Cassimiro et al. 2023).
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Figure 2. Radical DPPH scavenging of roasted coffee beans
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Figure 3. Caffeine of roasted coffee beans

Table 5. Sensory properties of espresso roasted beans
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Figure 4. HPLC chromatogram of coffee espresso fermented for
18 hours with LAB

Sensory properties

Fermentation types Fermentation time Color Taste Aroma Mouthfeel Average

Natural microbes 6 Hour 4.20 3.60 3.60 3.47 3.71
12 Hour 3.93 3.33 3.07 3.60 3.48
18 Hour 2.47 3.46 347 3.67 3.27

Natural microbes + Leuconostoc mesenteroides 6 Hour 3.87 3.67 3.33 4.27 3.79
12 Hour 3.87 3.67 3.33 4.27 3.79
18 Hour 2.73 3.53 4.00 2.68 3.24

Notes: 1: very much dislike, and 6: very like most

Table 4. Total plate count and Total Yeast Mold Count (TYMC)
of roasted coffee beans

. Fermentation Total plate TYMC
Fermentation types time count (log CFU/g)
(log CFU/g)
Natural microbes 6 Hour 0.49+0 .85%  0.43+0.75°
12 Hour 0+0? 0+0?
18 Hour 1.99+0.24®  1.98+0.59*
Natural microbes + 6 Hour 0+0? 0+0?
Leuconostoc 12 Hour 0.33+0.58 0+02
mesenteroides 18 Hour 1.21+1.16* 1.26+0.24

Note: Values are expressed as means+s.d, values with the same
letter within the same row are not significantly different based on
DMRT at a 95% confidence interval (n = 3)

Total plate count and Total Yeast Mold Count (TYMC)
of roasted coffee beans

Table 4 shows the range of total plate count and TYMC
of roasted coffee beans. The total plate count of roasted
coffee beans reached 0 to 1.99+0.24 log CFU/g. The
TYMC of roasted coffee beans ranged from 0 to 1.98+0.59
log CFU/g. This value falls within the range recommended
by the Indonesian National Standard 01-3542-2004
regarding coffee powder, with total plate count and TYMC
maximum at 6 log CFU/g and 4 log CFU/g, respectively.
Adding L. mesenteroides decreases the total plate count

and TYMC due to its antimicrobial components, including
lactic acid, bacteriocins, and hydrogen peroxide (Rao et al.
2023). Lactic acid can diffuse into the cell membrane and
acidify the cytoplasm (Zhang et al. 2021).

Sensory properties of espresso-roasted coffee beans

The color of espresso roasted coffee beans with L.
mesenteroides treatment is less preferred due to the lower
protein content in green coffee beans compared to the
control (Table 5, Table 1), which reduces the intensity of
the Maillard reaction (Choi et al. 2018). However, the taste,
aroma, and mouthfeel of espresso roasted coffee beans with
the addition of L. mesenteroides are more preferred
compared to coffee without L. mesenteroides treatment due
to the formation of acetic, citric, lactic, malic, and succinic
acid during wet fermentation (Koduru et al. 2018; de Jesus
Cassimiro et al. 2023). The addition of L. mesenteroides
increases the intensity of dark chocolate perception of
attributes and forms caramel perception of attributes (de
Jesus Cassimiro et al. 2023) due to the higher carbohydrate
content in green coffee beans compared to the control
(Table 1). The samples with the addition of L. mesenteroides
in fermentation times of 6 hours and 12 hours are the most
liked products in terms of flavor because the longer
fermentation time forms more acids (Koduru et al. 2018).
This finding is in line with the previous study, which found
that the addition of starter cultures during dry fermentation
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of coffee cherries increased the sensory quality (Park et al.
2025).

In conclusion, protein, acidity levels, and caffeine content
were reduced. However, the total phenol and antioxidant
activity increased approximately by 7.50% and 1.06%
respectively as the increase of fermentation time and the
addition of L. mesenteroides in roasted coffee beans. The
best result was obtained at a 12-hour fermentation time due
to the highest total phenols, antioxidant activity, and
organoleptic score.
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